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CHEMISTRY. 


THEORETICAL,  PRACTICAL,  AND  ANALYTICAL, 


AS  APPLIED  TO  THE 

AETS  AND  MANUFACTUEES. 


CxLASS. 


GELATIN.— See  Glue. 

GLASS. — The  transparent  compound  distinguished 
by  this  name  is  produced  by  the  fusion  of  silicic 
salts  of  the  alkaline  and  earth  metals.  The  etymo- 
logy of  the  word  has  been  much  disputed.  It  is 
derived  by  some  from  the  Latin  glades,  ice,  its 
resemblance  to  which  is  thought  to  have  suggested 
the  title ; and  glades  may  be  a contraction  for  gelades, 
from  gehi,  frost.  Others  have  remarked  that  the 
common  Latin  designation  of  this  substance  is  vilruni; 
and  as  the  Romans  applied  this  term,  in  common 
with  the  word  glastwn,  to  the  plant  which  is  now 
called  woad,  they  have  deduced  it  from  the  latter 
of  these,  either  because  the  ashes  of  this  plant  were 
used  in  the  manufacture  of  glass,  or  because  it 
exhibited  something  of  the  bluish  tinge  which  is 
procured  from  woad.  Glassum,  the  name  given  to 
amber  by  the  ancient  Gauls  and  Britons,  has  also 
been  assigned  as  the  origin  of  the  word.  But  none 
of  these  etymons  appears  very  satisfactory.  The 
most  plausible  theory  is  that  which  derives  the  term 
from  the  Saxon  verb  glis-idan,  or  the  German  gleissai, 
which  are  probably  contractions  of  the  Anglo-Saxon 
gel-ixan,  to  shine,  to  be  bright.  This  view  is  in  a 
great  degree  confirmed  by  the  sense  in  which  the 
term  glass  and  its  derivatives  are  employed  by  oiu’ 
older  writers,  who  frequently  apply  it  to  shining  or 
glittering  substances,  without  reference  to  colour 
or  transparency. 

Glass  is  a mixture  of  potassium  or  sodium  silicate, 
or  of  both,  with  one  or  more  silicates  insoluble  in 
water — such  as  the  silicates  of  barium,  strontium, 
calcium,  magnesium,  aluminium,  manganese,  iron,  or 
lead.  Potossiuin  or  sodium  silicate  (water  glass), 
or  a mixture  of  the  two,  even  with  a sufficient 
quantity  of  silica  to  form  a very  infusible  glass, 
would  still  be  affected  by  water  and  acids.  Calcium 
VOL.  IL 


silicate  is  likewise  acted  on  by  acids,  but  a mixture 
of  it  with  sodium  or  potassium  silicate  resists  their 
action. 

Such  mixtures  of  silicate  of  soda  or  potash  with 
silicate  of  lime,  &c.,  are  more  fusible  than  the  simple 
salts,  and  require  a smaller  amount  of  silica  to 
render  them  capable  of  resisting  the  action  of  water 
and  of  acids.  They  contain  between  2 and  3 atoms 
of  silica  to  1 atom  of  the  metal,  and  still  less  when 
alumina  is  also  present. 

I'he  larger  the  proportion  of  silica  and  alumina  a 
glass  contains,  the  more  infusible  does  it  become, 
and  the  greater  resistance  does  it  offer  to  the  action 
of  acids  and  alkalies.  But  the  greater  the  excess  of 
potassium,  sodium,  barium,  calcium,  magnesium,  or 
lead  which  it  contains,  the  more  easily  is  it  fused 
and  attacked  by  water,  acids,  and  alkalies.  Accord- 
ing to  Baudrimont  and  Pelouze,  the  lustre  and 
refractive  power  of  glass  increase  with  the  atomic 
weight  of  the  metals  contained  in  it ; thus  these 
qualities  are  possessed  in  the  highest  degree  by  lead 
glass,  next  by  baryta  glass,  next  by  potash  glass,  and 
least  of  all  by  soda  glass  (Gmelin,  vol.  in.). 

In  the  most  remote  ages  the  art  of  blowing  glass 
into  bottles,  making  it  into  vases,  tinging  it  to 
imitate  precious  stones,  melting  it  in  huge  masses 
to  make  pillars,  rolling  and  polishing  it  into  mirrors, 
and  staining  it  in  parts,  were  all  perfectly  known. 
In  all  probability  Egypt,  the  parent  of  so  many 
collateral  arts,  is  to  be  looked  to  as  its  source. 

If  Pliny  is  to  be  credited — an  author  whose 
version  of  the  subject  has  so  often  been  reproduced 
with  all  the  gravity  of  history — the  discovery  of 
glass  was  made  by  some  Phoenician  soda  merchants, 
who,  having  landed  on  the  banks  of  the  river  Belus, 
served  themselves  with  blocks  of  soda  to  support 
the  vessel  in  which  they  prepared  their  food,  and 
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these  masses  melting  with  the  heat,  transformed  into 
glass  the  sand  on  which  they  rested.  Considering 
the  temperature  necessary  for  the  making  of  glass, 
this  story  may  be  rejected  as  fabulous.  Chance  had 
doubtless  its  share  in  the  invention  of  glass  ; but  the 
pottery  manufacture  and  the  extraction  of  metals 
require  the  empiloyment  of  high  and  sustained  tem- 
peratures, sufficient  to  give  rise  to  fusible  silicates, 
more  or  less  analogous  to  glass.  It  is  a point,  how- 
ever, on  which  thei’e  can  be  no  doubt,  that  glass 
was  known  to  the  Phoenicians,  who  for  a long  time 
retained  the  monopoly  of  it,  being  favoured  by  the 
union  of  natron,  sand,  ,and  fuel,  in  a country  situ- 
ated on  the  shores  of  the  sea. 

There  are  several  references  to  gkiss  in  the  Bible. 
Ballantyne  remarks  that  the  Hebrews  must  have 
become  acquainted  with  glass  while  in  Egypt,  and 
in  consequence  of  their  ju’oximity  to  the  Phoenicians; 
and  it  is  now  generally  believed  that  these  two 
nations  had  the  merit  of  originating  and  establishing 
its  manufacture.  It  is  a remarkable  circumstance 
that  glass  lenses  have  been  found  during  the  recent 
researches  in  the  ruins  of  Nineveh.  The  Egyptians 
are  known  to  have  made  enamels  of  divers  hues 
which  they  appilied  on  pottery,  magnificent  spieci- 
mens  of  which  are  still  extant,  and  are  called  Egyp- 
tian porcelain.  These  are  chiefly  covered  with  a 
beautiful  blue  or  green  tinge,  and  groups  of  flowers 
or  other  designs  are  traced  in  black.  Glass  beads 
and  other  ornaments,  skilfully  manufactured  and 
beautifully  tinged,  have  been  found  with  mummies 
known  to  be  upjwards  of  three  thousand  years  old. 
It  is  certain  that  'Pyre,  Sidon,  and  Alexandria  were 
long  celebrated  for  their  glass.  To  these  pilaces  the 
art  was  exclusively  confined  for  some  centuries,  and 
glass  was  used  as  an  article  of  luxury,  being  chiefly 
in  the  form  of  urns  or  drinking  cups  of  the  most 
elaborate  workmanship),  and  exquisitely  embellished 
with  raised,  chased,  or  ornamented  figures.  The 
Barberini  or  Portland  vase,  composed  of  a deepr 
azure  glass,  with  figures  of  a delicate  white  opraque 
substance  raised  in  relief,  is  a splendid  specimen 
which  was  found  in  the  tomb  of  Alexander  Severus. 

Sir  J.  G.  Wilkinson  adduces  distinct  piroofs  that 
the  art  of  glass-working  was  known  in  Egypit  before 
the  exodus  of  the  children  of  Israel  from  that  land, 
three  thousand  five  hundred  years  ago.  At  Beni 
Hassan  and  the  Thebes  are  pamtings  representing, 
in  a very  rude  form,  glass-blowers  at  work;  and  from 
the  hieroglyphics  accompianying  them,  it  is  fotmd 
that  they  were  executed  in  the  reign  of  a monarch 
who  occupied  the  throne  at  about  that  period. 

In  the  reign  of  Tiberius  a compmny  of  glass  manu- 
facturers established  themselves  in  Home,  and  they 
had  a street  assigned  them  near  the  Porta  Capena. 
The  articles  of  their  manufacture  were  few  in  num- 
ber and  of  inferior  quality ; neither  did  they  make 
rapid  improvements  in  their  art,  notwithstanding  the 
large  prices  which  were  then  given  for  glass  of  foreign 
manufacture  in  the  impierial  city.  In  the  year  220 
they  had  increased  so  much  in  importance,  and  the 
product  was  so  considerable,  that  an  impost  was  laid 
on  it  by  Alexander  Severus. 


The  precise  pieriod  at  which  the  making  of  window- 
glass  was  introduced  is  not  known.  Roman  windows 
were  filled  with  a semi-transparent  substance  called 
lapits  .vpeculnria,  a fossil  of  the  class  of  talcs,  which 
readily  splits  into  thin  smooth  laminse  or  plates. 
This  substance  is  found  in  masses  of  10  or  12  inches 
in  breadth,  and  3 in  thickness ; and  when  sliced 
very  much  resembles  horn,  instead  of  which  it  is  to 
this  day  often  empiloyed  by  lantern-makers.  The 
Romans  were  chiefly  suppilied  with  this  aiticle  from 
the  island  of  Cypjrus,  where  it  abounds.  So  good  a 
substitute  for  glass  it  is  said  to  have  been,  that  besides 
being  employed  for  the  admission  of  light,  it  was 
also  used  in  the  construction  of  hothouses,  for  raising 
and  pirotecting  delicate  pdants ; so  that  by  using  it 
the  Empieror  Tiberius  had  cucumbers  at  his  table 
throughout  the  whole  year. 

There  is  no  piositive  mention  of  the  use  of  glass 
for  windows  before  the  time  of  Lactantius,  at  the 
close  of  the  third  centuiy.  But  the  passage  in  that 
writer  which  records  the  fact,  also  shows  that  the 
lapis  specularis  still  retained  its  place.  Recent  discov- 
eries have,  however,  been  made  of  glazed  windows  in 
Pompeii  (destroyed  A.D.  79).  Glass  windows  are 
distinctly  mentioned  by  Jerome  as  being  in  use  in 
lus  time.  A centuiy  later  the  windows  of  the 
church  of  St.  Sophia  at  Constantinopde  are  repre- 
sented, by  Paulus  Silentiarius,  as  being  filled  with 
glass.  After  this  period  frequent  mention  is  made 
of  them.  Joannes  Phillipinus  states  that  glass  was 
fastened  into  the  windows  with  p>laster. 

Bede  asserts  that  glass  windows  were  first  intro- 
duced into  England  in  the  year  (i74,  by  the  Abbot 
Benedict,  who  brought  over  artificers  skilled  in  the 
art  of  making  window-glass,  to  glaze  the  church 
and  monastery  of  Wearmouth.  Other  authorities 
attribute  the  introduction  of  this  luxury  to  Bishopi 
Wilfred,  junior,  who  died  in  711.  It  would  thus 
ap)pear  that  glass  windows  were  first  seen  in  Eng- 
land either  about  the  seventh  or  the  beginning  of  the 
eighth  century.  The  use  of  window-glass,  however, 
was  then,  and  for  many  centuries  afterwards,  con- 
fined entirely  to  buildings  appropriated  to  religious 
purposes ; in  the  fourteenth  century  it  was  so 
much  in  demand,  though  still  confined  to  sacred 
edifices  and  ornamental  purposes,  that  glazing  had 
become  a regular  trade.  This  ap>pears  from  a con- 
tract entered  into  by  the  authorities  of  York  Cathe- 
dral in  1338,  with  a glazier,  to  glaze  the  west 
windows  of  that  structure ; a piece  of  work  which 
he  undertook  to  perform  at  the  rate  of  sixpience  pier 
foot  for  white  glass,  and  one  shilling  pier  foot  for 
coloured.  Glass  windows,  however,  did  not  become 
common  in  England  till  the  close  of  the  twelfth  cen- 
tury. Until  this  period  they  were  rarely  to  be  found 
in  private  houses,  and  were  deemed  a great  luxury, 
and  a token  of  great  magnificence.  The  windows  of 
the  houses  were,  till  then,  filled  with  oiled  papier  or 
wooden  lattices.  In  cathedrals  these,  and  sheets  of 
linen,  supplied  the  place  of  glass  till  the  eighth  cen- 
tury ; in  meaner  edifices  lattices  continued  in  use 
tiU  the  eighteenth. 

The  glass  of  the  Venetians  was  superior  to  any 
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made  elsewhere,  and  for  many  years  commanded  the 
market  of  nearly  all  Europe.  Their  most  extensive 
glass-works  were  established  at  Murano,  a small  vil- 
lage in  the  vicinity  of  Venice  ; but  the  produce  was 
always  recognised  as  Venetian  glass. 

The  skill  of  the  Venetians  in  glass-making  was 
especially  remarkable  in  the  excellence  of  their  mirrors. 
Beckmann,  who  has  minutely  investigated  the  subject, 
is  of  opinion  that  the  manufacture  of  glass  mirrors 
certainly  was  attemjited,  but  not  with  complete  suc- 
cess, in  Sidon,  at  a very  early  period  ; but  chat  they 
fell  into  disuse,  and  were  almost  forgotten  until  the 
thirteenth  century.  Previously  to  this  period  plates 
of  polished  metal  were  used  at  the  toilette  ; and  in 
the  rudeness  of  the  first  ideas  which  suggested  the 
substitution  of  glass,  the  plates  were  made  of  a deep 
black  colour  to  imitate  them.  Black  foil  even  was 
laid  behind  them  to  increase  their  ojiacity.  The 
metal  mirrors,  however,  remained  in  use  long  after 
the  introduction  of  their  fragile  rivals  ; but  at  length 
they  wholly  disappeared,  a result  effected  chiefly  by 
the  skill  of  the  Venetians,  who  by  silvering  the  glass 
greatly  improved  the  manufacture. 

From  Italy  the  art  of  glass-making  found  its  way 
into  France,  where  an  attempt  was  made  to  rival  the 
Venetians  in  the  manufacture  of  mirrors.  The  first 
essay  was  unsuccessful ; but  another,  made  imder  the 
patronage  of  Colbert,  had  better  fortune.  A few 
years  afterwards,  a discovery  or  rather  improvement 
in  the  art  of  glass-making  was  effected  by  Abraham 
Tiievart.  This  improvement  consisted  in  casting 
plates  of  much  larger  dimensions  than  it  had  hitherto 
been  deemed  possible  to  do.  Thevart’s  first  plates 
were  east  at  Paris,  and  astonished  every  artist  by 
their  magnitude.  They  were  84  inches  long  and  50 
inches  wide,  whereas  none  previously  made  exceeded 
45  or  50  inches  in  length. 

Early  in  the  fourteenth  century  the  French  govern- 
ment made  a concession  in  favour  of  glass-making, 
by  decreeing,  that  not  only  should  no  derogation 
from  nobility  follow  the  practice  of  the  art,  but  that 
none,  save  gentlemen  or  the  sons  of  noblemen, 
should  venture  to  engage  in  any  of  its  branches,  even 
as  working  artisans. 

The  first  mention  of  English  window  glass  is  in  a 
contract  dated  1439,  between  the  Countess  of  War- 
wick and  John  Prudde  of  Westminster,  glazier, 
whom  she  employed  to  embellish  a tomb  for  the  carl, 
her  husband.  John  Prudde  is  thereby  bound  to  use 
no  glass  of  England,  but  glass  from  beyond  seas.  The 
finest  sort  of  window-glass  was  first  made  at  Crutched 
Friars,  London,  in  1557.  The  first  flint-glass  made 
in  England  was  manufactured  at  the  Savoy  House, 
in  the  Strand;  and  the  first  plate-glass,  for  looking- 
glasses,  coach  windows,  and  similar  purposes,  was 
manufactured  at  Lambeth  by  Venetian  workmen, 
brought  over  in  1670  by  the  Duke  of  Buckingham. 
From  that  period  the  English  glass  manufactories, 
aided  by  the  liberal  bounties  granted  them  in  cash 
upon  glass  sold  for  export,  became  powerful  and 
successful  rivals  of  the  Venetian  and  French  manu- 
factories. The  bounty  on  glass  exported,  which 
the  government  paid  to  the  manufacturer,  was  not 


derived  from  any  tax  by  impost  or  excise  previously 
laid  on  the  raw  materials  ; for  all  such  were  returned 
to  the  manufacturer,  together  with  the  bounty, 
thereby  lessening  the  actual  cost  of  the  article  from 
25  to  50  per  cent.,  and  enabling  the  English  exporter 
to  compete  successfully  in  foreign  markets.  This 
Ijounty  provision  was  annulled  during  the  premier- 
ship of  Sir  Robert  Peel,  together  with  all  the  excise 
duty  on  home  consumption. 

The  art  of  glass-making  was  introduced  into  Scot- 
land in  the  reign  of  James  VI.  An  exclusive  right 
to  manufacture  it  within  the  kingdom,  for  the  space 
of  thirty-one  years,  was  granted  to  Lord  George 
Hay  in  the  year  1618.  This  right  his  lordship 
transferred  in  1627,  for  a considerable  sum,  to 
Thomas  Robinson,  merchant-tailor  in  London,  who 
again  disposed  of  it  for  £250  to  Sir  Robert  Mansell, 
vice-admiral  of  England.  The  first  manufactory  of 
glass  in  Scotland,  an  extremely  rude  one,  was  estab- 
lished at  Wemyss,  in  Fife.  Regular  works  were 
afterwards  commenced  at  Prestonpans,  Leith,  and 
Dumbarton. 

Compodtion  o'  G/u.s-s.— This  substance  is  the  pro- 
duct of  fusion  at  a high  temperature  of  the  metals  of 
the  alkalies  and  alkaline  earths,  or  silicic  acid,  some- 
times of  boracic  acid,  with  lead,  tin,  iron,  manganese, 
&c.  The  product  solidifies  after  fusion  in  the  form 
of  a transparent  mass,  which  is  either  colourkss  or 
not,  according  to  the  ingredients  which  it  contains ; 
it  combines  a great  degree  of  hardness  with  the 
property  of  resisting  the  destructive  action  of  air, 
water  to  a certain  extent,  and  even  that  of  the  more 
powerful  chemical  agents.  It  is  well  known  that 
silica  acts  the  part  of  a powerful  acid  at  the  tempera- 
ture of  a red  heat,  and  is  capable  of  expelling  car- 
bonic acid,  hydrochloric  acid,  &c. 

Those  varieties  of  glass  which  possess  the  highest 
degree  of  lustre  and  power  of  refraction  are  also  the 
softest,  that  is,  the  most  easily  scratched.  They  are 
likewise  those  which  exhibit  the  highest  specific 
gravity  (from  2'8  to  3'6)  and,  as  might  be  deduced 
from  that  circumstance,  they  (at  least  as  far  as  the 
colourless  glasses  are  concerned)  are  those  which 
contain  bases  with  a very  high  atomic  weight — oxide 
of  lead,  baryta.  Those  bases,  on  the  contrary,  which 
render  the  glass  hard  and  durable,  appear  to  produce 
little  lustre  or  power  of  refraction.  The  specific 
gravity  of  these  varieties  lies  between  2’37  and  2'56. 

There  is  much  difficulty  in  dividing  the  glasses 
according  to  any  definite  principle.  One  of  the 
simplest  arrangements  is  given  by  Tomlinson,  as 
follows  : — ■ 

1.  Silicate  of  potash  and  oxide  of  lead.  Examples: 
— FHiit-glans,  crystal,  and  strass. 

2.  Silicate  of  soda  and  lime  ; or  silicate  of  potash, 
soda,  and  lime.  Examples  : — Common  window,  Emj- 
lish  crown,  and  plate. 

3.  Silicate  of  potash  and  lime.  Examples : — Foreign 
crown,  refractory  Bohemian  glass. 

4.  Silicate  of  soda,  lime,  alumina,  and  oxide  of  iron. 
Example  : — Coarse  green  wine-bottle  glass. 

Bottle-glass,  or  what  is  more  properly  described 
by  the  German  term  Hohlglase,  or  Hollow  glass,  com- 
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prises  all  glass  worked  into  the  form  of  vessels  or  tubes. 
According  to  the  purity  of  the  “ metal,”  which  is  the 
technical  term  given  to  glass  in  the  fused  state,  this 
variety  is  subdivided  into  different  qualities,  such  as 
— Ordinary  bottle  - glass,  consisting  of  silica,  potash 
or  soda,  lime,  alumina,  and  oxide  of  iron  ; glass  used 
for  medicinal  bottles,  consisting  of  silica,  soda,  lime, 
some  alumina,  and  a very  little  ferrous  oxide ; white 
bottle-glass  for  bottles  or  phials,  tumblers,  tubes — 
containing  silica,  soda  or  potash,  and  lime. 

Window-glass,  including  English  croivn  and  cylin- 
der or  sheet-glass:  this  is  a silicate  of  potash  or  soda, 
lime,  and  alumina. 

Plate-glass,  composed  of  silica,  soda  or  potash, 
lime,  and  a little  alumina.  This  variety  only  differs 
from  the  preceding  by  the  greater  purity  and  free- 
dom from  colour  of  the  materials. 


Flint-glass,  used  for  grinding,  &c.,  composed  of 
silica,  potash,  and  oxide  of  lead. 

Crystal,  for  optical  purposes  and  table-ware,  con- 
sists of  silica  or  silicic  acid,  and  potash,  with  more 
lead  than  the  preceding.  In  short,  it  is  a simple  flint- 
glass,  formed  with  very  pure  materials. 

Strass,  or  the  substance  composing  the  imitation 
of  precious  stones,  known  as  paste,  consists  of  silica 
and  potash,  with  a still  larger  amount  of  oxide  of 
lead  : it  is  coloured  by  various  materials. 

Enamel,  a silicate  and  stannate  or  antimoniate  of 
potash  or  soda,  and  of  oxide  of  lead.  It  may  be 
otherwise  described  as  composed  of  silica,  soda  or 
potash,  and  oxide  of  lead — rendered  opaque  by 
oxide  of  tin  or  antimony. 

Soluble  Glass,  which  is  a simple  silicate  of  potash 
or  of  soda,  or  a mixture  of  these  two  silicates. 


ANCIENT  GI.ASS. 


Analyst. 

Si02» 

Na.20. 

K.^O 

CaO. 

MgO. 

BlnO. 

Pto. 

FeiO.,. 

AI2O3. 

SO3. 

Egyptian  glass  rod,  colourless, 

Benrath. 

72-30 

20-83 



5-17 







0-51 

1-19 



“ small  block,  grass  green, . . 

70-08 

20-71 

— 

6-54 

— 

trace. 

— 

0-99 

1-19 

— 

“ “ tinged  with  green, 

71-15 

18-76 

— 

8-56 

trace. 

0-44 

— 

0-25 

0-84 

— 

Eoman  flask  (Treves), 

U 

70-66 

17-47 

— 

8-38 

— 

— 

— 

1-24 

2-25 

— 

“ bottle,  greenish  (Treves),... 

(( 

68-10 

20-.53 

— 

6-51 

0-49 

1-93 

— 

1-09 

1-30 

— 

“ “ green  (Kreuznachj, . . 

67-96 

22-39 

— 

5-12 

trace. 

1-67 

— 

0-69 

1-86 

0-32 

“ urn,  blue -green  (Wolfsheim), 

70-32 

21-95 

— 

3-04 

0-29 

0-87 

— 

1-92 

1-61 

— 

“ fragment  of  handle,  blue- ) 

(( 

72-11 

15-46 

7-52 

0.56 

1-02 

2-95 

0-38 

green  (Panticajiaium) j 

“ lachrymatory  (Panticapalum), 

ii 

69-55 

16  01 

— 

8-43 

— 

2-32 

— 

1-48 

2-21 

— 

“ bottle  - neck,  grass  green  V 
(Panticapalum), j 

u 

67-10 

18-67 

— 

8-05 

1-16 

trace. 

— 

1-73 

3-29 

— 

Egyptian  rod.  brown, 

Roman  urn  (Puzzuoli), 

Schuler. 

65-90 

22-33 

— 

8-42 

— 

0-94 

— 

0 97 

1-44 

— 

70-58 

18-86 

— 

8-00 

trace. 

0 48 

— 

0-53 

1-80 

— 

“ lachrymatory  (Puzzuoli), , 

71-45 

16-62 

— 

8-14 

trace. 

0-17 

— 

1-02 

2-25 

— 

“ fragment  (Pompeii), 

Claudet. 

69-43 

17-31 

— 

7-24 

— 

0-39 

— 

1-15 

3-.55 

— 

Siegwart. 
D.  Campbell 

64*25 

9R09 

7*54 

1-44 

. 

3-.52 

PaOA. 

U-bO 

JerusaleAi,  glass  from  the  temple,.. 

69-30 

13-79 

1-49 

8-50 

0-55 

— 

trace. 

2-00 

3-30 

MODERN  GLASS — WHITE  SODA  GLASS. 


Analyst. 

Si02- 

NajO. 

CaO. 

MgO. 

MnO. 

ZnO. 

Fe20j. 

AI.i03 

F. 

"Window  glass,  French, 

Dumas. 

69-65 

15-22 

13  31 









1-82 



U 41 

69-25 

11-30 

17-25 

— 

— 

— 

— 

‘2-20 

— 

U 44 

44 

68-55 

12-88 

16-17 

— 

— 

— 

— 

2-40 

. — 

((  t;  (4 

44 

68-65 

17-70 

9-65 



— 

— 

— 

4-00 

— 

(4  4<  U 

44 

68-50 

13-70 

7-80 

— 

— 

— 

10  00 

— 

44  44  44 

44 

68-00 

10-10 

14-30 

— 

— 

— 

— 

7-60 

— 

“ “ English, 

44 

69-00 

11-10 

12-50 

— 

. — 

— 

— 

7-40 

— 

44  44  .4 

Richardson. 

60-o7 

14-23 

11-86 

— 

— 

— 

— 

8-16 

— 

“ “ Chance,  Birmingham,.... 

Cowper. 

71-40 

15-00 

12-40 

— 

— 

— 

— 

0-00 

— 

Plate-glass,  French, 

Berthier. 

72-00 

17  00 

6 40 

— 

— 

— 

1-90 

2 60 

— 

4»  *4 

Tassaer.s. 

76-00 

17-00 

6-00 

— 

— 

— : 

1-LO 

— 

— 

4<  44 

Dumas. 

75-90 

17-50 

3-80 

- — 

— 

— 

— 

2-80 

— 

“ German, 

Jaeckel. 

72-31 

11-42 

14-96 

— 

— 

— 

— 

0-81 

— 

“ St.  Gobain, 

Peligot. 

73-00 

11-50 

15-50 

— 

— 

— 

— 

— 

Sodium  glass,  “ 

Pelouze. 

77-04 

15-51 

7-41 

— 

— 

“ 

— 

— 

— 

Sulphate  of  soda  glass,  St.  Gobain 

73-05 

11-79 

15-16 

— 

— 

— 

— 

■ 

— 

Plate-glass,  Munster, 

Benrath. 

72-12 

12-23 

14-82 

— 

— 

— 

0-.50 

— 

4 4 44 

71-56 

12-97 

13-27 

— 

— 

— 

1-29 

— 

“ Charleroi, 

44 

73-31 

13-00 

13-34 

. — 

— 

— 

0-83 

— 

“ Chance,  Birmingham, 

44 

70-71 

13-25 

13-38 

— 

— 

— 

1-92 

— 

“ “ 2nd.  quality, 

• 4 

72-90 

12-45 

13  26 

— 

— 

— 

1-93 

— 

“ Munster,  “ 

44 

78-72 

12-92 

6 51 

— 

— 

— 

1-65 

— 

Window  glass,  St.  Petersburgh, 

44 

71-27 

20-10 

8-14 

— 

— 

— 

1-98 

— 

Best  white  French  glass, 

Pelouze. 

72-10 

12  40 

15-50 

— 

— 

— 

— 

— 

— 

44  44  44 

77-30 

16-30 

6-40 

— 

— 

— 

— 

— 

— 

White  bottle  glass,  Bavarian, 

Benrath. 

78-39 

13-91 

7-10 

— 

— 

— 

0-60 

— 

“ “ Russian, 

74-71 

15-74 

8-77 

— 

— 

— 

0-78 

— 

“ “ French, 

Berthier. 

72-00 

17-00 

6-50 

— 

— 

— 

4-50 

— 

44  44  «4 

76-00 

16-00 

7-00 

— 

— 

— 

1-00 

— 

Cryolite  glass.  United  States, 

Benrath. 

67-07 

19-83 

trace. 

— 

1-09 

— 

1-02 

10-99 

— 

(4  44  44 

"W'illiams. 

63-84 

10-51 

1-86 

0-25 

1-12 

6-99 

1-50 

7-86 

8-05 

44  44  <4 

63-40 

5-85 

— 

— 

— 

6-50 

1-40 

3-67 

— 
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WHITE  POTASH  GLASS. 


Analyst. 

SiO.j. 

NaaO. 

K2O. 

CaO. 

MgO. 

MnO. 

FegOa. 

Al..i03. 

Plate-glass,  French, 

Dumas. 

73-80 

12-10 

5-50 

5-60 







3-50 

“ Venetian, 

Berthier. 

68  60 

8-10 

6-90 

11-00 

2-10 

0-10 

0-20 

1-20 

“ Bohemian, 

Peligot. 

67-70 

— 

21-00 

9-90 

— 

_ 

— 

1-40 

76-00 

— 

15-00 

8-00 

— 

— 

— 

1-00 

“ British  Plate-glass  Co.,  St.  Helens, 

Mayer  & Brazier. 

77-36 

13-06 

3-01 

5-31 

— 

— 

0-91 

trace. 

“ London  Thames  Plate-glass  Co., . . 

44  44 

78-68 

11-63 

1-34 

6-09 

— 

— 

trace. 

2-68 

“ Loudon  and  Manche_ter  Plate- 1 

a <( 

77-90 

12-35 

1-72 

4-85 

trace. 

3-59 

glass  Co.,  St.  Helens, J 

“ Hanoverian, 

Emmerling. 

73-79 

13-94 

0-60 

8-61 

0-12 

0-32 

0-68 

0-58 

44 

72-69 

12  83 

1-77 

9-20 

0-34 

0-54 

0 97 

0-63 

Bohemian  tubes, 

Rowney. 

73-13 

3-07 

11-49 

10  43 

0 26 

0-46 

0-13 

0-30 

44  44 

Otto. 

74-40 

— 

18-50 

7-20 

— 

— 

— 

0-10 

“ drinking  glasses, 

t(  44 

Berthier. 

71-70 

2-50 

12-70 

10-30 

— 

0-20 

0-30 

0-40 

Gros. 

71-60 

— 

It -00 

10-00 

2-30 

0-20 

3-90 

2-20 

“ common  glass, 

Dumas. 

69-40 

— 

11-80 

9--20 

— 

— 

— 

9-60 

French  tubes, 

Berthier. 

69-20 

3-00 

15-80 

7 60 

2-00 

— 

0-50 

1-20 

“ crown  glass, 

Dumas. 

62-80 

— 

22-10 

12-50 

— 

— 

2 

60 

LEAD  GLASS. 


Analyst. 

NaaO. 

K2O. 

CaO. 

ZnO. 

PbO. 

Fe.jOa. 

Al.^Oa. 

English  crystal, 

Faraday. 

51-93 



13-67 





33-28 

_ 

_ 

“ “ London, 

Berthier. 

59-20 

— 

9-00 

— 

— 

28-20 

0-40 

— 

44  44  kt 

SaU  6tat. 

57-50 

1-00 

9-00 

— 

32 -.50 

— 

— 

“ “ Newcastle 

Berthier. 

51-40 

— 

9-40 

— 

— 

37-40 

0-80 

1--20 

French  crystal, 

bauerwein. 

48-10 

— 

12-50 

0 60 

— 

38-00 

0-50 

— 

Salvetat. 

61-00 

— 

6 00 

— 

— 

33-00 

— 

— 

44  44 

51-00 

1-70 

7-60 



— 

38-30 

1-30 

<4  44 

*• 

54--20 

0-9U 

9-20 

— 

— 

34-60 

0-.50 

44  4 4 

Benrath. 

.50-18 

— 

11-62 

— 

— 

38-11 

0-04 

Flint  glass, 

Faradav. 

44-30 

— 

11-75 

— 

— 

43-05 

— 

— 

Dumas. 

42-.50 

— 

11-70 

0-50 

— 

43-50 

— 

1-80 

Crown  glass,  Maes, 

bchiiler. 

.56-61 

24-68 

0-70 

13-49 

4-11 

0 40 

BOTTLE  GLASS. 


Analyst. 

SiO.^. 

Na20. 

K2O. 

CaO. 

MgO, 

MnO. 

Fe203. 

AI2O3. 

French,  Sauvigny 

Berthier. 

60  00 

3-10 

22-30 



1-20 

4-00 

8 00 

“ St.  Etienne 

60  40 

3 20 

20-70 

0-60 

— 

3-80 

10-40 

“ Epinac, 

59-60 

— 

3-20 

18-00 

7-00 

0-40 

4-40 

6-80 

“ Sevres, 

Dumas. 

53-55 

— 

5-48 

29-22 

— 

— 

5-74 

6-01 

“ Clichv, 

45  60 

— 

6-10 

28-10 

— 

— 

6-20 

14-00 

Bohemian  Champagne  bottles, 

Maumen^. 

58-40 

9-90 

1-80 

18-60 

— 

— 

8-90 

2-10 



*• 

62-21 

5-69 

1-91 

22-93 

— 

— 

6-10 

1-16 

»4  44 

' “ 

63  34 

4-17 

2-01 

21-34 

— 

— 

4-42 

4-72 

German, 

Benrath. 

69-82 

18-28 

1-50 

7-82 

— 

— 

2-58 

“ 

62-78 

19-14 

11-24 

6-11 

— 

— 

0-73 

44 

44 

64-41 

15-76 

10-50 

5-81 

— 

— 

3 -.52 

Russian, 

44 

65-77 

11-75 

16-58 

— 

— 

5-90 

“ 

68-38 

19-03 

10-19 

— 

— 

2-40 

Chemical  Constitution  oj  the  Different  Glasses. — 
From  a careful  inspection  of  the  preceding  tables,  it 
will  be  seen  that  the  constituents  of  the  different 
varieties  of  glass  are  chemically  combined.  It  fol- 
lows that  the  individual  constituents  must  be  united 
in  equivalent  proportions,  though  tliese  relations  are 
sometimes  difficult  to.  trace,  in  consequence  of  dif- 
ferent metals  replacing  each  other. 

The  varieties  of  soda  glass  correspond  aj^proxi- 


mately  to  the  formulie. 

So<U. 

Lime. 

Silica. 

Naj0.Ca0.68i0.2 

. 13-0  .... 

11-7  .. 

..  75-3 

6Na.,0.7CaU.36Si02. .. . 

. 108  .... 

13-7  .. 

..  75-5 

5Na20.6Ca0.233SiU.2 . . . 

. 11-8  .... 

, 12-8  .. 

..  75-4 

Potash  gla.ss  to  the  formulie : — 

Potash. 

Lime. 

Silica, 

K.20.Ca0.6Si0 

. 18-5  . . . . 

, 10-9  .. 

..  70  6 

.5K.20.7CaU.36Si0.2 

. 15-6 

12-9  .. 

..  71-5 

5K30.6Ca0.33SiUa 

. 16-9  .... 

12-0  .. 

..  71-1 

Potash. 

Lead  oxide. 

Silica. 

..  13  9 . 

. ..  32-9  ... 

. 53-2 

..  11-2  .. 

...  37-2  ... 

. 51-6 

..  35-3  ... 

. 52-3 

And  lead  glass  to : — 

K.,0.Pb0.6Si0.j 13  9 

5K.,0.7?b0.36Si02...i..  11-2 
51C„06Pb0.33Si02 12-4 

Comparative  Fusibility  o/  the  Glasses. — Under  the 
influence  of  a cherry-red  heat  and  upwards,  all  kinds 
of  glass  are  capable  of  being  first  softened  and  then 
undergoing  a complete  fusion.  At  the  same  time, 
the  difficult  fusibility  of  those  varieties  in  which  silicic 
acid  preponderates,  are  very  important  facts  in  con- 
nection with  the  manufacture  of  glass.  Silicic  acid 
per  se  is  perfectly  infusible,  but  it  acquires  the 
property  of  fusibility  in  a greater  or  lesser  degree, 
according  to  the  quantity  of  metallic  oxide  with 
which  it  is  mixed.  Glass- makers,  in  short,  call  all 
the  bases  fluxes,  and  are  well  a ..  are  that  the  work  is 
facilitated  and  fuel  saved  by  increasing  the  amount 
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of  flux  in  the  mixture ; but,  at  the  .same  time,  they 
know  that  the  addition  of  flux  cannot  exceed  a certain 
limit  without  detriment  to  the  durability  of  glass. 
When  glass  is  attacked  by  reagents,  under  ordinary 
circumstances,  a removal  of  the  metal  always  results. 
Glasses  containing  lead  are  the  most  fusible,  and 
the  more  so  in  proportion  as  they  contain  a more 
considerable  quantity  of  oxide  of  lead.  Common 
glasses,  on  the  contrary,  are  less  so  the  more  lime 
and  alumina  they  hold.  Thus,  flint-glass  and  crj-stal 
are  more  fusible  than  common-glass,  and  the  latter  is 
a little  more  so  than  bottle-glass. 

Imperfect  Fluidlfii  of  Glass. — The  possibility  of 
casting  or  moulding  glass,  as  well  a.s  its  purification, 
depends  upon  the  fact  that  at  very  intense  heats  the 
so-called  metal  is  tolerably  fluid,  though  still  possessing 
.T,  consistence  which  may  be  compared  to  that  of  weak 
syrup.  In  this  state  the  heavier  impurities  are  enabled 
to  subside  to  the  bottom,  while  the  bubbles  of  gas, 
which  too  often  form  flaws  in  glass,  rise  by  their  levity 
to  the  surface.  At  a brisk  red  heat,  on  the  contrary, 
the  metal  is  only  in  a semi-fluid  state,  and  on  this 
peculiar  and  valuable  property  depends  the  possibility 
of  working  it  into  every  variety  of  form.  In  this  state 
it  is  an  exceedingly  tough,  thick  mass,  possessing  great 
ductil  ty,  and  capable  of  being  drawn  out  into  the 
finest  threads,  or  blown  into  the  form  of  the  thinnest 
hollow  spheres. 

Brittleness. — When  glass  has  been  heated  to  the 
softening  point,  and  exjiosed  to  a rapid  cooling,  it  is 
very  brittle ; when,  on  the  contrary,  it  is  submitted  to 
a slow  cooling,  it  becomes  capable  of  resisting  pretty 
severe  shocks  without  breaking,  and  it  stands  equally 
well  sudden  variations  of  temperature.  I’he  meta- 
morphosis has  been  attributed  to  unequal  crystalliza- 
tion. It  will  be  seen  afterwards  that  the  particles  of 
glass  always  exhibit  in  the  fluid  state  a tendency  to 
arrange  themselves  in  a regular  mai  ner,  and  form 
crystals.  Now.  when  the  mass  is  allowed  to  cool 
suddenly,  no  time  is  allowed  the  particles  to  follow 
this  tendency,  and  they  are  forced,  as  it  were,  against 
their  inclination  to  remain  in  that  relative  position 
towards  each  other  which  they  assume  during  the 
working,  or  in  other  words,  to  form  an  amorphous 
mass.  This  forced  relative  position  of  the  particles 
is  greatest  where  the  glass  has  been  rapidly  cooled  ; 
the  interior  of  the  mass  is,  therefore,  not  so  subject 
to  it  as  the  surface,  and  this  latter  also  contracts  in 
a greater  degree.  The  outer  layers  are,  consequently, 
in  a state  of  tension,  with  reference  to  those  in  the 
interior.  It  is  obvious,  therefore,  that  there  must 
be  a want  of  uniformity  in  the  attractions  of  the  par- 
ticles of  glass  for  each  other ; that  a tendency  to 
subvert  the  force  of  cohesion  has  been  induced, 
which  the  slightest  impulse  from  without  will  be 
sufficient  to  call  into  action.  This  circumstance  per- 
fectly explains  the  brittle  nature  of  glass,  which 
sometimes  rises  to  a very  extraordinary  degree.  For 
example,  if  one  takes  a little  melted  glass,  and  allows 
it  to  fall,  drop  by  drop,  into  cold  water,  each  drop 
will  suddenly  solidify,  and  will  take  a form  generally 
spheroidal  or  ovoidal,  terminated  by  a tail  which 
ends  in  a rapidly  tapering  point,  o,  as  represented  in 


Fig.  1.  The  surface  of  the  globular  part  of  this  drop 
of  glass  is  harder  than  ordinary.  But  by  merely 


Fig.  1. 


breaking  off  the  point,  a.  the  tension  is  called  into  play, 
and  the  whole  ma.ss  flies  in  pieces,  or  rather  is  instantly 
converted  into  a fine  powder  with  a slight  detonation. 
This  observation  was  made  by  Prtnce  Rupert,  and 
the  glass  tears  thus  treated  are  known  as  Rupert's 
drops. 

The  effect  is  explained  by  Dumas,  by  supposing  that 
by  the  immersion  in  cold  water  the  surface  of  the  glass 
is  suddenly  solidified,  the  central  parts  being  still  fire- 
red,  and  consequently  much  dilated.  IVhen  these 
last  become  solidified  and  cooled  down,  they  must  have 
retained  points  of  adherence  to  the  surface,  and  conse- 
quently occupy  a larger  volume  than  that  which  agrees 
with  the  temperature  to  which  they  are  reduced  ; the 
central  molecules  are,  therefore,  more  distended  than 
usual,  and  exert  a powerful  contracting  force  on  the 
surrounding  parts.  At  the  instant  when  a part  of  the 
envelope  or  outer  portion  is  broken,  the  molecules 
which  had  been  retained  by  it  briskly  contract,  draw 
in  with  them  all  the  others,  and  thus  determine  a 
multitude  of  points  of  rupture ; as  this  effect  is 
instantaneous,  each  fragment  is  shot  with  force,  and 
drives  the  air  before  it ; this  fluid,  therefore,  under- 
goes a sudden  dilatation  and  contraction,  from  which 
results  the  detonation  that  is  heard. 

The  same  effect  is  produced  under  another  form,  in 
what  is  termed  the  Bolopna  or  plnloi-'vhical  phial — 
Fig.  2.  This  is  a kitid  of  short  tube,  thick, 
and  closed  at  one  end,  which  is  obtained 
at  crystal  manufactories,  by  blowing  a 
small  jiortion  of  glass  to  judge  of  the 
state  of  the  metal  in  the  pots  during 
the  melting.  These  tubes  are  very  thick, 
for  they  must  be  sufficiently  so  to  allow 
of  appreciating  exactly  the  tint  of  the 
glass.  They  are  exposed  to  a rapid 
cooling,  because  the  object  which  they  are 
intended  to  serve  does  not  require  that 
any  care  should  be  taken  in  that  respect.  This 
cooling  is  even  accelerated  by  shaking  in  the  air 
the  rod  which  supports  the  small  tube.  The  latter 
is  then,  in  point  of  fact,  in  a state  very  analogous 
to  that  of  the  Rupert  drops,  and  Dumas  explains 
their  remarkable  brittleness  in  the  same  manner. 
The  interior  parts  have  undergone  a slow,  and 
the  exterior  parts,  on  the  contrary,  a rapid  cool- 
ing ; and  when  these  tubes  are  struck,  even 
very  strongly,  on  the  outside,  they  do  not  break, 
while  the  slightest  stroke  on  the  inside  by  a sharp 
edged  substance  is  sufficient  to  make  them  fly  in 
pieces,  wi  h a detonation  similar  to  that  which 
occuis  in  the  case  of  the  Rupert  drops.  Moreover, 
they  resist  the  blow  of  a marble  or  bullet  let  fall 
from  a distance  of  .t  or  4 feet  into  the  interior  of  the 
tube,  whils",  a small  fragment  of  flint,  or  even  a 


GLASS. — Devitrification. 


grain  of  sand,  falling  from  the  height  of  a few 
inches  is  sufficient  to  make  them  burst  asunder. 

Phenomena  more  or  less  analogous  to  these  happen 
with  any  thick  glass  vessels  which  have  been,  quickly 
cooled.  By  slight  variations  of  temperature,  such  as 
occur  when  they  are  carried  from  a room  without  a 
fire  into  a warm  room,  it  sometimes  happens  that 
these  glasses  suddenly  burst  without  any  apparent 
cause.  It  is  obvious  that  the  thicker  the  glasses,  the 
more  readily  will  effects  of  this  kind  be  produced. 
Tubes  of  glass  somewhat  thick,  and  especially  those 
which  are  of  unequal  thickness,  are  also  very  subject 
to  split,  and  usually  the  crack  is  prolonged  through  the 
whole  length  of  the  tube.  This  is  because  glass  tubes 
are  not  submitted  to  that  particular  operation,  the  ob- 
ject of  which  is  to  render  glasses  less  liable  to  break 
by  sudden  changes  of  temperature.  This  operation 
is  termed  anDealiiu/,  and  consists  in  submitting  the 
glass  to  a very  slow  refrigeration.  The  details  of 
the  process  will  be  described  in  connection  with  the 
general  arrangements  of  the  glass-house  and  its 
furnaces,  among  which  the  annealing  arch  or  oven 
takes  an  important  place. 

It  would  seem  that  the  ordinary  annealing  of  glass, 
whether  it  be  that  the  operation  is  badly  performed, 
or  that  it  has  not  a durable  effect,  always  leaves  some- 
thing to  be  desired.  For  some  articles  a method  of 
annealing  is  employed  which  is  very  simple,  but  at 
the  same  time  expensive,  if  required  to  be  applied 
on  a large  scale.  It  consists  in  placing  the  glass 
vessels  in  a trough  or  pan,  taking  the  precaution  to 
separate  them  by  a little  hay  or  straw.  The  vessels 
and  the  pan  are  filled  with  water,  and  the  liquid  is 
brought  to  ebullition.  The  whole  is  then  left  to  cool 
slowly.  The  vessels  thus  treated  are,  so  to  sjieak, 
insured  against  any  rapid  change  of  temperature 
Comprised  within  the  interval  of  180°  Fahr.,  or 
thereabouts.  By  using  a bath  of  water  charged  with 
some  salt,  an  oil-bath,  or  a bath  of  fusible  alloy,  this 
method  might  be  extended  to  higher  temperatures. 

The  efficacy  of  the  process  rests  on  the  great  differ- 
ence which  exists  between  the  conducting  power  of 
air  and  that  of  liquids.  There  is  no  doubt  that  in  the 
operation  of  annealing  in  the  air,  different  points  of 
the  surface  are  cooled  at  different  rates,  a circum- 
stance which  can  never  occur  when  the  annealing  is 
effected  under  a liquid  mass.  It  is  well  known  in 
laboratories,  that  vessels  which  have  accidentally 
undergone  an  annealing  of  this  kind  are  thereby 
rendered  very  fit  to  support,  without  breaking,  rapid 
changes  of  temperature.  This  suggestion  has  been 
very  ably  worked  out  by  F.  B.  A.  Koyek  de  la 
Bastie  in  a process  which  he  terms  the  “tempering 
of  glass,”  and  which  will  be  fully  described  further  on. 

Dcvilrijied  or  Semi-crijslaUized  Glass. — As  excessive 
brittleness  results  from  the  sudden  cooling  of  glass, 
so,  on  the  other  hand,  when  the  fused  metal  is 
cooled  too  slowly,  the  amorphous  state  entirely  disap- 
pears, the  mass  assumes  a crystalline  structure,  and 
other  changes  occur  which  are  termed  devitrification. 
If  the  glass  contain  different  metals  a partial  separa- 
tion takes  place  ; the  silica  divides  itself  between  the 
metals,  and  thus  forms  compounds  of  definite  pro- 


portions which  crystallize  separately.  In  this  case 
the  intimate  mixture  of  the  materials  which  constitute 
the  true  glass  is  destroyed;  the  glass  becomes  verij 
hard,  fibrous,  opaque,  much  less  fusible,  a better  conductor 
of  electricity  and  of  heat.  The  first  glass  of  this  kind 
was  produced  and  described  by  Reaumur,  and  was 
termed  by  him  devitrified  ylass. 

The  devitrification  of  glass  is  a general  pheno- 
menon, which  exhibits  itself  in  all  kinds  of  glass,  but 
especially  in  glass  with  several  earthy  bases,  and 
more  difficulty  in  lead  glass,  or  glasses  simply  alkaline. 
It  is  produced  by  melting  the  glass,  and  allowing  it 
to  cool  very  slowly,  or  else  by  heating  the  glass  to 
the  softening  point,  and  submitting  it  to  a prolonged 
heat  and  a graduated  cooling.  The  operation  suc- 
ceeds better  with  bottle-glass  than  any  others  ; then 
comes  common  green  glass,  next  white  glass,  then 
simple  glass,  with  a soda  base ; after  this,  flint-glass, 
and,  lastly,  simple  glass,  with  a potash  base. 

This  property  exerts  a great  influence  in  the 
manufacture  of  glass.  It  explains,  indeed,  why,  in 
the  making  of  bottles,  so  much  care  is  taken  to  avoid 
the  repeated  reheating  of  the  mass  which  is  to  be 
formed  into  that  article.  It  would  be  thoroughly 
devitrified  in  a few  seconds  ; the  glass  would  become 
hard,  difficult  to  fuse,  and  would  present  a multitude 
of  solid  grains  disseminated  in  a matter  still  soft. 
One  sees  in  the  same  manner  why  green  glass,  and 
even  common  white  glass,  and,  still  more  so,  bottle 
glass,  can  only  be  shaped  by  the  lamp  of  the  enaineller 
when  the  work  is  performed  with  great  despatch.  If 
he  works  so  slowly  that  he  is  obliged  to  reheat  several 
times  the  glass  tube  which  he  is  blowing,  the  mass 
devitrifies,  and  all  the  phenomena  show  themselves 
which  have  just  been  described.  In  vain  does  he 
then  try  to  blow  a bulb — all  the  force  of  his  lungs 
will  not  avail ; the  glass  is  no  longer  soft.  Besides, 
the  material  then  becomes  rugous,  semi-opaque,  and 
almost  infusible. 

One  can  understand,  on  the  same  principle,  how 
important  it  is  to  select  with  care  glasses  intended  to 
be  used  in  large  and  thick  masses,  such  as  those 
designed  for  the  making  of  lenses  for  large  op>tical 
instruments.  The  cooling  of  such  masses  is  necessarily 
very  slow,  which  induces  the  devitrification  of  the 
glass.  It  is  almost  impossible  to  succeed,  therefore, 
except  with  glass  containing  lead  and  potash,  or  potash 
and  lime.  Indeed,  the.se  two  kinds  of  glass,  which 
constitute  flint  and  foreiyn  crown  glass,  are  employed 
exclusively  on  the  Continent  for  the  making  of 
objectives  for  achromatic  telescopes. 

The  devitrification  of  glasses  is  a phenomenon  of 
the  greatest  interest,  and  to  which  the  attention  of 
glass-makers  should  be  much  directed.  It  will 
appear  still  more  worthy  of  consideration  when  it  is 
shown  that,  in  virtue  of  its  properties,  devitrified 
glass  is  capable  of  replacing  porcelain  in  almost  all  its 
uses.  Thus,  tubes,  retorts,  receivers,  capsules,  &c., 
can  be  made,  which  resist  the  fire  as  well  as  vessels  of 
porcelain,  which  are  as  impermeable  as  common  glass, 
which  resist  acids  very  well,  and  which,  in  fine,  may 
be  obtained  in  a single  piece,  under  a thousand 
diversified  forms,  which  the  moulding  of  porcelain 
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could  only  furnish  with  difficulty.  This  is  a business 
yet  to  be  created,  which  will  furnish  vessels  of  a 
wholesome,  elegant  ware,  and  at  a comparatively 
low  price.  Of  late  years  De  la  Bastie  has  manu- 
factured a white  opaque  glass  on  this  principle. 

To  efFect  the  devitrification  of  glass,  Reaumur 
selected  common  bottle  or  green  glass.  He  filled  the 
vessels  with  a mixture  of  roasted  sulphate  of  lime  and 
white  sand,  reduced  to  fine  powder.  He  introduced 
them  into  an  earthen  box,  which  itself  was  filled  with 
a similar  mixture,  taking  care  that  the  vessels  were 
well  isolated  from  each  other,  as  well  as  from  the  sides 
of  the  box,  the  empty  space  being  occupied  with  the 
plaster  and  sand.  The  box,  thus  prepared,  fitted  with 
a lid  and  luted,  was  carried  into  a pottery  furnace, 
and  left  to  itself  during  the  whole  duration  of  a 
firing.  At  the  end  of  tliat  time  the  glass  was  entirely 
devitrified. 

The  fracture  of  this  glass  is  silky;  exactly  in  the 
middle  of  its  thickness  is  a brown  line,  and  it  is  at 
this  point  that  an  infinite  number  of  small  crystalline 
needles  meet,  j)roceeding  from  the  exterior  and 
interior  surface  of  the  vessel.  These  needles,  per- 
fectly parallel  to  each  other,  are  perpendicular  to  the 
surface  of  the  glass,  as  well  as  to  the  plane  passing 
through  the  line  of  junction,  which  itself  follows  all 
the  variations  of  form  in  the  glass.  It  may  be  added 
that  in  glasses  imperfectly  devitrified  the  two  surfaces 
e.\hibit  similar  needles,  but  too  short  to  meet,  and, 
consequently,  separated  by  a greater  or  less  breadth 
of  common  glass,  which  occupies  the  middle  of  the 
thickness  of  the  plate  or  vessel.  It  is  evident,  there- 
fore, that  whatever  cause  determines  the  crystalliza- 
tion of  the  glass  acts  first  on  the  surfaces,  and 
afterwards  penetrates  to  the  middle,  till  the  crystals 
setting  out  from  the  two  opposite  points  come  to 
meet. 

Devitrification  is  a crystallization  of  glass.  Ex- 
perience proves  that  glass,  slowly  cooled,  almost 
always  crystallizes  when  the  passage  from  the  liquid 
to  the  solid  state  is  effected  so  gently  as  to  allow  the 
requisite  molecular  arrangements  to  take  place.  But 
it  appears  that,  by  applying  this  idea  in  an  absolute 
manner  to  the  devitrified  glasses  of  Reaumur,  a grave 
error  would  be  committed.  There  exist,  in  fact,  two 
distinct  kinds  of  devitrified  or  crystallized  glasses, 
resulting  from  different  action.  1.  The  first  class 
embraces  glasses  which,  by  means  of  a prolonged 
heat,  and  sometimes  by  the  aid  of  a suitable  lute  or 
cement,  have  arrived  at  a state  of  homogeneuus  com- 
bination, and  have  taken  the  crystalline  form,  losing  some 
of  their  constituent  principles.  2.  The  second  kind 
comprises  glasses  which,  by  means  of  a solidification 
very  slowly  effected,  are  divided  into  two  or  more 
different  compounds,  some  of  which  have  j>reserve<l  the 
luicrystallized  state,  while  others  have  taken  a regular 
crystalline  form. 

The  chemical  changes  observed  in  the  devitrifica- 
tion of  bottle-glass  consist — 1st.  In  the  loss  of  a part 
or  the  whole  of  the  potash.  2nd.  In  the  passing  of 
a part  or  the  whole  of  the  ferrous  and  manganous 
oxides  to  the  state  of  ferric  and  manganic  oxides. 
3rd.  In  the  formation  of  one  or  more  definite  and 

crystallized  silicates,  by  means  of  the  remaining 
products. 

The  second  process  of  devitrification,  which  consists 
in  the  mass  being  broken  up  into  different  chemical 
compounds,  presents  itself  sometimes  alone,  but  often 
simultaneously  with  the  preceding.  At  the  glass- 
works of  Choisy-le-Roi  a glass  was  formed  with  100 
of  sand  and  40  of  carbonate  of  soda,  perfectly  pure 
and  dry.  This  glass  being  cooled  rapidly,  was  trans- 
parent like  ordinary  glass.  It  was  re-melted,  and 
submitted  to  a slow  coohng,  that  the  solidification 
might  take  place  tardily.  A glass  was  thus  obtained 
which  was  milky,  grainy,  and  evidently  devitrified  iii 
some  places.  The  devitrified  parts  were  re-melted, 
and  rapidly  cooled  again  after  the  melting,  when 
they  became  common  glass  once  more.  This  glass,  by 
a new  fusion  and  a prolonged  cooling,  gave  a glass 
better  devitrified  than  it  was  the  first  time.  Lastly, 
the  portions  which  exhibited  the  most  perfect  devitri- 
fication, being  again  melted  and  quickly  cooled,  again 
yielded  a glass  endued  with  its  ordinary  characteristics. 

This  remarkable  experiment  sufficiently  proves  that, 
in  the  slow  solidification  of  glass,  a division  of  its 
elements  is  determined,  in  consequence  of  which  a 
definite  silicate  crystallizes,  and  thus  separates  from 
the  remaining  mass. 

In  fact,  devitrification  is  a crystallization  of  glass, 
due  to  the  formation  of  definite  compounds  infusible 
at  the  temperature  existing  at  the  instant  of  the 
devitrification.  Sometimesthis  infusibility  is  produced 
by  the  volatilization  of  the  alkaline  base  ; sometimes 
by  a simple  division  or  separation,  the  alkali  then 
passing  into  that  portion  of  the  glass  which  preserves 
the  vitreous  state.  All  glasses  may  therefore  be 
devitrified,  for  all  glasses  are  capable  of  passing  to 
the  state  of  definite,  and  consequently  crystallizable, 
silicates.  Glasses  which  contain  at  the  same  time 
indifferent  oxides  and  basic  oxides  will  devitrify  better 
than  others,  by  the  tendency  which  the  indifferent 
silicates  and  basic  silicates  have  to  combine  in  definite 
proportions.  Lastly,  devitrified  glasses  wiU  possess 
very  variable  properties,  for  their  composition  itself 
will  differ  completely,  according  to  the  nature  of  the 
glasses  and  the  circumstances  of  the  devitrification. 
Thus,  sometimes  the  devitrified  glass  will  be  crystal- 
lized in  needles  of  considerable  size,  as  happens  with 
window-glass ; sometimes  it  will  be  crystallized  in 
very  fine  needles,  or  even  simply  transformed  into 
an  opaline  mass,  without  appearance  of  crystals,  as 
in  the  case  of  bottle-glass. 

Specific  Gravity  oj  Different  Kinds  of  Glass. — It  is 
evident  that  the  specific  gravity  of  glass  must  depend 
on  its  composition.  Alkaline  calcareous  glasses  are 
the  lightest ; bottle-glass  cemes  next ; then  plumbi- 
ferous  glasses.  The  following  are  the  results  of  some 
experiments : — 

Specific  Gravity. 

Bohemian  glass 2'396 

Ui'owM-glass, 2'487 

Saint  Gobain  plate-glass, 2-488 

Cherbourg  plate-glass, 2-5UG 

AVindow-glass, 2-042 

Bottle-glass, 2 732 

Crystal,  or  common  flint-glass, ....  2-9  to  3-2o5 
Optical  flint-glass 3-3  to  3'6 
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Muspratt  found  several  kinds  of  glass  to  give  the 
following  specific  gravities ; — 


White  flint-glass, 3'POO 

Bottle,  common  green, 2-715 

Green  glass,  St.  Ilelen’s, 2 654 

Cnown-glass, 2-520 

Leith  crystal, 3-189 

Plate-glass, 2-439 


Chemical  Properties  of  Glass. — Air  or  oxygen,  cold 
or  hot,  provided  they  are  dry,  exercise  no  action  on 
glasses.  It  is  not  so  with  moist  air,  as  will  be  seen 
further  on,  especially  with  reference  to  soluble  glass. 
In  this  case,  however,  the  reagent  is  water. 

Deoxidizing  bodies,  on  the  contrary,  act  with  the 
aid  of  heat  on  glasses  which  contain  oxides  of  iron  or 
of  manganese,  and  especially  oxide  of  lead.  In  fact, 
when  lead  glass  is  heated  with  charcoal,  or  in  a current 
of  hydrogen,  the  oxide  of  lead  is  reduced,  and  the 
metal  being  set  free,  communicates  to  the  glass  a 
blackish  tint.  This  effect  is  even  so  rapid  that  one 
cannot  operate  on  crystal  glass  before  the  blow  pipe 
without  blackening  it  greatly,  except  particular  pre- 
cautions be  used. 

Water  acts  more  or  less  on  all  glasses ; and  there 
is  a great  number  which  it  tends  to  decompose  into 
a soluble  alkaline  silicate,  and  an  insoluble  earthy 
and  alkaline  silicate.  It  produces  in  some  sort  tlie 
same  separation  which  would  result  from  a slow 
cooling  or  from  the  devitrification  of  the  glass. 

This  decomposition  takes  place  most  readily  with 
those  glasses  which  contain  much  soda  or  potasli, 
these  alkalies  being  dissolved  out  by  hot  water. 
Bischof  remarks  that  the  powder  filed  from  a white 
glass  tube  reddens  moist  turmeric  paper.  Faraday 
found  that  powdered  plate-ghiss  acts  in  a similar  way. 
Window  glasses,  or  those  which  have  an  analogous 
composition,  are  altered  in  this  manner  by  boiling 
water.  So  much  is  this  the  case,  that  water  which 
is  boiled  for  a long  time  in  glass  vessels  becomes 
alkaline  and  turbid  by  the  portion  of  earthy  and 
insoluble  alkaline  silicate  which  forms  the  residue 
of  its  action,  and  which,  detacliing  itself  i'roni  the 
sides  of  the  vessel,  remains  in  suspension  in  the 
liquid.  Lastly,  these  same  glasses  have  almost 
always  so  much  of  a hygrometrical  property,  as  to 
become  covered  with  a thin  coating  of  water  when 
they  are  exposed  to  the  contact  of  moist  air.  This 
property  should  not  be  lost  sight  of  in  choosing 
glass  for  electrical  purposes. 

Looking-glasses  sometimes  tarnish  in  the  air. 
This  result  proceeds  from  the  deposit  of  a film  of 
hygrometrical  water;  the  same  is  observed  on  the 
glasses  of  optical  instruments.  If  the  glass  is  well 
made,  the  effect  proceeds  no  further ; but  if  it  is  too 
alkaline,  the  deposited  water  gradually  acts  upon  its 
surface,  and  thus  produces  a decomposition  similar 
to  that  above  mentioned ; in  this  case  the  glass  is 
tarnished  beyond  remedy,  or  at  least  it  must  be 
repolished.  Sometimes  the  tarnishing  is  scarcely 
perceptible,  and  yet  a great  alteration  may  have  been 
produced  on  the  surface.  This  is  observed  when 
the  glass  is  heated ; its  surface  becomes  detached  in 
very  thin  lamellar  scales,  presenting  a great  regularity 
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of  fracture.  These  scales  Griffiths  has  shown  to  be 
silica,  and  to  be  identical  with  the  pearly  flakes  seen 
on  specimens  of  antique  glass  which  have  been  long 
buried.  The  glass  then  remains  completely  deprived 
of  its  polish,  wrinkly,  and  almost  opaque. 

Glass-tubes,  globes,  retorts,  and  even  measures 
or  standing-glasses  which  in  laboratories  are  long 
exposed  to  moist  air,  very  often  exhibit  the  same 
phenomena.  In  this  state  the  tubes,  for  example, 
can  no  longer  be  heated  at  the  lamp  without  losing 
their  polish.  Watch-glasses  are  often  observed  in 
the  same  condition,  and  even  the  glass  of  optical 
instruments.  It  appears,  indeed,  that  glasses  which 
have  been  polished  are  more  liable  to  this  effect 
than  common  glasses.  It  is  well  known  that  glass 
which  has  not  been  polished  presents  a harder  and 
more  brilliant  surface,  which  seems  due  to  the  tem- 
periiifi  it  undergoes  at  the  instant  of  cooling.  It  is 
possible,  therefore,  that  polishing  renders  glasses 
more  readily  attacked,  by  exposing  the  interior  part 
of  the  mass,  and  destroying  the  hard  coat  which 
secured  it. 

The  windows  of  houses,  offices,  or  public  build- 
ings of  an  old  date,  often  present  a tarnished  and 
unpolished  surface,  the  origin  of  which  must  be 
attributed  to  a similar  cause.  AVhen  the  hygro- 
metrical water  has  attacked  the  glass,  the  slightest 
changes  of  temperature  cause  its  surface  to  splinter, 
which  thus  becomes  dull,  devoid  of  polish,  or  at  least 
cracked,  and  disposed  to  rise  in  scales  by  the  lea.«t 
rubbing.  This  effect  may  especially  be  remarked  in 
the  windows  of  stables ; these,  after  some  years,  are 
always  so  much  altered  as  to  exhibit  all  the  pheno- 
mena of  the  decomposition  of  light  produced  by  thin 
plates.  The  alteration  observed  in  old  glass  that  is 
found  in  ruins  or  in  tombs  is  very  remarkable.  Its 
surface  is  sometimes  entirely  decomposed ; it  has 
become  opaque,  and  the  slightest  rubbing  causes  it 
to  peel  off  in  thin  light  pellicles,  exhibiting  all  the 
colours  of  the  rainbow. 

Since  water  per  se  is  capable  of  acting  on  glass 
with  so  much  energy,  it  will  readily  be  conceived 
that  concentrated  solutions  of  potash  and  soda  must 
be  capable  of  attacking  it  still  more  powerfully. 
Even  ainmoniaattacks  many  kinds  of  glass.  Griffiths 
states  that  a flint  glass  bottle  which  had  long  con- 
tained a solution  of  carbonate  of  ammonium  became 
so  fragile  that  on  shaking  it  flakes  of  glass  were 
detached. 

At  a red  heat,  not  only  potash  and  soda,  but  all 
the  carbonates  and  all  the  bases  of  that  class,  com- 
bine with  the  elements  of  glass  to  constitute  glasses 
more  basic.  When  carbonate  is  used,  the  carbonic 
acid  is  expelled.  It  may  even  be  said  that  all  the 
oxides  not  decomposable  by  heat,  when  heated  with 
glass,  combine  with  it,  and  thus  form  glasses  trans- 
parent or  opaque,  coloured  or  colourless,  more  or 
less  readily  acted  on  than  the  glass  employed,  accord- 
ing to  the  proportions.  In  general,  when  the  pro- 
portion of  oxide  added  is  much  increased,  the  glass 
is  rendered  soluble  in  acids.  This  is  done  in  the 
analysis  of  glass,  when  it  is  heated  with  carbonate  of 
sodium,  carbonate  of  barium,  or  oxide  of  lead. 
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All  acids  act  on  glass.  Among  these  hydro- 
fluoric acid  must  be  classed  by  itself,  its  action  being 
quite  peculiar.  From  powdered  flint-glass  hydrochloric 
acid  extracts  the  potash  only ; but  in  distilling  it  in  a 
green  glass  retort  Hess  obtained  crystalline  silica, 
while  the  chloride  of  potassium  and  ferric  oxide 
passed  into  solution.  The  other  acids  tend  to  decom- 
pose glass,  by  seizing  on  the  metals  and  setting  the 
silica  free. 

Among  the  bottle  glasses,  there  are  many  which 
resist  the  action  of  wine,  and  which,  nevertheless, 
are  powerfully  attacked  by  nitric,  hydrochloric, 
or  sulphuric  acid.  Salts  of  lime,  of  iron,  of 
alumina,  and  alum,  are  formed  when  sulphuric  acid 
is  used.  This  acid  produces  in  the  interior  of  the 
bottles  crystalline  nipples  or  pustules,  the  base  of 
which  ultimately  pierces  the  vessel ; these  pustules 
are  sometimes  of  the  size  of  a bean  ; in  all  cases  the 
silica  set  free  assumes  a jelly-like  appearance. 

A bottle-glass  too  rich  in  alumina  is  one  of  those 
which  the  acids  most  readily  attack.  Dumas  states 
that  he  has  seen  sucli  glasses,  which  the  bitartrate  of 
potash  contained  in  the  wine  attacked  so  quickly  that 
the  alteration  was  perceptible  at  the  end  of  a few 
days.  The  salt  of  alumina  produced  discolours  the 
wine,  and  imparts  to  it  a disagreeable  taste.  The 
bottle  becomes  corroded,  and  a flaky  deposit  is  de- 
tached from  it.  At  the  same  time,  crystals  of  different 
salts  are  deposited. 

Glasses  containing  lead  are  the  more  easily  acted 
on  in  proportion  as  they  are  too  rich  in  lead.  M'ell- 
made  crystal  resists  acids  well.  It  is  the  same  with 
window  glasses  ; when  too  alkaline  they  are  acted  on 
very  easily ; when  well  made,  they  resist.  More- 
over, when  a glass  loses  its  polish  by  heat,  one  may 
be  sure  that  it  is  of  a nature  to  be  attacked  by  acids. 

Hydrofluoric  acid  transforms  silica  into  water  and 
fluoride  of  silieium,  and  therefore  acts  on  all  glasses. 
Its  action,  in  fact,  would  be  always  quick  and  com- 
plete, if  the  formation  of  a certain  quantity  of  double 
fluoride  of  silieium  and  sodium,  of  potassium,  or 
calcium,  or  lead  — double  fluorides  which  are  all 
insoluble,  or  only  slightly  soluble — did  not  diminish 
the  contact,  and  consequently  the  effect  produced. 

Hydrofluoric  acid,  however,  attacks  glass  rapidly 
when  the  action  is  exerted  on  a small  surfaee,  and 
much  acid  is  employed.  This  property  has  been 
turned  to  aceount  to  etch  glass ; the  acid  is  employed 
in  a gaseous  or  liquid  state,  according  to  the  occa- 
sion and  the  end  proposed.  The  gaseous  acid  pro- 
duces opaque  traces ; the  liquid  acid  transparent  ones. 

M.-tNUFACTURE  OF  Glass. — There  are  no  reliable 
records  of  the  processes  employed  by  the  ancients  in 
the  making  of  glass.  But  from  the  time  when  Agri- 
cola described  this  art,  the  general  arrangement  of 
the  furnaces,  the  mode  of  fabrication,  and  the  nature 
of  the  materials  employed,  have  undergone  only 
modifications  of  detail,  without  any  change  in  the 
general  character  of  the  process. 

Haw  Materials  for  Glass-mating. — The  chemical  or 
theoretical  composition  of  the  different  varieties  of 
glass  has  been  already  given  ; but  as  it  is  quite 
impossible  to  obtain  or  prepare  the  ingredients  in  a 


state  of  chemical  purity  previous  to  fusing  them 
together,  it  will  be  necessary  to  explain  the  sources 
from  which  the  materials  that  go  to  constitute  the 
different  glasses  are  practically  derived  for  the  pur- 
poses of  the  manufacture. 

Silica. — It  has  been  stated  that  all  true  glasses  are 
practically  composed  of  silica,  i.e.,  silicic  acid,  in 
combination  with  at  least  two  alkaline  or  earth 
metals,  and  sotpetimes  with  lead,  zinc,  and  other 
metals.  Silica,  silicic  acid,  or  silicic  oxide  (SiO.,)  is 
very  abundant  in  nature ; it  is  the  principal  constituent 
of  rocks  and  stones,  and  exist  in  a free  and  almost 
pure  state  in  flint,  agate,  chalcedony,  rock-erystal, 
and  quartz,  the  last  two  being  its  purest  iorm. 
Formerly  flint  (silez)  calcined  and  ground,  was 
used  as  the  source  of  the  silica,  and  hence  the  name 
of  flint-glass.  Sand,  hov.'ever,  is  now  employed  as 
the  most  general  and  economical  source  of  silica, 
since  it  renders  the  process  of  grinding  unnecessary. 
At  the  same  time  the  great  variations  in  the  purity 
of  this  material  render  requisite  a eareful  selection 
for  the  different  kinds  of  glass,  and  the  manufacturer 
must  choose  such  as  the  microscope  and  analysis 
show  to  be  most  suitable  for  his  purpose.  The  finest 
English  sands  are  from  Alum  Bay  in  the  Isle  of 
IVight,  and  Lynn  on  the  coast  of  Norfolk.  The 
French  obtain  a very  superior  sand  from  the  forest 
of  Fontainebleau,  in  the  neighbourhood  of  Paris; 
and  to  the  purity  of  this  and  their  other  materials 
the  beautiful  eolour  of  their  glass  may  be  partly 
aseribed. 

The  sand,  being  always  more  or  less  impure  when 
brought  to  the  glass-works,  is  eonveyed  to  an  upper 
room,  and  thrown  into  a trough  of  water,  where  it  is 
carefully  washed.  It  is  then  placed  in  a trough  over 
an  oven,  and,  when  partially  dried,  passes  through 
holes  into  the  oven.  AVhen  quite  dry,  it  leaves  the 
oven  in  the  state  of  fine,  glittering  white  2iarticles, 
like  jiowdered  quartz.  These  f)recautions  are  not 
neeessary  for  green  bottle-glass. 

Potash  and  Soda. — The  potash  for  green  bottle 
glass  is  obtained  from  common  ashes,  the  soda  is  a 
refuse  soda.  Better  kinds  of  glass  are  made  witli 
crude  jiotash  and  soda-ash,  and  the  best  from  j)urified 
potash  and  soda-ash.  Not  many  years  have  elapsed 
since  crown  and  sheet  glass  were  manufactured  from 
the  crude  alkali  obtained  from  keljx  The  kelp  was 
used  simply  in  combination  with  sand — the  kelp 
containing  soda  and  ^Dotash,  and  furnishing  the 
necessary  amount  of  lime ; but  the  glass  thus  pro- 
duced was  of  very  variable  and  often  most  inferior 
quality.  The  discovery  of  Le  Blanc  in  1792,  which 
effected  the  conversion  of  common  salt  into  carbonate 
of  soda,  was  the  eommeneement  of  a new  era  in  the 
history  of  Continental  flint-glass ; but  the  intro- 
duetion  of  earbonate  of  soda,  prep>ared  from  salt,  into 
the  glass  manufaeture  of  England,  dates  only  from 
the  year  1831.  Ultimately  sulphate  of  soda  was 
substituted,  exceist  for  iilate-ghiss,  the  manufacturers 
of  which  still  adhere  to  the  carbonate.  The  black 
bottles  of  Newcastle  are  made  from  common  rock- 
salt  and  sand  from  the  bed  of  the  river,  with  the 
carbonate  of  lime  of  the  soaja-works,  and  the  tank 
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waste  of  the  alkali  makers ; but  for  all  better  kinds 
of  glass  the  circuitous  combination  of  silica  and  alkali 
is  still  found  necessary.  The  carbonate  of  potash  is 
obtained  chiefly  from  Canada,  and  requires  a process 
of  washing  previous  to  use.  The  state  to  which  it  is 
brought  by  the  process  of  cleansing  is  that  of  fine 
white  grains,  differing  but  little,  to  an  unpractised 
eye,  from  the  prepared  sand. 

Lime. — This  substance,  which  forms  an  important 
constituent  in  flint-glass,  may  be  introduced  either 
slaked  or  burned,  or  as  a carbonate.  Limestone, 
however,  that  contains  ferrous  carbonate  of  iron, 
must  be  excluded  from  the  mixture  for  making 
white  glass.  The  action  of  lime  is  to  render  the 
alkaline  silicates  insoluble,  and  when  rightly  bal- 
anced by  the  other  ingredients,  it  promotes  the 
fusion  of  the  whole,  and  improves  the  quality,  but 
when  added  in  excess,  the  glass  becomes  hard  and 
difficult  to  work,  and  subject  to  devitrification. 

Lead  is  the  distinguishing  ingredient  in  crystal  or 
common  flint-glass,  optical  glass,  and  strass.  These 
glasses  are  fused  from  a mixture  containing  litharge 
(PbO)  or  minium — red  lead  (PbgO^).  Red  lead  is 
generally  preferred  on  account  of  its  finer  state  of 
division,  and  because  it  is  decomposed  in  the  glass- 
pot  into  ordinary  protoxide  of  lead  and  oxygen, 
which  latter  removes  many  impurities,  as.  for 
example,  charcoal  by  oxidation.  An  excess  of  lead 
acts  injuriously  upon  the  melting  vessels,  and  besides 
inducing  too  great  softness  in  the  glass,  gives  it  a 
yellow  tinge. 

Baryta. — This  substance,  in  the  form  known  as 
heavy  spar,  barium  sulphate  (BaSO^),  iS  sometimes 
added  to  the  constituents  of  common  bottle-glass,  to 
render  it  more  easy  of  fusion. 

Alumina,  though  seldom  purposely  introduced  into 
glass,  is  always  accidentally  present,  brought  there 
by  the  action  of  the  materials  upon  the  clay  of  the 
pots  in  which  they  are  melted.  If  present  in  any 
quantity  it  is  an  undesirable  ingredient,  as,  by 
increasing  the  number  of  silicates,  it  renders  the 
glass  more  liable  to  devitrification.  Plence  bottle- 
glass,  which  contains  a greater  variety  of  bases 
than  any  other  kind,  is  of  all  the  most  easily  de- 
vitrified. 

Iron. — Another  unwelcome  element  is  iron,  which 
is  almost  always  present  in  the  sand,  in  the  sulphate 
of  soda,  and  in  the  chalk. 

Arsenic. — A little  arsenic  promotes  the  decomposi- 
tion of  the  other  ingredients,  and  tends  to  dissipate 
carbonaceous  impurities  not  otherwise  disposed  of ; 
but,  in  excess,  it  produces  a milkiness  in  the  glass, 
which  time  will  increase. 

“ Cvlkt." — An  other  substanee  is  added — abundantly 
produced  in  every  manufactory  of  glass — namely,  a 
quantity  of  waste  glass,  or  cullet,  which,  being  more 
fusible  than  tlie  raw  materials,  facilitates  the  melting. 
For  this  purpose  the  waste  glass  in  the  glass-house, 
and  that  collected  in  the  neighbourhood,  are  carefully 
sorted,  cleaned,  ground,  and  incorporated  with  the 
mixture  /or  similar  kinds  of  yla.ss.  Great  care  must, 
however,  be  taken  that  no  broken  glass  of  an  inferior 
kind  is  mixed  with  the  ingredients  for  finer  glass. 


The  cullet  not  only  incites  fusion,  but  materially  aids 
the  union  of  the  bases  with  the  silicic  acid. 

Oxidizing  Materials. — Every  description  of  glass 
exhibits  a tendency  to  colour,  and  as  any  tinge  is 
considered  a defect  in  white  glass,  certain  materials 
are  emjiloyed  with  the  special  object  of  counteracting 
it.  To  this  class  of  substances  belong  binoxide  of 
manganese,  arsenic,  already  mentioned,  and  nitrate 
of  potash.  The  accidental  elements  which  usually 
colour  the  glass  are  iron  and  carbon,  or  carbonaceous 
matters,  and  in  all  cases  the  substances  above- 
mentioned  are  employed  to  neutralize  or  counteract 
these  by  means  of  oxidation. 

For  example,  if  particles  of  carbon  or  soot  from  the 
fire  or  flame  become  mixed  and  surrounded  with  the 
melted  glass,  these,  by  their  exclusion  from  the  access 
of  air,  are  prevented  burning,  and  a brown  or  nearly 
black  colour  is  produced,  which  is  removed  by  the 
conversion  of  the  carbon  into  carbonic  oxide  through 
the  influence  of  the  oxidizing  or  decoloring  material. 
The  manner  in  which  manganese  acts  on  the  protoxide 
of  iron  is  similar  to  its  action  on  carbonaceous  matters,  ' 
which  are  tfms  removed  in  a gaseous  form  from  the 
melted  mass.  A few  ounces  of  the  binoxide  of  man- 
ganese are,  therefore,  usually  added  to  the  materials 
for  making  flint-glass,  which  is  always  required  in  a 
state  of  great  purity  ; and  from  the  cleansing  action 
of  this  material,  it  has  received  the  familiar  title  of 
“glass-makers’  soap.”  It  must,  however,  be  used 
sparingly ; for  an  excess  of  it  produces  a compound 
of  silicic  acid  with  sesquioxide  of  manganese,  which 
communicates  a lilac  or  amethystine  tint  to  the 
glass,  which  by  exposure  to  light  becomes  in  course 
of  time  very  strong.  The  approved  remedy  for  this, 
when  the  error  has  been  committed,  is  to  stir  up  the 
coloured  mass  with  a wooden  pole,  which  reduces 
the  sesquioxide  to  the  monoxide,  and  the  lilac  colour 
disappears. 

Some  manufacturers  use  manganese,  on  account 
of  the  reddish  tinge  it  imparts  to  glass,  expressly  to 
disguise  the  bad  green  or  yellow  colour  produced  by 
the  other  materials.  In  this  case  two  tinged  glasses 
are  formed,  which  mask  each  other’s  defects,  the  green 
and  red  rays  combining  together,  as  supplementary 
colours,  to  transmit  white  light.  Indeed,  in  plate-glass 
for  fine  windows,  a slight  excess  of  manganese  is 
sometimes  allowed,  expressly  to  produce  a delicate 
amethystine  tint. 

Smalt,  a blue  glass,  is  sometimes  used,  like  manga- 
nese, to  mask  the  bad  colour  produced  by  the  other 
materials.  Properly  speaking,  however,  the  decolor- 
ing agents  are  those  which  act  by  oxidizing  the  carbon 
or  the  protoxide  of  iron,  and  thereby  actually  expel- 
ling the  lime.  Nitrate  of  potash  acts  in  this  way 
before  the  glass  enters  into  perfect  fusion  ; arsenious 
acid,  arsenic  acid,  and  their  salts,  exert  their  action 
at  a temperature  above  the  fusing  point,  and  are 
then  volatilized. 

A glass  of  inferior  quality  has  been  made  from 
felspar,  and  very  recently  attempts  have  been  made 
to  use  part  of  the  slag  from  iron  works  in  this  way, 
but  as  yet  without  much  success.  Economy  of  pro- 
duction would  require  that  the  ironmasters  should 


12  GLASS. — Melting. 


add  glass-making  to  their  works,  in  order  to  save 
reheating  the  slag.  This  they  seem  not  very  willing 
to  do. 

The  fuel  formerly  employed  in  England  in  the 
making  of  glass  was  exclusively  coal,  but  of  late  it 
has  been  found  that,  in  London  especially,  many 
advantages  result  from  using  oven-burned  coke, 
which  produces  less  smoke  and  soot,  and  is  there- 
fore much  better  adapted  for  the  finer  glasses. 
Some  glass-houses  have  all  the  requisite  accommoda- 
tion for  making  coke.  In  France  both  coal  and  coke 
are  employed,  and  sometimes  wood.  In  Germany 
wood  is  generally  employed,  and  in  some  few  places 
peat.  Even  the  best  air-dried  wood  would  fall  fur 
short  of  producing  the  desired  temperature,  in  conse- 
quence of  the  amount  of  water  which  it  still  retains  ; 
and  therefore  it  has  been  the  practice  on  the  Continent, 
from  a very  ancient  period,  to  bake  the  air-dried 
wood  until  it  begins  to  become  brown,  or  until  the 
whole  of  its  water  has  been  volatilized.  Peat  when 
used  in  the  glass-house  must  be  perfectly  diy,  and 
afford  only  a small  amount  of  ash. 

A great  saving  of  time  and  fuel  is  effected  by 
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carefully  grinding  and  intimately  mixing  the  ma- 
terials previous  to  the  melting.  For  this  purpose 
edge-stones  and  coarse  sieves  are  essential  in  a glass- 
house. Until  quite  recently  the  mixing  and  sifting 
were  always  performed  by  hand,  and  the  operation 
was  therefore  imperfectly  performed,  the  mixture 
so  produced  being  little  calculated  to  favour  those 
chemical  changes  and  mutual  reactions  of  the  ma- 
terials which  are  necessary  to  the  formation  of  a 
homogeneous  fluid  transparent  body.  To  obviate 
this  disadvantage,  a mixing  apparatus,  especially 
intended  for  crown-glass,  was  contrived  by  Chance. 
This  very  simple  machine,  which  is  shown  partly  in 
section  in  Fig.  3,  is  made  entirely  of  wood,  and  con- 
sists of  a semi-cylindrical  chamber,  with  an  opening, 
A,  at  the  top,  for  introilucing  the  materials,  and 
another  in  the  semicircular  bottom  at  D,  through 
which  they  are  removed ; B is  a cylinder  in  which  a 
number  of  oblique  beaters  are  fixed,  and  the  whole 
is  made  to  revolve  by  a handle  or  by  a shaft  from 
the  steam-engine  connected  with  the  axis,  C. 

CoOPEii’s  mixer  is  a revolving  wooden  barrel, 
similar  to  those  employed  in  the  powder  factories. 

The  composition  when  mixed  is  termed  hatch  or 


frit — the  latter  Mmrd  being  derived  from  the  circum- 
stance, that  during  the  period  when  barilla,  kelp,  and 
other  forms  of  crude  alkali  were  in  use,  it  was  the 
custom  to  subject  the  materials  to  the  preliminary 
operation  of  fritting  or  stirring  them  together  under 
the  heat  of  a reverberatory  furnace,  thereby  effecting 
partial  decomposition,  and  burning  off  any  carbona- 
ceous impurities  ; but  the  introduction  of  alkali  pre- 
pared from  common  salt  has,  in  most  cases,  removed 
the  necessity  of  this  treatment.  One  great  advantage 
of  fritting  consisted  in  the  partial  union  which  it 
effected  between  the  silicic  acid  and  the  metals,  so 
that  the  latter  were  not  volatilized  in  the  furnace 
previous  to  the  formation  of  the  glass,  and  the  pots 
and  sides  of  the  furnace  were  consequently  less  ex- 
posed to  the  injurious  action  of  their  vapours.  With 
the  purer  materials  now  employed  in  the  manufac- 
ture, the  advantages  gained  by  the  operation  are  not 
generally  considered  sufficient  to  compensate  for  the 
loss  of  fuel  incurred  in  producing  the  high  degree  of 
heat  required  to  perform  it. 

Melting. — The  raw  materials,  consisting  essentially 
of  sand  or  silica  as  the  base,  and  alkali  as  the  flux  or 
solvent,  having  been  thoroughly  incorporated  with  a 
suitable  proportion  of  cullet  or  broken  glass  of  the 
same  kind,  are  introduced  by  means  of  a clean  iron 
shovel  into  the  melting-pot,  which  has  been  previ- 
ously raised  to  a white  heat.  But  the  whole  of  the 
mixture  is  not  introduced  at  once,  for  the  mass  of 
glass  which  a pot  will  hold  occupies  before  fusion, 
in  the  state  of  frit,  just  twice  the  space  of  the 
melted  glass.  Not  more  than  one-third  of  the  mix- 
ture is  therefore  introduced  at  first  through  the 
working  holes;  the  temperature  is  then  raised  to  the 
maximum,  and  as  the  mass  sub.sides  by  melting,  a 
fresh  quantity  is  introduced,  until  the  pot  is  filled 
with  melted  glass.  During  the  whole  period  of  the 
melting  or  “found,”  the  stokers  or  “teazers”  keep 
the  furnace  well  supplied  with  fuel,  so  as  to  prevent 
any  portion  of  the  grates  becoming  uncovered,  in 
which  case  a rush  of  cold  air  from  below  might  split 
some  of  the  pots.  At  the  same  time  the  “ founders” 
are  engaged  in  noting  the  progress  of  the  fusion,  by 
taking  from  time  to  time  proofs  or  drops  from  the 
pots,  by  means  of  a short  rod,  flattened  at  one  end, 
and  examining  if  any  undissolved  grains  of  sand  are 
perceptible  on  refrigeration,  and  whether  the  mass, 
which  still  contains  a quantity  of  air-bubbles,  appears 
uniform  throughout.  So  long  as  carbonic  acid  is 
evolved  in  abundance,  or  during  the  “ boil,”  the 
mass  is  agitated  by  the  escape  of  the  larger  bubbles 
of  gas  in  a manner  most  favourable  to  the  operation  ; 
this  motion  answers  the  purpose  of  stirring,  and 
mixes  the  conqrounds  of  variable  degrees  of  fusibility 
and  density,  which  are  at  first  produced,  with  each 
other.  At  a later  period,  when  the  disengagement  of 
gas  ceases,  the  denser  compounds  are  apt  to  settle 
down  at  the  bottom  of  the  pot,  where  the  tempera- 
ture is  about  one-fourth  lower,  and  is  consequently 
incapable  of  preventing  the  deposition  by  the  pro- 
duction of  ascending  currents.  On  the  Continent 
this  evil  is  moderated  by  stirring  with  the  scooping 
ladle,  or  by  thrusting  a piece  of  arsenious  acid  to 
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the  bottom  of  the  pot,  and  thus  causing  a forcible 
expulsion  of  vapour  from  that  part  of  the  vessel. 
At  the  close  of  the  melting  process,  the  contents  of 
the  pot  are  not  by  any  means  pure  or  equally  mixed. 
All  the  solid  matter  is  dissolved,  but  the  mass  of 
glass  is  full  of  small  vesicles  of  gas,  and  presents  a 
spongy  appearance.  The  surface  is  also  covered  by 
a layer  of  so-called  “glass-gall”  or  “ sandiver,”  a 
melted  mixture  of  salts,  which  have  not  been  vola- 
tilized nor  combined  with  silica  during  the  process 
of  melting,  and  consisting  chiefly  of  chloride  of 
potassium  (or  sodium)  and  sulphates,  which  in  con- 
sequence of  imperfect  vitrification  have  escaped 
decomposition. 

The  composition  of  this  saline  matter,  glass-gall 
or  sandiver,  which  is  skimmed  off  the  surface  of  the 
melting  materials,  and  is  technically  termed  “ salts,” 
is,  according  to  Richardson  and  Ronalds,  as 
follows : — 

German  Crystal-  Bottle- 

constituents.  plate-glass.  glass.  glass. 

Water, 1-65  . ..  -10  ....  1-00 

Sul])hate  of  sodium, 83-32  ....  90-51  . . 5.5-92 

Sulphate  of  calcium,  . . ..  10-35  ....  6-00  ..  . 25-11 

Chloride  of  sodium, 1 43  . . . -04  ....  -20 

Carbonate  of  sodium trace  ...  — ....  — 

Potash, — ....  — ...  trace 

Insoluble  matter, 3-25  ....  3-35  ....  17-77 

100-00  100-00  100-00 

Glass-gall,  w-hen  occurring  in  large  quantity,  is 
removed  with  ladles,  and  is  utilized  by  saltpetre  and 
alum  manufacturers,  or  workers  in  bronze.  In  the 
varieties  of  glass  prepared  from  purified  materials, 
either  no  glass-gall  is  produced,  or  that  which 
appears  is  easily  removed  by  volatilization. 

F iNiNG  — For  some  time  the  glass  does  not  become 
transparent,  the  opacity  being  due  to  bubbles  of  air 
or  gas,  and  to  the  lime  and  earthy  impurities  which 
do  not  fuse.  The  object  of  the  “ fining,”  which  is 
the  last  process  of  glass-making,  properly  so-called, 
is  the  removal  of  these  by  the  subsidence  of  the 
heavier  particles  to  the  bottom  and  the  escape  of 
gas  at  the  surface.  For  this  purpose  the  glass  must 
be  brought  to  the  most  fluid  state  possible,  and  the 
heat  is  therefore  raised  and  sustained  for  some  hours 
at  the  highest  point.  In  Germany  this  part  of  the 
process  is  termed  heiss-schiireii,  or  “ hot-covering.” 
In  forty  to  forty-eight  hours  after  charging  the 
vitrification  is  complete.  When  all  the  gas-bubbles 
have  passed  off,  and  the  sandiver  has  become  trans- 
parent and  colourless,  tlie  temperature  of  the  pot 
is  lowered  by  diminishing  the  draught — a process 
termed  Lall-schilreti,  or  “ cold-covering  ” — the  object 
of  which  is  to  bring  the  glass  from  a state  of  nearly 
perfect  fluidity,  in  which  it  could  not  be  worked,  to 
that  free  viscid  or  plastic  condition  necessary  for  the 
working.  For  this  purpose  the  bars  of  the  furnace 
are  plastered  up.  The  great  thickness  of  the  walls, 
and  the  slow  combustion  of  the  fuel,  which  is  sup- 
plied in  moderate  quantity,  keep  the  furnace  hot 
enougii  to  retain  the  glass  in  a workable  viscid  state 
during  the  period  in  which  the  glass  is  blown  or 
otherwise  shaped  into  the  required  forms. 

The  reactions  which  take  place  m the  pot  or  cru- 

cible  are  very  easy  to  understand.  For  example,  if 
the  silica  has  been  mixed  with  carbonate  of  sodium 
and  carbonate  of  calcium,  the  sOica,  at  a high  tem- 
perature, seizes  on  the  soda  and  lime,  and  the  car- 
bonic acid  is  disengaged.  In  the  same  manner,  if 
silica  has  been  mixed  with  carbonate  of  potassium 
and  minium,  this  last  returns  to  the  state  of  massicot, 
and  the  silica  then  combines  with  it  and  the  potash. 
There  is  therefore,  in  this  case,  first  a disengagement 
of  oxygen,  then  an  elimination  of  carbonic  acid. 

These  evolutions  of  gas,  which  constantly  accom- 
pany the  production  of  glass,  explain  the  presence 
of  the  “ air-bubbles  ’’  so  frequently  observed  in  the 
vitreous  mass.  To  expel  these,  the  temperature 
must  be  raised  very  high,  that  the  glass  may  become 
quite  fluid.  But  as  the  potash  and  soda  are  vola- 
tilized at  this  high  degree  of  heat,  much  more  potash 
and  soda  must  be  introduced  into  the  mixture  than 
the  glass  is  intended  to  retain. 

An  elevated  temperature  is  also  necessary  in  all 
cases  where  impure  alkalies  are  used.  The  presence 
of  the  chlorides,  and  even  that  of  the  sidphates  which 
melt  without  mixing  with  the  glass,  would  occasion 
in  the  latter  a multitude  of  white  and  opaque  nodules 
disseminated  through  its  mass.  At  a high  heat  both 
of  these,  being  lighter  than  the  gla.ss,  rise  and  float 
on  the  surface,  constituting  the  principal  portions  of 
the  glass-gall  or  sandiver  above  alluded  to.  It  must 
be  stated,  however,  that  since  the  salts  of  soda  have 
been  sold  at  a low  price,  very  little  glass-gall  has 
been  produced  in  the  manufacture  of  the  ordinary 
kinds  of  white  glass ; in  bottle-works  this  impurity 
always  occurs,  because  crude  sodas  are  employed. 

Faults  in  the  Glass. — Notwithstanding  all  the 
precautions  that  may  be  taken,  air-bubbles  frequently 
remain,  and  generally  exist  in  great  number  when 
the  fining  process  has  been  obstructed  by  too  great 
difficulty  of  fusion  in  the  glass.  They  are  technically 
tern  ed  “seed,”  “ blibe,”  or  “blister.” 

Two  further  accidents  to  which  the  glass  is  liable 
are  known  as  “threads”  or  “strings,”  which  are 
generally  contracted  during  the  blowing,  when  cold 
particles  of  glass  drop  into  the  viscid  or  imperfectly 
melted  metal,  and  not  having  time  to  undergo  fusion 
remain  hard,  and  appear  as  unsightly  projections 
from  the  blown  vessels. 

“ Waves  ” and  “ strife  ” are  faults  of  too  common 
occurrence,  arising  from  a want  of  homogeneity  in 
the  vitreous  mass.  The  latter  of  these  tei’ms  are 
apjdied  to  the  effect  produced  when  the  density  of 
the  glass,  in  consequence  of  imperfect  fusion,  is  not 
uniform  throughout,  and  all  the  parts,  though  equal 
in  transparency,  do  not  refract  the  light  equally ; and 
consequently  images  of  objects  seen  through  the 
glass  appear  out  of  place  or  distorted.  Waves  are 
superficial  and  protuberant  striae,  which  always  occur 
when  the  glass  is  blown  too  cold. 

A not  less  serious  evil  arises  from  the  action  of 
the  alkaline  vapours  upon  the  constituents  of  the 
sides  or  roof  of  the  furnace,  particularly  when  chloride 
of  sodium  or  sulphate  of  soda  is  used  in  the  manu  - 
facture. The  volatilization  of  the  alkali,  whether 
soda  or  potash,  produces  a rapid  vitrification  of  the 
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bricks  of  tlie  vault,  and  hence  drops  of  coloured  glass, 
known  by  the  name  of  “ tears,”  occasionally  fall  into 
the  pots. 

Glass-house  and  Furnaces. — The  glass-house  in 
which  the  processes  of  melting  and  blowing  are  per- 


formed, is  usually  built  in  the  form  of  a truncated 
cone,  open  at  the  top,  of  GO  or  80  feet  in  height, 
and  40  or  50  feet  in  diameter  at  the  base.  In  the 
centre  of  the  area  is  situated  tlie  melting  furnace, 
capable  of  holding  fiom  five  to  ten  gkiss-pots  or 


Fig.  4.  Fig.  5. 


represented  as  containing  ten  pots,  e e.  Tliere  are 
as  many  flues,  B b,  as  pot.s,  one  flue  being  placed 
between  every  two  pots ; and  immediately  abreast 
of  each  pot,  and  between  two  flues,  is  an  aperture 
called  the  working  hole,  which  is  used  for  introduc- 
ing the  raw  materials,  and  taking  out  the  glass  or 
metal.  The  coals  are  shovelled  through  a square 
hole,  D,  Fig.  4,  upon  the  grate,  C C,  in  the  centre  of 
the  furnace.  The  grate  bars  are  supported  by  two 
strong  iron  sleepers,  and  are  protected  from  the 
intense  heat  by  being  previously  covered  with  a 
layer  of  clinkers  or  potsherds ; but  as  the  furnace 
attiiins  its  maximum  heat,  sufficient  clinkers  are 
formed  to  serve  the  purpose.  All  round  the 
grate-room  a bank.  A,  Fig.  5,  is  raised,  termed  the 
“siege,”  on  which  the  pots  are  placed,  so  that 
the  fire  lies,  as  it  were,  below  the  bottom  of  the 
pots,  and  in  the  centre  of  the  furnace.  The 
sides  of  the  furnace  are  a little  higher  than  the 
top  of  tlie  pots,  and  the  arch  or  crown  is  made 
as  low  as  is  consistent  with  durability. 

Fig.  5 is  an  exterior  view  of  the  brick  dome, 
and  Fig.  6 an  interior  sectional  elevation  of  the 
same,  showing  the  position  of  the  flues,  arches, 
and  cave.  In  Fig.  5 the  letters  a a indicate  the 
sole  of  the  furnace  ; b b,  the  flues  ; C c,  open- 
ings or  arches,  which,  after  introducing  the  pots, 
are  built  up,  leaving  only  working  holes ; E is  the 
roof  or  dome.  In  Fig.  6,  a is  the  air -tunnel 
below  the  furnace,  it  opens  into  the  great  ashpit, 
A ; B,  pit  of  furnace,  with  grates  below ; H h, 
flue  or  linnet  holes,  tlirough  which  the  flame,  not 
being  allowed  to  issue  from  tlie  centre,  passes  up  the 
flues,  and  from  thence  into  the  funnel  and  chimney 
shaft ; C C are  the  working  holes ; E E the  pots  ; and 
F F the  charging  openings ; x x is  the  ground  level. 

The  dimensions  of  a convenient  flint-glass  melting 


crucibles  for  fusing  the  materials.  Tlie  grate  of  the 
furnace  is  nearly  on  a level  with  the  floor  of  the 
glass-house  ; and  the  ashpit  or  “ cave  ” is  a subter- 
ranean jiassage,  extending  from  each  side  of  the 
furnace  to  the  exterior  of  the  building,  so  as  to 


catch  the  wind  from  as  many  aspects  as  possible. 
The  particular  arrangements  of  the  glass-house,  and 
the  construction  of  the  furnaces,  are  sometimes 
varied  according  to  the  kind  of  glass  prepared. 

The  arrangement  of  a flint  gla.ss-house  furnace  is 
shown  in  Figs.  4,  5,  and  6,  where  the  furnace  is 
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furnace  are  as  follows; — A furnace  for  ten  pots  of  working  approaches;  III,  the  pillars.  Fig.  9 is  a 
36  inches  diameter  is  12  feet  7 inches  in  interior  vertical  section  along  the  line  A — B,  Fig.  8.  GG  are 
diameter,  including  the  flues;  the  height  to  the 
inside  of  the  dome  is  4^  feet;  each  of  the  arches  is 

3 feet  1 inch  by  3 feet  3|-  inches  to  the  higliest  part.  ' r~^^||i|)||F  iil»  j 

The  fire  is  regulated  by  the  stoker  or  ‘ ‘ teazer  ” — from  1 1|  ||l||in.  |||i]|  | Kjji  1 j ||  ||lj|  jl]|H  ji  1 1|  IllPlli  I | 1 

the  French  tiscur — who  can  raise  the  heat  of  the  |[|[|  W|li|||i|!'|!ll  1 1 |lj|l  ||b  S iffi  I ll  !l  i Ii  JI  Mi  1 1 

furnace  to  the  highest  pitch  by  opening  holes  at  the  17  l||l|  f ] ^ II  S | llli  1 fE 

bottom  of  the  grate.  A ten-pot  furnace  consumes  ^ II  ifl||  j ■ I ||  I I 

The  construction  of  the  m Iting-furnaces  in  a - ^H||  liBi!  i?  | ^ 

glass-house  is  attended  with  many  difficulties,  against 

which  it  is  almost  impo.ssible  to  provide;  and  the  the  steps  leading  to  the  arches  FF.  EE  are  the 
wear  and  tear  becomes  a serious  item  to  the  manu-  stoke  holes;  C,  the  fire;  D,  the  ash-pit;  the  pots,  ii, 
facturer.  The  prevailing  temperature  of  a glass 

furnace,  about  20,000°  Fahr.,  presents  in  itself  a G j ^ Fig.  8. 

serious  difficulty  ; but  in  cases  where  open  pots  are  i ■ it 

employed,  this  is  materially  increased  by  the  1 

tility  of  the  alkalies,  which  amounts  to  neaily 

of  the' materials,  and  the  peculiar  shape  of  the 

The  sides  of  the  furnace  are  constructed  of  bricks,  j F / 

formed  in  moulds  made  for  the  purpose.  The  best  ^ F 

fire-clay,  mixed  with  the  remains  of  old  j)ots  coarsely  ^ 

eround.  is  the  material  emploved  for  mak-  9- 

ing  these  bricks ; but  these  clays  would  be 

sand  or  ground  pure  saiid.stones.  The  roof  n 

coarse  grit,  and  very  porous.  No  cement  is  |||jjj|||^  | ii llf  1 1 1 1 111111^ 

Crown  and  plate-glass  furnaces  are  similar  to ^le  " ^ ^ 

flint ; they  are  likewise  placed  in  the  middle  of  the  jj 

cone,  but  contain  only  from  four  to  six  pots,  each  of 

Besides  the  main  or  melting  furnace,  a glass-house 
contains  a variety  of  furnaces  and  arches  adjoining 
or  around  the  inside  of  the  cone,  for  different 

are  also  the“  blowing  furnace,”  the  “bottom- 

oven  ; it  is  strengthened  by  being  surrounded  with 

side  ovens,  leading  to  the  fire  grate.  Fig.  8 is  a i ^ 

horizontal  section  at  the  fire  level ; ?<  u are  steps  • \ 

leading  to  the  arches  beneath  the  furnace;  nii,  stoke 

holes;  C,  the  fire  grate;  0,  the  furnace  chamber;  i t i,  stand  on  the  dotted  line  seen  in  Fig.  8.  n,  the  arch 
the  shelf  on  which  the  pots  are  placed;  Hi,  the  of  the  melting  oven;  L L,  flues  leading  the  flame 

! 
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and  heated  air  to  the  calcining  and  annealing  ovens, 
NN.  M shows  the  contour  of  the  brickwork.  Fig. 
10  is  a horizontal  section  of  the  furnace  along  tlie 
line  A — B,  Fig.  9.  ll  are  the  working  holes,  one  of 
which  corres])onds  with  the  seat  of  each  glass  pot,  1 1 ; 

0 0 is  tlie  furnace  mouth  ; NN,  small  arches  covering 
the  stoke  holes;  pp,  flues  leading  the  flames  into 
the  ovens  b b ; S S,  doors  through  which  the  materials  ‘ 


are  introduced ; M,  the  pillars  (seen  at  A,  Fig.  7,  and 
I,  Fig.  8);  0 0,  the  staging  over  the  pits,  Q.  upon 
which  the  workmen  stand. 

Fig.  11  is  a vertical  section  along  the  lines  D — E in 
Fig.s.  8 and  10 ; a is  the  stoke  hole  ; B,  drawing  hole; 
C,  the  Are  ; D,  the  ash-pit ; E,  pot  shelf,  with  pots,  1 1 , 
F,  flues  to  the  side  ovens  ; L L,  working  holes. 

Fig.  12  is  a vertical  section  along  the  line  G — h (Fig. 


8).  A is  a block  of  masonry  upon  which  to  rest  the 
pots  when  filling  the  furnace  ; B is  the  stoke  hole ; 
E E is  a section  of  flues  to  the  side  ovens ; F F,  pillars ; 
G,  roof  of  the  melting  oven  ; D,  ground  level. 

Glass  making  was  amongst  the  earliest  industries 
to  adopt  Siemens’  regenerative  furnace. 

A very  simple  arrangement  of  the  apparatus  is 
shown  in  Figs.  13  and  14.  The  coal  (which  may  be 
any  inferior  kind)  is  converted  by  burn- 
ing, with  limited  access  of  air,  into  car- 
bonic oxide  in  the  generator.  Fig.  13. 
dhis  is  conveyed  through  the  “regener- 
ator,” Fig.  14,  to  the  furnace  where  it  is 
burnt — the  heated  products  of  combus- 
tion passing  out  through  a second  re- 
generator, when  the  first  regenerator  has 
cooled  down,  the  second  will  have  become 
intensely  heated ; the  current  of  gas  is 
then  reversed.  No.  1 becomes  No.  2,  and 
No.  2 becomes  No.  1.  The  arrows  show 
the  course  of  the  gas. 

Glass,  Plate  I.,  shows  the  modification  which  is 
now  most  frerpiently  adopted. 

In  the  application  of  the  regenerative  gas  furnace 
to  glass  melting  the  pots  hitherto  employed  are  done 
away  with,  by  making  the  furnace  a tank  divided 
into  compartments,  the  flame  either  taking  a horse- 
shoe form,  leaving  the  furnace  by  an  exit  port  close 
to  the  2>ort  of  admission  of  the  gas  and  air,  or  else 


Fig.  13. 


Fig.  14. 


playing  across  the  furnace.  Tlie  temperatures  of 
the  various  portions  of  the  furnace  is  regulated 
according  to  the  various  stages  of  preparation  of  the 
glass  in  the  several  compartments,  the  ports  being 
increased  either  m dimensions  or  number  where 
great  heat  is  required. 

In  the  melting  and  working  out  of  glass,  it  is  of 
importance  that  the  operation  should  be  carried  on 
in  a continuous  manner,  crude  materials  being  sup- 
plied at  the  one  end  of  the  melting  tank,  and  the 


refined  glass  being  worked  out  at  the  other  end. 
The  glass  as  it  becomes  melted  sinks  towards  the 
bottom  of  tlie  tank  where  it  is  purest,  the  less  pure 
and  imperfectly  melted  and  incorporated  jiortions 
floating  above.  It  is  therefore  advantageous  to  pre- 
vent the  passage  of  the  lighter  matters  towards  the 
working  out  end  of  the  tank,  and  in  working  out  the 
glass  to  draw  it  from  a lower  level. 

In  order  to  produce  this  effect  either  bars  or 
girders  of  fire-clay,  or  other  refractory  material,  are 


i 


■ . .1 
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floated  ou  the  surface  of  the  molten  matter  in  the  furnace ; it  is  separated  from  the  compartment  B by 
tank,  and  placed  there  transversely  at  intervals  so  the  floating  bridge  E,  under  which  the  partially  melted 
that  they  form  floating  bridges,  dividing  the  upper  glass  passes  to  reach  the  latter.  In  this  latter  corn- 
stratum  of  the  molten  matter  into  two  or  more  partment  the  metal,  by  the  influence  of  the  higher 
compartments ; or  else  fixed  bridges  are  employed  temperature  maintained  on  its  surface,  is  completely 
with  hollow  spaces  running  through  them  from  end  purified  and  sinks  to  flow  under  the  bridge  F in  a 
to  end  for  the  passage  of  a current  or  currents  of  complete  workable  condition.  Suitable  provision  is 
air.  Thus  the  imperfectly  melted  or  impure  material  made,  by  means  of  air  passages,  to  keep  the  sides  of 
is  kept  at  the  supply  end  of  the  tank,  and  only  the  the  tank  of  the  requisite  temperature,  to  prevent  any 
more  thoroughly  melted  and  pure  matter  is  per-  egress  of  glass  through  them,  and  the  floating  bridges 
mitted  to  flow  towards  the  working  out  end,  by  E and  F are  renewed  as  often  as  necessary, 
passing  downwards  and  under  the  bridges.  Advan-  The  regenerative  gas  furnace  is  employed,  and  the 

tage  is  thus  taken  of  the  variable  density  of  the  gas  and  air  ports,  H h',  leading  from  the  regeneiutors, 
glass  in  the  different  stages  of  its  preparation,  to  1 1',  respectively  are  arranged  along  each  side  of  the 
keep  the  molten  material  separate  in  the  several  tank,  so  as  to  cause  the  flames  to  play  across  the 
compartments,  the  flow  being  kept  up  by  the  pres-  furnace.  The  temperature  of  the  different  parts  is 
sure  of  new  material  in  the  charging  compartment.  regulated  according  to  the  various  stages  of  prepara- 
The  following  is  a brief  description  of  this  furnace,  tion  of  the  glass  in  the  several  compartments,  this 
reference  being  made  to  the  accompanying  Plate,  regulation  being  effected  by  constructing  the  gas  and 
in  which  Fig.  1 is  a transverse  and  Fig.  2 a longi-  air  ports  of  larger  dimensions,  or  increasing  their 
tudinal  section  of  the  furnace.  number  where  the  greatest  heat  is  required ; it  is 

A is  the  melting  compartment,  B the  refining  com- 
partment, and  C the  working  out  compartment. 

The  compartment  A is  fed  with  raw  material  (or  15.  ^||||||  ^ 

.DUb)  ll»bi.b  lb.  but  b tt  tbb  btit  bnti  bl  Ibt 

also  facilitated  by  means  of  division  walls  (not  shown  The  annealing  oven  comes  next  in  importance 

in  the  plate),  which  may  be  built  over  the  floating  to  the  melting  furnace.  This  name  is  given  to  a 
bridges  to  sejiarate  the  compartments.  The  tempera-  low  arch,  open  at  both  ends,  in  which  tlie  manu- 
ture  of  the  working  out  compartment,  C,  is  controlled  factured  goods  are  allowed  to  cool  gradually.  The 
by  regulating  the  draught  of  the  furnace  chimney,  arch  is  usually  about  60  feet  in  length,  5 feet 
by  diminishing  which  more  or  less  flame  must  neces-  wide,  and  not  more  than  from  1 to  2 in  height, 
sarily  pass  from  B,  over  the  floating  bridge  F,  into  C,  Adjoining  the  door  or  receiving  end  is  a small 
and  through  the  working  holes  Ji.  furnace  on  each  side,  by  Avhich  the  temperature  at 

The  principal  advantages  resulting  from  the  use  that  end  is  maintained  just  short  of  a melting  heat ; 
Ox  the  continuous  melting  furnace  are — an  increased  but  as  there  is  no  other  heating  power,  the  arch  or 
power  of  production,  as  the  full  melting  heat  may  be  oven  experiences  less  and  less  of  the  heat  as  the 
employed  without  interruption ; an  economy  in  work-  distance  from  the  mouth  is  greater,  until,  at  the 
ing;  a greater  durability  of  the  tank  or  furnace;  and  remote  or  discharging  extremity,  the  temperature  is 
a much  greater  regularity  of  working.  j scarcely  higher  than  that  of  the  atmosphere.  There 

Tlie  reason  of  the  greater  durability  of  the  tank  is  i are  usually  from  two  to  four  of  tliese  annealing 
iibt  only  due  to  the  uniform  temperature  maintained,  arches  placed  side  by  side.  Along  the  floor  of  each 
but  also  to  the  circumstance  that  the  batch  is  filled  is  a miniature  railway,  upon  which  two  rows  of  iron 
in  in  such  quantities  as  not  to  come  into  contact  trays,  called  “ leer  pans  ” (g.  Fig.  15),  travel  from  the 
with  either  the  sides  or  the  bottom  of  the  tank,  ! hot  to  the  cooler  end,  D,  where  they  are  taken  out. 
wliich  consequently  are  not  suddenly  cooled  or  eaten  The  pans  are  moved  slowly  along  the  leer  by  means 
away  by  the  mixture  ; also  to  the  fact  that  each  of  a chain,  T,  or  sometimes  they  are  gradually  pushed 
compartment  of  the  tiink  is  subjected  only  to  the  forward  by  the  trays  last  put  in.  F is  the  opening 
requisite  amount  of  heat  necessary  for  the  purposes  for  filling  the  trays,  A the  chimney  shaft.  The  fuel 
carried  on  tlierein.  i employed  is  coke,  Avhich  imparts  the  most  regular 
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heat  for  annealing,  and  is  the  freest  from  smoke, 
the  carbon  of  which,  when  coal  is  used,  injures  the 
colour  of  the  glass.  Tlie  time  required  for  proper 
annealing  varies  from  six  to  sixty  hours,  the  weighty 
articles  requiring  the  most  heat  and  time.  The 
hotter  the  goods  enter  the  arch  the  better,  and  on 
this  account  large  articles,  before  being  introduced, 
receive  a final  re-heating  at  the  mouth  of  an  enqDty 
pot,  heated  by  beechwood,  and  called  the  “ glory- 
hole.”  Much  of  the  success  of  annealing  depends  on 
the  proper  direction  of  tlie  draught,  which  ought  to 
pass  over  the  fuel  of  the  leer  toward  the  leer  chimney 
at  the  cooler  end,  so  that  the  hot  air  may  always 
radiate  in  the  downward  current  upon  the  goods. 
Mdien  an  upward  or  contrary  current  of  wind  drives 
back  the  heated  air  from  tlie  cool  or  chimney  end 
toward  the  fuel  at  the  upper  end,  where  it  comes 
into  contact  with  the  hot  articles  just  introduced, 
great  losses  from  breakage  often  occur. 

Kilns,  which  differ  from  leers  in  being  closed  at 
the  further  end,  were  formerly  in  general  use  for 
annealing  goods  intended  for  deep  cutting,  the  kilns, 
when  filled,  being  carefully  clo.sed  up  along  with  the 
burning  fuel.  The  time  required  for  cooling  in  this 
case  was  usually  about  a week.  To  avoid  so  much 
delay,  the  kilns  have  been  superseded  by  the  use  of 
iron  covers  or  a bedding  of  sand  in  leers ; also  by 
lengthening  the  leer  fire-places,  and  not  filling  the 
pans  with  glass  too  quickly. 


Fig.  19. 


Fig.  20. 


Glass-pots  are  made  of  clay  as  pure  and  refractory 
as  can  be  obtained,  free  from  every  trace  of  lime  and 
sulphide  of  iron;  and  the  less  oxide  of  iron  the  better. 
The  kind  of  slate  clay  dug  out  near  Stourbridge 
is  decidedly  preferred  to  all  other  conqiounds  found 
in  this  country.  The  clay  is  mixed  with  varying 
proportions  of  the  remains  of  old  pots,  and  the 
tempering,  or  previous  preparation  of  the  mixture, 
requires  great  attention.  A certain  quantity  of  the 
ground  materials,  after  being  mixed  with  water,  is 
stored  away  in  large  wooden  bins  or  receptacles, 
and  turned  over  from  time  to  time,  during  which  a 
workman  treads  it  under  his  naked  feet.  This 
kneading  of  the  clay  renders  it  very  uniform  and 
free  from  particles  of  air.  The  following  is  the 
composition  of  some  of  the  clays  employed : — 


The  Pots. — The  crucibles,  or  pots,  in  which  the 
vitreous  mixture  is  melted  require  great  care  to  be 
taken  in  their  preparation.  Those  used  for  bottle, 
crown,  and  plate-glass  have  the  form  of  a truncated 


cone,  A — Fig.  16 — the  narrow  end  being  the  base. 
Their  depth  is  usually  4 feet  6 inches;  their  dia- 
meter at  top,  from  4 feet  to  4 feet  6 inches,  and  at 
the  bottom,  about  3 feet  4 or  6 inches.  In  the  same 
figure  are  shown  the  ladle,  B,  for  taking  out  the 


Fig  17. 


Fig.  18. 


glass,  and  the  stirring  roi..,  D.  The  pots  for  flint- 
glass  are  hooded  or  covered  at  the  top,  and  have  a 
mouth,  E,  in  front  like  a muffle,  as  shown  in  Fig. 
17  ; but  those  for  crown,  plate,  and  bottle-glass  are 
open.  The  horse-shoe  shaped  piece  of  fire-clay,  n, 
is  inserted  in  the  mouth  during  the  melting,  to 
diminish  the  aperture. 

Siemens’  pot  is  shown  in  Figs.  18,  19,  and  20. 
The  raw  matei-ial  is  put  into  a ; as  it  melts  the  glass 
flows  through  the  opening  a into  the  compartment 
B ; here  it  is  fined,  and  parting  with  its  gas  bubbles, 
scum,  &c.,  the  pure  glass  passes  by  the  outlet  h 
into  the  chamber  c,  when  it  is  fit  for  use ; c is  the 
working  o^iening. 
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The  proportions  given  by  Barhuel  as  most 
suitable  for  glass-pots  of  any  descrijjtion,  are  13 
parts  of  crude  aluminous  clay,  12  parts  of  calcined 
silicious  clay,  and  3 parts  of  the  remains  of  old  pots. 
'I'he  last-mentioned  material  assists  the  more  regular 
drying  of  the  pots,  and  renders  the  whole  body  more 
porous  and  less  liable  to  crack  by  heat. 

When  the  mass  has  been  kneaded  three  times 
over  until  it  acquires  a pa.sty  consistence,  it  is  rolled 
into  small  pieces  about  the  size  of  a sausage,  and 
the.se  wet  rolls  are  placed  together  upon  a woo  ien 
or  leaden  slab,  to  the  thickness  of  4 inches,  to  form 
the  bottom.  It  is  then  turned  up  at  the  edges,  and  [ 
built,  layer  above  layer,  in  successive  rings,  all 
formed  by  the  eye  of  the  workman  without  the  use 
of  a mould.  When  the  pot  has  been  finished,  the 
sides  are  made  smooth  by  means  of  small  wooden 
scrapers. 

After  the  glass  pot  is  formed,  it  is  allowed  to 
remain  for  a considerable  time  in  an  apartment 
heated  by  a flue  to  about  80°,  in  order  that  it  may 
be  slowly  dried  in  an  equal  manner  throughout  its 
whole  thickness.  Two  or  three  years  is  the  time 
allowed  by  some  manufacturers  for  this  gradual 
desiccation. 

Before  the  pot  is  set  in  the  furnace,  it  must  be 
subjected  to  an  annealing  process,  which  consists  in 
gradually  increasing  its  temperature  during  several 
days  to  bright  redness.  This  is  usually  done  in  a 
reverberatory  constructed  for  the  purpose,  the  fire 
in  which  must  be  raised  very  slowly,  not  more  than 
a shovelful  of  coals  being  introduced  at  a time,  and 
that  at  regular  intervals.  While  at  a bright  red  or 
even  a white  heat,  the  pot  is  quickly  transferred, 
with  the  assistance  of  adequate  machinery,  into  its 
seat  in  the  hot  furnace  ; a part  of  the  face  of  which 
must  be  pulled  down,  to  allow  of  the  ready  ex- 
traction of  the  old  pot  and  introduction  of  the  new 
one.  Before  the  jiot  is  used  it  is  (/lazed,  as  it  is 
technically  termed,  before  being  filled  with  materials ; 
that  is,  some  cullet  or  old  glass  is  thrown  into  it 
and  spread  over  the  sides  in  a molten  state.  This 
penetrates  to  the  depth  of  a few  lines  into  the  sub- 
stance of  the  pot,  and  forms  a hard,  difficultly 
fusible  enamel,  which  protects  the  pot  from  the 
further  action  of  the  substances  added. 

A small  lump  of  coal,  thrown  against  its  side, 
tests  the  soundness  of  the  pot.  If  when  struck  it 
rings  well,  its  future  is  promising;  but  if  it  returns 
a dull  sound,  it  will  probably  be  short-lived  in  the 
furnace. 

'I'he  average  duration  of  the  pots,  when  thus  fixed, 
is  about  seven  weeks.  Some  attain  the  age  of  ten 
or  twelve;  while  others,  as  every  manufacturer  well 
knows,  terminate  their  existence  prematurely,  either 
from  the  naturally  defective  constitution  of  the  pot 
or  from  bad  treatment  in  the  pot-arch,  or  more 
frequently  from  its  having  been  stan-ed — tfiat  is, 
exposed  to  a current  of  cold  air  in  the  furnace 
through  the  neglect  of  the  attendant.  The  break- 
age of  a pot  often  disturbs  the  furnace  to  such 
an  extent  that  the  breakage  of  others  frequently 
follows,  and  many  weeks  will  sometimes  elapse 


before  the  disorganization  thus  produced  can  be 
rectified.  The  loss  of  the  pot  and  the  contained 

metal  ” is  nothing  as  compared  witli  the  injury 
which  the  glass  in  the  surviving  pots,  and  these  pots 
themselves,  are  apt  to  sustain. 

Green  Bottle-Glass. — The  materials  for  com- 
mon glass  bottles  ai-e  coarser  than  for  any  other 
kinds  of  glass  ; and  in  consequence  the  elements 
which  enter  its  composition  are  more  numerous, 
consisting,  as  already  stated,  of  silica,  lime,  potash 
or  soda,  oxides  of  iron  and  manganese.  These  last 
oxides  communicate  a colour  to  this  glass,  which 
owes,  at  the  same  time,  a part  of  its  characteristic 
hue  to  the  charcoal.  No  decoloring  materials  are 
used,  and  it  is  melted  in  open  pots,  even  when  coal 
is  used  as  the  fuel. 

In  choosing  ingredients  for  bottle  glass,  economy 
is  the  chief  object,  colour  and  ajipearance  being  of  no 
moment.  Little  soda  or  potash  is  admitted  into  the 
composition  of  this  description  of  glass. 

The  primary  materials  of  the  manufacture  of  this 
kind  of  glass  are  yellow  and  ferruginous  sand,  residues 
proceeding  from  the  lies  of  the  soap  and  soda  works, 
lixiviated  ashes,  common  ashes,  and  clay. 

The  coloured  sands  are  even  preferable  to  white 
sands  for  bottle  glass,  the  oxide  of  iron,  which 
colours  them,  performing  the  part  of  a flux.  They 
do  not  require  any  washing  or  other  preparation  ; 
but  any  coarse  foreign  substances,  such  as  pyrites, 
flints,  &c.,  are  separated  from  them.  For  this  pur- 
pose they  are  dried,  and  passed  through  a sieve. 
The  clay  best  adapted  for  bottle-glass  is  a yellow 
marly  earth  ; it  is  furnace  clay,  containing  therefore 
alumina,  silica,  carbonate  of  lime,  oxides  of  iron  and 
manganese  ; it  has  not  much  of  a binding  quality, 
and  is  easily  reduced  to  piowder  when  dry,  which 
facilitates  the  mixtures. 

The  ashes  are  generally  obtained  from  domestic 
fires.  They  are  sifted  and  dried  before  using. 

The  following  is  the  usual  propoi’tion  of  these 
materials  : — F or 

ENGLISH  BOTTLE-GLASS. 

100  lbs.  lixiviated  ashes. 

40-  90  “ kelp. 

30-  40  “ wood-ashes. 

80-100  “ clay. 

100  “ cullet. 

ORDINARY  FRENCH  BOTTLE-GLASS. 

30-  40  lbs.  vaiec. 

160-170  “ lixiviated  ashes. 

30-  40  “ fresh  ashes. 

80-100  “ clay  containing  iron. 

100  “ broken  glass. 

The  amount  of  cullet  is  not  particular ; it  is  in- 
creased for  the  first  and  second  melting,  when  new 
pots  are  used.  If  a very  argillaceous  sand  is  employed 
it  is  necessary  to  suppress  the  clay,  and  supply  lime 
by  a suitable  addition  of  chalk.  Crude  soda  may  be 
used  to  replace  the  potash  yielded  by  the  varec  , but 
in  this  case  care  is  taken  to  add  to  the  mixture  a 
certain  quantity  of  fresh  ashes,  that  the  glass  may  not 
be  wanting  in  potash. 

The  proportions  given  in  the  preceding  recipes,  as 


20  GLASS. — White  Bottle  Glass. 

well  as  those  that  follow,  are  calculated  for  100  lbs. 
of  sand : — ■ 

FOK  CHAMPAGNE  BOTTLES,  ACCOKDISG  TO  JAHKEL. 

200  lbs.  felspar. 

20  “ lime. 

15  “ common  salt. 

125  “ iron  slag. 

OKDINARY  GREEN  BOTTLE-GLASS. 

72  lbs.  lime. 

280-278  “ lixiviated  wood-ashes. 

DARK  GREEN  BOTTLE-GLASS. 

20  lbs.  dry  Glauber’s  salt. 

18  “ soap-boilers’  flux. 

1 “ SchefFel — Pruss. — lixiviated  ash. 

39  “ glass  from  the  hearth. 

179  ' “ green  cullet  or  broken  glass. 

45  “ basalt. 

White  Bottle  or  Chemical  Glass. — Under  this 
head  may  be  included  white  glass  for  medicinal  bottles 
and  chemical  purposes,  refractory  Bohemian  glass  for 
tubing,  &c.,  and  foreign  crown.  The  most  beautifid 
material  for  bottles  is  furnished  by  flint-glass  or  crystal, 
but  these  are  only  intended  for  ornamental  articles 
or  vessels  for  the  table,  and  will  be  alluded  to  under 
Flint-glass. 

The  general  character  of  white  bottle-glass  consists 
in  this,  that  it  is  composed  of  purer  materials  than 
the  green ; decoloring  matters  are  used,  and  the 
materials  are  selected  as  free  from  iron  and  alumina 
as  possible.  Moreover,  in  this  case  the  glass  is  sub- 
jected to  a thorough  fining  process.  The  following 
are  general  standards  of  composition  for  chfferent 
varieties  of  glass  of  this  description  : — • 

FOR  apothecaries’  PHIALS. 

100  lbs.  white  sand. 

30-  2C  “ potash — impure. 

17  “ lime. 

110-120  “ ashes. 

•25--5  “ binoxide  of  manganese — cullet. 

BOHEMIAN  CRYSTAL  FOR  GRINL'IXG. 

100  lbs.  white  sand. 

0-  60  “ purified  potash. 

8 “ chalk. 

40  “ broken  glass. 

■75  “ manganese. 

semi  WHITE. 

100  lbs.  sand. 

100  “ crude  soda,  containing  lime. 

100  “ cullet. 

•5-  1 “ manganese. 

100  lbs.  sand. 

30  “ potash. 

18  • “ lime. 

decoloring  matters. 

CLEAR  WHITE. 

100  lbs.  sand. 

65  “ calcined  potash. 

6 “ fallen  lime. 

100  “ white  cullet. 

■ •5  “ manganese. 

WHITE  GLASS  FOR  CHEMICAL  PURPOSES. 

100  lbs.  white  sand. 

41-4  “ potash. 

17'5  “ lime. 

Bohemian  Glass.- — The  coarser  qualities  of  this 
kind  of  glass  are  analogous  in  composition  to  bottle- 

glass,  and  are  distinguished  by  comparative  freedom 
from  colour,  great  lightness,  and  their  very  refractory 
nature,  which  renders  them  capable  of  resisting  not 
only  high  heats,  but  sudden  changes  of  temperature. 
Hence  the  value  of  this  glass  for  chemical  purposes, 
such  as  tubing,  retorts,  &c.  Its  lightness,  and  the 
almost  total  absence  of  colour,  cause  it  to  be  highly 
valued  on  the  Continent  for  table-ware,  where  it  is 
also  emploj^ed  to  make  costly  windows,  for  covering 
engravings,  &c.  In  common  with  crown-glass,  it  is 
also  peculiarly  fit  for  optical  instruments,  in  which  it 
is  employed  to  achromatize  the  flint-glass.  These 
remarks  apply  to  the  finer  qualities,  for  which 
Dumas  gives  the  following  choice  of  proportions : — 

Quartz  in  powder,  or  fine  silicious  sand,  \ pr.  , n -i  oo  1 0O 

washed  with  hydrochloric  acid, J 

Purified  carbonate  of  potash, 60  64  66  75 

Very  pure  carbonate  of  lime, 20  24  25  50 

In  a Bohemian  glass  of  old  manufacture,  Dumas 
found 

Silica, 69-4  — 36  oxygen. 

Alumina, 9'6  — 4-481  9'04 

Lime, 9-2  — 2-57  oxygen  of 

Potash, 1P8  — 1-99)  the  bases, 

which  would  give  exactly  the  proportion  of  1 • 4 
between  the  oxygen  of  the  bases  and  that  of  the 
acid.  On  the  whole,  Bohemian  glass  may  be  described 
as  a silicate  of  potash  and  lime,  with  a small  pro- 
portion of  alumina,  magnesia,  and  other  ingredients. 
This  will  be  obvious  from  the  following  analysis  of  a 
glass,  taken  by  M.  Pekdonnet  from  a manufactory 
at  Neuvelt,  and  analyzed  by  M.  Gros  in  the  labora- 
tory of  the  School  of  Mines  at  Paris 

Silica, 71'6  — 37-1  Oxygen. 

Lime 10-0  — 2-8I'] 

Potash 11-0  — 1-86  1 

Alumina, 2-2  — 1-02  ! _ 

Magnesia, 2-3—  0-89f“'‘*^'‘ 

Oxide  of  iron, 3-9  — 1-20  [ 

Oxide  of  manganese, 0-2  = 0-05J 

101-2 

Here  it  will  be  noted,  that  the  silica  contains  about 
five  times  the  aggregate  oxygen  of  the  bases.  It 
will  be  observed  also,  that  in  Bohemian  glass  potash 
takes  the  place  of  soda. 

Foreign  Crown-Glass. — The  name  of  crown-glass 
is  limited  in  this  country  to  that  which  is  formed 
into  circular  plates  by  the  process  of  blowing , but 
the  crown-glass  of  the  Bohemian  glass-houses  is 
generally  moulded  into  different  shapes,  with  a view 
to  grinding  and  polishing.  Begarded  in  this  light, 
the  foreign  crown,  properly  so  called,  is  rather  dis- 
tinguished by  its  composition  than  by  the  methods 
of  manipulation  adopted  in  its  manufacture.  Like 
the  coarser  Bohemian  glass,  it  is  a silicate  of  potash 
and  lime ; whereas,  in  the  Engish  crown,  soda  is 
employed,  either  in  the  shape  of  sulphate  or  carbon- 
ate. Dumas  analyzed  a good  crown  glass  of  German 
manufacture  with  the  following  result : — 

Centesimally.  Oxygen. 

Silica 62  8 — 32-6 

Alumina,  oxide  of  iron  and  of  manganese,  2-6  = 1-3) 

Lime 12-5  — 3-5  U-4 

Potash, 22-1  — 3 7j 

- 
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So  that  in  this  case  the  silica  contained  about  four 
times  more  oxygen  than  the  bases,  and  the  quantity 
of  oxygen  in  the  lime  and  potash,  the  two  principal 
bases,  was  nearly  the  same. 

As  the  beauty  and  value  of  this  glass  depend  upon 
its  absolute  limpidness,  the  most  careful  selection  of 
materials,  both  for  the  mixture  and  the  pots,  and  a 
protracted  and  assiduous  process  of  fining  are  re- 
quired. It  is  not  easy  to  arrive  at  a certainty  of 
success  in  its  manufacture.  To  obtain  it  without 
colour,  potash  must  be  used,  and  not  soda,  and  no 
oxide  of  lead;  but  lime  must  be  added,  since  by  form- 
ing a glass  with  merely  a potash  base,  the  glass 
would  be  soluble  in  boiling  water,  and  consequently 
hygrometrical.  This  would  be  a serious  disadvan- 
tage ; for  spectacle-glasses  or  other  lenses  so  formed 
would  constantly  tarnish  by  the  deposit  of  a film  of 
aqueous  vapour,  and  in  the  space  of  a few  years 
would  altogether  lose  their  polish.  This  incon- 
venience is  avoided  by  adding  to  glass  with  a base 
of  potash  a certain  quantity  of  lime  ; but  then  arises 
a not  less  serious  evil,  a proneness  to  devitrification. 
Glass  with  a base  of  potash  and  lime,  submitted  to 
the  prolonged  annealing  which  thick  masses  intended 
for  large  lenses  require,  is  apt  to  assume  the  milky 
aspect  which  indicates  a commencenjent  of  crystalli- 
zation in  the  mass.  Thus  the  manufacture  of 
crown-glass,  as  well  as  that  of  flint-glass — the  two 
glasses  indispensable  for  the  preparation  of  achro- 
matic objectives — both  present  the  most  serious 
difficulties,  although  from  very  different  causes. 

Window-Glass. — The  glass  which  has  long  been 
in  common  use  for  window-panes  is  that  which  is 
generally  known  as  English  o-own-glass,  in  the  manu- 
facture of  which  a large  globe  is  first  blown  at  the 
end  of  the  pipe,  and  this  is  converted  by  a rapid 
rotatory  motion  into  a circular  plate  or  disc  thickened 
at  the  centre.  Until  a comparatively  recent  period 
this  was  the  only  method  employed  in  the  manufac- 
ture of  window-glass  in  this  country ; but  latterly 
the  Continental  method  has  been  extensively  intro- 
duced, which  consists  in  forming  the  globe  into  a 
cylinder,  and  then,  after  cutting  it  up  in  a direction 
parallel  to  the  axis,  flattening  it  out  into  a broad 
sheet,  from  which  it  has  received  the  designation  of 
Bi-itish  sheet-glass.  Plate-glas.%  or  that  which  is  cast 
into  sheets  by  pouring  the  liquid  metal  on  a flat 
surface,  is  now  much  used  for  the  same  purpose. 
English  Crown  and  Sheet-glass  are  composed  of 
precisely  the  same  materials,  and  differ  only  in  the 
mechanical  operations  by  which  they  are  brought 
into  form.  Chemically  speaking  they  are  the  same, 
except  that  the  nature  of  the  crown-glass  manipula- 
tion requires  a smaller  quantity  of  lime. 

The  materials  employed  for  the  manufacture  of 
English  crown  and  sheet-glass — in  other  words,  of 
window-glass  — are  chiefly  silica,  soda,  and  lime. 
'I'his  glass  differs,  therefore,  from  the  foreign  crown 
and  Bohemian  glass  in  the  circumstance,  that  soda, 
as  tlie  cheaper  alkali,  is  generally  substituted  for 
jiotash.  Sometimes,  however,  though  rarely,  a mix- 
ture of  the  two  is  employed.  Alumina,  oxide  of 
iron,  and  oxide  of  manganese  are  also  found  in 

window-glass,  but  only  as  accidental  ingredients. 
It  is  true,  indeed,  that  when  iron  is  present,  as  is 
almost  always  the  case,  the  bin  oxide  of  manganese 
is  purposely  introduced  to  neutralize  its  effects ; and 
a little  arsenic  is  generally  added  to  promote  the 
decomposition  of  the  other  ingredients. 

To  lay  down  any  standard  proportions  for  window- 
glass  is  almost  impossible,  as  no  two  manufacturers 
use  the  same ; and  even  in  the  same  works  the  melting 
powers  of  the  furnaces  may  so  far  differ  as  to  render 
necessary,  for  the  production  of  the  same  glass,  varia- 
tions in  the  proportions  of  its  elements.  The  following 
are  mixtures  used  in  some  English  manufactories : — 

Lbs.  Lbs.  Cwts. 

Sand .'560  448  16 

Chalk 154  146  5 

Carbonate  of  soda, . . 119  168  5 

Sulphate  of  soda,  .. . 63  17  1‘25 

Arsenic, 2 2 0 

Cullet, 448  448  16 

The  introduction  of  carbonate  of  soda,  prepared  from 
salt,  into  the  glass  manufacture  of  England,  dates 
from  the  year  1831.  Previously  to  this  kelp  was 
employed  as  the  source  of  alkali. 

The  following  is  a French  composition,  which 
gives  a window-glass  of  fine  quality : — 

Parts. 

Sand, 100 

Chalk, 35  to  40 

Dry  carbonate  of  soda, 28  to  35 

Broken  glass, 60  to  180 

Biuoxide  of  manganese, 0’251  Sometimes  in 

Arsenic 0-20 /larger  quantity. 

The  oxygen  of  the  bases  in  this  glass  is  generally 
to  the  oxygen  of  the  acid  as  1 to  4. 

Bastenaiue  gives  the  three  following  compositions, 
which  Dumas  considers  too  rich  in  alkali,  and  too 
poor  in  lime  : — 

Parts. 

I.  White  sand,, 100 

Good  jmtash 65 

Lime  slaked  in  the  air, 6 

Fragments  of  white  glass, 50 

Arsenious  acid, 1 

Oxide  of  manganese, 0’30 

II.  Very  white  sand 100 

Good  soda,  ' 90 

Red  oxide  of  lead  or  minium, 5 

Broken  white  glass, 100 

Carbonate  of  lime, 5 

Oxide  01  manganese, 0‘40 

III. — White  sand, 100 

Good  soda, 80 

Carbonate  of  lime, 8 

Broken  glass, 110 

Oxide  of  manganese, 0'20 

Oxide  of  cobalt O’lO 

A beautiful  window -glass  is  produced  by  the 
following  composition  by  Dumas  ; — 

Parts.  Pai’ts. 

Sand 100  ....  100 

Dry  sulphate  of  soda 44  ....  58  to  75 

Charcoal  in  powder, 4 ....  4‘5  to  5‘5 

Slaked  lime, 6 ....  13  to  15 

Broken  glass, from  20  to  100 25  to  100 

Plate-Glass. — Dodd  justly  remarks  that  a better 
name  than  p/ofe-glass  would  be  cu.st-glass,  since  the 
former  is  vague  in  its  acceptation,  and  might  be 
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applied  to  any  kind  of  glass  in  sheets.  This  beautiful 
form  of  glass  is  formed  by  being  cast  or  futwtkd  upon 
a smooth  table  while  in  a liquid  state,  and  is  totally 
independent  of  the  process  of  blowing.  It  is  not 
generally  known,  however,  that  originally  all  plate- 
glass  was  made  by  blowing ; and  that  in  this  country 
it  was  not  till  1773  that  the  British  Plate  Glass 
Company  first  began  to  make  plate-glass  by  casting, 
although  this  process  had  been  in  use  in  France  for 
nearly  a century.  The  method  of  blowing  plate- 
glass  was  very  similar  in  principle  to  that  of  sheet- 
glass,  differing  only  in  some  mechanical  contrivances 
to  assist  the  workmen  in  handling  so  much  heavier  a 
piece.  The  plates  formed  by  this  method,  however, 
were  much  smaller  than  can  be  executed  by  the 
casting  process,  which  commonly  exceed  10  feet  in 
length,  and  are  about  half  an  inch  thick. 

The  principal  consumption  of  plate-glass  is  for 
mirrors,  the  manufacture  of  which  dates  from  the 
earliest  introduction  of  glass-works  into  Europe. 
Mirror-glasses  were  for  many  years  the  object  of  an 
important  commerce  to  Venice,  the  only  city  which 
could  produce  them.  The  manufactory,  which  was 
situated  on  the  island  of  Miirano,  produced,  how- 
ever, only  sheets  prepared  by  blowing,  and  this  was 
the  process  imported  into  France  in  1665,  along  with 
the  art  of  covering  plates  of  glass  with  tinfoil,  which 
had  long  been  exclusively  possessed  by  the  Vene- 
tians. The  largest  mirror-glasses  which  could  be 
made  in  this  manner  were  about  3 feet  in  the  side, 
and  they  were  liable  to  the  air-bubbles,  knots,  and 
strise  so  frequent  in  common  window-glass.  All  these 
disadvantages  disaj)peared  with  the  invention  of  the 
casting  process  which  is  now  in  use.  Abraham 
Tiievakt  devised  this  bold  method,  as  Dumas  terms 
it,  and  put  it  in  practice  at  Paris  in  1685.  It  was 
the  same  artist  who  founded  in  1691  the  celebrated 
manufactory  of  St.  Gobain  in  Picardy. 

Composition. — Plate-glass  is  similar  in  composition 
to  crown  and  sheet  glass,  the  only  essential  bases 
being  lime  and  soda;  but  in  plate-glass  the  soda  is 
introduced  in  somewhat  larger  proportion.  So  far 
as  regards  the  purity  of  the  tint,  it  would  be  attended 
with  advantage  to  substitute  potash  for  the  soda ; 
plate-glasses  would  thus  be  freed  from  the  greenish 
or  bluish  shade  which  thej'’  sometimes  present,  and, 
in  this  case,  one  might  increase  the  proportion  of 
lime,  which  is  kept  comparatively  low  in  plate-glass 
to  avoid  devitrification.  But  soda  is  preferred  to 
potash  for  this  description  of  glass,  because  it  im- 
jiarts  a higher  degree  of  fluidity,  and  because  the 
impurities  which  it  contains  are  more  readily  dissi- 
pated by  the  heat;  so  that  the  use  of  soda,  though 
objectionable  as  tending  to  colour  the  glass,  facili- 
tates both  the  fining  and  casting — two  nio.st  important 
advantages  in  the  nnniufacture.  Subjoined  is  the 
andysis  of  a plate-glass  : — 

Centesinially.  Oxygen. 

Silica, 7.T-y  — 39-4 

Alumina, 2-fj  — 1-3) 

Lime, 3-8  — l-O^  — G-7 

Soda, 17'5  — 4'4) 

100-0 

The  preceding  analysis  is  elementary  and  theor- 
etical ; the  subjoined  practical  recipes  are  given  in 
ILnapp’s  ‘‘  Technology  : ” — 

Comjxisition  used  at  St.  Gobaiu.  Composition  according  to  Bastenaibe. 

100  lbs.  pure  sand  from  Senlis.  100  lbs.  white  sand. 

35  lbs.  pure  salts  of  soda.  60  lbs.  salts  of  soda. 

5 lbs.  lime,  crumbled.  13  lbs.  carbonate  of  lime. 

100  lbs.  broken  glass.  100  lbs.  broken  glass. 

Decoloring  matters.  1 lb  peroxide  manganese. 

0-5  lbs.  smalt. 

The  following  proportions,  which  have  been  used 
in  England,  are  said  to  produce  a superior  quality  of 
plate -glass : — 

parts. 

Lvnn  sand,  well  washed  and  dried, 7'.'0 

Alkaline  salt,  containing  40  per  cent,  of  soda,  450 

Lime,  slaked  and  sifted, 80 

Nitre, 25 

Broken  plate-glass, 425 

These  quantities  produce  one  pot  of  metal,  which 
yields  1200  lbs.  of  glass. 

The  object  aimed  at,  in  making  mirrors,  is  to  give 
the  mo.st  perfect  transparency  to  them,  and  to 
destroy  the  slightest  traces  of  coloration.  With  this 
view,  not  only  must  the  metal  or  melted  glass  be 
thoroughly  fused,  but  the  original  materials  must  be 
selected  with  very  great  care.  The  sands  which  enter 
into  the  composition  should  be  very  white  and  fine. 
In  default  of  suitable  sand,  soft  sandstone,  white  and 
well  pulverized,  is  used.  Flint  and  quartz,  calcined 
and  reduced  to  powder,  are  excellent  materials  for 
the  purpose.  Particular  care  must  be  taken  in  the 
choice  and  treatment  of  the  soda,  to  avoid,  as  far  as 
possible,  the  green  tint  which  is  peculiar  to  glass 
formed  with  this  alkali,  and  which  the  thickness  of 
the  plate -glass  betrays.  It  might  be  possible  to 
counteract  this  evil  to  a certain  extent  by  a perfect 
fining  or  purification  of  the  soda,  and  by  replacing 
part  of  it  with  potash,  to  the  amount  of  about  one- 
fifth.  If  plate-glass  were  formed  with  potash  alone, 
instead  of  soda,  it  is  to  be  feared  that  a glass  necessarily 
so  rich  in  alkali  would  be  hygrometrical,  and  would 
partake  too  much  of  the  nature  of  soluble  glass.  Even 
the  small  proportion  of  potash  which,  in  the  shape  of 
nitre,  usually  enters  into  the  composition  of  French 
plate-glass,  is  found  to  give  it  a dampness,  so  that 
when  two  of  these  are  kept  together  for  any  length 
of  time,  they  can  scarcely  be  separated.  Varley 
stated  at  a meeting  of  the  Society  of  Arts,  that  he 
was  once  shown  some  very  large  glasses  by  a London 
manufacturer,  which  were  beautifully  clear,  but 
appeared  to  be  covered  with  steam,  and  this,  when 
wiped  off,  appeared  again.  The  manufacturer  had 
applied  to  Faraday  in  hopes  of  learning  how  to  cure 
this  imperfection.  On  examining  these  glasses  with 
a magnifier,  the  apparent  steam  was  found  to  consist 
of  very  minute  but  long  crystals,  whose  shape  indi- 
cated nitre,  showing  that  so  much  potash  was  used 
in  the  manufacture  of  the  glass  that  it  exuded.  Now, 
repeated  washings,  which  with  8 or  10  feet  glasses 
is  a serious  labour,  might  much  lessen  the  exudable 
matter ; but  the  glass  would  thus  become  porous  all 
over,  and  its  power  of  transmitting  or  reflecting  light 
would  be  diminished.  What  was  still  worse  was,  that 
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such  glass  could  never  be  wiped  so  as  to  remain 
clean,  for  the  wiping  filled  up  the  pores  with  what 
should  have  been  quite  removed.  This  began  again 
to  exuile  in  minute  gummy  dots,  which  continued  to 
enlarge,  and  on  again  wiping,  smeared  the  surface, 
rendering  it  difficult  to  clean.  Soda  is  prone  to  dry 
and  lose  its  water  of  crystallization  ; potash,  on  the 
contrary,  attracts  moisture, ' and  becomes  liquid. 
Hence  it  would  seem  that  soda  must  make  the  more 
durable  glass,  besides  fidfilling  the  important  con- 
ditions of  rendering  the  vitreous  composition  more 
fusible  and  more  easy  to  fine.  The  latter  advantages 
arise  from  the  fact,  that  the  gall  or  sandiver  of  the 
soda-glass,  consisting  of  sulphate  of  soda  and  chlo- 
ride of  sodium,  is  more  volatile  than  potash -gall,  and 
is  hence  more  readily  got  rid  of  from  the  open  pots 
in  ivhich  the  glass  is  fused. 

F LINT- Glass. — This  compound  is  frequently  termed 
crijKlal,  from  its  great  resemblance  to  rock-crystal. 
It  is  chiefly  manufactured  into  articles  of  domestic 
use  and  ornament,  such  as  tumblers,  decanters,  wine- 
glasses, vases,  drops  for  chandeliers,  &c.  In  conse- 
quence of  its  great  transparency  and  high  refractive 
power,. it  is  also  formed  into  lenses  for  optical  instru- 
ments. Oil  the  Continent  the  term  flint-glass  is 
almost  exclusively  applied  to  glass  which  is  expressly 
manufactured  for  the  latter  purpose,  and  crystal  is 
employed  as  the  more  comprehensive  designation  for 
glass  containing  lead,  of  which  flint  or  optical  glass 
is  regarded  as  a variety.  In  this  country,  flint-glass 
and  crystal  are  used  as  synonymous  terms,  and  that 
particular  variety  of  this  description  of  glass  which  is 
manufactured  for  optical  purposes  is  termed  optical 
(jluss. 

Flint-glass  is  so  called  from  the  circumstance  that, 
formerly,  flints  calcined  and  ground  were  employed 
in  the  manufacture  as  the  source  of  the  silica ; but 
for  many  years  past  Isle  of  Wight,  Lynn,  or  lleigate 
sands  have  been  substituted.  These  sands  are  not 
only  more  free  from  iron,  but  less  expensive  in  the 
preparation  than  flints,  when  washed  and  calcined. 
It  is  more  propeily  termed  lead  glass,  since  it  is  the 
presence  of  this  metal  which  distinguishes  flint-glass 
or  crystal  frqm  the  different  varieties  of  glass  already 
mentioned.  It  is  also  distinguished  from  English 
crown  and  plate-glass  by  the  use  of  potash,  instead 
of  soda,  in  the  manufacture. 

This  beautiful  variety  of  glass  is  admitted  on  all 
hands  to  be  of  English  origin.  Its  invention  was  a 
natural  and  almost  necessary  consequence  of  the  use 
of  coal  in  the  English  manufactories — a usage  which 
goes  back  to  a very  remote  epoch.  To  prepare  white 
glass  in  an  open  pot,  with  coal  as  fuel,  is  a problem 
which  admits  of  being  solved  at  the  present  day,  but 
which  could  not  be  so  at  an  early  period.  To  pro- 
tect the  glass  from  the  contact  of  the  smoke  which 
blackened  it,  it  was  necessary  to  convert  the  common 
pot  into  a retort  with  a short  neck,  which  presented 
its  mouth  outside  the  furnace.  But  under  this  con- 
dition the  temperature  of  vitrification  of  ordinary 
glasses  could  not  be  attained  without  increasing 
beyond  measure  the  proportion  of  alkali.  It  was 
essential,  therefore,  to  find  the  means  of  increasing 


the  fusibility  of  the  glass,  without  rendering  it  deli- 
quescent; and  this  was  accomplished  by  means  of  a 
suitable  addition  of  protoxide  of  lead.  The  beauty 
of  the  lu’oduct  soon  assigned  it  a high  r.ank  among 
the  different  varieties  of  glass,  and  the  manufacture 
of  it  was  not  long  in  extending  even  into  countries 
where  coal  is  not  used.  But  in  these  localities  the 
manufacture  could  be  conducted  in  common  pots, 
taking  care  to  manage  the  wood  fire  so  as  to  avoid 
all  production  of  smoke,  and  modifying  slightly  the 
proportion  of  the  substances  employed. 

Flint-glass,  however,  is  not  entirely  a modern 
invention,  or,  at  least,  if  it  was  necessary  to  re-invent 
it,  it  is  certain  that  it  was  known  at  a very  remote 
epoch.  This  is  demonstrated  by  the  analysis  of  the 
ancient  glass  known  as  ViryiCs  mirror,  an  operation 
performed  in  1817  by  M.  Fougehoux  de  Bondaeoy. 
This  mirror,  weighing  30  lbs.,  polished  on  both  faces, 
transparent,  but  coloured  a yellowish  green,  con- 
tained at  least  half  its  weiglit  of  oxide  of  lead,  and 
exhibited,  moreover,  all  the  characters  of  crystal. 
It  had  been  preserved  in  the  treasury  of  Saint  Denis 
in  France  from  the  time  of  its  fabrication,  which 
assigns  to  its  manufacture  a date  long  anterior  to  the 
discovery  of  modern  crystal.  It  is  evident,  indeed, 
that  the  name  applied  to  the  mirror  is  not  correct, 
and  proves  nothing — that  it  did  not  belong  to  ViUGiL, 
and  that  it  could  not  claim  an  antiquity  so  remote. 
This  article  only  proves  that  the  method  of  making 
lead-glass  had  been  long  known,  and  that  the  pro- 
cesses of  the  manufacture  must  have  been  well  under- 
stood, since  at  that  time  a mirror  could  be  formed  of 
a size  which  would  be  deemed  remarkable  even  at 
this  day,  and  that  the  secret  had  been  lost  during 
a long  succession  of  years.  It  may,  however,  be 
affirmed  that  the  colourless  crystal  or  lead  glass  of 
the  present  day  is  entirely  of  modern  invention.  It 
is  very  natural  to  suppose  that  the  method  of  making 
a coloured  crystal  like  Virgil’s  mirror  might  be 
known  to  many  mediteval  chemists,  without  assuming 
that  they  equally  knew  how  to  prepare  a pure  and 
colourless  glass  like  that  now  manufactured. 

The  formulse  expressing  the  constitution  of  dif- 
ferent varieties  of  flint-glass  are  as  follows : — 

London  crystal,  Faraday, K.,0('i02)3  + Pb20(Si02)a. 

“ Optical,  Berthier,2(K2O'(.'i02)4  l + diPlqUiSiOjjj). 

Newcastle,  Bertliier, 2,K20(SiU.2)3)  -t-3iPl)2U(SiU.2).j). 

Belgian,  Bertliier K2U(t>i02)4  -|-  2(Plj20(tfiU2)4). 

Composition  and  Properties  of  Flint-Glass. — From 
these  formula  it  may  be  observed  that  the  propor- 
tions of  the  three  essential  constituents,  namely, 
silica,  potash,  and  oxide  of  lead,  vary  very  much  ; 
in  fact,  they  depend  on  whether  the  melting  fur- 
nace is  heated  with  wood  or  coal.  In  the  latter 
case  the  proportion  of  oxide  of  lead  is  increased. 

Many  metallic  oxides  are  capable  of  combining 
with  silicic  acid,  and  thus  furnishing  silicates  which 
readily  mix  with  alkaline  silicates ; but  almost  all 
these  are  coloured.  Till  lately,  the  protoxide  of 
lead  and  the  oxide  of  bismuth  were  regarded  as  the 
only  oxides  capable  of  yielding  silicates  with  little 
colour,  and  consequently  colourless  glasses,  by  their 
mixture  with  the  silicate  of  potash  in  a proper  pro- 
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portion  ; but  a glass  of  zinc,  which  had  a very  pleas- 
ing and  white  appearance,  and  appeared  suitable 
for  achromatic  purposes,  was  the  subject  of  a reward 
at  the  Great  Exhibition  of  1851.  'I'his  glass  is  of 
greater  specific  gravity,  and  is  as  pellucid  as  lead- 
glass.  On  the  other  hand,  the  oxide  of  bismuth  is 
much  dearer  than  that  of  lead,  and  hitherto  the 
latter  has  been  alone  employed  in  the  manufacture 
of  common  crystal. 

Crystal  or  flint-glass  well  prepared  is  almost  with- 
out colour.  Its  specific  gravity  ranges  between  2'9 
and  3'255,  according  as  the  lead  is  in  the  state  of 
tri-  or  tetrasilicate.  It  is  more  transparent,  more 
brilliant,  and  heavier  than  plate  or  window-glass. 
'I’lie  absence  of  colour  depends  on  the  lead  silicate, 
which  is  yellow,  being  combined  with  a due  amount 
of  potassium  silicate.  It  excels  the  fine  Bohemian 
crown-glass  in  refractive  power  and  easy  fusibility, 
although  the  latter  is  harder  and  more  completely 
colourless.  Flint-glass,  of  not  less  than  the  usual 
densitj'  of  3'200,  well  polished  by  the  lapidary,  is 
considered  the  nearest  appi’oach  to  the  diamond. 
It  owes  its  brilliancy  and  high  density  to  the  silicate 
of  lead.  The  proportion  of  potassium  silicate  is 
therefore  reduced  as  low  as  possible,  without  suffer- 
ing the  yellow  tinge  due  to  tlie  lead  silicate  to  ap- 
pear, when  flint-glass,  or  “strass,”  as  it  is  called,  is 
made  for  jewellers.  The  composition  of  a strass 
analyzed  by  Di  jias  corresponded  with  the  formula, 
K.,0(Si02)o  + 3(rb.,0(Si0.,))2.  The  silicate  of  lead 
is  much  softer  than  the  alkaline  silicates.  In  too 
large  quantity,  therefore,  it  renders  the  glass  easy 
to  scratch  by  the  slightest  friction,  so  that  it  could 
not  be  employed  for  most  of  the  articles  of  domestic 
u.se  into  which  it  is  fashioned.  Moreover,  this 
addition  rendering  it  both  heavier  and  more  costly 
in  the  manufacture,  would  be  at  least  useless,  even 
if  it  were  not  absolutely  prejudicial,  for  the  reasons 
already  mentioned.  It  is  a common  mistake  to  sup- 
pose that  great  density  or  weight  is  an  advantage  in 
crystal  for  articles  of  common  use.  It  is,  on  the 
contrary,  as  "Dumas  justly  remarks,  a real  incon- 
venience, and  in  the  most  favourable  view  can  only 
be  considered  as  a ready  means  of  showing  that  the 
crystal  or  flint-glass  contains  enough  of  silicate  of 
lead  to  impart  to  it  those  qualities  which  give  it 
its  peculiar  value,  and  render  it  preferable  to  other 
glasses  for  certain  purposes. 

As  lead  affords  the  only  metallic  oxide  which  is 
usually  employed  in  the  manufacture  of  flint-glass, 
so  potash  is  the  only  alkali  which  can  be  successfully 
associated  with  that  ingredient  to  yield  a colourless 
crystal.  'I  he  silicate  of  soda  always  communicates 
a blue  or  green  tinge,  which  would  become  more 
perceptible  and  disagreeable  in  the  thick  articles 
usually  manufactured  of  crystal.  If  this  thickness 
were  much  reduced,  the  silicate  of  soda  might,  so 
far  as  colour  is  concerned,  be  used  in  the  manufac- 
ture ; but  as  crystal  vessels  are  generally  intended 
to  receive  mouldings  or  cut  ornaments,  they  do  not 
admit  of  being  made  thin  in  the  sides.  The  anneal- 
ing, also,  would  become  a dilficult  operation  in  ves- 
sels of  considerable  size  without  a proportionate  | 


thickness.  Crystal  is  .so  fusible  that  it  is  not  easy 
to  prevent  such  articles  from  sicking  in,  or  collaps- 
ing, during  the  annealing.  This  kind  of  glass  is, 
therefore,  almost  exclusively  confined  to  the  manu- 
facture of  thick  articles ; and  hence  it  is  only  the 
colourless  silicates  that  can  be  used — that  is  to  say, 
those  of  lead,  or  zinc,  and  potash.  The  following 
practical  recipes  are  given  by  Bastenaire  for  a good 
common  flint-glass,  the  one  with  coal,  and  the  other 
with  wood  as  fuel : — 

With  coal  With  wood 

as  fuel,  as  fuel. 

Lhs.  Lbs. 

Sand — washed  and  calcined, luO  100 

Minium, 70  45 

Purified  potash, 30 35 

In  addition  to  these,  cullet  or  broken  glass  is  added 
at  discretion,  and  saltpetre  or  arsenic  is  used  as  a 
decoloring  material.  It  will  be  seen  that,  when 
coal  is  used,  the  sani,  red  lead,  and  potash  are 
nearly  in  the  proportions  of  3 : 2 ; 1 ; but  that,  when 
the  composition  is  fused  in  open  pots,  with  wood 
fuel,  the  j^roportion  of  the  red  lead  is  much  di- 
minished. The  following  composition,  in  which  the 
above-mentioned  proportions  of  the  principal  in- 
gredients are  exactly  adhered  to,  is  given  by  Apsley 
Pellat,  as  yielding  a highly  pellucid  and  transparent 
flint-glass; — 


Carbonate  of  potash, 1 cwt. 

ited  lead,  or  litharge, 2 cwt. 

Sand — washed  and  burnt, 3 cwt. 

Saltpetre, 14  to  28  lbs. 

O.xide  of  manganese, 4 to  12  ozs. 

Cullet,  or  broken  glass,  ad  libitum. 

FLINT-GLASS— LOYSEL. 

Farts. 

White  sand, IdO 

Ked  lead 80  to  85 

Pearl  ash, 35  to  40 

Nitre, 2 to  3 

Manganese, 0'5 

FLINT-GLASS — AIKEN. 

Parts. 

White  sand, 100 

Pearl  ash 40 

lied  lead, 35 

Nitre, 13 

Manganese, 0-5 

FLINT-GLASS, 

Parts. 

Sand 100 

Carbonate  of  potash, 50 

Chalk 20 

Saltpetre, 1'8 

Arsenions  acid,  1'8 

Manganese, 01 


The  following  proportions,  in  use  in  various  works, 
show  the  great  diversity  in  practice  existing  : — 

Parts. 


Sand, 100 

Carbonate  of  potash, 60 

Saltpetre, 8 

Arsenious  acid, 0-4 

Manganese, 0-5 


Sand, 100 

Ked  lead, 40 

Carbonate  of  potash, 33 

Saltpetre 16 

Manganese, 0'5 
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Parts. 

Sand, 100 

Carbonate  of  potash, 33 

lied  lead, 30 

Saltpetre, 10 

Manganese, 0'15 

Sand 100 

Red  lead, 60 

Carbonate  of  potash, 24 

Saltpetre, 6 

Arsenious  acid, trace. 

Manganese, trace. 

PLATE-GLASS. 

Parts. 

Very  white  sand, 100 

Carbonate  of  soda, 33 

Chalk 14 

Manganese, 0-75 

Cullet, 100 

PLATE-GL\SS. 

Parts. 

Very  white  sand 100 

Carbonate  of  soda,  . . 62 

Quick  lime, 11 

Saltpetre, 4 

Cullet, 60 

FOREIGN  LOOKING-GLASS. 

Parts. 

White  sand, lOO 

Carbonate  of  soda, 30 

Lime, 14 

Cullet, 100 

Manganese, 0-5 

Dumas  affirms  that  a finer  and  more  durable  product  is 
obtained  by  reducing  the  amount  of  alkali ; thus,  for 
300  parts  of  sand  and  200  of  minium,  90  to  95  parts 
of  purified  carbonate  of  potash,  instead  of  100,  will 
yield  a better  result  when  the  furnace  draws  well — 
in  winter,  for  example.  But  in  summer,  the  pre- 
ceding proportions  must  be  used,  or  the  following 
French  recipe : — 

P.^rts. 

Pure  sand, 300 

Minium, 215 

Pnritied  carbonate  of  potash, 110 

Nitrate  of  potash, 10 

Borax, 12 

Borax  must  be  used  with  great  caution,  as  an 
excess  leads  to  e.xfoliation  of  the  glass. 

It  has  been  stated  that  when  open  pots  are  used, 
as  on  the  Continent,  with  wood  fuel,  the  proportion 
of  minium  may  be  reduced.  This  arises  from  the 
circumstance  that  the  oxide  of  lead,  being  an  active 
flux,  is  less  necessary  for  the  fusion  in  uncovered 
pots,  which  admit  of  the  direct  action  of  the  heat  on 
the  contained  mixture  or  metal.  However,  the  use 
of  the  three  essential  ingredients  in  the  ordinary 
])roportion  of  three,  two,  and  one,  is  in  all  cases  a 
safe  one.  It  is  chiefly  for  economy  that  the  minium 
is  reduced  in  amount,  when  the  heating  power  of  the 
furnace  is  sufficient  to  permit  the  reduction  On 
the  other  hand,  if  the  minium  be  too  much  i educed, 
the  beauty  of  the  product  will  suffer.  The  lowest 
proportion  of  this  ingredient  which  can  be  used  with 
safety  is  shown  in  the  following  composition,  which 
yields  a good  crystal : — 

Parts. 

Sand 300 

Minium, 180 

Pin  itied  carbonate  of  potash 120 

Cullet, 300 

Arsenious  acid, 0-45 

Oxide  of  manganese, 0-60 

VOL.  11. 

The  mere  due  proportioning  of  the  materials  for 
flint-glass  is  not  sufficient — the  utmost  attention 
must  be  given  to  have  them  in  a state  of  purity. 
The  silica  or  sand  should  be  very  white,  and  abso- 
lutely free  from  colouring  oxides,  as  those  of  iron  or 
manganese.  Some  manufacturers  cleanse  the  sand 
by  hand-washing,  and  others  have  machines.  To 
render  the  Isle  of  Wight  sand  fit  for  making  flint 
and  other  compound  glasses — that  is  to  say,  to  cleanse 
it  from  chalk  and  other  impurities,  by  which  it  loses 
about  one-fifth  of  its  original  bulk,  requires  about 
eight  waters ; it  is  afterwards  passed  through  a 
heated  arch,  called  a calker,  and  thoroughly  dried, 
or  burnt,  at  the  discretion  of  the  operator ; and  then 
sifted  through  a lawn-sieve,  to  separate  the  larger 
grains  and  pieces  of  coal  or  coke.  Du.mas  recom- 
mends that  the  sands  be  washed  with  dilute  hydro- 
chloric acid,  to  remove  from  them  any  traces  of 
oxide  of  iron  or  of  manganese. 

The  carbonate  of  potash  also  requires  a preliminary 
purification,  which  is  easily  effected  by  dissolving  it 
in  water,  decanting  the  quite  clear  solution,  and 
evaporating  the  liquor.  All  the  colouring  oxides  are 
deposited,  and  by  the  evaporation  carbonate  of 
potash  is  obtained,  mixed  with  other  salts,  but  at 
least  quite  free  from  oxides  of  iron  or  of  manganese. 
If  the  nitrate  of  potash  were  low  in  price,  it  might  be 
employed  to  replace  the  carbonate. 

The  protoxide  of  lead,  or  litharge  of  commerce,  is 
almost  always  imj)i,re.  It  contains  oxides  of  copper, 
of  iron,  or  of  manganese,  in  too  great  quantity,  in 
most  cases,  to  admit  of  its  making  a colourless  flint- 
glass.  An  oxide  of  lead  is  therefore  expressly 
manufactured  for  the  making  of  crystal.  In  general, 
a very  p>ure  lead  is  selected  for  this  purpose,  which 
is  carefully  oxidized,  to  avoid  introducing  into  it 
foreign  and  injurious  matters.  It  is  the  practice  to 
carry  the  oxidation  of  the  lead  to  the  state  of  minium. 
Not  that  the  crystal  contains  red  lead  ; the  latter 
loses  by  the  action  of  the  heat  a portion  of  its  oxygen, 
and  passes  again  to  the  state  of  protoxide  which  alone 
forms  part  of  the  glass.  But  it  is  advantageous,  and 
probably  even  indispensable,  to  furnish  to  the  mixture 
which  is  to  produce  the  flint-glass  a body  capable  of 
yielding  oxygen  at  the  beginning  of  the  fusion. 

It  has  been  supposed  that  this  disengagement  of 
oxygen  was  necessary  to  produce  in  the  glass  the 
agitation  which  prevents  this  product  from  separating 
itself  in  layers  of  different  densities.  But  Dumas 
observes  that  the  decomposition  of  the  minium  must 
be  concluded  long  before  the  fusion  is  effected.  The 
oxygen  which  the  minium  disengages  has  very  pro- 
bably for  its  object  to  burn  an  organic  matter 
analogous  to  ulmin,  which  is  found  in  lai’ge  quantity 
in  the  crude  salt ; a matter  which  is  decomposed  in 
part,  calcining  this  last  to  make  potash  of  it,  but 
which  is  still  found  in  the  potassas  of  commerce  in 
notable  quantity.  This  matter,  put  in  contact  with 
the  protoxide,  would  reduce  it  to  the  metallic  state, 
and  would  colour  the  crystal ; whereas,  being  burned 
by  the  oxygen  of  the  minium,  it  disappears  without 
leaving  a trace  of  its  existence. 

It  is  evident  that  the  same  result  would  be  arrived 
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at  by  using  nitrate  of  potasli  instead  of  the  carbonate, 
and  that  the  minium  might  be  replaced  by  pure 
litharge,  or  protoxide  of  lead.  In  point  of  fact,  the 
small  quantity  of  .saltpetre  which  is  usually  added 
exerts  a beneficial  effect,  by  increasing  the  proportion 
of  oxygen,  and  assLsting  to  drive  off  the  globules  of 
air  in  the  liquid  glass.  This  salt,  when  the  price 
admits  of  its  application,  is  at  once  a pure  and  a 
purifying  material.  A few  ounces  of  manganese  are 
employed  to  neutralize  the  greenish  tint  produced  by 
the  2)resence  of  iron  or  other  imjiurities,  and  with 
this  view  the  binoxide  (MnOg)  must  be  used  in 
the  pure.st  state. 

Optical  Glass. — There  are  two  kinds  of  optical 
glass  — flint  and  crown  — which,  having  different  re- 
fractive and  dispersive  iiowers,  may  be  so  combined 
in  the  object-glass  of  a telescope  that,  while  the  rays 
are  brouglit  to  a focus,  the  greater  dispersion  of  the 
flint  lens  may  be  corrected  by  the  less  dispersive 
jiower  of  the  crown — the  one  being  negative,  the 
other  positive.  Hence,  by  their  combination,  the 
lenses  acliromatize  each  other,  or  transmit  colourless 
light.  The  celebrated  Dollond,  in  1753,  aided  by 
the  co-operation  of  Euler,  and  of  Klingenstierna 
the  Swedish  mathematician,  succeeded,  after  many 
experiments,  in  discovering  the  due  projiortions  of 
the  curvatures  of  the  two  lenses;  but  still  two 
important  problems  remained  to  be  solved — the  best 
chemical  constitution  of  the  glasses,  and  how  to 
obtain  them  sufficiently  free  from  the  defects  of 
ordinary  glass  to  be  adapted  for  optical  instruments. 
It  is  this  last  question  which  jiresents  the  greatest 
difficulty.  Purity,  unchangeableness  of  colour, 
transparency,  and  a certain  degree  of  refractive 
l”iower,  may  be  obtained ; but  perfect  uniformity  in 
the  structure  of  the  glass,  so  as  to  render  its  com- 
position absolutely  homogeneous  throughout,  is  much 
more  difficult  to  be  accomplished ; and  this  is  jne- 
cisely  the  quality  which  is  admitted  to  be  the  most 
indispeiLsable  for  good  optical  glass.  The  difficulty 
arises  chiefly  from  the  difference  in  specific  gravity 
of  the  different  constituents  of  the  metal.  Some 
melt  at  a lower  tenqierature  than  others ; some 
evaporate  or  are  decomposed  in  a heat  required  for 
the  fu.sion  of  others  ; and  different  substances  cool  at 
different  tenqjeratures.  Hence  arise  discoloration, 
threads,  striie,  irregular  crystallization,  causing  irreg- 
ular refraction,  and  all  the  usual  faults  observable, 
more  or  less,  in  every  description  of  glass. 

It  seems  to  be  now  generally  admitted  that  there 
are  more  impediments  in  fabricating  crown-glass 
lenses  of  large  size  than  in  making  good  ones  of 
crystal  or  flint-glass.  The  former  requiresi  a higher 
temperature,  and  by  adding  alkali  to  increase  the 
facility  of  fusion,  it  becomes  more  liable  to  attract 
humidity,  or,  as  it  is  technically  termed,  to  sweat. 
On  the  other  hand,  by  rendering  it  too  hard,  the  risk 
is  incurred  of  crystallization  and  imj)erfect  vitrifica- 
tion in  cooling. 

The  problem  of  the  constant  and  regular  manu- 
facture of  good  optical  flint-glass  was  solved  by 
M.  Guinand,  a workman  in  the  clock  and  watch 
trade,  near  Neufchatel,  who  succeeded  in  producing 


masses  of  flint-glass  capable  of  furnishing  objectives 
of  9 inches — a size  previously  unknown.  Guinand 
kejDt  the  process  a secret,  excejit  from  M.  L^tzscii- 
NEIDER  and  the  celebrated  M.  Frauenhofer,  who 
proposed  to  him  to  join  them  in  their  establishment 
at  Munich.  This  offer  Guinand  accepted,  and  the 
jirocess  was  successfully  worked  by  them  for  several 
years  without  any  one  being  able  to  discover  it. 
After  their  deaths,  one  of  Guinand’s  sons  being  in 
possession  of  his  father’s  method,  continued  the 
manufaciure  of  optical  glass  in  the  environs  of  Neuf- 
chatel. Guinand’s  heavy  glass  of  the  specific  gravity 
3 '6 1C  is  made  from  : — 


Parts. 

Ground  quartz, ICO 

Red  lead, 100 

Carbonate  of  potash, 36 

Saltpetre, 2 to  4 


The  other  son  formed  an  association  with  Bontejirs, 
one  of  the  directors  of  the  glass-work  of  Choisy-le- 
lioi,  but  the  experiments  w’hich  were  made  by  them 
conjointly  at  that  establishment  did  not  succeed. 
The  treaty  was  therefore  broken  ; but  Bontemps  and 
his  co-director,  Thibeaudeau,  satisfied  of  the  correct- 
ness of  the  jirinciple,  if  jiroperly  ajiplied,  continued 
their  experiments  without  excluding  Guinand  ; and 
ultimately,  in  1828,  they  succeeded  in  jiroducing 
good  optical  glass  in  discs  of  from  12  to  14  inches, 
and  a large  quantity  of  small  sizes.  From  that  time 
the  manufacture  has  been  established  on  a regular 
system. 

In  1848  Bontemps  was  induced,  in  consequence 
of  difficulties  arising  from  the  piolitical  state  of  the 
country,  to  retire  from  his  position  at  Choisy-le-Roi, 
and  to  accept  the  invitation  of  Messrs.  Chance 
Brothers  & Co.  to  unite  with  them  in  attempting 
to  improve  the  quality  of  this  important  branch  of 
manufacture.  How  far  they  have  succeeded  may  be 
judged  of  from  the  fact,  that  they  have  produced 
discs  of  flint-glass  29  inches  in  diameter,  weighing 
2 cwts.,  and  of  crown-glass  up  to  20  inches.  These 
discs  are  pure  in  colour,  good  in  structure,  and 
exemiit  from  those  defects  which  tend  to  polarization 
of  light.  Bontemps’  proportions  for  optical  glass  are 
as  follows : — 


FOR  FLINT-GLASS. 

Sand, 43-5 

Red  lead 43-5 

Carbonate  of  potash, lO’O 

Nitrate  of  potash, 3-0 

100-0 

. FOR  CROWN-GLASS. 

Sand, 60 

Carbonate  of  soda, 25 

Carbonate  of  lime, 14 

Arsenic, 1 


100 

It  will  be  observed  that  optical  flint-glass  is  chiefly 
distinguished  by  the  large  proportion  of  lead  which 
enters  into  its  composition.  The  essential  point  in 
the  manufacture,  however,  consists  in  the  constant 
stirring  of  the  metal  during  the  melting  and  fusing. 
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The  superiority  of  Guinand’s  plan  is  considered  not 
to  have  been  in  the  novelty  of  the  materials  or  pro- 
portions, but  in  carefully  agitating  the  liquid  glass 
while  at  the  highest  point  of  fusion,  then  cooling  down 
the  entire  contents  of  the  pot  in  a mass,  and  when 
annealed  and  cool  separating  unstriated  portions  by 
cleavage.  It  is  worthy  of  remark  that  some  time 
before  Guinanu’s  death  a commission  of  the  As- 
tronomical Society  of  London,  composed  of  Herschel, 
Fauaeay,  Dollond,  and  Roget,  having  been  in- 
structed to  conduct  an  inquiry  into  the  manufacture 
of  flint-glass  for  optical  purposes,  arrived  at  the 
result  that  the  necessary  improvement  was  chiefly 
mechanical,  not  chemical,  and  that  freedom  from 
striae  could  only  be  obtained  by  a constant  agitation 
of  the  mixture.  Faraday,  who  took  the  lead  in  the 
inquiry,  both  in  his  own  laboratory  and  at  the  glass- 
works of  Messrs.  Fellatt,  changed,  however,  the 
composition,  as  well  as  the  principle  of  fabrication, 
and  proiluced  a borate  of  lead  of  remarkable  purity. 
This  substance,  known  as  Faraday’s  heavy  glass, 
which  has  proved  so  important  in  experiments  con- 
nected with  the  polarization  of  light  by  magnetic 
action,  is  composed  of  the  following  ingredients  : — 


Protoxide  of  lead, 104 

Silicate  of  lead 24 

Dry  boracic  acid, 25 


This  glass  required  but  a red  heat  for  fusion,  there- 
by, as  Fellatt  remarks,  offering  facilities  for  minute 
agitating  operations.  It  was  found,  however,  not  to 
be  durable,  and  therefore  not  calculated  for  applica- 
tion to  optical  purposes  or  general  use.  The  com- 
mon process  for  making  optical  glass  is  as  follows : — 
A ladle,  in  the  form  of  a sugar-loaf,  about  5 inches 
in  diameter  and  7 inches  deep,  is  dipped  carefully 
into  the  metal,  which  has  been  previously  skimmed  ; 
when  filled,  it  is  fiiken  out  of  the  pot,  and  suffered 
to  get  partially  cool.  To  the  large  end  of  the  sugar- 
loaf-shaped  piece  of  glass  thus  produced,  a glass- 
blowing  iron  with  a hollow  disc  is  welded,  and  placed 
to  the  opening  or  mouth  of  the  pot  for  reheating ; 
when  sufficiently  soft,  it  is  blown  into  a muff ; the 
end  furthest  from  the  blowing-iron  is  cut  off,  the 
cylinder  is  flattened  into  pieces  or  plates  of  14  inches 
long,  10  inches  wide,  and  about  half  an  inch  thick, 
and  annealed  ; in  which  state  the  plates  are  sent  to 
the  optician  for  cutting  and  grinding. 

Working  Operations. — The  tools  represented  by 
Blancourt,  in  his  work  “ On  the  Art  of  Glass,” 
which  was  printed  at  London  in  1699,  are  almost 
precisely  the  same  as  those  now  in  use  ; and  the 
author’s  account  of  their  mode  of  working  might 
almost  be  taken. 

The  most  important  is  the  “pipe,”  on  the  end  of 
which  the  glass  is  taken  up  by  the  workman,  and 
blown  into  spheres  or  bulbs,  to  be  subsequently 
shaped  into  different  forms,  as  will  be  afterwards 
described.  A section  of  this  indispensable  instru- 
ment is  shown  in  Fig.  21.  It  is  simply  a tube, 
composed  of  wrought-iron,  4 to  5 feet  long,  1 inch 
thick,  and  about  one  quarter  to  1 inch  in  the  bore. 
It  is  provided  with  a knob  at  each  end,  the  one  of 


which,  a,  serves  as  a mouth-piece,  whilst  to  the 
other,  1),  the  melted  glass  is  attached.  The  upper 
portion  is  surrounded  by  a wooden  cover,  c,  to  pro- 
tect the  hands  of  the  workman  from  the  heat  of  the 
metal.  A companion  to  this  instrument  is  a solid 
iron  rod,  known  as  the  pontil  or  pontg,  which  serves 
to  receive  the  glass  after  it  is  blown  on  the  pi23e. 
The  spring-tool,  A (Fig.  22),  is  a species  of  tongs  for 
laying  hold  of  half-formed  handles,  and  for  seizing 
the  glass  while  making.  The  pucellas,  B,  have  prongs 
resembling  the  cutting  part  of  shears,  but  blunt,  and 
are  used  for  rubbing  the  outside  of  solid  or  hollow 
glass,  and  j^ressing  it  into  smaller  diameter,  at  the 


Fig.  21. 


same  time  elongating  the  parts  by  rotation.  The 
battledore,  c,  is  made  of  wood,  and  is  used  for 
flattening  the  glass  when  necessary  The  shears,  D, 
are  strong  scissors  for  cutting  and  shaping  the  edges 
and  handles  of  glass  vessels  while  in  a soft  state. 
The  fork,  e,  is  employed  for  carrying  the  finished 
articles  to  the  annealing  oven. 

An  important  j3art  of  the  glass-blower’s  furniture 
is  the  rnai-ver,  which  consists  of  an  iron  plate  or  slab, 
resting  on  a stone  or  on  wooden  supjjorts,  and  having 
a polished  surface,  on  which  the  mass  of  glass  that 
has  been  gathered  at  the  end  of  the  blowing  tube  is 
rolled,  to  give  it  a symmetrical  form.  The  term 


Fig.  22. 


mamr  is  derived  from  the  French  marbre,  a marble 
slab  being  formerly  used.  The  glass-maker's  chair 
is  a flat  seat  of  wood,  about  10  inches  wide,  each 
end  of  which  is  fixed  to  a frame  connected  with 
four  legs  and  two  inclined  arms,  upon  which  is 
screwed  an  edging  of  wrought-iron  for  rolling  the 
blowing  tube  with  the  hot  glass  backwards  and  for- 
wards with  the  left  hand,  while  the  required  form  is 
given  to  the  glass  with  the  pucellas  held  in  the  right. 
Continual  rotation  of  the  melted  mass  is  the  principal 
point  to  be  attended  to  in  most  of  the  glass-blower’s 
operations. 

Bottle-Glass. — The  melting-furnace  for  bottle-glass 
commonly  contains  only  six  pots.  These  are  about 
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3 feet  in  height,  and  nearly  the  same  in  diameter. 
Tliey  are  filled  almost  to  the  edges  ; and  when  the 
matter  has  sunk  down,  and  is  converted  into  a glass, 
more  of  the  composition  is  put  into  the  pots,  and 
the  fire  is  urged.  The  meltings  are  rapid  ; for  as 
most  of  the  bottle-glass  compositions  furnish  but 
little  glass-gall,  no  time  is  lost  in  fining.  The  pro- 
cess lasts  from  seven  to  eight  hours,  and  when  it  is 
concluded  the  fire  is  slackened,  that  the  glass  may 
tliicken  to  the  point  suitable  for  working  it.  For 
this  purpose  the  fire-place  is  heaped  up  with  small 
coal,  draughts  are  intercepted  as  much  as  possible, 
and  care  is  taken  not  to  touch  the  fire  during  the 
working  of  the  glass,  lest  the  combustion  should  be 
re-e.xcited. 

As  soon  as  the  working  holes  are  opened,  the  sur- 
face of  the  glass  is  cleared  from  sandiver  or  glass- 
gall.  By  dipping  the  previously  warmed  pipie  into 
the  pot,  a little  glass  remains  attached  to  the  end ; 
after  turning  this  in  the  air  before  the  hole  undl  it 
is  cooled,  and  blowing  slightly  into  it  to  render  it 
hollow,  a fre.sh  layer  of  glass  may  be  attached  to  it 
in  the  pot ; to  this  a third  is  added  in  the  same 
manner,  until  the  ball  at  the  end  of  the  pipe  lias 
accumulated  to  a sufficient  size.  That  this  ball  may 
become  uniformly  tractable  in  the  subsequent  form- 
ing, it  is  held  by  the  workman  in  the  flame  of  the 
furnace  through  the  working  hole ; it.is  then  brought 
into  one  of  the  round  concavities  of  the  “ niarver,” 
which  is  wetted  or  moistened  when  used.  Here  the 
ball  gradually  assumes  the  form  of  a thick  hollow 
globe,  or  rather  pear-shaped  vessel. 

Thus  far  advanced,  the  glass  has  again  become 
cool,  and  is  re-heated  by  insertion  into  the  working 
hole,  in  such  a manner  that  the  front  part  receives 
the  chief  portion  of  the  heat,  and  becomes  the 
softer.  The  pear-shaped  vessel  is  now  lengthened 
by  the  blower,  and  its  form  is  made  somewhat  to 
resemble  that  of  a bottle  by  a threefold  operation  : 
by  blowing  into  the  tube  with  greater  force,  swing- 
ing it  backwards  and  forwards  in  the  manner  of  a 
pendulum,  and  by  a simultaneous  constant  rotary 
motion  of  the  pipe  round  its  axis.  As  soon  as  the 
vessel  is  of  the  right  size  it  is  inserted  in  a cylindrical 
hollow  block  of  wood  or  iron,  placed  at  the  side  of 
the  workman  who  is  blowing  the  pear-shaped  vessel; 
and  by  blowing  forcibly  into  the  tube  the  glass  is 
pressed  firmly  against  the  sides  of  the  mould,  whilst, 
by  a kind  of  jerking  motion,  the  neck  is  drawn  out 
to  the  proper  length.  The  unfinished  bottle,  which 
as  yet  has  no  bottom  or  mouth,  is  again  warmed  in 
the  working  hole  in  such  a manner  that  the  lower 
part  only  is  heated,  whilst  the  other  part  remains 
comparatively  cool.  In  the  meantime  another  work- 
man or  a boy  has  attached  a small  quantity  of  glass  to 
the  polity  or  pontil,  which  is  also  kept  hot  in  the 
working  hole.  Both  workmen  now  stand  opposite 
to  each  other ; and  whilst  the  piipe  and  ponty  are 
kept  constantly  turning,  the  latter  is  forcible  pressed 
against  the  middle  of  tlie  lower  part  of  the  bottle,  ■ 
which  is  thus  forced  inwards,  and  an  even  edge  is 
produced,  upon  which  the  bottle  may  stand  steadily. 
The  bottle  remains  for  some  moments  between  the  j 

two  instruments,  until,  by  the  application  of  cold 
iron  or  a drop  of  water,  the  neck  can  be  separated 
from  the  pipe.  This  is  an  operation  of  constant  re- 
currence in  the  glass-house,  and  is  effected  by  a 
sudden  change  of  temperature  produced  at  the  point 
of  separation  in  the  hardened  glass,  either  by  the 
cold  application  of  a drop  of  water,  or  by  the  power- 
ful heat  of  a red-hot  iron,  or  thread  of  liquid  glass 
from  the  pot.  The  point  of  separation  sometimes 
requires  to  be  re-heated,  to  cause  it  to  fly  on  the 
application  of  cold  water.  The  bottle  is  now  sup- 
ported by  the  ponty,  so  that  the  neck  can  be  warmed, 
and  the  sharp  edges  melted  round  without  softening 
the  other  parts.  A rotating  motion  is  then  given  to 
the  red-hot  neck,  the  pipe  being  rolled  backvvards 
and  forwards  upon  the  knees  of  the  workman.  The 
bottle  then  revolves  upon  the  axis,  and  it  is  only 
necessary  to  press  the  pucellas,  or  an  iron  instru- 
ment like  a turning  chisel,  against  the  mouth  to 
widen  or  reduce  it  to  any  required  dimensions  ; the 
rim  for  strengthening  the  neck  is  formed  from  a drop 
of  glass  taken  from  the  pot  by  the  edge  of  the  flask, 
and  wrapped  round  the  mouth  in  the  form  of  a 
thick  thread.  The  bottle,  which  is  now  finished, 
is  immediately  carried  on  the  ponty-rod  to  the 
annealing-oven  by  a boy,  pushed  into  its  proper 
place,  and  the  ponty-rod  is  finally  detached  from 
the  bottom  of  the  bottle  by  a sudden  sharp  jerk. 
The  place  where  the  ponty  was  attached  is  per- 
ceptible in  every  bottle  blown  in  this  manner,  by 
the  sharp  edges  where  the  fracture  occurred. 

Large  round  bottles  are  blown  without  the  use 
of  a mould,  and  when  of  a very  great  size,  like  the 
carboys  for  sulphuric  acid,  the  aid  of  steam  is  called 
in,  by  spirting  about  an  ounce  of  water  into  the 
interior,  and  holding  the  mouth  of  the  pqie  with 
the  thumb. 

Tuhe-drnwing. — The  operation  of  “tube-drawing” 
depends  on  the  singular  fact,  that  when  a hollow 
lump  of  glass,  for  instance  a globe,  is  drawn  out 
whilst  hot,  the  cavity  in  the  interior  is  always  pre- 
served, even  when  the  glass  is  drawn  out  to  the 
tenuity  of  the  finest  thread. 

Whilst  one  man  collects  the  necessary  quantity  of 
glass  on  his  pipe,  and  blows  this  out  to  a very  mas- 
sive globe,  preserving  a uniform  thickness  of  the 
sides  as  much  as  possible — the  other  attaches  a drop 
of  glass  to  a ponty-rod,  and  warms  it  on  the  fire  by 
the  side  of  the  globe.  Both  instruments  are  then 
removed  from  the  fire  at  once,  and  the  ponty-rod  is 
pushed  forcibly  against  the  globe  in  such  a manner 
as  to  form  exactly  a straight  line  with  the  pipe. 
This  being  accomplished,  one  of  the  workmen  retires 
backwards  as  quickly  as  possible,  to  the  distance  of 
50,  60,  or  100  feet.  In  this  operation  the  globe  at 
first  shrinks,  and  forms  the  commencement  of  the 
tube,  which  soon  cools,  and  does  not  diminish  in 
thickness,  whilst  the  mass  of  glass  is  spun  out  by  the 
constant  drawing  from  the  warm  end.  Continual 
rotation  of  the  pipe  and  ponty-rod  is  necessary,  or 
the  part  of  the  tube  nearest  the  ground  would  cool 
quickest,  and  the  tube  thus  assume  an  irregular  form. 
This,  however,  does  not  prevent  the  tube,  in  conse- 
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quence  of  its  great  length,  from  sinking  in  the  middle 
like  a stretched  rope,  and  it  becomes,  consequently, 
thicker  at  the  two  ends.  The  curve  in  the  tube  is, 
however,  remedied  by  placing  it  on  a ladder  before 
it  has  become  perfectly  set ; it  then  straightens,  and 
is  cut  into  lengths  of  4 or  6 feet  each,  by  taking  hold 
of  it  with  a cold  pair  of  tong.s.  Tubes  cool  very 
uniformly,  in  consequence  of  their  small  amount  of 
metal,  and  they  are,  therefore,  not  placed  in  the 
annealing  oven.  Lastly,  the  bore  of  the  tube  is 
dependent  upon  the  length  to  which  a given  mass 
of  glass  is  stretched,  or,  the  length  being  the  same, 
upon  the  mass  of  glass  ; the  stoutness  of  the  tube  is, 
however,  determined  by  the  thickness  of  the  sides  of 
the  original  globe,  as  the  relation  between  the  thick- 
ness of  the  sides  and  the  bore  is  not  altered  by 
drawing.  Wide,  thin  tubes  must  therefore  be  drawn 
out  of  a large  thin  globe,  and  vice  versa:  it  is  neces- 
sary, however,  whilst  the  tubes  are  drawing  to  blow 
into  them,  that  the  sides  may  not  sink  in. 

English  Ci'ovn-Glass. — Assuming  one  or  other  of 
the  mixtures  or  compositions  already  given  to  be 
melted  in  the  crowm-glass  pot,  upon  the  surface  of 
the  melted  glass  is  a ring  of  fire-clay,  which,  when 
the  materials  were  thrown  in,  lay  at  the  bottom  of 
the  pot,  and  after  the  completion  of  the  melting, 
found  its  way  upwards.  This  ring,  floating  in  the 
centre  of  the  pot,  prevents  the  exterior  surface  of 
the  melted  glass,  wdiich  becomes  stiff  and  stringy 
during  the  long  period  of  working,  from  mingling 
w'ith  the  interior  or  hotter  surface,  which  thus  re- 
mains throughout  of  a suitable  consistency.  The 
labour  also  of  the  skimmer  is  considerebly  dimin- 
ished by  the  ring,  which,  limiting  the  space  from 
which  the  glass  is  drawn,  limits  also  the  space  which 
it  is  necessary  to  cleanse,  and  any  bubbles  or  im- 
purities in  the  glass  have  a tendency  to  attach  them- 
selves to  the  ring. 

The  metal,  or  melted  glass,  having  been  brought, 
by  the  gradual  cooling  of  the  furnace,  from  a state  of 
complete  fluidity  to  a consistence  capable  of  being 
W’orked,  the  gatherer  dips  the  end  of  his  pipe,  or 
hollow  rod  of  iron,  into  the  pot  inside  the  ring,  and 
twirling  it  round  its  axis,  to  equalize  the  thickness  of 
the  gathering,  collects  upon  the  end,  or  nose,  as  it 
is  technically  called,  a pear-shaped  lump  of  glass. 
Eesting  his  i>ipe  upon  a stand,  or  “horse,”  he  turns 
it  gently  round,  and  allows  the  surface  of  the  lump 
to  cool,  to  fit  it  for  a second  gathering.  So  much 
glass  is  collected  in  this  way,  in  successive  layers,  as 
will  form  a disc  or  table  of  about  9 lbs.  weight.  The 
lump  completed,  the  gatherer,  having  cooled  his  pipe 
under  a trough  of  water,  that  he  may  handle  it  at  any 
point,  proceeds  to  roll  the  glass  upon  the  marver,  or 
metallic  bed,  until  it  assumes  a conical  form,  the  apex 
of  the  cone  forming  what  is  termed  the  huUkm-point. 
A boy  now  blows  down  the  pipe  while  it  is  still  being 
turned  by  the  gatherer  on  the  marver,  and  expands 
the  glass  into  a small  globe.  Having  been  heated,  it 
is  blown  again,  and  assumes  the  shape  of  a Florence 
flask.  Again  heated,  it  is  now  expanded  by  the 
blower  into  a large  globe.  Dm-ing  this  expansion  it 
is  important  to  keep  the  bullion-point  exactly  in  the 
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position  which  it  previously  occupied,  in  a line  with 
the  axis  of  the  pipe.  To  effect  this,  the  blower  rests 
his  pipe  upon  an  iron  support,  and  while  he  blows 
down  the  pipe  and  turns  it  round  at  the  same  time, 
a boy  holds  against  the  bullion-point  a piece  of  iron 
terminating  in  a small  cup.  Again  presented  to  the 
fire,  by  the  peculiar  manipulation  of  the  workman, 
and  the  peculiar  direction  of  the  flame  upon  it,  the 
front  of  the  globe  is  flattened,  the  possibility  of  the 
globe  collapsing  during  this  operation  being  prevented 
by  its  rapid  revolution  round  its  axis.  The  pipe  is 
laid  horizontally  upon  an  iron  rest,  and  a man 
approaches,  having  in  his  hand  a ponty,  tipped  with 
a lump  of  molten  glass.  Pressing  this  lump  upon  an 
iron  point,  so  as  to  give  it  the  form  of  a little  cup,  he 
fits  it,  when  thus  shaped,  on  to  the  bullion-point,  to 
which  it  soon  becomes  firmly  attached.  The  lump 
thus  formed  is  called  the  hnlVs  eye,  or  bullion  of  the 
developed  plate.  The  incision  of  a piece  of  cold  iron 
in  the  glass  round  the  nose  of  the  pipe,  and  a smart 
blow,  soon  detaches  the  pipe,  leaving  a correspond- 
ing hole  in  the  flattened  sphere,  at  a point  exactly 
opposite  the  attachment  of  the  ponty.  The  blowing 
pipe  thus  removed,  and  carrying  with  it  a piece  of 
glass,  is  allowed  to  lie  idle  a few  minutes,  till  the  glass 
adhering  to  it  has  cracked  off  j it  is  then  warmed, 
and  carried  back  'O  the  pot  to  repeat  its  course  in  a 
similar  operation. 

The  open  projecting  end  of  the  piece,  which  was 
next  the  now  detached  pipe,  is  called  the  nose,  and 
gives  its  name  to  the  Lunace  or  nose-hole,  where  this 
nose  is,  on  account  of  its  thickness,  heated  almost  to 
melting,  with  a view  to  the  next  operation.  It  is  now 
that  th  e glass  undergoes  its  last  treatment  in  the  hands 
of  a man  who,  with  a veil  before  his  face,  stands  in 
front  of  a huge  circle  of  flame,  termed  the  “ flashing 
furnace,”  into  which  he  thrusts  his  piece,  rapidly, 
meanwhile,  revolving  his  ponty.  The  nose  of  the 
piece,  or  hole  caused  by  the  removal  of  the  blowing 
pipe,  enlarges,  the  parts  around  cannot  resist  the 
tendency,  the  opening  grows  larger  and  larger , for  a 
moment  is  caught  a glimpse  of  a circle  with  a double 
rim ; the  next  moment  a thin  transparent  circular 
plate  of  glass  is  w'hirling  round,  which,  but  a few 
minutes  before,  was  lying  in  the  glass-pot,  an  indis- 
tinguishable portion  of  the  molten  glass.  The  sound 
of  the  final  opening  of  the  piece  has  been  compared 
to  that  produced  by  quickly  expanding  a wet  umbrella. 
Still  whirling,  the  “table,”  as  it  is  now  called,  is 
carried  off,  laid  flat  upon  a support  called  a whimsey, 
detached  by  shears,  or  otherwise,  from  the  ponty, 
lifted  into  the  annealing  kiln  upon  a fork,  and  piled 
upon  its  edge  against  the  preceding  table.  The  weight 
of  so  many  tables  pressing  one  against  another  would 
cause  the  hindermost  to  bend,  but  this  is  prevented 
by  the  intervention  of  iron  frames,  or  drossers,  which 
divide  the  tables  into  sets.  As  the  bull’s-eye,  or 
centre  lump,  which  the  iJonty  has  left  behind  it,  keeps 
each  table  from  close  contact  with  its  neighbours,  the 
air  passes  freely  between  them,  and  the  annealing  is 
completed  with  tolerable  rapidity,  varying  from 
twenty-four  to  forty-eight  hours,  according  to  the 
number  of  tables  in  the  kiln. 
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Extreme  brilliancy  of  surface  is  a distinguishing 
characteristic  of  this  glass,  ascribed  by  some  to  the 
influence  of  the  marver,  by  others  to  the  effect  of  the 
fla.shing-furnace. 

It  is  this  brilliancy  of  surface  which  has  enabled 
crown-glass  to  maintain  in  England  its  position 
against  the  formidable  rival  which  is  now  to  be 
briefly  described. 

C/jlindcT,  or  Shept-Glass. — The  above  method  of 
making  window-glass  has  long  been  abandoned  on 
the  Continent,  where  the  glass  is  first  formed  into  a 
spheroid,  the  ends  of  which  are  cut  off,  so  as  to  form 
a cylinder  open  at  both  extremities  ; this  is  then  cut 
lengthwise  with  shears,  or  a straight  line  is  traced 
with  a drop  of  water  in  the 
direction  of  the  length  of  the 
cylinder,  and  over  the  line  so 
traced  a red-hot  iron  is  passed, 
which  immediately  jn-oduces  a 
very  uniform  crack  or  fracture 
along  the  whole  length.  The 
cylinder,  thus  split  up,  is  then 
taken  to  the  furnace  to  be 
si>read  or  flattened  out  into  a 
sheet.  The  glass  so  manufac- 
tured, though  formed  of  the 
same  materials  as  crown-glass, 
is  coarser  in  texture,  more  wavy 
and  dull,  but  allows  of  larger 
sheets  being  formed,  since 
crown-glass  can  only  be  cut  up 
into  comparatively  small  panes, 
in  consequence  of  its  circular 
form  and  the  central  bull's  eye. 

The  process  of  making  British 
sheet  - glass  is  as  follows : — 

Imagine,  as  before,  a lump  of 
glass  collected  upon  the  end  of 
the  gatherer’s  pipe.  For  the 
metallic  table  or  marver  is  now 
substituted  a block  of  wood,  E, 

Fig.  2.5,  so  hollowed  out  as  to 
allow  the  lump,  when  placed 
upon  it,  to  be  expanded  by  the 
blower  to  the  diameter  ulti- 
mately required.  The  block, 
during  this  operation, is  sprinkled 
with  water’,  to  prevent  the  wood  from  being  burnt,  | 
and  from  scratching  the  glass.  In  the  meantime  the 
lump  is  slightly  distended  by  blowing  (Fig.  23),  and 
is  then  carried  from  the  block  to  the  blowing  furnace, 
which  is  accessible  through  a number  of  holes  or 
openings,  each  hole  being  allotted  to  a single  blower. 

The  blow'ing  furnace  may  be  either  rectangular  or 
circular ; it  commonly  contains  from  eight  to  ten 
pots,  and  is  constructed  of  refractory  bricks  of  the 
same  earth  as  that  used  for  the  pots.  In  front  of  the 
furnace.  Fig.  2.5,  corresponding  to  each  opening,  is  a 
stage  or  frame  of  wood,  erected  over  a large  pit  or 
well  about  10  feet  deep,  and  these  parallel  stages  are 
sufficiently  apart  to  enable  each  blower  to  swing  his 
pipe  to  and  fro  in  a vertical  plane,  that  the  glass  may 
run  freely  out,  as  the  phrase  is,  to  the  required  length. 


Fig.  23. 


cc  are  the  crucibles;  dd  the  planks  on  -which  the 
workmen  stand;  e e the  moulds,  beside  each  of  which 
is  a tub  of  water.  IMien  the  glass  has  been  sufficiently 
heated  in  the  blowing  furnace, 
it  is  brought  out,  and  held  over 
the  head  while  blown,  until  it 
assumes  by  its  own  w'eight  a 
flattened  form,  Fig.  24.  It  is 
then  swung  round  in  a vertical 
plane,  as  well  as  backwards  and  for- 
■wards,  and  the  blower  at  the  same 
time,  by  blowing  dowui  the  pipe,  constantly  keeps 
the  lengthening  cylinder  full  of  air.  Uniformity  of 
substance  and  of  diameter  is  chiefly  secured  by  the 


skill  of  the  workm.an.  who,  when  he  finds  the  metal 
running  out  too  freely,  rej)eats  the  operation  of 
liolding  the  cylinder  vertically  above  his  head,  still 
keeping  it  well  filled  wfith  air.  These  operations  are 
continued  until  the  cylinder  has  reached  the  length 
required. 

The  next  stage  of  the  process  is  opening  the  end 
of  the  cylinder.  The  thinner  kinds  of  glass  are  all 
opened  by  submitting  this  part  to  the  fire,  and  at 
the  same  time  forcing  in  air  through  the  pipe,  and 
stopping  up  its  aperture  wfith  the  thumb.  The  air 
is  expanded  by  the  heat  of  the  fire,  and  bursts  open 
the  cylinder  at  the  end,  this  being  the  hottest  and 
most  yielding  part.  The  thick  and  uneven  margin  of 
the  aperture  thus  formed  is  trimmed  with  scissors ; 
and  the  aperture  is  then  widened  out  to  the  full 


GLASS. — Sheet-Glass. 


31 


diameter  of  the  cylinder  with  the  pucellas,  and  by 
turning  the  cylinder  to  and  fro  with  the  ojiening 
downwards,  until  by  the  centrifugal  force,  and  its 
own  gravity,  the  yielding  glass  assumes  a uniform 
diameter  with  parallel  sides. 

The  ends  of  the  thicker  cylinders  have  an  extra 
mass  of  hot  glass  incorporated  wuth  the  end,  which 
thus  becomes  the  hottest  and  weakest  part,  without 
applying  them  to  the  furnace,  and  the  air  forced  in 
as  before  bursts  them  open.  The  opening  is  then 
enlarged  by  cutting  round  it  with  scissors. 

The  neck  or  cap  is  now  removed  by  supporting  the 
cylinder  on  a wooden  rest,  and  turning  the  upper 
part  two  or  three  times  in  the  curve  of  a bent  iron 
heated  to  redness,  a drop  of  water  allowed  to  fall  on 
the  heated  line  produces  fracture  and  separation  of 
the  cap.  Or,  the  same  may  be  done  by  wrapping 
round  the  end  of  the  cylinder  a thread  of  hot  glass, 
removing  the  thread,  and  applying  a piece  of  cold 
iron  to  any  part  which  the  thread  covered. 


The  cylinder,  as  it  now  lies  upon  the  chevalet,  is 
little  more  in  weight  than  two-thirds  of  the  lump  of 
glass  which  the  gatherer  collected  on  his  pipe.  The 
quantity  left  upon  the  pipe-nose,  with  that  which 
formed  the  cap  of  the  cylinder,  are  nearly  equivalent 
in  weight  to  one  half  the  cylinder. 

The  next  operation  is  to  split  it  open  along  its 
length.  Till  of  late  this  was  uniformly  done  by  means 
of  red-hot  iron  and  water — a method  which  is  still 
practised  on  the  Continent ; but  in  the  English  glass- 
works it  is  now  effected  with  greater  certainty  and 
regularity  by  a diamond,  which,  attached  to  a long 
handle,  and  guided  by  a wooden  rule,  is  drawn  along 
the  inside  length  of  the  cylinder. 

The  use  of  the  diamond  in  dividing  plain  surfaces 
of  glass  dates  from  the  sixteenth  century ; but  its 
application  to  the  splitting  of  the  cylinders  which  had 
not  undergone  the  process  of  annealing  was  intro- 
duced by  Claudet,  the  distinguished  photographer, 
then  a glass  manufacturer. 


Fig.  26. 


Ilaving  been  split  along  its  length,  the  cylinder 
is  introduced  into  the  flattening  furnace.”  The 
“flatting-stone,”  or  “spreading-plate,”  ought,  of 
course,  to  be  perfectly  even  and  smooth,  as  the 
soft  glass  moulds  itself  to  the  surface  upon  which  it 
is  flattened  by  heat.  The  sandstone  of  Godstone,  in 
Surrey,  has  been  found  to  answer  well  for  this  plate, 
which,  however,  is  usually  covered  with  a “ lagre  ” or 
sheet  of  glass.  The  effect  of  the  heat  is  assisted  by 
spreading  out  the  softened  sheet  w'ith  an  iron  ruler, 
introduced  through  an  aperture  in  the  furnace.  The 
flattener  now  applies  another  instrument,  a ‘ polis- 
soir,”  or  rod  of  iron,  furnished  at  the  end  with  a 
block  of  wood,  and  rubs  down  the  waviness  into  a 
flat  surface.  The  flattening  stone  is  now  moved  on 
wheels  to  a cooler  portion  of  the  furnace,  and  by  the 
aid  of  the  flattening  fork  delivers  its  sheet  to  another 
stone,  called  the  cooling  stone.  From  this,  when 
sufficiently  stiff,  it  is  again  lifted,  and  then  piled 
generally  on  its  edge,  in  order  to  be  annealed. 


Fig.  26  is  the  plan  of  a French  annealing  and 
flattening  furnace.  Tlie  cut  cylinder,  D,  is  iflaced  in 
the  furnace,  B,  on  a travelling  table,  d\  it  is  then 
moved  into  the  furnace.  A,,  where  it  is  opened  out 
by  means  of  an  iron  bar  passed  through  the  opening, 
a.  The  flattened  plate,  c,  is  then  pushed  by  an  iron 
hook  on  to  the  cooling  stone,  e,  and  by  means  of 
the  crane,  G,  drawn  slowly  along  the  gallery,  R r. 
By  the  time  it  arrives  at  the  opening,  o,  the  glass  is 
quite  cold ; it  is  then  removed  to  the  warehouse, 
whilst  the  empty  carriage  is  sent  along  the  other  line 
of  rails  to  be  returned  to  the  furnace. 

Messrs.  Chance,  instead  of  at  once  removing  the 
glass  from  the  flatting  to  the  annealing  furnace,  and 
lifting  it  to  the  cooling-bed  while  soft  and  liable  to 
distortion,  flat  and  cool  it  by  passing  it  through  a 
succession  of  decreasing  temperatures,  so  that  it  is 
not  lifted  until  it  becomes  quite  stiff  and  rigid.  By 
this  arrangement  tlie  workmen  can  flatten  the  glass 
while  the  annealing  is  in  progress,  which  could  not  be 
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effected  by  the  old  method,  because  the  temperature 
of  the  flattening  kiln  must  be  reduced  with  that  of 
the  annealing  kiln,  to  which  it  is  contiguous,  thus  lead- 
ing to  the  successive  heating  and  cooling  of  the  kiln, 
and  waste  both  of  time  and  fuel.  Chance’s  flatting 
and  annealing  kilns  are  two  circular  buildings  com- 
municating with  each  other,  and  shown  in  plan  and 
elevation  in  Figs.  27  and  28.  Each  of  the  buildings 
consists  of  exterior  and  interior  walls,  S,  the  inter- 
vening space  being  a circular  arched  vault.  In  each 
vault  is  a cast-iron  frame,  moving  on  casters,  and 
capable  of  being  turned  round  by  a winch  on  the  out- 
side, communicating  with  the  shaft  and  bevel  wheels. 


R R — Fig.  28.  The  frame,  b b,  in  the  flatting  kiln 
carries  the  flatting  stone,  a,  and  lagres.  A,  eight  in 
number,  and  that  in  the  annealing  kiln  a number  of 
metallic  wires,  G,  radiating  towards  the  centre  of  the 
building,  for  supporting  the  sheets  of  glass.  The 
flatting  kiln  is  heated  by  the  grate,  M,  and  in  order 
that  the  stones  and  lagres,  which  will  have  cooled 
during  the  rotation,  may  be  re-heated  and  arrive  at 
the  position,  F,  at  a proper  temperature,  a second 
smaller  grate  is  placed  at  h.  If  coke  be  used,  a 
chimney  at  T will  be  required,  but  with  wood  fuel  it 
will  not  be  needed.  Partitions,  H,  are  placed  at  certain 
intervals,  to  prevent  the  too  rapid  dissipation  of  the 


Fig.  27. 


heat  from  those  parts  where  it  is  most  required,  and 
to  retard  the  entrance  of  cold  air  through  the  openings 
in  the  external  wall.  At  the  bottom  of  the  partitions 
are  spaces  to  allow  the  frame,  with  the  stones  and 
glass  or  the  wires  and  glass  to  pass  below.  The  space, 
J,  on  which  the  glass  is  shifted  from  the  lagres  to  the 
wires,  is  lighted  by  gas.  The  kiln  is  worked  in  the 
following  manner : — The  cylinder  of  glass  is  first 
placed  in  the  position,  n ; then  in  that  of  L ; thirdly, 
it  is  introduced  through  the  external  wall,  cl,  and 
placed  on  a stone,  e,  suspended  over  the  lagres ; it  is 
lastly  placed  in  the  position  f.  on  the  lagre  beneath. 
To  prevent  the  cylinder  rolling  off,  the  stones  are 
provided  with  a ledge.  This  part  of  the  kiln  is  shown 
separately  in  Fig.  29.  The  frame,  b,  is  then  turned 


I round  till  the  cylinder  of  glass  occupies  the  position 
C,  opposite  the  working  hole,  D,  through  which  it  is 
then  flattened  in  the 
ordinary  way.  From  C 29. 

the  glass  passes  round  in 
the  direction  shown  by 
the  arrow,  till  it  arrives 
opposite  j,  when  it  is 
sliifted  to  the  position  a' 
on  the  wires,  by  the  flat- 
tener  using  his  instru- 
ment through  the  open- 
ing, Q ; and  after  passing  through  the  successive 
positions,  arrives  finally  opposite  o',  where  it  is 
drawn  out  fully  annealed. 
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Hartley,  of  Sunderland,  has  introduced  two  im- 
provements in  this  operation.  One  consists  in 
making  part  of  the  floor  of  the  flatting  kiln  to  consist 
of  a movable  stone,  about  10  inches  in  diameter,  on 
which  the  cylinder  is  placed ; and  by  causing  the 
stone  to  revolve  on  its  axis,  the  cylinder  is  gradually 
exposed  on  all  sides  to  the  action  of  the  fire,  thereby 
avoiding  the  objection  to  the  previous  plan,  where 
one  side  of  each  cylinder  becomes  so  much  hotter 
than  the  other.  ITis  other  improvement  consists  in 
making  holes,  about  the  eighth  of  an  inch  in  diameter, 
all  over  the  flatting-stone. 

When  this  manufacture  was  new  in  England,  the 
size  usually  blown  was  36  inches  long  and  20  wide. 
The  usual  size  now  is  47  inches  long  by  32  wide, 
and  cylinders  are  occasionally  blown  77  inches  long: 
but  large  sizes  and  heavy  weights  are  accomplished 
only  by  workmen  of  the  first  class.  A sheet  of  this 
latter  size,  containing  21  ozs.  to  the  foot,  would 
require  for  its  formation  a lump  of  glass  upon  the 
gatherer’s  pipe  of  no  less  than  38  lbs.  weight. 

The  size  which  sheet-glass  can  thus  reach  is  obvi- 
ously a great  advantage,  and  adapts  it  to  many  pur- 
poses from  which  the  limited  dimensions  of  crown 
are  excluded.  It  was  this  glass  that  covered  the 
Great  Exhibition  in  1851.  A cylinder  was  blown  to 
cut,  as  the  phrase  is,  49  inches  by  30 ; this  was  sub- 
divided into  three  panes  of  49  inches  by  10.  About 
300,000  of  these,  extending  over  1,000,000  square 
feet,  and  weighing  upwards  of  400  tons,  were  made 
in  a few  weeks,  and  this  without  interrupting  the 
ordinary  produce  of  the  manufacturers  (Messrs. 
Chance  & Co.). 

Grin<lin(j  and  Polishing  Sheet-Glass.- — A further 
development  of  the  sheet-glass  manufacture  in  Eng- 
land is  the  process  of  polishing  and  grinding  this 
glass  by  machinery.  This  improvement  is  the  work 
of  James  Chance,  and  has  produced,  at  a cheap 
j>rice,  an  article  equal  in  effect  to  plate-glass,  and  by 
which  houses  are  now  glazed  with  a glass  that  does 
not  distort  external  objects,  while,  at  the  same  time, 
when  viewed  from  the  outside,  it  has  all  the  polish 
and  fine  appearance  of  plate-glass. 

James  Chance  conceived  the  ingenious  idea  of 
laying  every  sheet  of  glass  intended  to  be  ground 
and  polished  upon  a flat  surface  covered  with  a damp 
piece  of  soft  leather.  The  sheet  adhering  completely 
to  the  leather  after  having  been  pressed  against 
produces,  in  fact,  a vacuum,  so  that  by  the  pressure 
of  the  atmosphere  the  whole  sheet  is  maintained  in  a 
flat  position.  Two  sheets  having  been  placed  in  this 
manner,  each  on  the  retaining  or  sucking  surface, 
they  are  turned  one  against  the  other  in  a horizontal 
position,  sand  and  water  being  constantly  supplied 
between  them ; and  by  means  of  ingenious  machinery, 
tlie  two  surfaces  rapidly  rub  one  against  the  other  in 
all  directions,  and  are  ground  at  the  same  time  by  the 
sand.  When  the  grinding  1ms  been  performed  on 
one  surface,  the  sheets  are  turned  and  have  the  other 
surface  ground  in  the  same  manner. 

The  sheet  being  ground  while  it  is  kept  perfectly 
flat,  it  is  not  necessary  to  wear  out  more  than  a thin 
layer  of  the  whole  surface.  Of  course,  after  the 
VOL.  n. 


Fig.  30. 


operation,  the  sheet  of  its  own  elasticity  resumes  its 
former  more  or  less  curved  shape,  but  this  is  of  little 
consequence  since  the  wave  lines  are  destroyed,  and 
both  sides  have  a polish  as  perfect  as  plate-glass. 

Melting  and  Fining  of  Plate-Glass. — Two  sizes  of 
pots  are  used  in  the  manufacture  of  plate-glass — the 
larger  for  melting  the  vitreous  mixture,  and  for 
keeping  it  long  in  a state  of  fusion — the  smaller  for 
receiving  a portion  of  the  glass  to  be  fined  and  cast. 
The  latter  are  termed  cisterns,  or  in  France  cuvettes. 
The  English  pots  and  cisterns  are  of  the  same  form 
as  the  pots  used  in  the  manufacture  of  crown-glass ; 
and  this  is  also  the  form  of  the  French  pot;  but  in 
France  the  cistern  or  cuvette  is  formed  square  or 
rectangular — as  shown  in  Fig.  30 — and  three  pots 
contain  the  material  for  six  small  cuvettes,  or  for 
three  large  ones.  These 
last  are  employed  for  mir- 
rors of  large  dimensions 
— for  example,  of  100 
inches  and  upward.  Lat- 
terly, furnaces  have  been 
constructed  for  six  pots 
and  twelve  cuvettes,  eight 
small  and  four  large  ones.  The  small  ones  have  the 
form  of  a perfect  square,  the  large  ones  of  an  oblong 
rectangle.  About  the  middle  of  the  depth  of  the 
cuvette,  A A,  a groove  or  indentation,  B,  is  formed, 
whereby  the  vessel  is  grasped  with  the  tongs. 

The  time  necessary  for  the  fusion  and  the  fining  is 
in  France  divided  equally  between  the  pots  and  the 
cuvettes.  The  material  is  left  sixteen  hours  in  each, 
and  at  the  end  of  these  thirty-two  hours  it  is  fit  to 
be  cast.  During  the  melting  of  the  mixture  in  the 
pots,  the  cuvettes  are  placed  enqity  in  the  furnace  ; 
but  as  soon  as  the  whole  charge  is  in  a state  of 
fusion,  the  cuvettes  are  removed  by  means  of  tongs, 
and  cleansed  from  all  impurity,  and  from  the  residual 
glass  of  the  last  operation  by  a scraper.  They  are 
then  replaced  in  the  furnace,  and  after  a few 
moments’  heating  the  surface  of  the  metal  in  the 
pots  is  skimmed,  and  the  liquid  glass  is  transferred 
into  the  adjacent  cuvette  with  a copper  ladle,  care 
being  taken  not  to  disturb  any  grains  of  sand  or 
lumps  that  may  have  settled  down  at  the  bottom  of 
the  pot.  Thus  at  the  very  commencement  a kind  of 
double  purification  is  effected — the  infusible  portion 
is  left  untouched,  and  the  glass  is  well  mixed  by  the 
agitation  of  ladling.  This  transferring  process, 
which  is  termed  in  France  trejetage,  requires  two 
workmen,  one  after  the  other;  each  draws  out  the 
glass  three  times — whence  the  word  trejeter,  to  throw 
or  cast  thrice — and  then  plunges  his  ladle  into  cold 
water.  The  furnace  is  then  shut,  and  the  cuvettes 
are  left  to  themselves,  that  the  bubbles  excited  in  the 
mass  by  the  trejetage  may  be  disengaged,  and  the 
excess  of  soda  be  entirely  volatilized.  It  has  been 
stated  that  the  melting  is  generally  accomplished  in 
sixteen  hours ; but  the  fining  which  succeeds  the 
ladling  process  must  be  kept  up  quite  as  long,  and 
extends  indeed  sometimes  to  twenty-four  or  even 
forty-eight  hours  before  the  bubbles  are  dispersed 
and  no  more  alkali  is  volatilized.  After  the  p rfect 
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melting  has  taken  place  the  glowing  mass  is  allowed 
to  lower  its  temperature  a little,  so  as  to  acquire  a 
slight  degree  of  viscidity.  With  this  view  the  fire  is 
allowed  to  decline,  and  the  glass  acquires  the  proper 
consistency  in  tliree  or  four  hours.  To  make  sure  of 
this  the  end  of  a rod  is  dipped  into  the  cuvette  ; the 
portion  taken  up  is  allowed  to  hang  down,  and  by 
the  form  it  assumes  and  other  indications  the  work- 
man readily  judges  whether  it  has  acquired  the 
necessary  consistence  and  is  free  from  bubbles. 
This  is  termed  “ drawing  the  glass.” 

CaMing. — While  the  glass  is  acquiring  the  requisite 
consistence,  attention  must  be  given  to  heat  the 
annealing  furnaces,  as  well  as  the  casting-slab  or  metal 
plate  which  is  to  receive  the  liquid  glass.  This  table 
was  formerly  made  of  bronze ; but  the  liability  of 
this  metal  to  crack  induced  the  British  Plate  Com- 
pany to  try  a plate  of  cast-iron,  which  was  found  to 
be  quite  successful.  The  table,  tt — Fig.  31 — must 
be  of  longer  dimensions  than  the  largest  plate ; it 
varies  from  10  to  20  feet  in  length,  with  corres- 
ponding breadth,  and  is  6 to  7 inches  in  thickness  ; 
it  rests  on  a strong  wooden  frame  or  truck,  M M. 
movable  on  casters,  and  sometimes  running  on  a 
railway,  along  which  it  is  wheeled  from  one  anneal- 
ing oven  to  another,  since  it  is  necessary  that  the 
table  should  be  placed  close  to  the  oven  or  arch,  B, 
into  which  tlie  plate  is  to  be  removed  for  annealing 
after  being  cast.  With  this  view  the  lieight  of  the 
slab  or  table  is  made  exactly  on  a level  with  the  floor 
of  the  arch.  Its  upper  surface  is  flat  and  polished, 
to  mould  the  lower  surface  of  the  mirror ; and, 
before  the  casting,  it  is  heated  by  hot  coals  spread 
over  it,  and  then  wiped  perfectly  clean. 

The  annealing  ovens  being  heated  to  a brown-red, 
the  casting-slab  brought  to  a suitable  temperature, 
and  the  metal  or  melted  glass  thickened  to  the  requi- 
site point  for  flowing  readily  and  equably,  the 
aperture  into  the  cuvettes  which  are  to  be 
taken  out  is  tiien  opened;  two  workmen  in- 
troduce tongs  into  the  futnace,  and  grasp  the 
cuvette  by  the  groove  shown  in  Fig.  30,  while 
a third  slides  a large  pincer  under  it.  When 
this  instrument  is  pushed  well  under  the  bot- 
tom of  the  cuvette,  the  workman  draws  it 
towards  him,  aided  by  the  others  with  their  tongs, 
which  are  supported  ou  rollers.  In  this  manner  the 
cuvette  is  drawn  to  the  mouth  of  the  opening,  where 
it  is  raised  by  a crane,  placed  upon  a truck  or  low 
carriage,  and  removed  to  the  casting -table.  The 
melted  glass  being  skimmed,  the  cuvette,  A (Fig.  31), 
is  then  drawn  up  to  a sufficient  height  by  the  tockle, 

D E,  and  suspended  above  the  upper  end  of  the 
casting-table,  where  it  is  tilted  over  by  means  of  the 
tongs,  C C,  and  the  metal  is  poured  out  on  the  table. 
The  glass  is  prevented  from  running  over  the  sides 
by  ribs  or  rims  of  copper,  nn,  which  are  exactly 
equal  in  hmght  to  tlie  intended  thickness  of  the 
plate  of  glass;  and  when  the  cuvette  has  been  emp- 
tied of  its  contents,  a massive  hollow  copper  cylin- 
der,. F,  3 feet  in  diameter,  and  resting  at  each  end  on 
the  side  ribs,  is  set  in  motion.  This  cylinder,  which 
weighs  several  cwts.,  is  moved  by  means  of  the  i 


handles  which  form  a prolongation  of  the  axis,  and 
spreads  the  glass  out  into  a sheet  of  uniform  breadth 
and  thickness.  It  would,  however,  overflow  the 
sides,  if  this  were  not  prevented  by  the  workmen 
applying  the  iron  pieces,  G G,  which  form  a dam  at 
the  sides,  and  precede  the  course  of  the  rollers. 
Lastly,  to  prevent  any  impurity  from  contaminating 
the  glass,  a workman  draws  the  washer,  h,  covered 
with  cloth,  immediately  in  front  of  the  advancing 
sheet  of  fluid  glass ; the  excess  of  glass  pours  over 
the  front  edge  of  the  slab  into  a trough,  k,  filled 
with  water,  and  finally  the  roller  passes  off  and  is 
received  in  the  grooves,  1 1.  A beautiful  play  of 
brilliant  colours,  comprising  every  imaginable  tint, 
is  exhibited  by  the  glass  immediately  after  the  roller 
has  passed  over  it ; caused,  probably,  by  a temporary 
oxidation  of  the  surface. 

Fig.  31. 


Whilst  the  cuvette  is  carried  back  to  the  furnace 
to  receive  a fresh  charge  of  glass,  tlie  two  ribs  are 
removed,  and  any  blisters  or  seams  or  redundancy 
which  may  exist  at  the  two  sides  of  the  plate  are 
broken  off;  a thick  flange  of  the  still  soft  glass  is 
then  turned  up  at  the  end,  T T,  and  a rake-shaped 
iron  is  applied  to  it,  by  means  of  which  the  plate  is 
thrust  forward,  into  the  annealing  oven,  B,  where  it 
rests  upon  sand.  As  the  plate  is  not  perfectly  rigid 
when  this  is  done,  the  force  which  must  be  exerted 
to  push  it  over  the  floor  of  the  kiln  often  produces 
considerable  undulations  ou  the  upper  surface,  which 
subsequently  disappear  under  the  polishing. 

While  the  introduction  of  the  plate  into  the  an- 
nealing arch  is  being  proceeded  with,  other  workmen 
are  engaged  in  taking  from  the  fining  furnace  another 
cuvette,  which  arrives  at  the  casting-table  at  the 
moment  when  the  preceding  plate  has  just  been 
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introduced  into  the  annealing  oven.  After  filling 
the  oven  all  the  openings  are  carefully  stopped  up 
■with  iron  plates  and  clay  mixed  ■with  sand.  At  the 
end  of  twenty  hours  some  of  the  pieces  of  iron  are 
taken  away;  an  hour  or  two  afterwards  more  are 
removed;  as  the  oven  cools,  more  and  more  are  taken 
away,  and  at  last  the  whole  of  the  clay  and  plates  of 
iron  which  stopped  the  apertures  are  removed.  In 
this  country  the  plates  are  allowed  to  remain  in  the 
oven,  resting  in  a horizontal  position,  from  five  to 
ten  days. 

Tlie  annealing  ovens,  termed  in  France  carquaises, 
are  very  large  and  have  several  fire-places.  The 
bed  or  floor  is  made  of  bricks,  presenting  in  its 
whole  extent  a perfectly  level  surface.  Sand  must 
be  sprinkled  over  the  bed,  that  the  plates  may  slide 
freely  upon  it  and  encounter  no  impediment  in 
shrinking  or  contracting. 

Squaring,  Grinding,  and  Polishing.  — After  being 
withdrawn  from  the  annealing  oven,  the  plates  have 
to  undergo  the  operations  of  squaring,  grinding,  and 
polishing.  The  squaring  is  performed  by  passing  a 
rough  diamond  along  the  surface  of  the  glass,  guided 
by  a square  rule;  the  diamond  cuts  to  a certain 
depth  into  the  substance,  when,  by  gently  striking 
the  glass  with  a small  hammer  underneath  the  part 
which  is  cut,  the  piece  comes  away;  and  the  rough- 
nesses of  the  edge  then  left  are  removed  by  pincers. 

The  plates  having  been  squared,  next  undergo 
the  processes  of  grinding  and  polishing’.  In  these 
operations  two  plates  are  employed,  one  of  larger 
dimensions  and  one  three  or  four  times  smaller, 
which  are  made  to  rub  against  each  other.  The 
lower  and  larger  plate  is  embedded  in  plaster  of 
Paris,  in  a perfectly  horizontal  position,  upon  a 
table  about  2 feet  high,  which  is  termed  the  grinding 
bench ; the  smaller  plate  is  cemented  upon  the  lower 
face  of  a swing  table,  made  heavy  by  w’eights,  and 
caused  to  traverse  over  the  lower  plate  in  such  a 
way  that  by  a combination  of  a rotatory  and  oscil- 
lating motion,  the  relative  position  of  the  two  plates 
is  constantly  changed.  In  adjusting  the  plates,  a 
rough  or  rolled  surface  of  the  one  is  opposed  to  the 
comparatively  smooth  or  casting-plate  surface  of 
the  other,  and  the  material  employed  to  grind  the 
surfaces  is  thrown  upon  the  lower  plate  from  time 
to  time.  River  sand  and  water  were  formerly  used 
for  this  purpose,  but  ground  flint  of  different  sizes 
is  now  substituted,  as  answering  the  purpose  better. 
When  one  side  of  each  plate  has  been  sufficiently 
ground,  it  is  loosened  from  the  frame  and  turned 
over,  so  as  to  present  the  other  surface  to  be  ground 
in  the  same  manner.  Some  degree  of  pressure  is 
employed  by  loading  the  upper  plate  with  weights, 
as  the  grinding  of  each  side  approaches  to  completion. 

By  means  of  this  grinding  the  plates  are  made 
level,  but  are  still  too  rough  to  receive  a polish.  To 
fit  them  for  this,  they  are  now  ground  with  emery 
powder  of  increasing  degrees  of  fineness.  The  low'er 
plate  is  pheed  upon  a stone  bench  covered  with 
wet  canvas,  which  holds  it  firmly  in  its  place ; the 
surface  is  sprinkled  with  emery  and  water,  and  a 
small  plate,  moved  by  the  hand,  is  used  as  a runner 


or  grinder.  About  three  sizes  of  emery  are  used, 
the  different  qualities  being  previously  separated 
and  assorted  by  suspension  in  water ; and  between 
each  size  the  plates,  canvas,  bench,  and  hands  are 
thoroughly  washed.  After  the  application  of  the 
last  or  finest  emery,  the  plate  has  become  quite 
smooth  and  partly  polished. 

The  now  perfectly  even  plate  is  embedded  in 
plaster,  as  already  described,  and  polished  by 
machinery  with  fine  oxide  of  iron. 

Melting  and  Fining  of  Flint-Glass. — The  melting 
furnaces  already  described  are  equally  applicable  to 
flint-glass  and  other  descriptions  of  glass,  except  that 
for  bottle  and  crown-glass  the  furnaces  are  usually 
oblong,  and  are  only  constructed  to  contain  from 
four  to  six  pots ; w'hereas  for  flint-glass  works  round 
furnaces,  containing  from  eight  to  twelve  pots,  are 
almost  exclusively  used.  Ten  pots  of  36  inches 
diameter  are  the  medium  number  for  a well-pro- 
portioned furnace,  and  are  found  the  most  economical 
for  fuel.  When  the  furnace  has  too  large  dimen.sions, 
too  great  an  area  is  left  unoccupied  by  the  pots  or 
fuel,  and  too  small  a furnace  exposes  the  backs  of 
the  pots  to  hang  over  the  fire-place  in  the  centre, 
which  in  time  enlarges  by  burning  away,  and  causes 
the  pots  to  crack  at  the  bottom  or  back  by  cold 
draughts  through  the  fire-bars.  In  some  works 
two  furnaces  open  into  the  same  flue.  By  this 
arrangement,  wLile  one  of  the  furnaces  is  in  full 
operation  the  other  may  be  undergoing  repair. 

The  principal  and  only  essential  difference  in  the 
conditions  for  the  melting  and  fining  of  flint-glass 
consists  in  the  shape  of  the  pots,  which  are  dis- 
tinguished from  those  employed  for  other  descrip- 
tions of  glass  by  being  covered  with  a hood-shaped 
top,  the  mouth  of  wiiich  fits  the  working  holes  of 
the  furnace,  so  that  the  smoke  cannot  contaminate 
the  contents,  as  in  the  usual  glass  furnaces.  Open 
pots  are  used  in  some  parts  of  France  for  flint-glass, 
when  dried  beech  or  oak-wood  is  used  for  fuel,  .and 
so  little  carbon  is  produced  by  the  smoke  as  not  to 
affect  materially  the  metal,  although  the  flames  play 
upon  its  surface  ; but  when  coal  or  coke  is  used,  as 
in  this  country,  the  fumes  and  smoke  emitted  would 
carbonize  or  deoxidize  the  lead,  and  precipitate  it  to 
the  bottom  in  the  original  metallic  state,  if  the  jiots 
were  not  covered  ; besides  that  the  solid  particles  of 
soot  would  blacken  the  glass,  by  attaching  them- 
selves firmly  to  its  surface. 

The  ingredients  previously  mentioned,  h.avingbeen 
carefully  mixed  together  and  sifted,  are  brought  to 
the  furnace  in  ■vi’ooden  vessels  like  hand-barrows, 
and  thrown  into  the  pots  in  successive  charges  with 
an  iron  shovel.  In  this  st.ate  the  batch  or  frit,  as  the 
composition  is  called,  is  of  a salmon  colour,  the  red 
tinge  being  derived  from  the  oxide  of  le.ad.  English 
melting-pots,  which  are  usually  much  larger  than  tlie 
Freneh,  hold  about  18  cwts.  each,  and  the  batch  is 
introduced  in  quantities  of  about  4 cwts.  at  a time, 
alloAving  a sufficient  interval  between  each  filling  for 
melting  down  the  various  charges,  until  the  pot  is 
entirely  filled  with  fused  glass.  By  this  method  every 
pit  in  the  furnace  is  fully  charged  with  liquid  metal 
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in  about  twelve  to  fifteen  hours ; air-bubbles  and  strife 
then  abound,  find  are  not  expelled  until  thirty  to  forty 
hours  more  have  elapsed.  During  the  founding  the 
mouths  are  securely  stoppered  and  clayed  up,  and  the 
furnace  is  urged  to  its  utmost  intensity.  The  shorter 
the  time  of  fusion  and  refining,  the  better;  for  this 
purpose  the  heat  can  scarcely  be  too  great.  With 
the  best  possible  recipe,  and  the  purest  materials, 
good  results  depend  up>on  an  intense  and  rapid 
fusion  : too  little  heat  will  fail  to  refine  the  metal, 
and  drive  off  air-bubbles  and  the  colouring  matter 
of  the  manganese;  and  too  long  continuance  of 
intense  heat  will  destroy  the  manganese,  cause  the 
glass  to  attack  the  pot,  and  become  striated,  gelatin- 
ous, and  greenish.  If  the  glass  do  not  get  fine  by 
the  usual  time  allotted,  but  becomes  coddled  or 
gelatinous,  it  will  never  recover,  however  urged  by 
subsequent  fusion.  Such  glass  must  be  ladled  into 
water,  and  considered  only  as  cullet  for  re-fusion, 
with  a proportion  of  new  materials.  The  moment 
the  metal  is  fully  fused,  and  refined  by  continuous 
rapid  fusion,  the  high  temperature  of  the  furnace 
should  be  reduced  from  its  maximum  heat  to  a 
working  temperature;  this  period  being  considered 
the  crisis.  When  flint-glass  is  kept  in  fusion  beyond 
the  crisis,  it  not  only  assumes  a greenish  tint  by 
acting  upon  the  iron  of  the  Stourbridge  clay  pot, 
but  takes  up  a small  portion  of  its  alumina,  which 
by  its  inferior  density  rises  to  the  surface,  frequently 
with  detached  portions  of  the  pot,  causing  striae 
and  other  impurities,  which  injure  its  quality  for 
common  uses  and  render  it  entirely  unfit  tor  optical 
purposes.  Formerly,  scum  or  sandiver  was  allowed 
to  run  off,  or  was  skimmed  from  the  surface  of  the 
pots  when  opened  for  working;  but  the  modern 
relative  projjortions  and  purity  of  the  chemical 
materials  are  so  good  as  seldom  to  render  this 
skimming  necessary. 

Flint-glass  is  either  formed  by  simple  blowing 
with  the  pipe,  and  then  shaping  by  hand ; or, 
secondly,  by  blowing  in  moulds ; or,  thirdly,  by 
moulds  alone,  in  which  the  glass  is  subjected  to 
pressure.  In  each  of  these  cases  the  form  and 
appearance  of  the  article  are  very  generally  improved 
by  grinding,  cutting,  &c. 

CvUiDf!  and  Polshimj. — The  finishing  process  which 
gives  to  the  finer  articles  manufactured  of  flint-glass 
their  distinguishing  beauty  is  technically  termed 
cuttini/,  but  is  actually  performed  by  grinding.  The 
ofieration  is  performed  by  discs  of  iron,  sandstone, 
or  copper,  revolving  in  a lathe  which  is  propelled 
by  steam  power.  The  edges  of  the  discs,  which  are 
sharp,  angular,  or  rounded,  according  to  the  work 
to  be  performed,  are  supplied  with  sand  and  water 
dropping  from  a hopper  for  rmyh  grinding,  and  with 
emery  for  fne  grinding.  A stone-wheel  with  water 
is  employed  to  smooth  out  the  rough  sand-marks, 
and  prepares  the  glass  for  the  polishing,  which  is 
effected  by  means  of  a willow-wood  disc,  first  Avith 
a mixture  of  pumice  and  rottenstone,  and  finishing 
with  a preparation  of  tin  and  lead,  termed  putty- 
powder.  All  table-glass  ware  and  hollow  articles 
are  thus  cut. 


De  la  Bastie’s  IIaedened  Glass. — Tlie  inventor 
of  this  process  has  acted  on  the  assumption  that  the 
fragility  of  glass  proceeds  from  the  weakness  of  the 
cohesion  of  its  molecules,  and  that  if  the  molecules 
could  be  forced  close  together,  thus  rendering  the 
mass  more  compact,  the  strength  of  the  material 
would  be  increased.  In  his  first  experiments  he 
endeavoured  to  effect  this  by  mechanical  compres- 
sion while  the  glass  was  in  a fluid  or  viscid  condition, 
but  obtained  only  negative  results.  He  therefore 
changed  his  mode  of  working,  and  commenced  to 
apply  to  glass  a system  of  tempering,  such  as  is 
usually  applied  to  steel — namely,  submitting  it  to  a 
bath  of  heated  oil.  Fused  glass  dropped  into  water 
becomes  gi-eatly  contracted ; the  sudden  cooling, 
though  it  hardens  the  outside  of  the  glass,  yet  puts 
its  whole  substance  in  such  a state  of  strain,  and  as 
a consequence  in  such  a state  of  unstable  equilibrium 
in  its  constitution,  that  the  slightest  friction  of  the 
exterior  coating  of  hardened  glass  determines  the 
destruction  of  the  entire  mass. 

De  la  Bastie  endeavoured  to  diminish  the  strain 
and  deepen  the  extent  of  the  case  hardening,  by 
tempering  the  glass  in  a fluid  other  than  water.  He 
states  that  with  thick  glass  vessels  two  essential  con- 
ditions must  be  observed : — First,  that  the  glass 
must  be  brought  to  just  that  degree  of  heat  where 
softness  or  malleability  begins,  the  molecules  being 
then  capable  of  closing  su  denly  together,  condens- 
ing the  material  when  it  is  plunged  in  a liquid  at  a 
considerably  lower  temperature  ; though  glass  when 
it  is  thin  may  be  tempered  at  red  heat  even  before 
becoming  soft.  Second,  the  liquid  to  be  employed 
for  the  immersion  of  the  glass  must  be  such  as  can 
be  heated  much  higher  than  water  without  boiling. 
For  this  purpose  he  therefore  uses  oils  and  grease, 
wax,  resin,  and  tar  or  pitch. 

In  carrying  out  the  process  it  is  necessary  that  the 
glass  to  be  tempered  should  be  raised  to  a very  high 
temperature  , the  hotter  it  is  the  less  is  the  risk  of 
breaking  the  glass,  and  the  greater  is  the  shrinkage 
or  condensation.  Hence  the  advantage  and  often 
the  necessity  of  heating  the  glass  to  the  point  of 
softening,  though  attended  by  the  difficulties  that 
the  glass  gets  readily  out  of  shape,  so  that  it  n)ust 
be  plunged  almost  without  touching  it ; and  though 
in  plunging  the  hot  glass  into  a heated  combustible 
liquid  the  latter  is  apt  to  take  fire,  and  cannot  easily 
be  extinguished,  so  that  time  and  material  are  lost. 
These  difficulties,  however,  are  overcoine  by  placing 
the  tempering  bath  in  immediate  communication 
with  the  heating  oven,  and  covering  it  so  as  to  pre- 
vent access  of  air.  The  oven  being  charged  with  the 
articles  to  be  tempered,  these  are  pushed  or  caused 
to  slide  into  the  adjoining  bath  without  handling 
them,  and  the  liquid  of  the  bath  having  no  supply  of 
external  air  is  npt  liable  to  inflame. 

In  order  that  the  shape  of  the  tempered  articles 
may  not  be  affected,  particularly  for  flat  glass,  the 
floor  of  the  oven  is  made  to  cant,  so  that  when  the 
glass  is  heated  on  it  it  is  turned  to  a sloping  position, 
and  the  glass  slides  into  the  bath  along  a surface 
therein  arranged  at  the  same  slope  as  that  of  the 
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oven  floor.  Small  articles  may  be  heated  on  the 

formed  in  the  double  bottom,  through  which  passes 

edge  of  the  bath,  and  immersed  by  a slight  push. 

the  support  for  the  fire-brick  slab.  The  slab  or  table 

The  clearness  of  the  glass  may  be  affected  by  the 

of  the  carriage  may  either  be  fixed  on  its  framing,  or 

dust  of  the  furnace  flame,  which  is  apt  to  settle  on 

it  may  be  made  to  revolve  on  it,  in  order  to  pre- 

the  glass  and  chill  its  surface.  This  is  avoided  by 

sent  all  parts  of  the  glass  sheet  to  the  action  of  the 

heating  the  glass  in  a muffle,  to  which  the  flame  has 

heat,  and  for  this  purpose  it  may  be  connected  by 

no  access,  being  applied  externally.  Moreover,  the 

bevel  gearing  to  a spindle  extending  through  the  wall 

shock  of  the  fall  of  glass  into  the  bath  is  prevented 

of  the  furnace.  The  furnace  is  heated  by  a fire-grate 

by  fixing  therein  a sheet  of  wire  gauze  or  asbestos 

closed  in  by  doors  provided  with  eye  holes ; the 

fabric,  or  providing  a bed  of  sand  or  other  like 

flames  pass  over  a bridge  to  the  bed  of  the  furnace. 

material  for  the  glass  to  fall  on. 

whence  they  pass  partly  through  the  side  opening 

Articles  made  of  thin  glass  can  be  plunged  at  a 

into  the  before-mentioned  passage  with  travelling 

lower  temperature.  Although  the  best  effect  is  pro- 

web,  and  partly  to  a chimney  provided  with  a damper 

duced  in  all  cases  if  the  glass  is  plunged  iii  the  soft 

for  regulating  the  heat. 

condition,  yet  with  thin  glass  a high  degree  of  tenacity 

When  the  glass  sheet  has  been  sufficiently  heated 

is  attained  if  it  is  plunged  even  while  still  hard. 

the  carriage  is  pnished  towards  a sole  or  movable 

Moreover,  it  is  not  essential  that  the  bath  should 

part  of  the  furnace  bed,  capable  of  being  canted,  on 

always  be  actually  heated,  so  long  as  its  temperature  is 

to  which  the  sheet  is  drawn  by  means  of  a rake. 

below  that  of  the  glass,  such  temperature  depending 

This  movable  part  or  sole  consists  of  a refractory 

on  the  nature  of  the  glass  to  be  tempered.  Thus  hard 

slab,  which  may  be  faced  with  smooth  porcelain 

glass  requires  to  be  tempered  in  a bath  of  high  tem- 

supported  on  an  iron  frame,  which  is  mounted  on 

perature,  while  glass  of  a soft  quality  can  be  tempered 

sliding  rods  that  extend  down  to  a shaft  in  the  lower 

m a bath  of  a lower  temperature ; some  glass  can  even 

part  of  the  furnace,  where  they  are  fitted  with  screws 

be  plunged  in  a cold  bath  at  the  temperature  of  the 

for  adjusting  the  level  of  the  sole.  The  shaft  has  an 

surrounding  atmosphere.  Neither  is  it  always  neces- 

arm  with  a counterweiglit  to  balance  the  sole.  The 

sary  that  the  substance  employed  should  be  in  a 

supporting  rods  between  the  sole  and  the  shaft  pass 

liquid  condition,  as  the  necessary  cooling  effect  may 

through  slotted  holes  in  a plate,  which  holes  are 

also  be  produced  by  plunging  the  articles  into  a bath 

covered  by  slides,  so  that  heat  cannot  pass  down  from 

composed  of  pulverulent  material  or  of  gaseous 

the  furnace,  nor  air  enter  to  inflame  the  material  of 

bodies,  such  as  a current  of  air.  The  materials  which 

the  bath.  The  glass  sheet  having  been  drawn  on  to 

are  preferred,  however,  are  oils  or  fatty  matters. 

the  sole,  the  attendant,  by  moving  to  an  adjustable 

Instead  of  effecting  the  tempering  by  one  single 

stoj)  an  external  lever  fixed  on  the  shaft  below. 

operation  of  plunging,  the  article  may  be  plunged 

causes  the  sole  to  sway  in  au  inclined  attitude 

several  times  consecutively  in  order  to  give  it  greater 

towards  the  bath,  which  is  set  in  masonry  adjoining 

hardness,  and  the  baths  may  be  either  of  the  same  or 

the  furnace.  Between  the  furnace  and  the  bath  is  a 

of  a different  character  ; thus  a bath  of  hot  oil  may 

long  narrow  opiening  closed  by  a vertical  slide,  which 

be  first  used,  and  the  article  while  still  hot  may  be 

is  connected  by  a chain  passed  over  pulleys  to  the 

then  plunged  into  cold  or  warm  water ; also  the 

lever  that  works  the  sole  shaft,  so  that  the  slide  is 

article  may  after  removal  from  the  bath  be  subjected 

raised  as  the  sole  is  thrust  partly  through  the  open- 

to  a reheating  process. 

ing,  without  admitting  flame  to  the  bath.  The  glass 

The  furnaces  employed  for  carrying  out  the  tem- 

plate  slides  from  the  inclined  sole  on  to  a grating 

pering  proeess  with  flat  glass  are  constructed  with  a 

mounted  on  a shaft,  which  passes  through  the  bath ; 

long  compartment  or  passage  at  the  side  of  the 

the  grating  being  inclined  by  means  of  an  exterior 

furnace,  with  which  it  communicates  by  means  of  a 

lever,  so  that  it  coincides  with  the  p)lane  of  the 

wide  but  very  low  opening.  In  this  passage  is  an 

inclined  sole.  The  grating,  for  about  a third  of  its 

endless  travelling  metallic  web  on  which  are  placed. 

length  at  the  end  next  the  sole,  presents  openings  of 

one  behind  the  other,  the  sheets  of  glass  to  be  heated 

lozenge  form,  and  it  has  longitudinal  bars  in  the  rest 

and  tempered.  As  the  sheet  of  glass  arrives  in  front 

of  its  length,  and  the  lower  end  of  the  framing  to 

of  the  opening  the  workman,  by  means  of  a long 

which  it  is  jointed  has  a cushion  of  wire  gauze. 

flat  fork  passed  through  a side  hole,  lifts  the  sheet 

against  which  the  edge  of  the  glass  impinges  without 

slightly,  and  pushes  it  through  the  opening  into  the 

shock.  When  the  glass  is  received  on  the  grating 

heating  chamber  of  the  furnace,  where  it  is  received 

the  sole  is  moved  back  into  the  furnace,  the  slide 

on  a movable  carriage  consisting  of  a flat  slab  of  fire- 

closing  the  opening  after  it.  When  the  glass  has 

brick  on  a framing  supported  by  small  wheels  running 

been  immersed  for  sufficient  time  in  the  bath,  the 

on  rails  on  the  furnace  bed. 

grating  is  by  means  o ' the  external  lever  raised  to  a 

In  order  to  insure  the  uniform  heating  of  the 

horizontal  position,  in  which  it  is  retained  by  a latch  ; 

sheet  of  glass,  the  carriage  is  moved  backwards  and 

and  the  cover  of  the  bath  being  raised,  the  glass  is 

forwards  in  the  heating  chamber  by  means  of  a long 

drawn  by  a rake  into  a receptacle  divided  by  shelves 

rod  passed  through  the  wall  of  the  furnace.  The 

into  several  horizontal  compartments,  and  mounted 

bed  of  the  furnace  is  constructed  with  a double 

on  a shaft  worked  by  an  external  lever,  so  that  any 

bottom,  below  which  is  the  framing  and  wheels  of 

one  of  these  compartments  can  be  presented  on  a 

the  carriage,  which  is  thus  protected  more  or  less 

lever  with  the  grating  for  the  reception  of  the  glass 

from  the  heat  of  the  furnace,  a long  slot  being 

sheet. 
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The  shaft  of  the  gratiug,  where  it  passes  tlirough 
the  side  of  the  bath,  is  fitted  with  a conical  trunnion, 
working  in  a conical  seating,  adjustable  to  prevent 

Fig.  32.  


_Tr_ 

T~ 


leakage ; and  the  lever  which  works  this  shaft,  as 
well  as  that  for  working  the  shaft  of  the  shelved 
receptacle,  is  provided  with  a catch  engaging  with 
notches  on  a fixed  sector,  so  as  to  hold  the  shaft  in 
the  required  position.  The  latch  which  holds  up  the 
grating  when  it  has  been  raised  is  on  a small  spindle 
having  on  it  an  external  arm,  by  moving  which,  after 
the  glass  is  slid  into  the  receptacle,  the  grating  is 
released  and  drops  down  again  into  its  inclined 
position  in  the  bath. 

Sometimes  scum  or  crust  forms  on  the  surface  of  the 
bath ; to  prevent  this  from  interfering  with  the  move- 
ment of  the  glass  on  to  and  along  the  grating  there 
is  mounted  near  the  opening  from  the  furnace  an 


oscillating  rake,  worked  by  a spindle  and  external 
handle,  whereby  the  attendant,  before  moving  the 
sole  towards  the  bath,  removes  the  scum  or  crust 


into  a wire  gauze  receptacle  under  the  bath  cover. 
The  batli  is  provided  with  a syphon  overflow  pipe, 
in  order  that  the  level  of  its  contents  may  be  main- 
tained constant. 

In  case  of  glass  breaking  on  the  grating,  the  frag- 
ments may  be  received  on  a sheet  of  wire  gauze 
supported  a little  above  the  bottom  of  the  bath,  and 
removed  from  time  to  time.  The  bath,  which  is  of 
metal,  is  set  in  the  masonry  with  flues  under  and 
around  it,  heated  by  a fire  at  the  side.  Close  to  the 
fire  is  a chimney  to  which  the  products  of  com- 
bustion are  led  from  the  flues  by  an  underground 
channel.  There  is  also  a direct  passage  into  this 


chimney  from  the  fire,  and  this  passage,  as  well  as  I more  or  less  opened  or  closed  the  temperature  of 
that  into  the  flues  of  the  bath,  is  provided  with  a I the  bath  can  be  varied. 

damper,  so  that  according  as  the  one  or  the  other  is  1 The  cover  of  the  bath  is  made  in  several  parts, 
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glass,  the  table  of  the  carriage  might  be  made  to 
rotate  as  well  as  to  move  to  and  fro  by  constructing 
the  carriage  as  shown  in  Fig.  35,  where  e is  the 
refractory  table  mounted  by  a vertical  spindle  on 
the  carriage,  f,  which  has  its  rollers  running  on 
the  rails,  h.  The  handle,  f,  which  extends  through 
the  walls  of  the  furnace,  turns  in  a bracket  bearing, 
having  collars  on  each  side  to  prevent  it  from 
moving  longitudinally,  and  is  connected  by  bevel 
gear,  A,  to  the  spindle  of  e,  so  that  by  turning  the 
handle,  f,  the  table,  e,  can  be  rotated,  and  also  by 
pulling  or  pushing  i it  can  be  moved  to  and  fro. 

In  front  of  the  compartment  of  the  furnace,  C, 
which  contains  the  moving  table,  there  is  another 
compartment,  D,  which  as  well  as  C is  heated  from 
a fire,  F,  on  the  grate  bars.  This  fire-place  is  pro- 
vided with  an  ash-pit  door,  /,  and  a fire  door,  in 
which  is  a sight  hole  for  observing  the  state  of  the 
fire.  The  flames  and  products  of  combustion  pass- 
ing over  the  bridge,  d,  heat  the  furnace  and  escape 
by  the  opening,  B,  heating  the  compartment,  a.  The 


heat  within  the  furnace  is  regulated  by  a chimney, 
G,  which  has  a damper  or  cap  for  adjusting  the 
draught. 

When  the  glass  sheet  is  sufficiently  heated  on  the 
table,  c,  which  can  be  seen  through  the  sight  hole, 


Fig  35. 


d^,  the  carriage  is  pushed  close  up  to  the  oscillating 
sole,  E,  which  consists  of  a stone  or  other  refractory 
table  faced  if  desired  with  smooth  porcelain,  and 
resting  on  a framing,  e,  carried  by  two  arms,  pro- 
jecting upwards  from  a rocking  shaft,  mounted  near 
the  bottom  of  the  furnace  and  carrying  a counter- 
weight, g.  Each  of  these  arms  is  made  in  two  parts, 


hinged  so  that  they  can  be  separately  opened  to  give 
access  to  the  receptacle  of  the  tempered  glass,  or  to 
the  crust  or  scum  receptacle,  or  to  the  skimming 
rake,  and  in  a fixed  portion  of  the  cover  is  a ther- 
mometer which  indicates  the  temperature  of  the 
bath.  ITiere  may  also  be  a pipe  for  leading  to  the 
chimney  vapours  evolved  from  the  bath ; and  at 
the  bottom  of  the  bath  there  is  a pipe  with  a stop- 
cock or  valve  for  emptying  the  bath. 

Fig.  32  represents  a side  view;  Fig.  33,  a longi- 
tudinal section;  and  Fig.  34,  a sectional  plan  of  the 
furnace  and  bath  for  tempering  flat  sheets  of  glass. 

A is  a side  compartment  of  considerable  length, 
having  mounted  on  rollers  within  it  a travelling 
metallic  web,  a,  on  which  are  placed  in  succession 
the  sheets  to  be  treated.  The  last  of  the  rollers, 
is  worked  by  a winch  outside  the  wall.  The 
compartment.  A,  communicates  with  the  heating 
furnace,  c,  by  a broad  low  side  opening,  b,  facing 
a hole,  I),  in  the  outer  wall.  When  a sheet  has 
been  brought  by  the  web  to  face  the  opening  B, 


Fig.  34. 


the  attendant  introduces  through  h a flat  fork, 
slightly  raises  the  sheet,  and  pushes  it  through  the 
hole  B into  the  furnace,  where  it  is  heated  to  soften- 
ing. The  sheet  lies  upon  a carriage,  c,  which 
consists  of  an  iron  framing,  having  a facing  of  stone 
or  other  refractory  material  level  with  the  opening 
B,  and  the  frame  has  rollers  running  on  a pair  of 
small  rails  below,  and  a hamlle  by  which  it  is 
moved  to  and  fro,  so  as  to  cause  the  sheet  to  be 
uniformly  heated.  To  protect  the  lower  part  of  the 
carriage  and  to  economise  heat,  a refractory  arch 
or  floor  is  formed  a little  below  the  table  of  the 
carriage,  the  stem  thereof  passing  down  through 
a hole  which  is  elongated  to  allow  of  the  to-and-fro 
movement  of  the  carriage. 

For  the  purpose  of  more  uniformly  heating  the 
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the  one  sliding  along  the  other,  with  a screw  and 
nut  by  which  the  height  and  level  of  the  sole  can 


position  where  it  rests  against  an  iron  bar,  the  chain 
is  slacked  out,  and  the  slide,  K,  descends  and  closes 
the  mouth  of  the  bath.  The  sheet  of  glass  sliding 
from  the  inclined  sole  is  received  on  a grating  in 
the  bath  lying  at  the  same  inclination.  This  grating 
rests  on  two  side  bars,  which  are  pivoted  at 

0^  to  the  side  frames,  /,  /,  fixed  on  a rocking  shaft, 
0 ; the  upper  edge  of  the  side  frames,  /,  rise  a little 
above  the  face  of  the  grating  to  serve  as  side  guides 
for  the  glass  sheet,  and  their  lower  ends  are  tied 
across  by  a piece  of  bent  plate  in  which  is  placed  a 
roll  of  wire  gauze,  as  an  elastic  buffer 
to  receive  the  glass  when  it  slides  down. 

The  upper  part  of  the  grating  for 
about  one-fourth  of  its  length  has  lozenge 
or  diamond  openings  separated  by  bars 
sharp  on  their  upper  edges,  and  for  the 
rest  of  its  length  it  consists  of  thin  bais 
fixed  at  one  end  to  the  points  of  the 
diamonds,  and  at  the  other  end  to  a cross 
bar  joining  the  two  side  bars,  P,  P,  and 
projecting  a little  beyond  them  at  each 
side,  so  as  to  rest  on  the  side  frames,  /,  1. 
A grating  of  the  kind  described  gives  the 
liquid  of  the  bath  access  to  all  parts  of 
the  glass.  When  it  has  been  immersed 
for  the  required  time  the  grating,  L,  is 
canted  back  to  its  level  attitude  by  means 
of  an  external  lever,  o,  fixed  on  the  shaft, 
0.  The  lever,  O,  consists  of  two  parts, 
the  one  part  fixed  on  the  shaft,  and  the 
other  sliding  through  guides  on  and  terminat- 


be accurately  adjusted.  The  lower  part  of  the 
furnace,  in  which  the  rocking  shaft  is  mounted, 
is  open  in  front  and  is  covered  in  by  a plate  through 
which  are  slotted  holes  for  the  arms,  and  these  holes 
are  covered  by  sliding  plates  through  which  the 
arms  pass.  Thus  the  flame  is  prevented  from 
extending  down  to  h,  and  also  leakage  of  cold  air 
from  h into  the  furnace  is  avoided.  The  sole,  E, 
being  by  partly  turning  the  rocking  shaft  brought 
to  a level  with  the  table,  c, 
the  workman  by  means  of 
a rake  introduced  through 
a side  hole,  d^,  draws  the 
sheet  of  glass  on  to  the  sole, 
and  then  by  means  of  an 
external  lever,  i,  fixed  on 
the  shaft,  e,  cants  the  sole 
towards  the  mouth  of  the 
bath,  J,  as  shown  in  Fig.  33. 

This  movement  of  the  sole  is 
limited  by  an  adjustable  stop,  I,  on  a quadrant  along 
which  the  lever,  i,  is  moved.  To  prevent  flame  from 
entering  the  bath,  J,  from  the  furnace,  the  mouth, 
e\  is  closed  by  a vertical  slide,  K,  suspended  by  a 
chain  which  passes  over  guide  pulleys,  k',  IP,  and  is 
attached  to  the  lower  arm  of  the  lever,  i.  When 
this  lever  is  moved  to  cant  the  sole,  E,  into  the 
mouth,  E^,  the  chain  being  at  the  same  time  pulled 
raises  the  slide,  K,  to  allow  for  the  passage  of  the 
sole.  When  the  sole  is  canted  back  to  its  horizontal 


ing  in  a claw,  which  resting  on  a toothed  segment, 
/F,  holds  the  lever  in  any  desired  position.  On 
grasping  the  handle  at  the  top  of  the  lever  (which 
handle  is  made  in  halves,  the  one  half  fixed  to  and 
the  other  to  the  claw  of  is  released  from  the 
teeth  of  the  segment,  and  the  lever  can  be  moved. 
Adjustable  stops,  p,  are  provided  to  limit  the  throw 
of  the  lever.  The  shaft,  o,  is  at  one  end  pivoted  in 
the  one  side  of  the  bath,  and  it  passes  through  the 
other  side,  having  a cone  fitting  a conical  seat,  which 
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is  kept  tigVit  against  leakage  by  a spring,  r,  pressing 
against  the  end  of  tlie  shaft.  Tliis  spring  also  serves 
as  a break  to  the  movement  of  the  shaft,  and  its 
pressure  can  be  adjusted  by  a screw,  ?’b  A counter- 
weight to  balance  the  grating  might  be  attached  to 
the  shaft  o. 

To  remove  scum  or  crust  from  the  surface  of  the 
liquid  in  the  bath  a skimmer  is  placed  near  the 
mouth,  E.  It  consists  of  a blade  worked  by  an 
external  handle,  so  as  to  push  the  scum  along  a 
curved  plate  into  a small  wire  gauze  basket,  where  it 
drains,  the  basket  being  taken  out  and  emptied  when 
it  has  been  filled  up.  The  liquid  is  kept  down  to 
the  required  level  by  a syphon  overflow  pipe,  u.  The 
bath  is  suspended  by  its  upper  flange  on  the  walls  of 
its  setting,  with  flue  space  under  and  around  it.  It  is 
heated  by  the  products  of  combustion  from  a fire,  T, 
which  after  passing  through  the  bath  flues  escape  by 
a passage,  i^,  to  the  chimney,  ub  From  the  fire,  x, 
besides  the  passage,  <b  to  the  flues  of  the  bath  governed 
by  a damper,  there  is  also  a direct  passage,  to 
the  chimney,  u‘,  with  a damper,  ab  By  means  of 
these  dampers  the  heat  of  the  bath  can  be  easily 
regulated. 

The  cover  of  the  bath  is 
made  in  several  parts ; the 
first  part,  v,  is  hinged  at 
to  a fixed  part,  x,  so  that  it 
can  be  raised  as  a door, 
and  there  are  two  other 
doors,  y and  y^,  the  one  for 
access  to  the  scum  basket, 
and  the  other  for  observing 
the  adjustment  of  the  sole, 

E,  and  grating,  L.  In  the 

fixed  part,  x,  of  the  cover  is  placed  a thermometer 
tube,  V,  preferably  close  to  one  side  of  the  bath  ; and 
a pipe  may  be  connected  from  x to  the  chimney, 
u^,  to  carry  off  vapour. 

For  tempering  glass  vessels  and  other  articles,  the 
sole  of  the  furnace  on  which  the  articles  are  placed 
to  be  heated  is  mounted  by  arms  on  an  axis  worked 
by  an  external  lever.  In  its  horizontal  position  this  ] 
sole  covers  over  the  top  of  the  bath,  which  is,  more- 
over, closed  by  a sliding  plate  under  the  sole.  When 
the  articles  are  heated  sufficiently  they  are  moved  by 
a rake  on  to  a narrow  hateral  sole,  w'hich  is  fixed  on  ! 
a level  with  the  movable  sole.  The  latter  is  then 
canted  to  one  side  so  as  to  expose  the  mouth  of  the 
bath,  and  the  sliding  plate  being  then  withdrawn 
the  heated  articles  are  pushed  into  the  bath.  To 
prevent  them  from  striking  the  sides  there  are  fixed 
in  the  bath  pieces  of  wire  gauze  inclining  downwards 
towards  the  middle,  which  is  open,  forming  a sort  of 
funnel  by  which  the  glass  articles  are  guided  down 
towards  the  middle  opening.  Near  the  bottom  of 
the  bath  an  endless  web  of  wire  gauze  is  mounted  on 
rollers,  and  guided  by  narrow  rollers  along  its  edges, 
and  bars  are  fixed  at  intervals  across  it.  The  glass 
articles  are  received  upon  this  web,  and  when  it  is 
moved  they  are  carried  by  it  upwards  in  a sloping 
direction,  and  finally  discharged  from  it  at  one  end 
of  the  bath  into  a recepfiicle  made  with  a rounded  , 
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bottom,  in  which  receptacle  there  is  suspended  a 
wire  gauze  basket  which  receives  them,  and  by  means 
of  which  they  are  lifted  out  of  the  bath.  Immedi- 
ately under  the  sliding  plate  which  covers  the  opening 
into  the  bath  below  the  movable  sole,  is  mounted  a 
wire  gauze  rake  by  which  the  crust  and  scum  is  with- 
drawn from  the  surface  of  the  bath  before  plunging 
the  glass  articles  into  it.  This  rake  is  worked  by  an 
external  handle  on  its  spindle,  and  the  sole  is  moved 
by  an  external  treadle,  which  is  connected  by  ratchet 
gearing  to  one  of  the  rollers  of  the  endless  web,  so 
that  every  time  the  sole  is  moved  the  web  is  made  to 
advance. 

Fig.  36  represents  atranverse,  and  fig.  37  a longi- 


Fig.  38. 


tudinal  section  ; and  fig.  38  is  a sectional  plan  of  this 
tempering  oven.  The  wine-glasses,  tumblers,  and 
the  like,  having  been  previously  heated  in  a separate 
stove,  are  introduced  by  the  hole,  fd,  and  placed  upon 
the  sole,  b,  which  is  of  stone  or  refractory  material 
laid  on  a frame,  6,  supported  by  two  arms,  on 

a rocking  shaft,  C,  having  an  arm  and  counterpoise,  c, 
and  an  external  treadle,  D,  by  pressing  down  which 
the  sole  can  be  canted  to  the  position  indicated  by 
the  dotted  lines,  E,  fig.  36.  When  the  sole  is  hori- 
zontal it  covers  the  bath,  and  is  level  with  a shaft,  a^, 
at  the  side  of  the  bridge,  a.  When  the  articles  on 
the  sole  are  properly  heated  they  are  moved  by  a 
rake  on  to  the  shelf,  a",  and  then  by  means  of  the 
treadle,  D,  the  sole  is  canted  over  so  as  to  uncover 
the  bath,  whereupon  the  articles  are  pushed  into  the 
bath,  and  the  sole  is  returned  to  its  horizontal  posi- 
tion. As  the  sole  does  not  form  a perfectly  tight 
cover  to  the  bath,  a sliding  plate,  /,  is  arranged 
under  it,  the  said  plate  being  withdrawn  by  an 
external  handle,  /^,  at  the  time  of  plunging.  A 
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wire  gauze  skimmer,  g,  is  suspended  by  arms  from  a 
spindle,  having  an  external  handle,  (/^,  and  im- 
mediately before  plunging  the  skimmer  is  moved  so 
as  to  sweep  the  scum  or  crust  to  one  side.  The 
handle,  g~,  might  be  connected  to  the  treadle,  D,  so 
that  the  skimmer  should  be  worked  at  the  time  the 
sole  is  canted  over. 

To  prevent  the  glass  articles  from  striking  the 
sides  of  the  bath  a wire  gauze  basket,  /i,  with  sloping 
sides  and  open  at  bottom,  is  suspended  in  the  bath, 
and  its  sides  guide  the  glass  on  to  the  travelling  wire 
gauze  web,  H.  This  web  passes  round  rollers,  i,  and 
is  guided  by  short  rollers  at  its  edges  to  follow  the 
form  of  the  bath  bottom.  It  has  across  it  bars  of 
thin  sheet  metal,  dividing  it  into  lengths,  one  of 
which  at  each  of  its  intermittent  movements  is  pre- 
sented under  the  basket,  Ji,  to  receive  the  plunged 
glasses.  These  are  carried  by  it  upwards,  and  finally 
delivered  into  a wire  gauze  basket,  /,  hung  by  straps, 
m,  in  the  well,  i,  of  the  bath.  The  web,  H,  is 
advanced  a division  every  time  the  treadle,  D,  is 


moved,  the  shaft,  c,  of  the  treadle  being  connected 
by  ratchet  and  suitable  multiplying  gear  to  the 
roller,  i,  of  the  web. 

The  heating  of  the  oven  and  bath  is  effected  by 
two  fires  in  a manner  similar  to  that  already  des- 
cribed for  sheet-glass,  and  the  bath  is  provided  with 
a cover  having  doors,  thermometer,  and  other  neces- 
sary fittings. 

A pipe,  u,  having  a flap  door,  w,  may  be  fixed  in 
the  wall  of  the  funiace,  from  which  its  interior  will 
receive  heat  for  warming  small  articles,  such  as  lamp 
glasses,  placed  in  the  pipe  before  they  are  laid  on  the 
sole,  B. 

Fig.  39  represents  the  mouth  of  an  oven  and  a 
portable  bath  which  it  is  advantageous  to  use  for 
tempering  special  articles,  such  as  mirror  plates  or 
optical  glasses. 

The  movable  bath  is  a flat  rectangular  vessel 
containing  a grating,  and  having  one  end  to  open. 
It  is  mounted  by  trunnions  or  arms  near  the  mouth 
of  the  furnace,  and  adjusted  to  such  an  inclination 
as  to  coincide  with  that  of  the  sole  when  it  is  canted. 
The  end  of  the  bath  is  opened  and  the  sole  canted 


towards  it,  causing  the  articles  to  slide  from  the  sole 
into  the  bath,  which  is  then  closed  and  removed. 

In  front  of  the  oven  mouth  is  placed  a jointed  frame, 
c,  provided  with  segments  and  clamping  screws,  so 
that  it  can  be  adjusted  in  various  attitudes  and  angles. 
The  portable  bath,  C,  containing  the  liquid  and  a 
grating,  is  heated  separately,  and  placed  on  the  table, 
c,  of  the  jointed  framing,  being  adjusted  in  position 
by  a set  screw,  y.  For  plunging,  the  door,  K,  of  the 
bath  is  opened,  the  glass  is  slid  on  to  the  grating  from 
the  sole,  b,  the  door,  k,  is  then  closed,  and  the  bath 
is  removed  to  give  place  for  another  of  the  same  kind. 

For  tempering  cylindrical  articles,  such  as  lan»p 
ghisses,  the  apparatus  consists  of  a long  spindle 
on  which  the  glass  is  placed  between  two  cones  or 
between  a cone  and  a collar.  This  spindle  is  fitted 
to  slide  through  a collar,  and  revolves  with  a 
pinion,  which  can  be  caused  by  gearing  to  rotate 
with  considerable  velocity.  The  pinion  and  its  gear- 
ing are  mounted  by  an  arm  on  a horizontal  axis. 
In  one  position  of  this  arm  the  spindle  is  horizontal, 
or  nearly  so,  and  can  be  slid  with  the  glass  on  it 
through  an  opening  into  the  furnace,  where,  being 
caused  to  revolve,  the  glass  becomes  uniformly 
heated.  The  arm  is  then  moved  into  an  inclined 
attitude,  when  the  end  of  the  spindle  with  the  glass 
on  it  is  canted  down  into  a bath  below  the  furnace 
chamber. 

Fig.  40  represents  part  of  the  section  of  a bath 
with  apparatus  for  tempering  lamp  glasses  or  tubes 
generally ; Fig.  41  is  a front  view  of  the  apparatus. 
A frame,  a,  is  pivoted  at  b,  and  has  a strong  pin,  d, 
bearing  on  an  arc,  c,  giving  friction  sufficient  to  sup- 
port the  frame  in  any  attitude.  On  the  frame,  a,  is 
mounted  a drum,  k,  which  can  be  turned  by  a winch 
handle,  ?n,  and  there  is  also  mounted  in  two  bearings, 
/,/,  su2oported  from  the  frame,  a,  by  a column,  e,  a 
sleeve,  i,  on  which  is  a small  pulley  bearing  against 
the  drum,  K,  and  driven  from  it  by  frictional  contact. 
Through  the  sleeve,  i,  slides  a rod,  7i,  which  may  be 
square  in  section  or  fitted  with  a feather,  so  that  it 
must  turn  with  i,  but  can  slide  freely  through  it.  On 
the  one  end  of  the  rod,  n,  is  swivelled  a ball  handle  by 
which  the  rod  can  be  pulled  or  pushed  while  it  re- 
volves ; at  the  other  end  is  a cone,  on  which  is  placed 
the  lamp  glass.  The  workman  pushes  in  the  rod,  ii, 
so  that  the  glass  enters  a hole  in  the  furnace  or  a 
heated  pipe  like  U (Fig.  37),  and  turning  the  drum, 
K,  causes  the  glass  to  revolve  rapidly,  so  as  to  be- 
come uniformly  heated  to  the  required  temperature; 
he  then  draws  it  back  till  it  is  over  the  bath,  as 
shown  in  Fig.  40,  and  raising  the  frame,  a,  causes 
the  apparatus  to  take  the  inclined  position  indicated 
by  the  dotted  lines,  the  glass  being  plunged  into  the 
bath. 

Fig.  42  and  Fig.  43  show  rods,  i,  such  as  n above 
referred  to,  for  holding  glasses,  either  cylindrical, 
pear  shaped,  globular,  or  of  other  round  forms, 
collars,  a and  b,  of  porcelain  or  other  refractory 
material  being  fitted  on  them  when  required  to  hold 
the  glasses  in  place. 

Tongs  of  various  forms  may  also  be  employed  to 
hold  between  their  jaws  the  glasses  to  be  tempered 
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while  they  are  being  heated,  so  that  on  opening  the 
jaws  they  drop  into  the  bath,  and  when  such  tongs 
are  employed  they  are  made  with  a third  arm  besides 
the  two  wliich  work  the  jaws,  this  arm  having 


attached  to  it  a ring,  or  parts  of  a ring,  by  moving 
which  the  glass  is  separated  from  the  jaws  when  it 
happens  to  adhere  thereto. 

Fig.  44  is  a side  view,  and  Fig.  45  a plan  of  tongs 


Fig.  40.  Fig.  41. 


for  lamp  glasses,  a are  the  jaws  of  the  tongs  worked 
by  the  handles,  a',  a' ; and  h is  a ring  embracing  the 
glass,  and  worked  by  an  intermediate  handle,  c,  so 
that  should  the  glass  tend  to  adhere  to  either  of  the 
jaws  when  they  are  opened,  it  can  be  detached  by 
moving  the  ring,  b. 

Fig.  46  shows  a rod,  i,  with  a hollow  eylinder,  c, 
of  pipe-clay  or  other  refractory  material  held  be- 
tween elaws,  h,  projecting  from  a boss,  a.  A glass 
tube  or  other  cylindrical  article  is  placed  in  the 
inside  of  the  cylinder,  c,  which  can  be  rotated,  and 
when  heated  is  dropped  out  into 
the  bath  by  canting  the  cylinder 
downwards. 

Small  articles,  such  as  dishes, 
cups,  and  the  like,  may  be  heated 
in  refractory  moulds,  so  as  to 
avoid  spoiling  their  shapes,  and 
plunged  by  inverting  these  moulds 
and  allowing  them  to  drop  into 
the  bath. 

The  applications  of  the  tempered 
or  hardened  glass  are  limited  by 
its  peculiar  properties.  It  cannot 
be  cut  with  a diamond,  and  if 
the  outer  cuticle  is  fairly  cut 
through  the  whole  mass  disin- 
tegrates. In  spite  of  this  disadvantage  it  has  never- 
theless already  come  largely  into  use,  and  when  the 
j)rocess  is  further  developed,  and  the  whole  of  the 
conditions  for  successful  working  are  known,  it  may 
lead  to  the  adoption  of  glafss  for  many  purposes  for 
which  it  is  at  present  unsuited. 

II.  J.  Powell  of  the  AVhitefriars  glass  works 
writes : — After  a rough  trial  of  this  process,  which 
certainly  answers  well  for  flat  or  solid  glass,  we 
decided  that  it  is  defective  for  hollow  flint-glass, 
since  hollow  vessels,  if  left  to  themselves  in  a kiln, 
are  almost  certain  to  collapse  on  reaching  the 


required  heat.  To  avoid  this  difficulty,  and  knowing 
that  a vessel  in  course  of  manufacture,  however  hot, 
is  always  under  control  whilst  it  remains  on  the 
w'orkman’s  rod,  we  placed  a bath  as  near  the  mouth 
of  the  working  pot  as  possible,  and  directed  the 
workman,  instead  of  sending  the  finished  vessel  to 
the  annealing  oven,  to  drop  it  into  the  bath. 

The  vessel  is  caught  in  a wire  net,  and  is  ready  for 
removal  as  soon  as  it  has  acquired  the  temperature 
of  the  bath. 

For  aU  vessels  made  in  one  piece,  e.g.,  tumblers, 


finger  glasses,  &c.,  this  process  answers  well,  and  it 
is  obvious  that  if  it  proves  to  be  the  best  way  of 
treating  hollow  flint-glass,  the  use  for  this  description 
of  glass  of  the  complicated  machinery  described 
above  W'ill  be  done  away  with,  and  the  glass  will  be 
tempered  in  the  course  of  manufacture,  instead  of 
being  reheated  and  tempered  after  it  has  been 
already  manufactured  and  annealed. 

We  ascertained,  with  M.  de  la  Bastie’s  aid,  the 
right  constituents  and  right  temperatures  of  a bath 
for  flint-glass;  for  although  the  conditions  for  sheet, 
and  plate,  and  flint  glass  are  nearly  the  same,  there 
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Fig.  43. 


Fig.  46. 
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is  a difference,  and  it  seems  probable  that  every 
chemically  different  glass,  and  even  every  different 
thickness  of  glass,  may  require  certain  variations. 

In  our  experiments  on  the  hardness  of  the  glass, 
we  found  that  it  could  be  marked,  but  not  cut  with 
the  diamond;  and  although  it  could  be  smoothed 
and  engraved  in  the  ordinary  way,  that  the  disturb- 
ance caused  by  the  wheel,  when  penetrating  to  any 
appreciable  depth,  tended  to  weaken,  or  even  to 
cause  the  destruction  of  the  entire  mass. 

The  value  of  the  invention,  as  far  as  it  concerns 
flint-glass,  is  therefore  at  present  somewhat  modified 
by  dirticulties  in  manipulation. 

It  seems  to  be  impossible  to  heat  a vessel  made 
up  of  different  pieces,  and  of  various  thicknesses,  to 
• an  absolutely  equal  temperature  throughout,  so  that 
the  whole  may  be  equally  tempered. 

It  seems  also  impossible  to  displace  the  air 
from  a narrow-mouthed  vessel  sufticiently  quick 
for  the  inside  and  the  outside  to  be  tempered  simul- 
taneously. 

Moreover,  setting  aside  these  difficulties,  we  come 
to  a point  which  applies  equally  to  all  kinds  of 
hardened  glass.  Hardened  glass  is  not  “ unbreak- 
■ able  ; ” it  is  only  harder  than  ordinary  glass,  and 
though  it  undoubtedly  stands  rough  usage  better,  it 
has  the  disadvantage  of  being  utterly  dismtegrated 
as  soon  as  it  receives  the  slightest  fracture,  and  up 
to  the  present  time  of  being  undistinguishable  from 
ordinary  glass. 

A piece  of  hardened  glass  is  only  a modified 
Rupert’s  drop,  i.e.,  it  is  case-hardened ; the  fracture 
of  both  is  identical,  both  resist  the  diamond,  and 
both  can  be  annealed.  Moreover,  in  the  middle  of 
imperfectly  hardened  glass,  a line  is  plainly  visible, 
which  marks  the  extent  of  the  case-hardening.  This 
line  resolves  itself  under  the  microscope  into  a mass 
of  bubbles  and  strife  ; it  seems  to  be  the  nucleus  of 
breakage,  and  consequently  as  soon  as  the  cutting- 
wheel  approaches  it,  the  glass  falls  to  pieces. 

Coloured  Glass. — The  revival  of  the  taste  for 
stained  glass  windows  and  the  manufacture  of 
coloured  flint-glass,  first  in  Bohemia,  and  afterwards 
in  all  parts  of  Germany,  in  France,  and  in  England, 
has  directed  the  attention  of  glass  manufacturers  to 
the  colouring  of  glass  by  metallic  oxides,  and  has 
caused  the  re-discovery  of  a lost  art. 

M’hen  glass  painting  is  the  object,  the  colouring 
matter  is  a2)plied  either  as  a piigment  or  in  a melted 
state  on  the  glass.  When  the  colour  is  to  be  given 
throughout  the  entire  substance,  a peculiar  glass, 
termed,  from  the  name  of  its  inventor,  Strass,"’  is 
sometimes  manufactured  as  the  basis,  more  par- 
ticularly when  imitations  of  precious  stones  are 
desired. 

For  this  purpose  a glass  is  required  possessing  the 
highest  degree  of  transparency,  combined  with  the 
greatest  possible  lustre.  These  requirements  are 
found  in  a comijosition  analogous  to  that  of  flint- 
glass,  but  containing  a much  larger  projjortion  of 
oxide  of  lead  and  a little  boracic  acid.  Donault- 
AVieland  recommended,  by  way  of  examjfle,  either 
of  the  three  following  mixtures ; — 

No.  1.  No.  2.  No.  3. 

Ground  rock-crystal, 100  — 100 

Sand, — 100  — 

Pure  minium, 156  — 154 

AVhite-lead, — 171  — 

Purified  caustic  potash, 54  3v*  56 

Boracic  acid, 7 9 6 

Arsenious  acid, ’3  ’3  -16 

Strass,  when  well  prepared,  possesses  as  nearly  as 
possible  the  high  refractive  power  and  all  the  other 
piroperties  of  the  diamond,  except  its  hardness. 

The  choice  of  the  crucibles  is  very  important, 
since  they  sometimes  colour  the  metal  yellow  or 
brown,  when  particles  of  iron  are  detached  from  the 
internal  surface.  This  inconvenience  is  not  to  be 
ajjprehended  with  crucibles  of  hard  porcelain,  but 
these  often  break  or  run  out,  and  are  too  permeable. 
Hessian  crucibles  are  the  best.  A pottery  or  porce- 
lain furnace  is  used  to  melt  the  material,  and  tlie 
crucibles  remain  in  the  fire  about  twenty-four  hours. 
The  more  tranquil  and  jwolonged  the  fusion,  the 
greater  hardness  and  beauty  does  the  strass  acquire. 

Yellow  is  jiroduced  either  by  charcoal,  antimony, 
silver,  or  oxide  of  uranium.  The  charcoal,  incor- 
porated with  the  glass  in  a very  fine  state  of  division, 
produces  a dirty  yellow,  which,  as  the  quantity 
increases,  jiasses  into  a dark  brown  v/ithout  lustre ; 
it  is,  therefore,  little  used  as  a jjigment.  A much 
superior  yellow  is  obtained  by  roasting  sulphide  of 
antimony  to  the  state  of  antimonious  acid,  and 
melting  it  with  3 to  5 per  cent,  of  undecomposed 
sulphide  of  antimony.  An  oramje  yellow  is  prepared 
with  gla.ss  of  antimony,  minium,  and  a little  oxide  of 
iron.  In  these  cases  the  substances  so  prepared  are 
mixed  with  the  materials  of  the  glass.  AA'^hen  silver 
is  employed  the  jirocess  is  quite  different ; in  this 
case  a mixture  of  powdered  clay  and  chloride  of 
silver  is  applied  to  the  surface  of  the  ready-made 
articles,  and  on  reheating  these  in  a muffle,  the 
silver  penetrates  to  a certain  depth  into  the  glass 
even  before  the  latter  softens  ; the  article  is  then 
allowed  to  cool,  and  the  coating  which  was  applied  is 
scraped  off,  when  a yellow  colour  of  great  brilliancy 
appears  on  the  glass.  It  is  remarkable  that  this  effect 
can  only  be  jDroduced  on  glass  containing  alumina. 
Oxide  of  uranium  produces  a beautifully  delicate 
yellow  of  a slightly  greenish  hue  ; but  this  pigment 
is  too  costly  for  common  use. 

Red,  of  different  shades,  is  communicated  by  oxide 
of  iron,  suboxide  of  copj>er,  or  different  preparations 
of  gold,  mixed  with  other  materials.  The  oxide  of 
iron  is  employed  either  as  pure  ferric  oxide,  prepared 
by  heating  the  iiitrate,  or  in  the  state  of  bloodstone 
or  ochre,  fljhis  substance  added  to  the  glass  mixture 
produces  a cheap  and  very  common  brownish  red. 

The  application  of  gold  to  produce  a brilliant  red 
colour,  which,  according  to  circumstances,  can  be 
made  to  assume  a scarlet,  carmine,  rose,  or  ruby 
tint,  was  first  introduced  by  Kunckel,  who  used  for 
the  purpose  the  brownish-red  precipitate  jwoduced 
in  a solution  of  chloride  of  gold  by  a salt  of  the 
sesquioxide  of  tin.  Fuss  has  shown  that  ruby- 
coloured  glass  may  be  obtained  when  the  powdered 
ingredients  for  the  glass  are  mixed,  previous  to 
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fusion,  with  oxide  of  tin  and  the  solution  of  gold ; 
the  mixture  then  appears  like  moist  grey  sand.  The 
simple  addition  of  a solution  of  gold  to  the  flux, 
without  any  oxide  of  tin,  is  likewise  capable  of  pro- 
ducing rose  and  carmine-coloured  glass. 

Bhte  is  produced  by  oxide  of  cobalt.  The  colouring 
power  of  the  oxide  of  cobalt  is  so  intense,  that  pure 
white  glass  is  rendered  sensibly  blue  by  the  addition 
of  -j-^^jHjth  part  of  the  oxide. 

Green  may  be  produced  either  by  protoxide  of 
iron,  protoxide  of  copper,  or  oxide  of  chromium. 
The  tint  produced  by  the  first  of  these  substances  has 
little  brilliancy.  Tlie  oxide  of  copper  yields  a beau- 
tiful emerald.  For  this  purpose  the  glass  is  mixed 
with  the  product  obtained  by  heating  copper  to 
redne.ss  with  access  of  air,  or  with  powdered  verdi- 
gris, which  is  then  decomposed  in  the  fire,  and  con- 
verted into  oxide  by  oxidizing  agents.  Care  must  be 
taken  to  prevent  the  protoxide  of  iron  from  being 
converted  into  sesquioxide,  and  the  oxide  of  copper 
from  being  reduced  to  suboxide.  The  oxide  of 
chromium,  which  occurs  as  a pigment  in  commerce, 
yields  the  purest  and  most  brilliant  grass-green  hue. 

The  following  are  the  approved  recipes  for  imitat- 
ing precious  stones : — 

Diamond. — Colourless  strass,  without  any  addition. 

Topaz — 

Very  white  strass, 1000 

Clear  yellowish  orange-red  glass  of  antimony,.  40 
Purple  of  Cassius, 1 

A very  good  imitation  of  topaz  is  obtained  from — 

Stress, 1000 

Oxide  of  iron, 10 

Ihd)y. — The  preparation  of  topaz  furnishes  a means 
of  obtaining  constantly  and  at  pleasure  very  fine 
rubies.  The  mixture  for  topaz  often  gives  an  opaque 
mass  translucid  at  the  edges,  and  presenting  in  its 
thin  plates  a colour  red  by  transparency  : 1 part  of 
this  opaque  topaz-matter,  and  8 parts  of  strass  melted 
in  a Hessian  crucible,  when  left  thirty  hours  in  the 
fire  of  a potter’s  furnace,  give  a fine  yellowish  crystal 
similar  to  strass.  Remelted  with  the  blowpipe,  this 
produces  rubies  of  the  finest  water. 

A ruby  not  so  fine,  and  of  a different  tint,  may  be 
made  by  employing  the  following  proportions : — 

Coloiirless  strass, 1000 

Oxide  of  manganese, 25 

Emerald. — The  emerald  is  very  easy  to  imitate. 
That  which  succeeds  best  results  from  the  mixture 
of  the  oxide  of  copper  with  colourless  strass.  If 
oxide  of  cobalt  be  added,  the  green  obtained  presents 
blue  reflections.  The  composition  which  gives  the 
best  imitation  of  natural  emerald  is  as  follows : — 

Colourless  strass, 1000 

Pure  oxide  of  copper, 8 

Oxide  of  chromium, 0-2 

By  increasing  the  proportion  of  chromium  or  oxide 
of  copper,  and  adding  oxide  of  iron  to  the  mixture, 
one  may  vary  the  green  shade,  and  imitate  peridot 
or  dark  emerald. 

Sapphire. — To  produce  a fine  oriental  blue  colour, 
employ  very  white  strass,  and  very  pure  oxide  of 

cobalt.  This  composition,  put  into  a luted  Hessian 
crucible,  should  remain  thirty  hours  in  the  fire.  The 
proportions  are : — 

Colourless  strass, 1000 

Oxide  of  cobalt, 15 

Amethyst — 

Colourless  strass 1000 

Oxide  of  manganese, 8 

Oxide  of  cobalt 5 

Purple  of  Cassius, 0‘2 

Syrian  Garnet. — The  artificial  garnet  is  a kind  of 
dark  ruby,  and  is  made  after  the  following  formula : — 

Colourless  strass, 1000 

Glass  of  antimony 500 

Purple  of  Cassius, 4 

Oxide  of  manganese, 4 

In  the  fabrication  of  artificial  stones,  the  materials 
must  be  pulverized  with  great  care.  The  mixtures 
can  only  be  well  made  by  repeated  sifting.  The 
same  sieve  must  not  be  used  for  sifting  different 
compositions,  whatever  care  be  taken  to  clean  it 
after  each  operation.  I^astly,  to  obtain  masses  well 
melted,  quite  homogeneous,  without  striae  or  bubbles, 
it  is  necessary  to  employ  substances  very  pure,  and 
mixed  in  a state  of  extreme  division ; to  obtain  the 
best  crucibles,  to  melt  with  a graduated  heat,  in  a 
furnace  which  is  quite  equal  in  its  maximum  tempera- 
ture ; to  leave  the  metal  in  the  furnace  during 
twenty-four  to  thirty  hours,  and  to  cool  the  crucibles 
very  slowly,  that  their  contents  may  undergo  a kind 
of  annealing. 

CoLOURF.D  Flint-Glass. — Assuming  as  the  com- 
position of  the  glass  to  be  coloured  the  common 
ingredients  and  proportions,  and  remembering  that 
the.se  materials,  when  mixed  together,  are  technically 
termed  “batch,”  and  when  used  with  the  usual 
precautions  produce  a highly  pellucid  flint-glass, 
this  may  be  regarded  as  the  basis  of  the  following 
coloured  glasses. 

Soft  White  Enamel. — To  6 cwts.  of  batch  add  24 
lbs.  of  arsenic,  6 lbs.  of  antimony. 

Hard  White  Enamel. — To  6 cwts.  of  batch  add  200 
lbs.  of  putty  prepared  from  tin  and  lead. 

Blue  Transparent  Glass. — 6 cwts.  of  batch  coloured 
with  2 lbs.  of  oxide  of  cobalt. 

Azure  Blue. — 6 cwts.  of  batch  with  about  6 lbs.  of 
oxide  of  copper. 

Ruby  Red. — 6 cwts.  of  batch  with  about  4 ozs.  of 
oxide  of  gold. 

Amethyst  or  Purple. — 6 cwts.  of  batch  with  about 
20  lbs.  of  oxide  of  manganese. 

Common  Orange. — To  6 cwts.  of  batch  add  12  lbs. 
of  iron  ore  and  4 lbs.  of  manganese. 

Emerald  Green. — To  6 cwts.  of  batch  add  12  lbs. 
of  copper  scales  and  12  lbs.  of  iron  ore. 

Gold  Topaz  Colour. — 6 cwts.  of  batch  with  3 lbs. 
of  oxide  of  uranium. 

Bontemps  points  out  that  the  colouring  properties 
of  metallic  oxides  are  greatly  modified  by  the  degree 
of  heat  to  which  the  glass  is  subjected,  and  by  other 
circumstances. 

Bvn. — It  is  generally  agreed  that  oxide  of  iron 
gives  a greenish  colour  to  glass,  to  the  mixture  of 
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which  it  has  been  addeil ; but  tlie  truth  is  that  this 
colour  is  produced  only  in  peculiar  circumstances. 
The  manufacturers  of  china,  porcelain,  and  earthen- 
ware are  well  aware  that  oxide  of  iron  is  the  colour- 
ing material  of  a fine  purplish -red  enamel ; if  the 
temperature  is  raised  too  high,  this  enamel  tends 
towards  orange. 

If  into  a pot  containing  white  melted  flint-glass  a 
small  piece  of  iron  is  introduced  during  the  blowing, 
it  will  from  its  gravity  fall  to  the  bottom,  and  the 
whole  of  the  glass  in  its  neighbourhood  will  be 
coloured  from  orange  to  yellow.  But  when  glass 
is  melted  at  a high  temperature,  as,  for  example, 
in  making  window-glass,  the  addition  of  a small 
quantity  of  ferric  oxide  produces  a bluish  colour. 
It  is  also  known  by  the  manufacturers  of  bottle- 
glass,  that  when  cooled  in  the  pot  it  becomes  opaque 
blue  before  being  devitrified. 

Thus  glass  may  receive  all  the  colours  of  the 
spectrum  from  oxide  of  iron  ; and,  moreover,  it  may 
bo  observed  that  these  colours  are  produced  in  their 
natural  order  as  the  temperature  is  increased. 

Mamjanese  gives  to  glass  a purple  or  pink  colour  ; 
but  if  the  glass  remains  too  long  in  the  melting 
furnace,  this  colour  becomes  brownish-red,  then 
yellow,  and  afterwards  green. 

Copper,  in  its  highest  state  of  oxidation,  gives  to 
glass  quite  free  from  iron  a sky-blue  colour,  and  in 
its  lowest  state  of  oxidation  a ruby  colour. 

At  all  times,  as  at  the  present  day,  red  window- 
glass  has  always  been  coloured  by  protoxide  of 
copper ; but  it  is  not  very  easy  to  obtain  tliis  colour, 
because  it  is  not  at  all  fixed : it  must  be  seized  at 
the  proper  time. 

When  the  glass  is  in  the  proper  state  to  be  blown, 
if  it  is  ladled  into  water,  yellow-green  cullet  is  pro- 
duced ; if  this  cullet  is  heated  to  the  point  of  lique- 
faction and  cooled  slowly,  the  red  colour  will 
gradually  show  itself  as  the  glass  cools,  becoming  of 
the  finest  ruby,  inclining  more  to  orange  than  to 
purple.  In  some  cases  the  cooling  in  the  usual  pro- 
cess of  manufacture  does  not  produce  this  colour, 
and  it  is  necessary  to  expose  the  glass  to  the  tem- 
perature of  the  annealing  kiln,  in  which  case  the  red 
colour  is  seen  to  increase  gradually  till  it  arrives  at 
its  greatest  intensity.  If  this  ruby  glass  is  over- 
fired it  changes,  first  to  crimson-red,  then  to  purple, 
by  a greater  degree  it  takes  a bluish  tinge,  and 
afterwards  gets  discoloured. 

Flashing  and  Casing. — This  process  consists  in 
coating  a layer  of  colourless  with  one  of  coloured 
glass,  which  can  then  be  reduced  by  grinding  to  the 
proper  tint.  For  this  purpose  the  glass  blower 
collects  the  proper  quantity  of  colourless  glass  on 
the  end  of  his  pipe,  rolls  it  upon  the  marver,  and 
then  dips  it  for  a moment  into  a pot  of  melted 
coloured  glass,  and  blows  out  the  two  together  into 
a cylinder  or  globe,  which  is  flatted  or  flutthed  out  in 
the  usual  way.  In  this  manner  panes  for  the  glass- 
painter  are  formed,  which  consist  of  two  layers  of 
glass,  one  coloured,  the  other  colourless  ; and  the 
former  can  be  ground  down  to  any  required  tint  or 
degree  of  transparency. 

Flint-crystal  glass  is  usually  coloured  by  a some- 
what similar  process  termed  caning.  Presuming  that 
any  tw'O  or  more  glasses  intended  for  casing  have 
been  mixed  of  the  same  specific  gravity,  to  give  them 
the  capability  of  harmonizing — that  is,  of  contracting 
and  expanding  equally — the  blower  has  to  gather  a 
ball  of  solid  glass,  intended  for  the  inner  layer,  in 
the  usual  manner  (Fig.  47).  About  the  same  time 

Fig.  47. 

f Y 4 i 

his  assistant  prepares  a casing  of  coloured  glass,  D, 
knocking  off  the  knob  to  open  and  shape  it  some- 
Avhat  like  the  bowl  of  a wine-glass,  or  the  broad  end 
of  a large  egg-shell ; this  is  set  into  a metal  stand,  E, 
on  the  floor,  merely  to  steady  the  case  or  shell,  D; 
while  the  blower  takes  the  lump  of  flint  or  white 
glass.  A,  and  gently  blows  it  into  the  coloured  case 
or  shell,  d',  to  which  it  immediately  adheres;  and 
when  submitted  to  the  flame  of  a pot-hole,  it  is  found 
to  weld  perfectly,  as  F. 

Glass-Painting. — Painting  on  glass  is  performed 
by  means  of  a vitreous  mixture  tenned  the  flux, 
combined  with  a pigment  prepared  from  some  me- 
tallic oxide.  The  flux  and  o.xide  are  simply  that 
combination  of  ingredients  which  is  necessary  to 
produce  a highly  fusible  coloured  glass  of  the 
required  hue  ; this  mixture  is  reduced  to  a state  of 
fine  powder,  rubbed  up  in  oil  of  turpentine,  boiled 
oil,  or  sometimes  simply  with  water,  and  laid  upon 
the  glass  to  be  painted  by  means  of  a brush.  The 
glass  thus  painted  or  stained  with  the  intended 
design  is  then  exposed  to  a heat  sufficient  to 
vitrify  the  niixture  without  melting  the  glass ; in 
other  words,  the  painting  is  said  to  be  burnt  in ; the 
ingredients  of  which  it  is  composed  are  converted 
into  a coloured  glass  or  transparent  picture,  while 
the  pane  or  other  article  on  which  it  is  laid  is  only 
sufficiently  softened  to  cause  the  complete  adherence 
of  the  coloured  glass  to  its  surface. 

It  is  evident,  therefore,  that  the  fusing  point  of 
the  pigment  must  be  much  lower  than  that  of  the 
glass  to  be  painted.  Indeed,  it  is  necessary  that 
the  former  should  vitrify  at  a temperature  at  which 
the  latter  does  not  sensibly  soften  ; for  any  consider- 
able softening  or  yielding  of  the  glass  would  distort 
the  design.  Hence  the  manifest  inapplicability  of 
crystal  or  lead-glass  for  painted  articles,  on  account 
of  its  great  fusibility.  On  the  other  hand,  common 
window-glass,  or  even  plate-glass,  may  be  success- 
fully used,  and,  best  of  all,  the  hard  Bohemian  glass, 
which  contains  potash  for  a base. 

When  the  colouring  oxides  employed  are  such  that 
they  are  not  injuriously  affected  by  the  oxides  of  lead 
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and  of  bismuth,  the  flux  is  usually  composed  of  the 
following  ingredients : — 


Parts 

Quartz  in  powder, 100 

Oxide  ol  lead 125 

Oxide  of  bismuth, 50 


But  if  these  oxides  exert  an  injurious  action  on  the 
colouring  matter,  and  tend  to  change  its  shade,  the 
subjoined  composition  is  used  : — 


Parts. 

Quartz  in  powder, 100 

Fused  borax, 75 

Nitrate  of  potash,  12*5 

Carbonate  of  lime,  free  from  iron, 12'5 


To  either  of  these  mixtures  or  fluxes  the  proper 
colouring  matter  is  added,  and  the  composition  so 
formed  is  introduced  into  a crucible,  and  melted  into 
a coloured  glass.  The  latter  is  then  reduced  to  a 
fine  powder,  mixed,  as  has  been  stated,  with  oil  of 
turpentine,  .and  used  as  a common  pigment  for 
painting  on  the  less  fusible  glass.  In  this  operation 
a cartoon,  or  drawing  upon  paper,  is  placed  below 
the  glass,  and  the  colours  are  applied  on  the  cor- 
responding lines.  In  preparing  painted  sheets  or 
p.anes  of  glass,  brown  or  black  outlines  are  generally 
traced  on  the  one  side  of  the  sheet,  whilst  the  colours 
are  laid  on  the  other  side ; but  in  painting  vessels 
or  other  articles,  this  is  not  the  practice. 

One  great  difficulty  of  the  glass-painter  consists 
in  this,  that  the  colours  which  he  lays  on  have  not 
the  same  appearance  as  they  .are  intended  to  assume 
in  the  finished  work.  When  the  same  figure  or 
pattern  is  to  be  repeated  many  times,  it  is,  in  some 
cases,  printed  on  the  glass  wfith  a gentle  pressure 
from  an  engraved  metallic  plate,  or  wooden  block, 
boiled  oil  being  used  as  the  vehicle  for  the  colouring 
oxide.  The  pane,  having  been  prepared  either  by 
painting  or  printing,  is  exposed  in  an  oven  or  muffle 
to  a temperiiture  sufficient  to  fuse  the  vitreous  flux 
and  dissolve  the  colouring  material. 

Professor  Bapff  describes  the  method  pursued  in 
the  manufacture  of  stained  glass  windows  as  fol- 
lows : — After  a design  has  been  drawn,  in  which  the 
effect  of  the  window  as  a whole  can  be  c.arefully 
considered,  cartoons  of  the  figures  and  ornaments 
are  made  of  the  exact  size  of  the  intended  painting, 
the  lines  being  extremely  clean,  precise,  and  well 
drawn,  because  it  is  from  these  that  the  workman, 
who  is  not  usually  himself  an  artist,  has  to  convey 
on  the  glass  the  feeling  of  the  artist. 

Tlie  cartoon  when  completed  is  laid  down  in 
pieces  for  convenience  sake  on  a table,  and  fastened 
with  smiill  nails.  The  glass-cutter  then  selects  the 
various  coloured  glasses  which  are  required  to  be 
inserted  in  their  proper  places,  so  as  to  carry  out  the 
design.  For  instance,  a piece  of  white  or  yellow 


figure  be  a smiill  one  the  hair  also  is  included  in 
this ; and  probably  in  the  figure  of  a saint  the 
nimbus  which  surrounds  the  head  m.ay  be  included ; 
while  in  larger  figures  the  face  is  of  glass  of  one 
tint,  the  hair  of  another,  and  the  nimbus  of  one  or 
more  tints,  different  from  these. 


The  outlines  of  the  figure  are  painted  with  a 
substance  called  “ tracing  brown,”  made  by  mixing 
some  oxide  of  iron  with  a flux,  heating  them  together 
in  a crucible,  and  grinding  the  product  to  a fine 
powder,  which  is  mixed  with  the  articles  adapted  to 
the  particular  use  to  which  it  is  to  be  applied. 

Different  fluxes  are  employed  by  different  glass 
painters : some  contain  borax,  because  these  fluxes 
fuse  more  easily.  These  are,  however,  liable  to  be- 
come hydrated,  and  in  this  condition  often  cause  the 
painting  to  peel  away.  Harder  fluxes  are  the  best, 
though  they  require  more  he.at.  Lead  fluxes  are 
sufficiently  fusible  for  all  ordinary  purposes,  and  are 
not  liable  to  the  objection  of  those  containing  borax. 

Suppose  it  is  desired  to  paint  the  outlines  of  a 
face,  the  glass  is  cut  to  the  shape  denoted  in  the 
cartoon  ; it  is  then  laid  upon  the  cartoon,  and  the 
painter  seeing  the  lines  through  the  glass,  traces 
them  with  his  brown  paint.  He  generally  uses  gum 
water  as  his  vehicle,  and  puts  on  the  shading  also 
with  the  gum  mixture,  though  sometimes  it  is  found 
necessiirj'  to  use  a substance  which  is  not  affected  by 
moisture,  as,  for  instance,  tar  oil.  When  the  face  is 
finished  it  is  removed,  and  another  portion  of  the 
figure  proceeded  with ; and  so  on  till  by  a repetition 
of  this  process  the  figure  is  completed,  when  all  the 
parts  are  put  on  the  cartoon,  in  order  to  see  that  the 
whole  is  harmoniously  treated. 

In  shading,  a glass  easel  is  used,  on  which  the 
figure  is  put  together,  and  the  p.arts  made  to  adhere 
by  wax,  so  that  the  artist  is  able  while  painting  to 
form  an  idea  by  transmitted  light  of  the  effect  which 
will  be  produced  when  the  picture  is  finished. 

When  all  the  glass  is  painted  it  is  fired  in  a muffle, 
upon  the  proper  construction  of  which  a great  deal 
depends.  It  is  usually  made  of  iron,  and  should  not 
be  more  than  l.'i  inches  from  its  bottom  to  the  top. 
It  is  never  well  to  have  it  longer  than  about  2 feet 
wide  by  2 feet  6 inches  deep.  The  top  of  the  muffle 
is  usually  slightly  arched  from  side  to  side,  and  it  is 
placed  in  the  furnace  on  a toleriibly  thick  stone  floor, 
so  that  the  bottom  m.ay  not  get  too  hot.  The  fire, 
which  is  lighted  below,  is  allowed  to  pl.ay  up  its  sides 
and  over  its  top,  the  flue  being  so  placed  as  to  dr.aw 
the  flames  in  that  direction.  The  muffle  has  ridges 
in  its  sides  to  receive  iron  plates,  and  there  is  gener- 
ally about  an  inch,  or  rather  less,  between  the  top 
of  one  plate  and  the  bottom  of  another.  The  plates 
are  covered  over  with  perfectly  dry  powdered  chalk 
or  wdiiting,  and  the  pieces  of  glass  are  laid  upon  them 
with  their  painted  sides  uppermost.  The  muffle  has 
two  doors,  between  which  is  a conical  tube  to  enable 
the  workman  to  look  in  from  time  to  time  to  see 
that  the  glass  is  not  overheated.  When  the  firing  is 
completed,  the  muffle  is  allowed  to  cool  slowly,  in 
order  to  anneal  the  glass. 

When  the  pieces  of  glass  are  perfectly  cold  they 
are  united  by  peculiarly  shaped  strips  of  lead.  The 
lead  has  a thick  core,  and  at  right  angles  to  the 
bottom  and  top  of  this  are  thin  plates  called  the 
leaves.  The  core  is  drilled  with  little  ridges  so  as  to 
enable  the  workmen  to  bend  the  lead  about  with 
facility.  The  joints  of  the  lead  are  soldered,  and 
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the  interstices  between  it  and  tlie  glass  filled  up 
with  a cement  made  of  white  lead,  oil,  and  plaster  of 
Paris — in  fact,  a fine  kind  of  putty. 

Soluble  Glass. — See  Soap  and  Sodium  Silicate. 

GLUE.  — Gelatin,  Bone  Gelatin,  Animal  Glntin. 
Gelatine,  Guile  forte,  French  ; Gallerte,  Leim,  Tisclter- 
leirn,  German  (see  Bone). — The  term  gelatin  is 
applied  to  that  part  of  animal  matter  of  which  the 
aqueous  solution,  fluid  whilst  hot,  becomes  a jelly  on 
cooling. 

Tliis  was  for  a long  time  regarded  as  a peculiar 
organic  prmciple,  and  was  known  by  the  name  of 
gelatin ; but  latterly  Muller  found  it  to  consist  of 
gelatin,  properly  so  called,  and  of  another  particular 
product,  which  he  denominated  clwndrin.  It  is 
generally  assumed,  though  not  perhaps  on  very 
sufficient  grounds,  as  Brande  remarks,  that  the 
gelatinous  textures  do  not  contain  ready-formed 
gelatin ; that  that  substance  does  not,  in  fact,  pre- 
exist in  the  animal  kingdom,  but  that  it  is  generated 
by  the  action  of  hot  water  upon  the  membranous 
tissues. 

The  historical  information  connected  with  this 
substance  is  very  limited.  Iclithyocolla — the  Latin 
synonym  for  isinglass,  derived  from  two  Greek  words, 
signifying  the  glue  of  fsh — is  repeatedly  mentioned 
by  Uioscorides  and  Pliny;  the  latter  writer  attri- 
butes the  discovery  of  it  to  Daedalus. 

Properties.— When  pure,  gelatin  is  almost  colour- 
less, transparent,  hard,  and  endued  with  great  but 
variable  coherence,  according  to  the  kind  of  tissue 
from  which  it  is  obtained.  It  is  inodorous  and  in- 
sipid, is  not  affected  by  the  atmosphere,  and  is 
neutral  to  litmus  and  turmeric.  Its  specific  gravity 
is  greater  than  that  of  water.  When  heated,  it 
softens,  diffuses  a peculiar  odour,  enters  into  a state 
of  send-fusion,  bends,  tumefies,  and  then  exhales 
the  odour  of  burnt  horn.  In  the  air  it  takes  fire 
with  difficulty,  smokes,  flames  only  some  instants, 
and  leaves  a bulky  charcoal  difficult  to  incinerate,  the 
ashes  of  which  consist  principally  of  phosphate  of 
lime.  By  dry  distillation,  gelatin  gives  much  car- 
bonate of  ammonia,  and  yields  the  ordinary  products 
of  the  distillation  of  niti'ogenized  substances. 

In  cold  water  it  softens,  intumesces,  becomes 
opaque,  but  does  not  dissolve,  and  increases  by 
about  40  per  cent,  in  W’eight.  It,  however,  dis- 
solves in  hot  water,  and  the  concentrated  solution  is 
precipitated  by  alcohol.  A liquid  which  contains 
T O d^^*  part  of  its  weight  of  gelatin  becomes  viscous 
on  cooling;  but  when  it  has  only  the  T-l-g^th,  the 
menstruum  remains  fluid.  If  the  solution  of  the 
gelatin  is  effected  too  quickly,  the  jelly  obtained  is 
less  firm.  Moreover,  the  result  varies,  not  only  in 
gelatin  obtained  from  different  tissues,  but  also  with 
that  obtained  from  the  same  tissue  taken  from 
animals  of  various  ages. 

It  differs  also  according  to  the  care  which  has  been 
taken  in  the  preparation  of  the  gelatin  ; when  its 
solution  has  been  exj  osed  to  a temperature  higher 
than  212°  Fahr.,  and  when  it  begins  to  sour,  it  loses 
in  part  the  property  of  becoming  jellied.  The  same 
happens  when  its  solution  is  heated  and  cooled 


several  times.  If  gelatin  be  left  a long  time  in  the 
open  air,  at  a temperature  of  00°  to  08°  Fahr.,  it 
becomes  ammoniacal,  and  putrefies.  The  addition 
of  a certain  quantity  of  acetic  acid  prevents  the 
putrefaction  without  destroying  its  adhesive  power. 

Gelatin  is  not  sensibly  soluble  in  ether  or  alcohol, 
and  when  the  latter  is  poured  into  a luke-warm  and 
somewhat  concentrated  solution  of  gelatin,  the  latter 
coagulates  in  a white,  coherent,  elastic,  and  slightly 
fibrous  mass,  which  adheres  to  the  vessel  with  much 
force.  Like  dry  gelatin,  it  softens  in  cold  water 
without  dissolving  in  it.  On  evaporating  the  alcohol 
there  remains  a thin  transparent  coating,  very  solu- 
ble in  cold  water,  but  which  is  not  capable  of  being 
jellied.  Common  gelatin,  in  a dry  state,  treated 
with  alcohol,  gives  up  to  it  a certain  quantity  of 
fatty  matter,  and  some  substances  of  an  extractive 
nature.  It  is  per  fectly  insoluble  in  ether  and  in 
oils,  both  fat  and  volatile. 

Gelatin,  when  in  the  jellied  state,  and  treated  wdth 
alcohol,  undergoes  a dehydration,  under  the  influ- 
ence of  which  it  contracts  much.  It  was  by  this 
means  that  Gonnor  succeeded  in  remarkably  reduc- 
ing the  size  of  a print  obtained  in  a very  hydrated 
film  of  gelatin,  and  transferring  it,  so  reduced,  to 
stone,  from  which  he  obtained  a new  imj^ression, 
quite  similar  to  the  first,  but  more  or  less  diminished. 

By  taking  these  prints,  on  the  contrary,  with 
gelatin  very  little  hydrated,  and  afterwards  steeping 
them  in  water,  a dilatation  of  the  plate  is  obtained, 
which  enlarges  the  figures  with  the  same  regularity. 

AMien  a solution  of  gelatin  is  continuously  boiled, 
it  by  degrees  loses  the  property  of  gelatinizing  on 
cooling ; this  property,  however,  is  recovered  on 
jirecipitating  the  gelatin  with  alcohol. 

Concentrated  sulphuric  acid  poured  on  aqueous 
gelatin  produces  a very  remarkable  alteration  in  it, 
converting  it  into  glycocine  (sugar  of  gelatin), 
leucine,  &c. 

Nitric  acid,  aided  by  heat,  transforms  gelatin  into 
oxalic  acid. 

Concentrated  acetic  acid  renders  softened  gelatin 
transparent,  and  then  dissolves  it ; the  solution  does 
not  become  viscid,  but  preserves  its  adhesive  pro- 
]>erty.  Diluted  acids,  on  the  other  hand,  do  not 
prevent  gelatin  from  coagulating  on  cooling. 

The  alkalies  when  dilute,  and  even  concentrated 
ammonia,  do  not  deprive  it  of  the  property  of  be- 
coming jellied,  but  render  the  solution  turbid  by 
causing  a precipitate  of  phosphate  of  lime.  Softened 
gelatin  dissolves  at  the  ordinary  temperature  in  con- 
centrated aqua  potassse,  leaving  a white  residuum, 
which  is  composed  principally  of  phosphate  of  lime. 
If  the  solution  be  exactly  saturated  with  acetic  acid, 
and  evaporated,  it  does  not  become  glutinous ; the 
gelatin,  altered  and  combined  with  acetate  of  pot- 
ash, which  remains  after  the  evaporation,  is  soluble 
in  alcohol.  Suljihuric  acid  precipitates  from  this 
liquid  sulphate  of  potash,  combined  with  modified 
gelatin  ; and  if  the  precipitate  be  dissolved  in  water, 
and  the  liquor  left  to  spontaneous  evaporation,  it 
crystallizes  to  the  last  drop.  The  aqueous  solution 
of  the  salt  is  abundantly  precipitated  by  the  infusion 


GLUE. — Gelatin.  49 


of  nut-gall,  by  chloride  of  mercury,  and  by  the 
sesquisulphate  of  iron.  Hydrate  of  lime  does  not 
alter  the  solution  of  gelatin,  which  dissolves  much  of 
it.  The  same  may  be  said  of  phosphate  of  lime  ; 
hence  the  reason  why  so  large  a quantity  of  this  salt 
occurs  in  the  glue  of  commerce. 

Silver  and  gold  salts  do  not  precipitate  gelatin,  but 
by  the  influence  of  solar  light  a portion  of  the  metal 
is  reduced.  It  is  thrown  down  by  sulphate  of 
platinum  in  brown  viscous  flakes,  which  blacken  on 
the  filter,  and  are  afterwards  easily  pulverized.  E. 
D.wy  regards  this  salt  as  an  infallible  test  for  the 
detection  of  gelatin,  even  in  the  presence  of  albumen, 
and  in  solutions  so  dilute  as  to  be  unaffected  by 
tannic  acid. 

Gallo-tannic  and  other  tannic  acids  form  com- 
pounds with  gelatin.  When  added  to  a solution 
containing  only  ^^y-jth  part  of  gelatin,  nebulosity 
is  immediately  apparent.  IVlien  more  concentrated 
gelatinous  solutions  are  treated  with  tincture  or  in- 
fiLsion  of  galls,  a dense  white  subsidence  occurs,  which 
on  desiccation  becomes  brownish-yellow,  aggluti- 
nates, and  forms  a hard,  brittle  mass,  easily  reduced 
to  powder. 

From  the  investigations  of  Mulder,  it  appears 
that  several  definite  and  permanent  combinations  of 
gelatin  with  tannic  acid  are  capable  of  being  formed. 
On  commingling  the  pure  solutions  of  these  bodies, 
a neutral  combination,  containing  one  equivalent  of 
gelatin,  one  of  tannic  acid,  and  two  of  water,  is 
formed.  According  to  Davy,  the  compound  of 
gelatin  with  oak-tannin  consists  of — 

Centesimally. 


Gelatin, 54 

Tannic  acid, 46 


100 

Scin^.BEL,  who  obtained  nearly  the  same  results, 
says  that  100  parts  of  gelatin  jirecipitated  with  a large 
excess  of  a solution  of  extract  of  oak-bark  in  9 parts 
of  water,  combined  with  118'5  parts  of  tannie  acid, 
ll’hen,  on  the  contrary,  he  mixed  a very  dilute  solu- 
tion of  extract  of  oak-bark  with  the  solution  of  gelatin, 
witliout  precipitating  the  whole  of  the  latter,  the 
deposit,  which  occupied  a considerable  time  in  sub- 
siding, contained  59’25  percent,  of  tannic  acid.  The 
gelatin  was  combined  in  each  of  these  cases  with 
different  proportions  of  tannin,  which  were  to  each 
other  as  UO,  U5,  and  2-0. 

It  would  sometimes  be  important  in  researches 
relative  to  animal  chemistry  to  be  able  to  separate 
tannin  from  gelatin,  but  this  has  not  been  effected. 
A dilute  solution,  either  of  caustic  alkali  or  carbo- 
nate, extracts  much  of  the  tannic  acid,  and  leaves 
a gelatiniform,  mucilaginous,  swollen  mass,  which 
with  the  aid  of  heat  dissolves  in  alkali  like  gelatin , 
but  it  is  found  in  this  case  that  the  solvent  employed 
for  removing  the  tannic  acid  has  also  taken  up  a 
certain  quantity  of  gelatin ; and  if  the  mass  in 
question  be  digested  with  water,  a little  of  the 
gelatin  dissolves  out,  while  the  remainder  is  con- 
verted into  that  combination  of  gelatin  and  tannin 
which  has  been  already  mentioned  as  so  slow  in 
depositing. 

VOL.  II. 


Ultimate  analyses  of  gelatin  have  been  made  by 
numerous  chemists,  but  with  different  and  ill-agreeing 
results,  the  foremost  among  them  being  those  of 
Mulder,  Scherer,  and  Goudcever  : the  formulae 
proposed  to  represent  its  composition  are  conse- 
quently equally  diverse. 

Ceiitesiiiially  represented. 

Mulder.  Scherer.  Scherer.  Goudcever. 


Carlion, 50-04  50  4 50-78  50-00 

Hydrogen 6-47  6-9  7-15  6-72 

0.xygen, 25-13  23-8  23-75 

Nitrogen, 1836  18-9  18’32 


100-00  100-00  100-00 

Preparation. — Gelatin  is  obtained  by  subjeeting 
fragments  of  hoofs,  horns,  hides,  bones,  the  feet  of 
calves,  cows,  sheep,  &c.,  to  the  action  of  boiling 
water  or  steam.  The  resulting  liquor  is  skimmed 
and  strained,  so  as  to  effect  the  removal  of  floating 
fatty  bodies,  and  of  any  deposit  which  might  be 
formed  ; then  allowed  to  gelatinize  by  spontaneous 
decrease  of  its  temperature. 

It  may  also  be  procured  from  shavings  of  harts- 
horn, the  product  being  tasteless,  and  having  the 
advantage  of  being  entirely  free  from  fatty  and 
oleaginous  matters. 

When  gelatin  is  used  as  an  article  of  food,  the 
material  should  be  of  the  best  description,  and  quite 
fresh.  Bones  intended  for  this  purpose  ought  to  be 
well  preserved  in  brine,  or  to  be  dried  in  a stove. 
Their  gelatin  is  best  extracted  by  the  combined 
action  of  steam  and  a current  of  water  percolating 
the  fragments.  Cast-iron  cylinders  are  generally 
used  in  this  part  of  the  process.  A vertical  section 
of  one  of  these  is  represented  in  Fig.  1,  where  AAA 


Fig.  1. 


show  the  exterior  cylinders,  containing  a basket  or 
cage,  B,  filled  with  bruised  bones ; C C the  pipe  con- 
veying steam  to  the  interior ; D,  a pipe  for  the  intro- 
duction of  water,  provided  with  a stopcock,  E,  for 
regulating  the  quantity  of  the  supply,  and  to  which 
is  accurately  fitted  a tube  of  tinplate,  F,  closed  at 
the  inside  end,  and  perforated  on  its  under  side  with 
small  holes,  so  as  to  allow  of  the  percolation  of  the 
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water . this  tube  is  inserted  in  its  proper  place  after  tated  from  solution  by  nearly  all  acids.  The  pre- 
the  bone-cage  has  been  introduced.  cipitate  formed  by  hydrochloric,  sulphuric,  nitric. 

The  cylinders,  represented  by  A A A A,  are  elevated  phosphoric,  phosphorous  chloric,  or  iodic  acid,  redis- 
about  20  inches  from  the  floor,  and  secured  in  their  solves  in  excess  of  the  acid,  whilst  that  formed  by 
respective  positions  by  screws ; a a are  the  lids,  in  addition  of  pyrophosphoric,  hydrofluoric,  carbonic, 
which  are  tubulures  or  valves;  a thermometer  is  arsenic,  acetic,  tartaric,  oxalic,  citric,  or  sulphurous 
placed  at  h ; the  stopcocks,  for  withdrawing  the  i acid,  remains  permanent. 

gelatinous  liquor,  are  shown  at  c c , d d are  Chondiin  is  more  particularly  distinguished  from 

small  gutters  of  tinplate;  ee,  the  main  conduit  of  gelatin  by  its  nonprecipitation  by  mercuric  chloride, 
discharge  into  the  cistern,  y';  g(j,  blocks  and  tackle  and  by  its  precipitation  by  sulphide  of  aluminium, 
for  raising  the  bone-basket ; h,  the  main  steam-pipe,  alum,  the  acetates  of  lead,  sulphates  of  iron,  nitrates 
When  a pure  jelly  is  required,  the  cylinder,  after  of  mercury,  and  ferric  chloride, 
being  charged  with  bones,  is  wrapped  in  a strong.  Give  is  an  impure  desiccated  gelatin,  obtained  from 

coarse  woollen  material ; as  soon  as  the  fatty  mat-  various  sources.  The  principal  substances  employed 
ters  cease  to  flow,  the  stopcock,  e,  which  admits  the  are  scraps  of  ox  and  other  thick  hides,  which  afford 
cold  water,  is  closed,  as  also  those  at  the  bottom  of  the  strongest  product;  the  debris  of  the  tan-yards, 
the  cylinders,  ccc,  which  are  to  be  opened  only  at  of  leather-dressers,  morocco-leather  manufacturers, 
the  end  of  every  hour,  but  to  such  an  extent  only  | &c.  Tlie  tendons  and  intestines  of  many  animals, 
as  to  let  the  gelatinous  solution  run  out,  without  rabbit  skins  deprived  of  their  fur,  scraps  of  {)arch- 
allowing  any  steam  to  escape.  The  liquid  is  sub-  ment,  old  gloves,  and  many  other  apparently  worse 
sequently  strained,  and  poured  into  shallow  ves-  than  useless  matters,  all  contribute  their  quota  in 
sels  of  tinplate,  or  upon  slabs  of  marble,  slate,  or  the  manufacture  of  glue. 

compact  and  polished  stone,  to  solidify.  It  is  finally  When  the  fresh  glue-yielding  substances  are  not 

cut  into  shreds,  &c.,  as  may  be  thought  proper.  to  be  immediately  employed,  it  is  always  requisite 

In  George  Nelson’s  process  cuttings  are  made  of  to  submit  them  to  some  antiseptic  treatment  till 
the  hides  of  beasts  or  of  the  skins  of  calves.  The  they  are  required  for  use. 

cuttings  being  well  washed  are  macerated  in  caustic  These  results  are  obtained  by  simply  macerating 

alkali  at  a temperature  of  60°'Fahr.,  until  they  are  them  during  fifteen  to  twenty  days  in  milk  of  lime, 
partially  softened.  Ten  days  is  the  period  named  which  is  repeatedly  renewed.  After  taking  them 
as  required  to  effect  this.  They  are  then  placed  in  from  the  lime  bath,  they  are  spread  in  the  open  air 
close  vessels,  and  permitted  to  remain  until  a thorough  to  drain  and  dry.  The  desiccation  is  accelerated 
softening — ascertained  by  passing  a fork  through  | by  turning  them  over  with  a fork  several  times  a 
them — is  effected.  The}'  are  now  washed  in  a re-  day.  AVhen  sufficiently  dried,  the  materials  are 
volving  cylinder,  through  which  a current  of  water  packed  up  and  sent  to  the  glue  factory, 
passes  ; exposed  in  a well-closed  chamber  to  the  ' The  lime  water  dissolves  the  blood  and  attacks 
action  of  sulphurous  acid  ; submitted  to  pressure  to  the  epidermis,  and  predisposes  the  tissue  to  be 
remove  the  adhering  water ; and  subjected  to  the  converted  into  gelatin. 

action  of  steam  at  about  150°  Fahr.,  till  they  are  as  Formerly  the  glue  pieces,  having  been  cleansed  as 

far  as  possible  dissolved.  The  liquor  is  then  strained,  above  described,  were  thrown  loose  into  the  caldron, 
and  set  aside  at  a temperature  of  100°  to  120°  Fahr.,  which  was  of  copper,  rather  shallow  in  proportion  to 
for  the  impurities  which  may  have  remained  to  sub-  its  area,  and  flat-bottomed.  Above  the  true  bottom 
side  ; then  poured  upon  slabs  of  slate  or  marble  to  there  was  a false  one  of  copper  or  iron,  perforated 
the  depth  of  about  half  an  inch,  and  allow'ed  to  re-  with  numerous  holes,  and  standing  upon  feet  3 or  4 
main  there  till  it  has  sufficiently  solidified,  when  it  is  inches  high,  the  animal  matters  being  thus  upheld 
cut,  and  washed  to  remove  all  traces  of  acid.  It  is  from  contact  with  the  fire. 

subsequewtly  redissolved  by  means  of  a steam-bath  i Now,  however,  the  material  is  placed  in  a wide- 
at  a temperature  of  85°,  and  finally  re-solidified,  and  mouthed  bag  or  net,  made  of  rope,  and  spread  open 
desiccated  by  exposure  to  dry  air  upon  nets.  1 in  the  cauldron,  which  contains  a light  framing  of 

C.  E.  Roper  prepares  gelatin  from  bones  or  ivory,  iron  to  prevent  the  bag  adhering  to  the  sides  or 
broken  into  small  pieces  in  a digester.  To  each  bottom.  Water  is  then  added  and  gradttally  brought 
cwt.  of  material  is  added  6 gallons  of  water,  and  to  ebullition.  As  the  animal  substances  decrease 
the  vessel  being  closed,  steam  is  admitted  at  a in  bu.k  fresh  additions  are  made,  the  whole  being 
pressure  gradually  raised  to  32  lbs.  per  square  inch  occa.sionally  agitated  or  pressed  down  by  means  of 
for  three  and  a half  hours,  when  the  charge  is  with-  poles. 

drawn.  The  product  is  then  run  into  shallow  tins  The  progress  of  the  operation  is  readily  ascer- 

or  pans  to  solidify,  and  finally  placed  on  nets  to  dry  ' tained  by  withdrawing  a sample  of  the  liquor  and 
in  the  usual  manner.  setting  it  aside  for  a few  minutes  to  cool.  If  a 

Chondriii. — This  substance  resembles  gelatin  so  clear  and  firm  jelly  be  obtained,  the  boiling  has 
strongly  that  it  was  long  confounded  with  it.  It  is  been  carried  to  a sufficient  extent,  and  the  mouth 
prepared  by  boiling  cartilages  of  the  ribs,  &c,  which  of  the  glue-bag  having  been  securely  tied  up,  it  is 
have  not  been  subject  to  ossification,  with  water,  and  slow'ly  raised  by  appropriate  machinery  until  it 
evaporating  the  liquid  to  a jelly.  j comes  in  contact  with,  or  is  partially  coiled  round, 

Chondrin  differs  from  gelatin  in  that  it  is  precipi-  a large  beam  immediately  above  the  caldron,  which 
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expels  the  fluid.  In  this  state  it  is  left  to  drain. 
The  solution  in  the  boiler  will  require  evaporation 
before  it  is  sufficiently  concentrated  for  making  glue. 

The  contents  of  the  bag  are  subjected  to  ebullition 
for  a second  and  a third  time,  and  by  this  means 
afford  .tize.  "When  the  resulting  solutions  are  too 
dilute  for  either  glue  or  size,  they  are  employed 
instead  of  water  for  extracting  the  glue  from  fresh 
materials;  the  refuse  in  the  bags,  after  all  available 
matter  has  been  extracted,  is  sold  for  manure,  and 
thus  every  particle  of  animal  substance  is  turned 
to  account. 

When  sufficiently  concentrated  the  glue  is  trans- 
ferred from  the  caldron  to  the  seltling-hack,  where 
such  a temperature  is  maintained  that  its  fluidity  is 
preserved.  The  impurities  by  this  means  subside, 
and  should  the  manufacturer  wish  a very  fine  pro- 
duct, he  at  this  time  adds  such  fining  or  clarifying 
agents  as  he  may  prefer. 

The  glue  is  run  off  hence  into  wooden  coolers  or 
boxes  about  6 feet  in  length,  2 in  depth,  and  1 in 
breadth.  The  apartment  in  which  this  is  done 
ought  to  be  as  cool  and  as  dry  as  [lossible,  and  the 
floor  should  be  kept  scrupulously  clean,  so  that 
should  any  glue  escape  it  may  be  recovered. 

Having  become  a firm  jelly,  the  glue  is  cut  out 
into  cubic  masses,  each  of  which  is  deposited  in  a 
kind  of  wooden  box,  open  to  the  back  in  several 
slits  or  divisions,  of  a size  corresponding  to  the 
thickness  which  the  cakes  of  glue  are  required  to 
have.  It  is  then  cut  into  slices  by  passing  a brass 
wire  stretched  in  a frame  like  that  of  a bow-saw 
along  the  slits.  The  resulting  cakes  of  glue  are 
deposited  upon  nets,  which  are  stretched  in  wooden 
frames,  and  are  thus  removed  to  the  sheds,  where 
they  are  placed  in  piles,  due  intervals  being  allowed 
for  the  circulation  of  the  air.  They  are  turned  two 
or  three  times  a day. 

The  drying  of  the  glue  is  the  most  precarious 
part  of  the  manufacture.  The  least  disturbance  of 
the  weather  m.ay  injure  the  product  during  the  first 
two  or  three  days  of  its  exposure.  Should  the 
temperature  rise  considerably,  the  gelatin  may 
become  soft  and  unshapely,  so  much  so  as  to  run 
through  the  meshes  upon  the  pieces  below,  or  to  get 
attached  to  the  strings  and  surround  them  so  as  not 
to  be  sejiarable  without  plunging  the  net  into  boil- 
ing water.  If  frost  supervene,  numerous  cracks 
may  be  formed  in  the  cakes  from  the  congelation  of 
their  water.  Sueh  pieces  must  be  remelted.  Even 
a slight  fog  produces  upon  newly-exposed  glue  a 
serious  deterioration ; the  damp  condensed  ujion 
its  surface  occasioning  a general  mouldiness.  A 
thunderstorm  sometimes  destroys  the  coagulating 
power  in  the  whole  laminae  at  once,  or  causes  the 
glue  to  turn  on  the  nets.  A wind  too  dry  or  too 
hot  may  cause  it  to  exsiccate  so  quickly  as  to  pre- 
vent it  from  contracting  to  its  proper  size  without 
numerous  cracks  and  fissures.  Thus  the  manufac- 
ture can  only  be  profitably  and  conveniently  carried 
on  in  temperate  and  equable  weather.  The  drying, 
however,  is  not  entirely  finished  in  the  open  air. 
IVhen  the  glue  is  about  three  parts  dry  it  is  re- 


moved into  lofts,  where  in  the  course  of  some  time 
the  hardening  is  comj>letcd.  But  as  the  surfaces  of 
the  cakes  become  mouldy  and  soiled,  it  is  necessary 
to  scour  them  with  a brush  and  hot  water  and  set 
them  up  to  drain.  They  are  then  finally  dried  in  a 
stove-room  at  an  elevated  temperature,  which,  when 
they  have  once  become  solid,  only  serves  to  harden 
and  improve  them. 

In  France  a considerable  quantity  of  glue  is  made 
from  bones,  which  are  digested  in  hydrochloric  acid, 
for  the  purpose  of  removing  the  phosphate  of  lime. 

The  following  is  the  modus  operandi: — It  is  proper 
to  observe  that  all  bones  do  not  answer  for  this 
manufacture.  Only  spongy  bones  can  be  used;  the 
ribs,  the  back-bone,  the  lower  jaw-bone  of  animals, 
and  the  hoims,  are  those  which  yield  the  greatest 
amount  of  gelatin.  The  bones  are  broken  as  small 
as  possible  by  means  of  an  axe.  Some  hydrochloric 
acid  of  36°  Twaddell  is  mixed  with  a quantity  of 
water,  so  as  to  reduce  the  mixture  to  13°,  which  can 
be  ascertained  by  means  of  the  acidimeter.  The 
crushed  bones  are  put  into  a vessel,  and  the  above- 
mentioned  preparation  poured  over  them  so  as  to 
cover  them  completely.  The  vessel  is  covered  close 
with  a wooden  lid,  and  the  bones  are  thus  left  to 
macerate  for  thirty  hours.  When  this  period  has 
elapsed,  it  must  be  seen  if  the  bones  are  softened ; 
for  otherwise,  if  the  acid  was  deficient  in  strength 
to  extract  from  them  the  lime  and  alkali,  in  that 
case  it  would  be  requisite  to  change  the  vessel  and 
to  give  them  a new  maceration  with  a mixture  of  9° 
Twaddell  strength.  When  sufficiently  pre{>ared  they 
are  withdrawn  and  thrown  into  a bath  of  weak  lime- 
water,  where  they  are  left  to  steep  eight  days ; they 
are  then  removed,  washed  with  fresh  water,  and 
put  to  steep  in  a fresh  portion  of  water  daily  for  ten 
or  twelve  days,  for  the  purpose  of  removing  from 
the  bones  the  acid  which  may  have  penetrated  them 
— then  dried.  This  glue  possesses  little  cohesive 
force.  It  dissolves  almost  entirely  in  cold  water, 
which  is  the  best  criterion  of  its  imperfection. 

Glue  is  commercially  judged  of  by  its  colour, 
and  freedom  from  cloudy  or  black  spots  when  held 
up  before  the  light. 

Fresh  glue  dries  much  more  readily  than  glue 
that  has  been  once  or  twice  melted.  Dry  glue  ab- 
sorbs different  quantities  of  water  in  proportion  to 
its  quality,  and  on  this  property  Sciiattenmann  has 
proposed  a method  of  testing  it. 

Dry  glue  is  immersed  for  twenty-four  hours  in 
water  at  a temperature  of  about  60°  Fahr.  A jelly 
is  thus  formed,  the  qualities  of  which  will  fairly 
represent  those  of  the  glue.  For  example,  the 
finest  ordinary  glue,  or  that  made  from  white  bones, 
absorbs  in  the  time  specified  twelve  times  its  weight 
of  water,  so  that  a plate  weighing  3 grams  pro- 
duces 39  of  fine  elastic  jelly.  Glue  from  dark  bones 
takes  up  nine  times  its  weight  of  water,  and  a soft 
brown  jelly  is  produced,  devoid  of  elasticity  and 
consistenejq  and  falling  to  pieces  when  handled. 

Well-dried  glues  are  much  less  hydrometric  than 
badly  made  ones,  or  those  fabricated  from  inferior 
materials.  The  latter  are  liable  to  putrefaction. 
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— Colle  de  poisson,  Frencli ; Fischleim,  Ger- 
man ; Ichthijocolla.  I^atin.  The  repeated  mention  by 
Dioscoiudes  and  Pliny  of  ichtlujocolla  has  already 
been  noticed. 

Isinglass  is  obtained  from  the  air-bag,  or  sound, 
as  it  is  sometimes  termed,  of  various  fislies,  the  species 
of  many  of  which  are  still  unknown.  The  finest  kinds 
are  produced  by  species  of  the  Anpeiiscr,  and  some 
other  genera,  as  the  Mnrrhna,  Si/i(riis,  and  Gadus. 

The  method  of  preparing  the  air-bags  for  sale 
differs  considerably,  according  to  the  country  in 
which  it  is  conducted.  The  commercial  pipe,  purse, 
and  lump  isinglass  consist  of  the  bag  desiccated,  but 
unopened.  The  leaf  and  honeycomb  kinds  are  ex- 
amples of  the  bladder  cut  open  and  dried  unfolded  ; 
in  the  staple  and  hook  varieties  it  is  folded,  while  in 
the  ribbon  isinglass  it  is  rolled  out.  It  is  picked  or 
cut  before  importation  into  Great  Britain. 

The  isinglass  produced  in  the  Russian  empire  is 
principally  obtained  from  the  sturgeons.  These 
cartilaginous  fishes  constitute  the  genus  Acipenser. 
But  this  is  not  the  only  genus  from  which  isinglass 
is  obtained  in  Russia,  for  it  is  also  procured  from 
the  Silurus  ylanis,  which  ROYLE  suggests  may  be  the 
source  of  the  Samovey  isinglass  of  commerce, 

Russian  isinglass  is  thus  prepared  • — The  swimming 
bladder  is  cut  open,  washed,  and  then  exposed  to 
the  air  with  the  inner  silvery  membrane  turned  up- 
wards. The  latter  is  then  stripped  off  and  placed 
in  damp  clotlis,  or  left  in  the  outer  covering,  and 
kneaded.  It  is  tlien  taken  out  of  the  cloths,  and 
eitlier  merely  dried  {leaf  isinglass)  or  twisted  in  a 
scrjientine  manner,  between  three  pegs,  into  the 
shape  of  a horse  shoe,  heart,  or  lyre  (loiif/  and  short 
sta/>le),  or  folded  in  the  manner  bookbinders  fold 
printed  sheets  of  paper  {book  isinglass). 

According  to  T.  W.  C.  Mahtin,  the  swimming  blad- 
ders are  first  placed  in  hot  water,  carefully  deprived 
of  adhering  blood,  cut  open  longitudinally,  and 
exposed  to  the  air,  with  the  inner  delicate  silvery 
membrane  upwards.  When  dried,  this  fine  mem- 
brane is  removed  by  beating  and  rubbing,  and  the 
swimming  bladder  is  then  made  into  different  forms. 

Several  kinds  of  leaf  isinglass  are  imported  from 
j Russia.  The  finest  kind  is  that  from  Astrakhan,  one 
variety  of  which  is  said  to  be  obtained  from  the  Beluga 
{Acipenser  huso).  These  are  imported  from  St. 
Rctersburg.  The  Samovey  leaf  is  an  inferior  kind 
brought  from  Taganrog.  Sisane  leaf  is  the  produce 
of  a small  fish,  each  piece  measuring  only  about 
inches  each  way,  and  weighing  about  a drachm  ; it 
looks  like  pieces  of  dried  bladder,  marked  by  two 
fibrous  or  muscular  bands.  Kroski  isinglass  is  in 
small  circular  membranous  discs.  Long  staple  isin- 
glass is  of  fine  quality,  and  is  the  produce  of  the 
Oural.  It  is  usually  imported  loose  ; at  times  it  is 
strung  on  ropes,  and  this  latter  kind  is  preferred. 
Of  short  staple,  three  varieties  are  known  ; the  finest 
is  from  the  Oural,  and  is  distinguished  by  the  name 
of  Patriarch,  but  it  is  very  scarce.  The  Astrakhan 
short  staple  is  one  of  the  best  kinds.  The  Samovey 
! short  staple  is  of  inferior  quality.  Two  sorts  of 
I book  isinglass  are  met  with  ; that  from  the  Oural  is 


excellent,  but  the  Samovey  product  is  little  regarded. 
Siberian  purse  isinglass  is  of  moderately  good  quality, 
and  is  in  general  demand.  A small  kind  on  strings, 
in  a necklace  form,  is  sometimes  imported. 

Brazilian  isinglass  is  imjiorted  from  Para  and 
IMaranham,  and,  according  to  Gi'IBOURT,  is  some- 
times denominated  Cayenne  isinglass.  The  fishes 
which  produce  it  are  not  known  ; but  it  is  obvious, 
from  a superficial  examination  of  the  commercial 
specimens,  that  they  must  have  been  obtained  from 
at  least  several  species  or  genera.  Yaruel  suggests 
the  genera  Pimelodus  and  Silurus  as  the  sources  of  it. 

It  comes  over  in  the  form  of  pijK,  lump,  and  honey- 
comb. 

Pipe  Brazilian  isinglass  must  have  been  procured 
from  a large  fish.  It  is  prepared  by  drying  the 
swimming  bladder  unopened,  and  in  some  cases  this 
is  found  distended  with  air.  Each  air-bag  or  pipe, 
as  it  is  caded,  is  from  10  to  12  inches  in  length,  and 
2 or  2^  inches  broad,  weighing  about  5 ozs. ; in  shape 
somewhat  conical,  tapering  at  one  extremity,  but 
broader  at  the  other,  where  on  each  side  is  a csecal 
prolongation.  It  is  devoid  of  smell.  Lump  Brazilian 
isinglass  consists  of  two  swimming  bladders  placed 
side  by  side,  considerably  separated  at  one  end,  but 
communicating  witli  each  other  at  the  diverse  ex- 
tremity. IVhen  perfect,  each  specimen  bears  some 
resemblance  to  that  of  a torpedo.  A perfect,  though 
not  very  large  lump,  measures  8 inches  in  length, 
and  at  the  greatest  latitude,  5 inches.  Its  weiglit  is 
about  Cj  ozs.  It  consists  of  three  portions,  sepa- 
rated by  constrictions.  The  largest  portion  is  5 
inches  broad,  and  inches  in  length,  fiattish  in 
front,  rounded  posteriorly.  It  consists  of  two  sacs, 
placed  one  on  each  side.  The  middle  portion  is 
oblong,  3 inches  in  length,  and  2 in  breadth.  This 
is  also  formed  of  two  sacs,  communicating  with  the 
preceding  portion.  The  third  portion  is  oblong,  1| 
inch  long,  and  three-fourths  of  an  inch  wide.  This 
consists  of  one  sac  only,  into  which  both  sacs  of  the 
middle  portion  open. 

Honeycomb  Brazilian  isinglass  appears  to  be  the 
largest  quantity  of  the  lump  variety  split  open.  The 
latter  is  sometimes  softened,  and  rolled  out  into 
thin  ribbons,  in  this  country.  On  account  of  its 
deeper  colour  and  less  solubility,  Brazilian  isinglass 
is  not  in  demand  for  domestic  use ; though,  as  it  is 
sold  in  the  cut  state,  it  is  probably  largely  inter- 
mixed by  shopkeepers  with  the  finer  kinds  of  Russian 
isinglass,  and  sold  as  such.  As  it  is  moderately 
cheap  and  soluble,  it  is  in  extensive  use  for  fining 
by  brewers,  who  are  the  principal  consumers  of  this 
variety.  When  digested  with  boiling  water,  it  leaves 
a large  proportion  of  undissolved  white  matter  of  a 
starchy  consistence. 

Occasionally,  ribbon  isinglass  is  imported  from 
New  York.  It  is  in  thin  strips  of  several  feet  long, 
and  from  inch  to  2 inches  in  width.  It  is  less 
soluble  than  Russian  isinglass,  and  affords  a dark- 
coloured  solution.  J.  Y.  C.  Smith  states  that  it  is 
obtained  from  the  air-bladder  of  tlie  common  Hake 
— G(alus  inerliicchis — which  is  macerated  in  water  for 
a short  time,  and  is  then  taken  out  and  subjected  to 


GLYCEIJIN. 


53 


pressure  between  two  iron  rollers,  by  which  it  is 
elongated  to  the  extent  of  half  a yard  or  more.  It 
is  then  carefully  dried,  packed,  and  sent  to  market. 
The  common  cod — Marrhua  vuhjaris — yields  a poorer 
kind  of  isinglass ; but  the  hake  only  is  known  to  the 
extensive  manufacturers  as  fit  for  their  purposes. 

Uudsoii's  Ba>i  h'uKjkm. — Tliis  isinglass  comes  over 
in  the  purse  form  It  is  of  a light  yellow  colour, 
translucent,  and  free  from  taste  and  smell.  The 
inner  lining  of  the  sac,  which  may  be  readily  stripped 
off,  is  insoluble  in  water ; the  remaining  membrane 
dissolves  in  boiling  water. 

For  a long  period  isinglass  has  been  exported  from 
Calcutta  to  China.  It  is  probably  the  produce  of  a 
species  of  Poljiiiemwi. 

Picked  East  India  isinglass  is  in  small  shreds,  2 or 
3 inches  long,  and  tapering  at  the  extremities.  It  is 
hand-picked  in  India  by  the  natives. 

Manilla  isinglass  has  been  imported  recently  as 
thin  cake.  It  is  white  and  clean,  and  is  equal  in 
quality  to  Brazilian  or  Samovey  book.  The  fish 
which  yields  it  is  found  in  the  river  of  Manilla,  and 
on  the  coasts  of  the  Philippines,  Lucoiiia.  It  is 
smaller  than  the  Brazilian,  but  greatly  resembles  the 
lump  variety  of  that  kind,  and  the  fish  is  probably  an 
allied  species. 

Cod  sounds,  in  a dried  state,  are  brought  from 
Scotland,  and  used  as  a substitute  for  foreign  isin- 
glass. They  are,  however,  usually  preserved  soft  by 
salting,  and  dressed  for  the  table. 

The  properties  of  isinglass  are  nearly  the  same  as 
those  of  gelatin. 

The  more  common  kinds  of  isinglass,  especially 
the  coarse  Brazilian,  are  used  by  brewers  for  fining 
beer.  They  are  also  employed  for  the  clarification 
of  wines  and  various  other  liquids. 

Court  plaster  is  formed  by  brusliing  a solution  of 
isinglass,  mingled  with  a little  tincture  of  benzoin, 
over  black  sarsenet. 

Marine  (jlue,  diamond  cement,  ^c.,  are  made  by  dis- 
solving isinglass  in  dilute  alcohol. 

GLYCERIN.— iVo/ie/r/yZ  alcohol ; (jhjcerine,  glycerin, 
French  ; ghjcoin,  oels'iiss,  oeizucker,  German  ; elaio- 
saccharuni,  Latin(C3lIg03  or  C^II ^(011)^). — Schkele, 
its  discoverer,  termed  it  the  sweet  principle  of  fat. 
d'his  body  is  produced  from  most  fixed  oils  and  fats 
by  the  process  of  saponification.  It  does  not  exist 
ready  formed  in  the  fats,  but  is  formed  from  them, 
together  with  a fatty  acid,  by  addition  of  the  elements 
of  water,  just  as  alcohol  is  produced  from  acetate  of 
ethyl. 

Most  fats  and  oils  are  mixtures  of  propcnyl  ethers 
of  the  fatty  acids  and  the  acids  of  the  oleic  series. 
AVlien  fats  are  heated  with  water  or  with  alkaline 
solutions,  they  are  converted  into  glycerin  and  fatty 
acids  or  their  alkali  salts,  namely,  soaps. 

Glycerin  was  discovered  by  Scheeee  in  1779. 
He  obtained  it  in  the  course  of  making  lead  plaster. 
Olive  oil,  or  any  of  the  natural  fats,  was  boiled  with 
litharge  and  water  till  saponification  was  effected  ; 
the  fluid  remaining  was  then  decanted,  and  sulphu- 
retted hydrogen  passed  through  it  till  the  wliole  of 
the  lead  was  precipitated  as  sulphide.  After  filtra- 


tion the  liquid  was  evaporated  with  great  care  below 
212°  Fall!'.,  when  a viscous  fluid  remained  ; this  was 
glycerin. 

Pure  glycerin  is  a colourless,  transparent  liquid, 
inodorous,  and  of  a syrupy  consistence,  possessing 
a very  sweet  taste.  Its  specific  gravity  is  T27,  at 
15-”6  C.  When  exposed  to  strong  winter  cold  it  has 
been  found  to  solidify  to  a crystalline  mass  resembling 
sugar-candy,  andcomposedof  shining  octahedral  crys- 
tals about  the  size  of  peas,  having  a strong  refracting 
power,  grating  between  the  teeth,  and  exhibiting  the 
reactions  of  pure  glycerin.  In  small  quantities  these 
crystals  melted  quickly ; but  after  complete  fusion 
the  glycerin  did  not  again  solidify,  even  when  cooled 
far  below  the  freezing  point  of  water  (Gladstone, 
Ckookes).  According  to  Wei:ner,  cold  commercial 
glycerin  crysfidlizes  when  chlorine  gas  is  passed  into 
it.  Glycerin  solidifies  at  — 40°  C.  to  an  amorphous 
mass.  When  distilled  alone  it  is  decomposed  for  the 
most  part ; but  when  under  slight  pressure,  or  in  an 
atmosphere  of  steam,  it  distils  without  decomposition. 

Glycerin  is  soluble  in  water  (which  it  absorbs 
from  the  air),  alcohol,  and  chloroform,  but  is  in- 
soluble in  ether.  I'hrown  upon  live  coals,  or  heated 
in  contact  with  the  air,  it  burns  with  a blue  flame. 
The  alkalies,  and  so  jnany  metallic  salts,  are  dis- 
solved by  it  tliat  it  ranks  next  to  water  as  a solvent. 

Klevei:  states  that  100  parts  of  glycerin  dissolve 
at  15°6  C.:— 


Parts  by 
Weight. 

Alums, 40 

Ammonium  c.irlionate,  20 
Ammonium  chloride,..  20 

Arsenious  acid, 20 

Arsenic  oxide, 20 

Atropine, 3 

Atropine  sulphate, ... . 33 

Barium  chloride, 10 

Benzoic  acid, 10 

Boric  acid, 10 

Brucine, 2-20 

Calcium  sulphide,  ... . 5 

Chinchonine  sulphate,..  6‘70 

Cinchonine, O'oO 

Cupric  acetate, 10 

Cupric  sulphate, 30 

Iodine, D9 

Lead  acetate 20 

Mercuric  chloride,  . . . , 7'50 

Mercuric  cyanide,  ....  27 

Morphine, 0’4.5 

Morphine  acetate, 20 

Morphinehydiochloride,20 
Oxalic  acid, 15 


Parts  by 
Weight. 


Phosphorus,... 0'20 

Potassium  arsenate, . . 50 

Potassium  bromide 25 

Potassium  chlorate, . . . 3--50 

Potassium  cyanide, 32 

Potassium  iodide, 40 

Quinine, 0-50 

Quinine  tartrate, 0'25 

Sodium  arsenate 50 

Sodium  biborate 60 

Sodium  bicarbonate,  8 

Sodium  carbonate, ....  98 

Sodium  chlorate, 20 

Sulphur, 0-10 

Strychnine, 0-25 

Strychnine  nitrate 4 

Strychnine  sulphate, . 22-50 

Tannic  acid, 50 

Tartar  emetic, 5-50 

Urea, 50 

Veratrine, 1 

Zinc  chloride 50 

Zinc  iodide, ...........  40 

Zinc  sulphate, 35 


Glycerin  can  be  obtained  from  the  mother  liquor 
of  soap  factories  by  adding  to  it  a slight  excess  of 
sulphuric  acid,  heating  the  solution  with  carbon- 
ate of  barium,  filtering,  and  after  the  filtrate  has 
been  concentrated  by  evaporation,  extracting  the 
glycerin  with  alcohol.  On  distilling  off  the  spirit, 
the  glycerin  remains.  It  may  likewise  be  readily 
prepared  by  dissolving  castor  oil  in  absolute  alcoliol 
and  passing  hydrochloric  acid  gas  through  the  fluid. 
The  fatty  ethers  are  washed  away  by  water,  and  the 
residuary  fluid  affords  the  glycerin  in  a state  of 
purity  on  evaporation.  Any  adhering  fatty  matter 
is  separated  by  digesting  the  liquid  in  ether  and 
decanting  the  latter. 
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Glyceric  Acid. 

The  separation  of  the  glycerin  is,  however,  much 

Payne  and  others,  is  the  one  by  which  the  greater 

more  economically  effected  by  Reynold’s  process. 

part  of  the  glycerin  in  commerce  is  produced. 

He  first  reduces  the  liquid  by  evaporation,  and  then 

Wilson,  by  injecting  superheated  steam  into  a hot 

subjects  it  to  the  action  of  jets  of  superheated  steam 

solution  of  fat,  succeeded  in  effecting  the  decomposi- 

at  the  temperature  of  380°  to  400°  Fahr.,  which 

tion  of  the  latter  ; the  stearic  acid  and  glycerin  being 

raises  it  to  the  boiling  point  and  evaporates  the 

carried  over  into  the  receiver,  where  they  form  two 

glycerin,  carrying  the  vapour  upwards  with  it  and 

layers,  as  in  the  preceding  instance,  and  can  be 

leaving  the  salts  to  deposit  in  the  vessel.  Any  tinge 

readily  separated.  See  Candle  and  Soap. 

of  colour  is  removed  by  filtration  through  animal 

Glyceric  Acid. — Glycerin  is  oxidized  by  nitric  acid 

charcoal  or  by  chlorine  gas. 

into  glyceric  acid  (CgH^O^)  and  racemic  acid,  and 

Cad’s  process  for  the  preparation  of  glycerin  from 

by  the  further  oxidation  of  this  latter  formic,  gly- 

the  mother  waters  of  the  saponification  of  stearin 

collie,  and  oxalic  acids  are  likewise  produced. 

with  lime  in  the  manufacture  of  stearic  acid  candles. 

To  prepare  glyceric  acid  glycerine  is  mixed  with 

is  as  follows : — The  liquid  drawn  off  from  the  lime- 

an  equ.al  volume  of  water,  and  poured  on  the  top  of 

soap  is  reduced  by  evaporation  in  steam  kettles  over 

strong  nitric  acid  in  a tall  glass  jar ; or  the  nitric 

a naked  fire  ; and  after  ascertaining  how  much  lime 

acid  may  be  introduced  below  the  liquid  by  means 

is  present,  the  necessary  quantity  of  sulphuric  acid 

of  a long-necked  funnel  (100  parts  glycerin,  100 

to  precipitate  the  lime  is  added. 

water,  and  lOO  to  150  fuming  nitric  acid,  are  good 

After  its  subsidence,  the  clear  liquid  is  decanted 

proportions  — Watts).  The  two  layers  of  liquid 

into  another  receptacle,  in  which  it  is  boiled  out  of 

gradually  mix,  assuming  at  the  same  time  a blue 

contact  with  the  air,  and  stirred  at  the  same  time 

colour,  and  the  oxidation  of  the  glycerin  proceeds. 

by  some  mechanical  arrangement.  This  ebullition 

accompanied  by  a copious  evolution  of  gas.  If  the 

expels  all  the  volatile  fatty  impurities  which  may  be 

liquid  becomes  too  hot  the  jar  must  be  stood  in  cold 

present,  and,  consequently,  the  liquid  loses  both 

water.  The  oxidation  is  completed  in  five  or  six 

colour  and  odour.  As  soon  as  the  solution  arrives 

days,  when  the  strongly  acid  liquor  is  divided  into 

at  a density  of  14°  Twaddell,  it  is  allowed  to  cool. 

small  portions,  and  evaporated  at  212°  Fahr.  to  a 

when  the  precipitation  of  a further  portion  of  sul- 

syruji.  The  united  residues  are  then  diluted  with 

phate  of  lime  occurs.  Should  an  excess  of  acid  be 

water  and  neutralized  with  chalk,  the  calcium  salts 

present,  some  chalk  or  powdered  limestone  must 

being  subsequently  precipitated  by  strong  alcohol. 

be  added  fractionally  till  the  liquid  is  neutral.  After 

The  liquid  is  carefully  separated  from  the  precipi- 

this  the  boiling  is  continued  as  before  out  of  contact 

tate ; the  latter  is  treated  with  warm  water ; and  the 

with  air,  during  which  time  the  contents  of  the 

filtered  solution  treated  with  sufficient  milk  of  lime 

vessel  must  be  actively  stirred,  till  the  solution 

to  render  it  alkaline  : a calcium  salt  of  another  acid 

marks  37‘6°  Twaddell.  The  sulphate  and  carbonate 

is  precipitated,  the  excess  of  lime  is  then  removed  by 

of  lime  are  now  collected  on  a filter,  and  the  filtrate 

passing  carbonic  acid,  and  the  liquid  is  then  evapor- 

reduced  by  evaporation  till,  upon  cooling,  it  marks 

ated  till  crystallization  sets  in,  when  glycerate  of 

49°,  care  being  taken  to  keep  it  wmll  agitated  during 

calcium  is  formed.  Glyceric  acid  is  obtained  by 

the  time.  If  any  further  quantity  of  sulphate  of 

decomposing  the  calcium  salt  with  just  enough  oxalic 

lime  falls,  a repetition  of  the  filtration  is  necessary. 

acid  to  precipitate  the  lime,  and  evaporating  the 

To  remove  the  tinge,  the  fluid  is  passed  through 

filtrate  on  a water  bath  (Debus). 

washed  animal  charcoal  or  bone  black,  when  a pure 

Another  mode  is  to  evaporate  the  product  of  the 

colourless  solution  of  glycerin  is  obtained,  marking 

nitric  oxidation  on  a water  bath,  dissolve  the  sirupy 

45°;  and  by  carefully  concentrating  it  further,  a 

residue  in  water,  and  then  neutralize  with  lead  oxide 

fourth  of  its  w’eight  of  water  may  be  removed,  when 

or  carbonate.  The  lead  glycerate  is  purified  by 

the  residuary  sirupy  fluid  indicates  51 '2°  Twaddell. 

recrystallization,  and  an  aqueous  solution  of  the  pure 

A much  more  economical  method,  and  one  which 

salt  decomposed  by  sulphuretted  hydrogen.  On 

insures  the  absence  of  all  mineral  impurities,  was 

evaporating  the  filtrate  on  a water  bath,  glyceric  acid 

invented  by  Tilghmann  in  1854.  By  his  process 

remains  as  a thick,  sirupy,  very  sour  liquid(BEiLSTEiN). 

the  fatty  bodies  are  broken  up  into  acid  and  basic 

Glyceric  acid  is  isomeric  with  pyruvic  acid ; when 

substances,  through  the  agency  of  heat,  pressure. 

fused  with  caustic  potash  it  is  resolved  into  acetic 

and  steam,  and  form  separate  layers  in  the  receiver, 

acid  and  formic  acid. 

into  which  the  products  flow  from  the  condenser. 

Glyceric  acid  after  being  heated  for  some  time  is 

The  glycerin,  w'hich  is  the  heavier  of  the  two,  forms 

converted  into  a soft,  very  tenacious  brown  mass. 

the  lower  stratum,  and  the  fatty  acids  the  upper ; 

having  the  composition  Cgll^Og,  glyceric  anhydride. 

the  latter  can  be  readily  separated  mechanically,  and 

which  at  a higher  temperature  gives  off  acid  vapours 

the  former  left  devoid  of  any  other  impurity  except- 

and  burns  with  flame  (Debus). 

ing  water.  By  careful  concentration,  the  aqueous 

The  glycerates  arc  for  the  most  part  crystalline 

matter  may  be  expelled,  and  the  product  obtained 

soluble  compounds.  Only  one  atom  of  hydrogen 

of  a specific  gravity  of  1'24,  and  contai’iing  only  4 

is  replaced  by  the  metal,  though  glyceric  acid  is 

per  cent,  of  moisture ; but  by  prolonging  the  opera- 

triatomic;  its  salts  therefore  have  the  composition, 

tion  2 per  cent,  more  of  water  may  be  removed. 

C3H5MO,. 

and  pure  glycerin  is  left  of  a density  = 1-260.  This 

Glycerin,  Nitro-.  See  Explosives  and  Nitro- 

process,  as  subsequently  developed  by  Wilson  and  j 

Glycerin. 
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GOLD. — French,  Or;  German,  Gold;  Latin,  Aurim. 
Symbol,  Au. 

Specific  gravity  varies  from  19-258  to  20-72,  ac- 
cording to  the  state  in  which  it  exists.  Equivalent, 
196-07,  Berzelius;  196-71,  Watts.  Melting  point, 
2192°  Fahr.  (1200°  C.),  Pouillet  ; 2518°  Fahr. 
(1380°  C.),  Guyton-jMorveau  ; 2696°  Fahr.  (112.5° 
C.),  Daniell  ; and  2261°  Fahr.  (1240°  C.),  IIiems- 
DiJK.  Specific  heat,  0-321 ; heat-conducting  power 
(silver  = 100),  63-2 ; electric  conducting  power 
(silver  = 100)  is,  according  to  Matthieson,  65-19 
at  72°  Fahr.  (21-8°  C.). 

This,  the  most  precious  of  all  those  metals  which 
have  been  found  distributed  in  appreciable  quantities 
over  the  earth’s  surface,  has  been  deservedly  valued 
from  the  most  remote  antiquity  on  account  of  its 
rarity,  the  richness  of  its  colour,  its  non-liability 
to  tarnish,  and  other  valuable  qualities.  It  never 
occurs  in  nature  in  a state  of  absolute  purity,  but 
can  be  so  obtained  artificially  ; and  then  possesses 
a rich  yellow  colour  and  high  metallic  lustre,  but  is 
nearly  as  soft  as  le.ad,  being  easily  scratched  by  the 
nail.  It  would  therefore  in  this  state  be  unsuitable 
for  the  manufacture  of  articles  of  jewellery  or  for 
coinage.  In  malleability  and  ductility  it  exceeds 
all  other  metals,  as  it  is  capable  of  being  beaten 
out  into  leaves  one  ten-thousandth  of  a millimetre 
(iT3~iTT)jfTT  inch)  in  thickness,  and  1 grain  of  the 
metal  can  be  drawn  out  into  a wire  167  yards  long. 
In  tenacity,  however,  it  is  inferior  to  iron,  copper, 
platinum,  and  silver.  Its  specific  gravity  is  inferior 
only  to  that  of  platinum  and  a few  of  the  rare 
metals,  such  as  Iridium,  Osmium,  &c.  Gold  is 
found  in  nature  almost  always  alloyed  with  other 
metids : the  few  compounds  which  are  found — 
namely,  Sijlvanite,  or  telluride  of  gold  and  silver, 
and  N’agi/ayite,  or  telluride  of  lead  with  gold, 
silver,  and  copper — being  extremely  rare.  It  is 
known  also  to  exist  in  infinitesimal  quantities  in  all 
galena,  where,  according  to  Percy,  it  is  most  pro- 
bably in  the  form  of  sulphide. 

Historical  Notice. — Numerous  references  to  this 
metal  occur  in  the  Old  Testament.  Probably  in 
consequence  of  its  existing  in  the  metallic  state  in  the 
sands  of  rivers,  it  was  the  first  metal  known  to  man. 

That  the  ancients  were  acquainted  with  the  refining 
of  the  precious  metals  to  a certain  extent,  plainly 
appears  from  different  passages  in  the  Old  Testament, 
in  which  familiar  allusion  is  made  to  this  operation  ; 
and  made,  too,  in  terms  which  seem  to  imply  tliat  the 
methods  then  adopted  were  in  many  respects  similar 
to  those  now  employed.  Silver  and  gold  are  purified 
or  separated  from  foreign  ingredients  by  much  the 
same  processes ; a knowledge  of  the  one  implies  a 
knowledge  of  the  other  ; and  Job  says,  surely  there 
is  a mine  for  silver,  and  a place  for  gold,  which  men 
refine  ; while  David  compares  the  words  of  the 
Lord  to  silver  tried  in  a furnace  of  earth.,  purified 
many  times.  Malaciii  is  still  more  particular  when, 
in  comparing  the  J udge  of  all  the  earth  to  a refiner’s 
fire,  he  says  : he  shall  sit  as  a refiner  and  purifier  of  j 
.«7(-ej-,  and  he  shall  purify  the  sons  of  Levi,  and  cleanse  j 
them  as  gold  and  .silver.  Here  there  is  an  evident  ; 


allusion  to  the  last  operation  required  in  the  refining 
of  silver — that  of  cupellation — during  which  the 
refiner  must  place  himself  at  the  furnace,  and  watch 
till  the  metal  emits  a bright  flash,  which  indicates  that 
the  process  is  finished. 

It  is  certain  then  that  they  were  able  to  separate 
gold  and  silver  from  other  metals,  but  it  Avould 
appear  also  certain  that  they  were  unable  to  separate 
these  two  noble  metals  from  each  other ; and  this 
may  account  for  the  prevalent  belief,  that  samples 
of  gold  from  different  sources  possessed  different 
qualities,  although  certain  passages  in  the  Bible  may 
refer  to  the  state  of  purity  in  which  it  is  found. 

Indeed,  it  seems  probable  that  much  of  the  gold  in 
use  contained  a very  large  percentage  of  silver;  and 
the  gold  from  Ophir,  Farvain,  the  north,  &c.,  probably 
mainly  differed  from  each  other  in  the  amount  of 
j this  metal  which  they  contained.  It  should  be 
mentioned  that  one  particular  alloy,  much  employed 
in  early  times,  and  called  electrnm,  is  specially 
mentioned  by  Pliny  as  containing  4 parts  of  gold  to 
1 of  silver  ; and  this  is  the  mean  proportion  in  which 
the  metals  are  found  alloyed  together  in  many 
auriferous  localities.  According  to  Klaproth,  how- 
ever, the  electrum  of  the  ancients  consisted  of  2 parts 
of  gold  to  1 of  silver. 

Although  the  process  of  extracting  the  precious 
metals  by  amalgamation  is  generally  considered  a 
Spanish  invention  of  the  sixteenth  century,  there  is 
little  doubt  that  the  ancients  were  acquainted  with 
the  use  of  amalgam,  both  as  a means  of  separating 
the  noble  metals  and  for  purposes  of  gilding.  This 
appears  from  Pliny,  who  lived  about  a.d.  60  (lib. 
xxxiii.  cap.  6).  Vitruvius  also  (lib.  vii.  cap.  8),  who 
lived  at  the  commencement  of  the  Christian  era,  gives 
a very  detailed  account  of  the  metliod  of  recovering 
gold  by  means  of  amalgamation,  from  cloth  in  which 
it  had  been  interwoven ; the  amalgam  being  squeezed 
in  a cloth,  and  the  mercury  in  the  resulting  mass 
expelled  by  the  aid 'of  heat. 

Although  it  can  scarcely  be  supposed  that  the  total 
amount  of  gold  in  circulation  in  ancient  times  was  so 
great  as  at  present,  yet,  from  the  practice  of  hoarding 
the  precious  metals  which  then  prevailed,  and  from 
the  limited  commercial  intercourse  which  then  existed, 
it  seems  to  have  accumulated  in  some  countries  and 
in  particular  circumstances  to  an  incredible  extent. 
Conquerors  were  accustomed  to  carry  off  all  the  gold 
they  could  collect  or  extort  from  the  subdued  nations ; 
and  thus,  after  a series  of  successes,  the  coffers  of 
the  victorious  monarch  and  his  subjects  became  re- 
plenished  with  treasure.  Hence  the  vast  amount  of 
the  precious  metals  which  poured  into  Koine  from 
the  provinces  when  she  ruled  the  world.  Hence 
also  the  enormous  accumulation  of  gold  and  silver 
which  King  David  is  recorded  to  have  collected 
during  his  lifetime  for  building  the  temple  — an 
amount  which  has  been  estimated  at  not  less  than 
nine  hundred  million  pounds  sterling,  being  more 
than  all  that  has  been  raised  in  all  the  mines  in  the 
known  world  during  the  last  fifty  years.  It  is 
scarcely  possible  to  avoid  the  suspicion  that  some 
error  has  crept  into  the  calculations  by  which  this 
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astounding  result  is  arrived  at ; but  still  it  is  quite 
certain  that  immense  quantities  both  of  gold  and 
silver  were  often  accumulated  in  ancient  times ; and 
to  this  day  no  inconsiderable  mystery  hangs  over 
the  sources  from  which  those  treasures  were  de- 
rived. Any  little  knowledge  that  is  possessed  on 
this  subject  will  be  mentioned  in  enumerating  the 
auriferous  or  gold-producing  localities  known  at  the 
present  day. 

It  is  probable  that,  with  the  decline  of  the  Roman 
Enifiire,  the  art  of  extracting  and  refining  the  pre- 
cious metals  became  to  a great  extent  lost.  Then, 
however,  a new  art  began  to  appear,  viz.,  alchemy, 
which  aimed  at  two  great  objects,  the  discovery  of 
a medicine  capable  of  prolonging  life,  and  the  con- 
version of  base  into  noble  metals.  The  years  of 
patient  labour  which  many  of  the  alchemists  devoted 
to  those  i(jnes  Jafui,  the  elixir  of  life  and  the  trans- 
mutation of  metals,  have  resulted  in  many  valuable 
incidental  discoveries,  and  have  contributed  largely 
to  prepare  the  way  for  the  triumphs  of  modern 
chemistry.  Hermes  Thrismegistus,  who  is  said  to 
have  lived  about  1928  B.C.,  is  generally  quoted  as 
the  oldest  of  the  alchemists  ; but  there  can  be  little 
doubt  that  the  writings  attributed  to  him  are  en- 
tirely spurious.  This  class  of  chemists  cannot  be 
said  to  have  died  out  till  about  the  end  of  the 
eighteenth  century,  the  time  of  Priestley,  Black, 
Davy,  and  Lavoisier  ; but  even  in  more  modern 
days  it  is  frequently  announced  that  the  transmuta- 
tion of  the  metals  has  been  accomplished.  Thus,  in 
1853,  IM.  Theodore  Tiffereau  communicated  to  the 
Academy  of  Sciences  of  Paris  a paper  entitled  “ The 
Metals  are  not  Simple,  but  Compound  Bodies,”  in 
which  he  asserted  that  he  had  prepared  gold  by 
artificial  means. 

Reference  should  be  made  to  a remarkable  work 
on  alchemy,  attributed  to  Geber  the  Arabian,  sup- 
posed to  have  lived  not  later  than  the  seventh  cen- 
tury. In  it  he  mentions  a medicine  containing  a 
solution  of  gold  in  nitro-hydrochloric  acid.  If  the 
work  be  genuine,  therefore — a point  on  which  con- 
siderable doubt  rests — aqua  regia  (a  mixture  of 
nitric  and  hydrochloric  acids),  the  solvent  for  gold, 
was  known  in  his  time.  It  was  certainly  in  use  at 
the  end  of  the  fifteenth  century,  and  was  so  named 
on  account  of  its  being  the  only  liquid  capable  of 
dissolving  gold. 

The  further  history  of  gold,  which  has  assumed  a 
profound  interest  in  modern  times,  and  demands 
therefore  a larger  space  tlian  is  usually  devoted  to 
historical  notices  in  this  work,  will  be  given  in  con- 
nection with  the  sources  or  localities  from  which  it 
is  chiefly  derived. 

Sources. — With  the  single  exception  of  iron,  gold 
is  more  generally  distributed  than  any  other  metal ; 
but  for  the  most  part  it  occurs  in  such  minute 
quantities  as  either  to  escape  notice,  or  not 
to  repay  the  cost  of  extraction.  On  the  other 
hand,  many  localities  in  different  quarters  of  the 
globe,  and  especially,  of  late  years,  portions  of 
California  and  Australia,  have  proved  splendid  ex- 
ceptions. The  principal  matrix  of  gold  is  quartz 


rock,  and  this  rock  is  commonly  a vein  of  greater  or 
less  thickness,  intersecting  beds  of  granite.  The 
chief  sources,  however,  from  which  gold  is  obtained, 
are  firstly,  alluvial  deposits,  and  secondly,  quartz 
rock.  The  former,  consisting  of  sand  and  gravel, 
have  been  produced  by  the  disintegration  of  the 
silicious,  granitic,  and  other  igneous  and  meta- 
morphic  rocks,  and  have  been  transported  by  the 
agency  of  water  from  the  mountainous  districts. 
In  these  beds  it  is  invariably  found  in  the  metallic 
state,  but  is  never  quite  pure ; it  usually  contains  a 
certain  proportion  of  silver,  and  not  unfrequently 
iron,  copper,  and  small  quantities  of  several  other 
metals. 

The  quartz  veins  of  a district  are  not  usually 
worked  till  the  alluvial  workings  are  more  or  less 
exhausted,  and  always  involve  the  employment  of 
more  powerful  and  extensive  apparatus,  as  well  as 
more  skilled  labour. 

Herodotus  states  that  the  people  living  near  the 
source  of  the  Indus  obtained  a large  quantity  of 
gold  from  the  eastern  border  of  the  great  Bactriana, 
and  the  desert  steppes  of  Gobi ; and  he  also  refers 
to  productive  mines  in  the  north,  the  remains  of 
which,  on  the  south-eastern  borders  of  the  Ural 
mountains,  are  described  by  Pallas  in  his  Travels, 
and  were  likewise  visited  by  Lepechin  and  Gmelin. 
These  ruined  mines,  which  have  all  the  marks  of  a 
very  remote  antiquity,  are  supposed  to  have  been 
the  work  of  a nomadic  people,  in  all  probability  the 
Scythians.  It  is  evident  that  much  gold  was  pro- 
duced in  ancient  times  from  the  mines  of  Nubia  and 
Ethiopia,  which  like  those  of  the  Uralian  chain  pro- 
duced a copper-yielding  gold.  Belzoni  discovered 
that  a very  extensive  ti-act  had  been  worked  in  the 
Sahara  mountains,  and  from  these  sources  the 
Pharaohs  are  supposed  to  have  derived  their  wealth. 
Jacob,  from  a very  close  examination  of  the  subject, 
is  led  to  infer  that  not  less  than  six  million  pounds 
sterling  of  the  precious  metal  must  have  been  pro- 
duced annually  from  these  mines. 

There  were  rich  silver  mines  in  Attica;  gold  mines 
in  Thrace,  and  in  the  island  of  Thasus.  Thessaly 
produced  ores  which  were  rich  in  gold ; and  Epirus, 
rich  silver  mines.  From  these  sources  the  Athenians 
drew  their  wealth. 

The  Romans  obtained  their  treasures  from  various 
sources  besides  the  conquered  provinces — from 
Upper  Italy,  the  province  of  Aosta,  the  Noric  Aljis, 
Illyria.  From  this  district,  at  one  period,  gold  was 
abundantly  obtained,  partly  in  large  grains  on  the 
surface,  and  partly  in  mines,  so  pure  that  an  eighth 
part  only  was  lost  in  the  processes  of  smelting  and 
refining.  Its  great  quantity  caused  a decrease  of 
one-third  in  the  price  through  all  Italy,  and  induced 
the  proprietors  to  employ  fewer  workmen  in  oixler 
to  raise  the  value.  The  Tarbelli,  a people  at  the 
foot  of  the  Pyrenees,  also  streamed  extensively  for 
gold. 

It  is  stated  on  tlie  authority  of  tradition,  tliat 
when  the  Phoenicians  visited  Spain,  they  found 
silver  in  such  abundance,  that  they  not  only  loaded 
their  ships  to  the  water’s  edge,  but  made  their  com- 
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mon  utensils,  and  even  anchors,  of  this  metal — a 
statement  which  harmonizes  with  the  representations 
given  by  the  Spanish  discoverers  of  Peru.  But 
whether  this  account  be  exaggerated  or  not,  it  is 
certain  that  the  Phoenicians  lost  no  time  in  taking 
possession  of  the  country,  and  forming  colonies  in 
the  present  Andalusia.  Now  it  is  known  that  Spain 
anciently  possessed  mines  of  gold  in  regular  veins, 
especially  in  the  province  of  Asturias.  The  Tagus 
and  some  other  streams  of  that  country  were  said  to 
roll  over  golden  sands  : and  there  is  little  doubt, 
that  when  colonized  by  an  active  commercial  people 
like  the  Phoenicians,  its  mineral  wealth  would  be 
developed,  and  would  contribute  largely  to  the 
supply  of  the  precious  metals  in  the  ancient  world. 

It  is  affirmed  that  the  Romans  extracted  gold 
from  the  quartz  lodes  in*  Transylvania,  and  also  at 
the  Ofogan  in  Caermarthenshire  in  this  island,  dur- 
ing their  occupation  under  Trajan.  It  is  probable, 
however,  that  but  little  would  be  obtained  from 
these  sources ; and  not  much  further  is  known  of 
the  ancient  gold  working. 

The  principal  workings  known  at  the  present  day 
are  those  of  Australia  and  New  Zealand  in  the 
southern  hemisphere  ; of  California,  the  Appalachian 
Mountains,  and  British  Columbia  in  North  America; 
Brazil,  New  Granada,  and  Peru  in  South  America ; 
Bambouk,  Kordofan,  and  Transvaal  in  Africa ; the 
Ural  Mountains  in  Siberia  ; and  of  Transylvania  and 
Hungary  in  Europe.  Gold  is  found,  however,  in 
smaller  quantities  in  several  other  places ; and  it  is 
proposed  now  to  briefly  indicate  the  various  localities 
in  which  it  is  known  to  exist,  considering  more  in 
detail  the  important  fields  of  California  and  Australia. 

Europe. — There  are  probably  few  countries  without 
traditions  of  gold,  and  tliese  have  not  been  wanting 
in  the  British  Islands,  which  have  furnished  from 
time  to  time  small  quantities,  although  seldom  in 
sufficient  amount  to  be  equivalent  to  the  cost  of  pro- 
curing it.  Specimens  are  occasionally  found  in 
"Wales,  in  the  Cornish  stream-works,  and  in  differ- 
ent parts  of  Devonshire.  These  have  been  worked 
at  intervals,  but  with  the  exception  of  one,  the 
“ Vigra  and  Clogau”  mine,  near  Dolgelly,  none  have 
paid  their  working  expenses.  The  total  produce  of 
this  mine  to  1809  was  13,947  ozs.,  whereas  all  the  re- 
maining mines  in  North  AVales  together  only  produced 
1022  ozs.  Fresh  discoveries  were  made  at  Vigra  and 
Clogau  in  1800,  in  consequence  of  which  the  yield 
in  1807  rose  to  1520  ozs.  This,  however,  was  soon 
exhausted,  and  since  1809  it  has  ceased  to  be  pro- 
ductive. For  a very  complete  account  of  the  AVelsh 
gold  deposits,  the  reader  may  be  referred  to  Ure’s 
Dictionary,  Article  “ Gold.” 

In  Scotland  it  occurs  at  Leadhills  and  Cumber- 
head,  in  Lan.arkshire,  and  Glen  Turrit  in  Perth- 
shire,  but  only  in  very  small  quantities ; and 
quite  recently  (1874)  discoveries  have  been  an- 
nounced in  Buteshire  and  in  Uist,  an  Island  of 
tlie  Scotch  Hebrides.  In  the  time  of  Queen  Eliza- 
liETii  extensive  washings  for  gold  were  carried  on 
in  the  alluvial  soil  of  Leadhills.  In  the  county  of 
IVicklow,  in  Ireland,  a considerable  qmmtity  of 
vor..  II. 


native  gold  was  discovered  towards  the  close  of  the 
last  century,  disseminated  in  a quartzose  and  ferru- 
ginous sand.  This  gold  was  chiefly  found  in  pepHas 
or  solid  pieces,  one  of  which  weighed  21  ozs. ; and 
so  promising  was  the  supply,  that  the  peasantry  in 
the  neighbourhood  of  Balliuavalley  river  actually 
gathered  in  the  course  of  two  months  an  amount  of 
gold  for  which  ten  thousand  pounds  sterling  were 
paid.  The  extraction  was  then  undertaken  by 
government ; but  the  supply  was  soon  exhausted, 
for  during  the  two  years  that  the  mines  were  in  oper- 
tiou  only  945  ozs.  were  obtained,  which  did  not  pay  the 
necessary  expenses,  and  the  works  were  abandoned. 

In  France,  the  Rhone  and  other  rivers  present 
auriferous  sands,  but  there  are  no  workable  mines  in 
that  country.  It  is  probable  that  the  deposits  have 
been  exhausted,  like  those  of  Spain,  which  were 
formerly  rich  and  valuable,  but  are  now  neglected. 
So  with  the  sands  of  the  Danube  and  many  other 
European  rivers,  which  still  contain  gold  in  small 
quantities,  but  rarely  worth  the  expense  of  washing. 
In  the  valley  of  the  Rhine,  between  Basle  and 
Mannheim,  for  example,  gold  occurs  in  flakes  mixed 
with  titaniferous  iron ; but  so  minute  are  the  spangles, 
that  it  takes  from  1100  to  1400  of  them  to  weigh  a 
grain  troy.  There  are  also  auriferous  sands  in  some 
rivers  in  Switzerland,  such  as  the  Reuss  and  the  Aar. 

In  Sweden  there  is  a mine  at  Edefors  in  Smoland, 
where  the  gold  occurs  native,  and  also  in  auriferous 
pyrites.  Gold  mines  have  been  worked  in  the  terri- 
tory of  Salzburg,  amid  the  chain  of  mountains  which 
separates  the  Tyrol  and  Carinthia.  The  yield  jrer 
ton  of  ore  in  these  districts  is  probably  less  than  that 
in  any  portion  of  the  globe,  the  mines  at  Zell,  for 
examrjle,  averaging  only  about  of  the  vein 

stuff.  The  mines  of  Salzburg  have,  in  the  last  few 
years,  much  fallen  off;  thus,  that  at  Goldberg  of 
Rauris  in  1871  produced  only  14T  lbs.,  while  iu 
other  cases  even  less  than  this  was  obtained. 

Bohemia  many  centuries  ago  produced  consider- 
able supplies  of  the  precious  metal,  and  washing 
was  carried  on  at  several  places,  the  chief  source 
being  the  mine  of  Eula.  which  is  said  to  have  yielded 
so  largely  that  734  golden  images  were  made  from 
its  produce.  The  amount  of  gold  found  iu  Bohemia 
is  now  insignificant. 

The  ancients  obtained  large  supples  of  gold  from 
different  parts  of  Italy,  and,  according  to  Strabo, 
the  immense  supplies  decreased  its  value  by  one- 
third  throughout  that  country.  Now,  however,  the 
only  important  source  is  Piedmont,  where  veins  of 
auriferous  pyrites  are  found  in  the  gneiss  rocks  at 
the  foot  of  IMonte  Rosa ; and  although  these  ores 
contain  only  about  11  dwts.  of  pure  gold  per  ton, 
they  have  long  defrayed  the  expenses  of  working, 
and  during  the  last  few  years  they  have  been  carried 
on  under  the  management  of  English  companies. 
Recently  gold  has  been  found  to  exist  in  Finland, 
and  operations  have  been  commenced  in  various 
localities ; and  the  yield  of  this  country  during  the 
summer  of  1873  was  about  150  ozs. 

But  the  only  gold  mines  of  any  importance  in 
Europe  are  those  of  Hungary  and  Transylvania,  the 
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former  of  which  appears  to  have  been  worked  as 
early  as  the  eighth  century ; and  these  are  not  less 
remarkable  for  their  position  than  for  the  peculiar 
metals  with  which  the  gold  is  associated. 

They  occur  in  several  distinct  localities,  the  gold 
being  usually  disseminated  through  sulphide  of 
silver,  which  occurs,  distributed  in  a partially  de- 
composed feldspathic  rock,  at  the  Kdnigsberg  mines, 
while  at  those  of  Schemnitz  and  Felsobanya  it  is 
found  with  syenite  or  greenstone  porphyry,  also 
in  the  form  of  auriferous  sulphide  of  silver.  At 
Telkebanya  the  gold  is  exti’acted  from  a deposit  of 
auriferous  pyrites  in  trap-rocks  of  recent  formation. 

The  gold  found  in  Transylvania  occurs  in  veins, 
varying  in  composition  and  frequently  of  great 
thickness,  ranging  from  six  to  forty  yards.  Their 
walls  are  as  a rule  ill-defined,  and  the  percentage  of 
gold  produced  from  the  crude  ore  is  but  small.  At 
Kapnik  the  gold  is  found  in  granite,  associated  with 
orpiment,  whil'e  the  mines  of  Offenbanya,  Nagy- 
Ag,  and  Zalatna  are  especially  worthy  of  notice  on 
account  of  their  yielding  nagyagite  and  sylvanite, 
compounds  of  gold  and  tellurium — the  only  cases  in 
which  gold  is  found  in  combination. 

It  may  be  added,  that  the  mines  of  Eeichenstein, 
in  Silesia,  which  had  been  abandoned  for  more  than 
five  centuries,  and  which  only  yield  about  380  grains 
per  ton  of  ore,  have  been  opened  with  advantage, 
in  consequence  of  the  application  on  a large  scale  of 
a method  invented  by  Professor  Plattner  for  sepa- 
rating gold  from  the  waste  of  arsenical  pyrites,  which 
will  be  described  afterwards.  These  operations 
have,  however,  been  discontinued,  as  all  the  old 
residues  have  been  worked  up ; but  the  process  is 
at  present  carried  on  on  a large  scale  iu  California, 
under  the  name  of  the  “ Chlorination”  process. 

Asia. — The  gold  mines  of  Russia  may  be  con- 
veniently considered  in  this  place,  although  existing 
both  in  European  and  Asiatic  Russia.  The  Ural 
mines,  including  those  of  Berezovsk,  near  Ekaterin- 
burg, extend  through  five  or  six  degrees  of  latitude. 
Here  there  are  deposits  of  partially  decomposed 
auriferous  pyrites  disseminated  in  veins  of  quartz ; 
and  from  these  veins  the  precious  metal  is  ex- 
tracted by  vertical  shafts  and  lateral  galleiles.  Gene- 
rally, however,  the  gold  is  found  associated  with 
other  metals,  as  platinum  and  palladium,  in  frag- 
ments or  debris  of  auriferous  rocks,  mixed  or  dis- 
seminated at  some  yards’  depth  iu  an  argillaceous 
loam. 

In  the  days  of  Pallas,  the  gold  alluvia  of  Russia 
were  supposed  to  exist  only  near  Ekaterinburg; 
but  in  the  reigns  of  Paul  and  Alexander  they 
were  found  to  extend  through  several  degrees  to 
the  north  and  south  of  that  locality.  It  was  only  in 
the  reign  of  Nicholas  that  portions  of  the  great 
eastern  regions  of  Siberia  were  found  to  be  highly 
auriferous.  In  these  districts  the  ground  rises  into 
low  ridges,  similar  to  those  of  the  Ural,  and  like 
them  trending  from  north  to  south.  They  are  offsets 
from  the  great  east  and  west  chain  of  the  Altai,  which 
separates  Siberia  from  China. 

The  chief  auriferous  districts  are  Perm,  Tomsk, 


Oremburg,  Irkoutsk,  Yenisseisk,  and  the  Kirghese. 
Towards  the  close  of  last  century  the  Berezovsk 
mine  produced  about  8400  ozs.  annually,  but  in 
1850  the  yield  had  fallen  to  1200  ozs.  troy. 

The  principal  supply  of  Russian  gold,  however, 
is  obtained  by  washing ; and  as  labour  is  very  cheap 
and  water  abundant,  auriferous  matter  can  be  worked 
at  a profit  which  in  other  localities  would  be  value- 
less. In  the  Ural  mountains,  south  of  Miask,  some 
rich  sands  M'ere  discovered  in  1 842,  during  the 
removal  of  certain  old  buildings,  in  which  washing 
oiierations  had  been  carried  on.  Under  the  corner  of 
one  of  the  buildings,  at  the  depth  of  three  yards,  a 
mass  of  gold  was  dug  up  weighing  97  lbs.  troy. 
This  mass  was  placed  in  the  collection  of  the  Corps 
des  Mines  at  St.  Petersburg.  The  discovery  of 
the  rich  sands  was  made  at  the  same  time ; iu  the 
Ural  districts  the  gold  is  not  usually  found  in  large 
lumps.  It  is  commonly  obtained  in  very  small  frag- 
ments, which  are  separated  by  washing;  and  the 
yield  seldom  exceeds  36  grains  of  gold  per  ton  weight 
of  soil.  In  the  Altai  auriferous  district,  which  is 
represented  to  be  as  large  as  France,  not  only  is  the 
gold  found  mixed  with  sand  and  gravel  on  the  sur- 
face, but  considerable  quantities  are  extracted  by 
pulverizing  the  rocks.  It  is  a remarkable  fact  that, 
not  many  years  ago,  the  gold  obtained  from  this 
distant  region  did  not  amount  to  a third  part  of  that 
which  the  Ural  district  produced,  whereas  in  1843 
the  eastern  tract  yielded  upwards  of  two  and  a 
quarter  millions  sterling,  and  the  Ural  produced 
little  more  than  half  a million. 

The  total  produce  of  Russian  mines  up  to  1870  is 
given  as — • 


1814  to  1820 

Ounces  troy 

1820  ‘ 

‘ 1830 

1830  ‘ 

‘ 1840 

2,105,520 

1840  ‘ 

‘ 1850 

1850  ‘ 

‘ 1860 

1860  ‘ 

‘ 1870, 

8,194,500 

Total, 

while  the  annual  produce  attained  a maximum  of 
961,616  ozs.  in  1847,  and  a minimum  of  720,320  ozs. 
in  1852.  The  gold  obtained  from  the  1126  gold 
diggings  and  mines  which  exist  in  Russia  was,  in 
1871,  943,452  ozs.  In  the  century  previous  to  1841 
the  mines  of  Berezovsk  yielded  about  392,000  ozs.  of 
the  precious  metal. 

It  is  evident,  however,  from  the  quantities  exist- 
ing in  the  East,  that  it  must  be  extracted  in  con- 
siderable amount  from  various  sources.  It  is  found 
in  the  rivers  of  Syria  and  other  parts  of  Asia  Minor. 
The  Pactolus,  a sinall  river  of  Lydia,  is  said  to  have 
rolled  over  golden  sands,  wdiich  were  supjjosed  to 
have  constituted  the  origin  of  the  proverbial  wealth 
of  Crcesds. 

Thibet,  according  to  an  approximation  of  Jacob’s 
in  his  “ History  of  the  Precious  Metals,”  produces 
annually  about  833  lbs.  (troy)  of  gold.  The  amount 
now  produced  by  India  is  inconsiderable  in  com- 
parison with  the  large  quantities  which  it  must  have 
formerly  produced.  Nevertheless,  gold  extracting 
has  not  altogether  ceased  iu  that  country,  for  speci- 
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mens  of  Indian  gold  were  exhibited  at  the  recent 
International  Exhibition  held  at  Vienna  (1873). 

Africa. — This  continent  was  most  probably  tlie 
chief  source  from  which  the  ancients  derived  the 
greater  portion  of  their  immense  sujiplies  of  gold, 
and  many  consider  that  Ophir  is  identical  with  the 
modern  Zanzibar  on  the  east  coast.  It  should  be 
mentioned,  however,  that  in  1864  a traveller  named 
Carl  Mauch  discovered  several  old  workings  in  Soutli 
Africa,  in  the  high  ground  between  the  Limpopo 
<and  Zambesi  rivers,  wliere  there  was  abundant  proof 
tliat  both  gold  and  silver  had  been  obtained  on  an 
extensive  scale  at  a very  early  period.  This,  he  con- 
siders, is  certainly  the  original  source  of  the  gold 
brought  in  the  ships  of  Tarshish,  and  possibly  that 
from  which  it  was  sent  to  the  ancient  Ophir,  in  the 
Persian  Gulf.  The  amount  which  Africa  now  pro- 
duces annually  is  very  small,  being  generally  estimated 
at  about  £4000  (Birkmyre).  This  amount  comes  from 
mines  in  two  different  localities — those  of  Bambouk, 
south  of  Senegal,  on  the  west  coast,  and  those  of 
Kordofan,  between  Darfur  and  Abyssinia,  on  the 
Upper  Nile.  In  both  these  localities  the  gold  occurs 
in  spangles,  chiefly  near  the  surface  of  the  earth,  in 
the  beds  of  the  rivers,  and  almost  always  accom2:)anied 
by  a ferruginous  earth  or  sand,  nuggets  of  any  mag- 
nitude never  being  found. 

Gold  is  also  said  to  have  been  discovered  in  Mada- 
gascar in  small  quantities,  but  the  government 
prohibited  its  being  worked,  lest  an  influx  of 
foreigners  into  the  island  should  result. 

Early  in  the  year  1874  the  first  remittance  of  gold 
arrived  in  England  from  the  newly  discovered  gold 
fields  of  Leydenburg,  in  the  Transvaal  Ilepublic, 
Southern  Africa,  and  there  seems  good  reason  to 
believe  that  this  district  will  soon  rival  in  riclmess 
tlie  existing  gold-producing  countries.  The  climate, 
as  is  well  known,  is  extremely  healthy,  and  this 
newly  opened-up  country  appears  to  offer  a suitable 
field  for  emigration. 

iiouth  A mcrica. — At  the  end  of  the  last  and  begin- 
ning of  the  present  centuries,  the  South  American 
continent  was  the  princiiial  source  of  gold  in  the 
new  world;  but  it  has  now  sunk  into  comparative 
insignificance,  in  consequence  of  the  vast  quantities 
jiroduced  by  California  and  Australia.  Of  the  several 
mines  in  South  America,  those  of  Brazil  are  the 
most  productive;  the  amount  of  precious  metal 
extracted  during  the  years  1752—1761  averaged 
about  19,000  lbs.  annually,  since  which  time,  how- 
ever, it  has  very  much  decreased.  According  to 
Walsh  gold  was  known  to  exist  here  as  early  as 
1543,  the  Indians  having  employed  it  for  the  manu- 
facture of  fish-hooks ; but  the  first  authenticated 
account  we  have  of  its  actual  discovenj  seems  to  have 
been  in  1682,  when  the  ferruginous  sand  in  the 
valley  of  the  JSIandi,  a branch  of  the  Bio  Dolce,  at 
Catapreta,  was  found  to  be  auriferous ; since  that 
time  widely  extended  deposits  of  auriferous  sands 
have  been  found  at  the  foot  of  the  great  mountain 
chain  which  runs  parallel  with  the  coast  from  the 
fifth  to  the  thirtieth  degree  of  south  latitude.  The 
main  sources  of  gold  during  last  century  were  the 


alluvial  deposits  of  nearly  all  the  rivers,  especially 
the  affluents  of  the  Francisco,  deep  mining  being 
hardly  ever  resorted  to.  Now,  however,  since  the 
former  have  become  quite  exhausted,  mining  is  the 
sole  method  employed.  The  gold  is  not  inclosed  in 
well-defined  veins,  as  is  usually  the  case  in  rock 
mining,  but  disseminated  in  large  beds. 

The  most  important  gold  mine  in  Brazil  is  the  Morro 
Velho  Mine,  belonging  to  the  St.  John  d’El  Key 
Company,  which  in  the  interval  from  1849  to  1865 
produced  over  58,000  lbs.  troy. 

The  method  of  washing  the  ores,  &c.,  practised  in 
Brazil,  will  be  described  subsequently. 

This  metal  is  likewise  found  in  many  other  parts  of 
South  America,  on  both  sides  of  the  great  chain  of 
mountains  which  runs  parallel  with  the  M'estein  coast. 

Peru,  which  is  essentially  a silver  producing  country 
has  yielded  considerable  quantities  of  gold.  AVashing 
is  almost  the  sole  method  adopted,  and  this  is  carried 
on  by  natives.  The  annual  produce  is  supposed  to 
be  about  2400  lbs.,  but  no  accurate  information  is 
published.  New  Granada  has  produced  considerable 
quantities  of  gold,  where  it  has  been  obtained  both 
by  alluvial  washing  and  quartz  mining,  but  chiefly 
the  former.  Although  it  is  certain  that  large  quan- 
tities still  remain  unextracted,  operations  are  totally 
suspended,  as  the  work  is  said  to  be  extremely 
unhealthy.  The  principal  washings  are  in  Antioquia 
and  Veraguas;  the  total  produce  of  the  former 
between  the  years  1804  and  1848  having  been  esti- 
mated at  nearly  £41,000,000.  Bolivia  and  Chili  have 
long  been  known  to  be  gold  producing  countries,  but 
of  these  no  information  of  a recent  date  is  attainable. 

North  America. — More  gold  is  now  produced  in  the 
vast  continent  of  North  America  than  in  any  other 
part  of  the  world.  Li  this  respect  it  has  now  taken 
the  place  which  formerly  belonged  to  South  America, 
while  the  latter  has  sunk  into  comparative  unproduc- 
tiveness, less  perhaps  from  the  absolute  exhaustion 
of  the  auriferous  soils,  than  from  the  want  of  the 
capital  and  enterprise  to  work  them  successfully. 
North  America  was  a gold-producing  continent  long 
before  the  discovery  of  the  Californian  treasures ; but 
for  many  years  the  only  source  of  this  precious 
metal  in  that  quarter  of  the  globe  was  the  argenti- 
ferous veins  of  Mexico,  from  which  it  was  extracted 
along  with  the  silver,  as  in  the  Peru  mines  of  South 
America.  At  a later  period,  however,  an  extensive 
gold  region  Avas  discovered  in  the  United  States, 
extending  along  the  Eastei’n  slope  of  the  Appalachian 
mountains,  from  the  river  Rappahannock  in  Virginia 
southwards  to  the  river  Coosa,  an  affluent  to  the 
Alabama,  xvliich  flows  into  the  Gulf  of  Mexico.  The 
metal  is  found  in  less  quantity  northward  beyond 
Maryland  to  the  state  of  Maine,  nuggets,  &c.,  only 
having  been  discovered  at  irregular  intervals.  In 
Canada  and  Nova  Scotia,  however,  gold  is  met  with 
in  considerable  quantities.  The  rocks  through  the 
whole  Appalachian  chain  are  very  similar  in  compo- 
sition, consisting  of  various  kinds  of  slates  alternating 
Avith  bands  of  granite  and  syenite.  Of  the  American 
states.  Professor  Whitney  considered  that  North 
Carolina  Avas  likely  to  prove  the  most  productive. 
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provided  the  mines  were  honestly  worked.  It  cannot 
be  said  that  any  of  them  have  been  profitable,  but 
Virginia  yielded  tolerably  constant,  though  small 
quantities,  up  to  the  time  of  the  late  civil  war,  when 
all  mining  operations  were  interrupted. 

Although  as  early  as  1855  Dr.  Dawson  hinted  at 
the  probability  of  gold  being  found  in  Xova  Scotia, 
there  does  not  seem  to  have  been  any  discovery  made 
till  1860 ; but  after  this  date  claims  were  taken  up 
and  gold  discovered  in  various  localities  in  quick 
succession.  Since  1865  the  yield  has  averaged  about 

23.000  ozs.  obtained  from  crushed  quartz,  containing 
about  15-|-  dwts.  of  gold  per  ton.  I'he  greatest 
amount  produced  in  one  year  was  27,314  ozs.  in 
1867,  since  which  date  the  annual  yield  has  gradually 
declined,  and  in  1873  it  was  only  11,852  ozs. 

Most  of  the  rivers  of  that  portion  of  Canada  which 
lies  south  of  the  St.  Lawrence  yield  considerable 
quantities  of  gold,  which,  until  quite  recently,  was 
obtained  almost  entirely  from  alluvial  washings.  I'he 
first  important  mining  company  formed  there,  the 
“ Chaudiere  Gold  Mining  Association,”  exhibited  at 
the  1857  Exhibition  several  specimens  of  native  gold. 
But  the  produce  of  Eastern  America  and  indeed  of 
all  parts  of  the  world  was  quite  eclipsed  about  the 
middle  of  the  present  century,  when  the  first  of 
those  sources  of  gold  in  California  and  Australia 
were  discovered,  which,  in  1865,  were  yielding 
together  about  66  per  cent  of  the  total  produce  of 
the  world.  The  immense  value  of  these  stores,  the 
first  opening  up  of  which  took  place  about  1847,  may 
be  inferred  from  the  fact  that  while  in  the  ten  years 
preceding  that  date  (1838-1847),  the  total  produce 
of  the  United  States  was  about  7,600,000  dollars,  that 
in  the  ten  succeeding  years  (1848-1857)  was  about 

389.200.000  dollars.  This  estimate,  moreover,  it 
should  be  observed,  takes  no  account  of  the  gold 
taken  direct  out  of  the  country,  and  of  which  no 
returns  are  accessible. 

The  first  of  these  recent  discoveries  was  made  in 
1847,  when  California,  a hitherto-neglected  and  little- 
known  region,  lying  at  the  most  remote  south-western 
limit  of  North  America,  rose  into  sudden  importance 
as  the  El  Dorado  of  the  new  world.  The  gold  region, 
pro2ierly  so  called,  occiqries  the  northern  jiart  of 
California,  commencing  near  the  mouth  of  the  Sacra- 
mento liver,  in  hit.  39°  north,  and  long.  122^°  west, 
to  the  north-east  of  the  bay  and  town  of  San  Fran- 
cisco, from  which  it  extends  south  and  north.  At 
this  jioint  two  rivers  unite  and  discharge  themselves 
into  the  sea — the  Sacramento  flowing  from  the  north, 
along  a valley  formed  by  mountain  ranges,  and  the 
San  Joaquim,  flowing  from  the  south,  along  a similar 
valley,  inclosed  on  one  side  by  the  Kocky  Mountains, 
and  on  the  other  side  by  the  mountainous  ridge 
which  protects  the  western  coast.  It  was  on  the 
jiropeity  of  an  intelligent  Swiss  emigrant,  Cairtain 
Sl’TTICI!,  who  had  become  a wealthy  settler  on  the 
banks  of  the  Sacramento,  that  the  first  traces  of  gold 
were  discovered  in  Seirteinber,  1847.  This  happened 
in  the  course  of  the  erection  of  saw-mills  on  the 
estate,  when  Marshall,  the  contractor  for  the  build- 
ing of  these,  observed  glittering  particles  in  the  sand  i 


of  the  mill-race,  which  were  ascertained  to  be  gold ; 
and  on  making  further  search,  it  was  found  that 
the  jirecious  metal  was  very  extensively  diffused  in 
the  bed  of  the  stream.  The  discovery  soon  became 
known  to  the  work-peoj)le,  by  whom  the  intelligence 
was  conveyed  to  San  Francisco,  and  in  no  long  time 
the  whole  population  of  the  little  town,  and  the 
scattered  and  scanty  settlers  in  the  neighbourhood, 
abandoned  their  dwellings  and  occiqiations  to  engage 
in  the  exciting  search.  The  supjily  exceeded  the 
most  exaggerated  accounts  that  had  been  given  ; 
new  and  richer  localities  were  discovered;  the  gold 
was  found  in  the  beds  of  various  streams  flowing 
into  the  Sacramento  ; in  the  mud  of  the  river  itself ; 
in  the  channels  of  old  water-courses,  and  along  the 
sides  of  the  hills.  The  intelligence  rapidly  sjrread  to 
the  neighbouring  countries — to  Mexico,  to  South 
America,  to  the  United  States,  and  thence  to  Europe. 
People  began  to  flock  from  all  quarters  to  the  once 
neglected  but  now  coveted  region ; it  became,  in  a 
few  short  months,  the  scene  of  a considerable  fiopula- 
tion,  instead  of  a few  scattered  tribes  of  Indians; 
miners  or  diggers  in  jiarties  spreatl  themselves  over 
the  face  of  the  country;  and  San  Francisco,  from  a 
mere  village,  grew  up  into  a ^flace  of  wealth,  import- 
ance, and  stirring  activity.  It  was  at  first  very 
generally  considered  that  the  siqrply  would  soon  fail, 
and  although  this  has  been  by  no  means  the  case, 
yet  it  seems  certain  that  the  Californian  fields  are 
very  gradually  declining  — the  maximum  jiroduce 
having  been  about  65,000,000  dollars  in  1853  as 
comjiared  with  the  yield  of  only  31,500,000  dollars 
in  1872.  In  the  former  year  the  amount  exported  was 
57,000,000  dollars,  and  in  the  latter  it  was  12,000,000 
dollars.  On  the  other  hand,  it  should  be  remembered 
that  the  methods  for  extracting  the  precious  metal 
have  been  so  greatly  improved  that  it  is  now  found 
very  jirofitable  to  re-wash  the  ‘“tailings”  or  waste 
left  by  former  miners.  ' 

For  information  upon  the  geology  of  California, 
we  cannot  do  better  than  refer  the  reader  who  re- 
quires detailed  information  to  the  “ Geological 
Survey  of  California,”  by  J.  D.  Whitney,  published 
by  the  Californian  government. 

The  Sierra  Nevada  itself  consists  mainly  of  a 
central  axis  of  granite,  disturbed  at  intervals  by 
volcanic  action,  in  which  is  found  only  a small 
quantity  of  quartz.  Along  the  western  slope  of  this 
mass  are  thick  bands  of  slates  and  shales,  alternat- 
ing with  masses  of  serpentinous  and  trajj  rocks. 
The  slates  of  this  auriferous  locality  belong,  accord- 
ing to  Professor  Whitney,  to  the  Jurassic  period, 
although  in  all  probability  some  of  those  in  Plumas 
county  and  elsewhere  are  of  the  Triassic.  The 
great  metallic  belt  lies  on  this  western  slope,  com- 
mencing at  about  the  Tejou  pass,  and  extending  to 
the  northern  limit  of  the  state.  These  metamorjrhic 
slates  are  the  true  gold-bearing  rocks,  and  form  a 
belt  about  300  miles  long  by  50  miles  broad. 

West  of  the  Rocky  Mountains  the  gold-bearing 
states  are  California,  Nevada,  and  Oregon ; together 
with  the  territories  of  Washington,  Utah,  Montiuia, 
Idaho,  Arizona,  Colorado,  &c.  These  occujiy  in  all 
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over  a million  square  miles,  thougli  of  course  in  this 
vast  area  there  are  large  tracts  of  land  in  which  gold 
has  not  yet  been  discovered.  Gold  occurs  on  the 
Pacific  coast  in  three  distinct  forms,  each  requiring 
its  own  special  mode  of  working.  These  are  : — 

(1)  Auriftruus  veins,  most  frequently  inclosed  in 
m eta  m Orphic  slates. 

(2)  Deep  placer  diygings,  deposited  by  ancient 
river  systems. 

(3)  Shadow  placer  diggings,  deposited  by  present 
river  systems. 

Quartz  Veins. — In  California  the  gangue  of  the 
auriferous  veins  is  invariably  quartz,  which  is  gener- 
ally crystalline  in  structure,  though  sometimes 
partially  vitreous.  The  veins  are  irregularly  dis- 
tributed .among  the  metamorphic  skates,  but  occur 
chiefly  in  the  neighbourhood  of  cryst.alline  ai.d 
eruptive  rocks.  In  the  southern  portion  of  the 
Sierra,  an  immense  centr.al  quartz  le.ad  extends  from 
IMount  Ophir  beyond  INIokelumne  hills,  a distance 
of  about  75  miles,  and  it  varies  from  6 to  CO  feet 
in  thickness.  In  the  neighbourhood  are  several 
small  quartz  veins,  running  more  or  less  par.allek 
There  is,  however,  a distinct  break  between  the 
southern  and  northern  veins,  these  latter  being 
more  numerous,  but  individu.ally  less  in  extent. 
The  quartz  of  a veinstone  is  gener.ally  ribboned, 
so  .as  to  form  a succession  of  layers  parallel  to  the 
walls  of  the  lode,  and  frequently  some  one  or  more 
of  these  laminae  are  more  productive  than  the  rest. 
The  metallic  minerals,  ordinary  iron  pyrites,  blende 
and  galena,  and  less  frequently  arsenical  pyrites, 
magnetic  and  copper  pyrites,  and  cinn.abar,  usually 
exist  in  the  gangue,  and  are  invariably  accompanied 
by  gold.  Indeed,  so  much  is  this  the  case,  that, 
according  to  Phillips,  veins  are  not  regularly  pro- 
ductive which  do  not  contain  some  one  or  more  of 
these  substances. 

Placer  Diggings. — About  two-thirds  of  the  whole 
gold  produce  of  California  is  obtained  from  these 
alluvial  deposits,  the  rem.aiTiing  one-third  being  the 
result  of  quiirtz  mining.  The  attention  of  the  first 
miners  was  directed  entirely  to  such  sources  of  gold 
.as  were  near  the  surface,  .and  therefore  easily  acces- 
sible to  ordin.ary  tools,  and  immense  sums  were 
obtained  by  this  means.  Put  as  these  supcrfici.al 
l.ayers  bec.ame  gradually  exhausted,  machinery  was 
introduced  .and  deposits  of  a more  ancient  date  were 
])rofitably  worked.  Tlie  former,  or  “ shallow  placers  ” 
were  formed  at  a more  recent  period  than  the  latter, 
“ deep  placers,”  which  were  deposited  by  an  entirely 
different  river  system  to  th.at  now  in  existence,  which 
evidently  flowed  at  a much  higher  level  and  fre- 
quently at  right  angles  to  the  valleys  of  the  present 
day.  These  apparently  unlimited  deposits  are  now 
worked  on  a gigantic  scale  by  what  is  known  as  the 
“ hydraulic  process,”  described  subsequently,  which 
performs  its  work  so  rapidly  and  economically  (pro- 
vided there  be  an  abundant  supply  of  w.ater)  th.at 
gravels  containing  only  7 cents  per  cubic  yard  can  be 
worked  with  profit.  Although  gold  is  disseminated 
through  the  whole  mass,  it  alw.ays  collects  in  the 
greatest  quantities  at  the  bottom  on  the  shelf  or  bed 
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rod',  where  .at  times  the  richness  is  remarkable.  Thus 
at  IMokelumne  Hill,  Laur  states  that  in  conse- 
quence of  the  richness  miners  were  prohibited  from 
possessing  more  than  15  squ.are  feet,  no  less  than 
250  lbs.  weight  having  been  known  to  be  extracted 
from  this  sp.ace.  The  amount  obtained,  however, 
varies  considerably,  .and  seems  to  be  chiefly  depend- 
ent on  the  form  of  the  surface  of  bed  rock ; thus,  if 
it  be  rounded  and  convex  upwards  there  is  not  likely 
to  be  a large  deposit,  whereas  a maximum  produce 
may  be  expected  when  the  reverse  is  the  case.  These 
deep  placers  are  frequently  covered  by  a layer  of 
of  lava,  and  Newberry  concludes  from  an  examina- 
tion of  the  le.af  beds,  &c.,  found  in  those  of  a more 
clayey  nature,  that  they  belong  to  the  Tertiary  age, 
and  are  most  prob.ably  of  the  later  Pliocene  epoch. 

Phillips  (in  the  “Proc.  Roy.  Soc.”  for  1868)  gives 
the  following  as  the  result  of  his  examination 
of  the  geology  of  California,  regarding  it  from  a 
chemical  point  of  view : — ■ 

(n.)  Quartz  veins  have  gener.ally  been  produced 
by  the  slow  deposition  from  aqueous  solutions  of 
silica  on  the  surfaces  of  the  inclosing  fissures. 

(?l)  From  the  gener.al  parallelism  with  its  walls  of 
the  planes  of  any  fragments  of  the  inclosing  rock 
which  may  have  become  imbedded  in  a vein,  it  is  to 
be  inferred  that  they  were  mechanic.ally  removed  by 
the  growth  of  the  several  layers  to  which  they 
adhered,  and  that  a subsequent  deposition  of  quartz 
took  place  between  them  and  the  rock  from  which 
they  had  become  detached.  In  this  way  were  intro- 
duced the  masses  of  rock  known  as  “horses.” 

(c.)  The  formation  of  quartz  veins  is  due  to  hydro- 
thermal  agencies,  of  which  evidences  are  still  to  be 
found  in  the  hot  sp>rings  and  recent  metalliferous 
veins  met  with  in  various  parts  of  the  Pacific  coast. 

(r/)  From  the  variable  temperatures  at  which  the 
vacuities  in  their  fluid  cavities  become  filled,  it  may 
be  inferred  that  they  are  the  result  of  an  inter- 
mittent action,  and  th.at  the  fissures  were  sometimes 
traversed  by  currents  of  hot  water,  whilst  .at  others 
they  gave  off  aqueous  vapour  or  gaseous  exh.alations. 
This  is  precisely  what  is  now  taking  place  at  Steam- 
boat Springs,  where  the  formation  of  a vein  is  in 
progress,  and  from  which  currents  of  boiling  water 
are  often  poured  forth,  whilst  at  other  times  the 
fissures  give  off  currents  of  steam  and  heated  gases 
only. 

(c.)  That  gold  may  be  deposited  from  the  same 
solutions  which  give  rise  to  the  formation  of  the 
inclosing  quartz,  appe.ars  evident  from  the  presence 
of  that  metal  in  pyrites  inclosed  in  silicious  incrusta- 
tions, as  well  as  from  the  fact  of  large  quantities  of 
gold  having  been  formed  in  the  interior  of  the  stems 
of  trees,  which  in  deep  diggings  are  often  converted 
into  pyrites. 

(/.')  The  constant  presence  of  iron  pyrites  in  auri- 
ferous veins,  and  when  so  occurring  its  invarkably 
containing  a certain  amount  of  gold,  suggests  the 
possibility  of  this  sulphide  being  in  some  way  neces- 
sarily connected  with  the  solvent  by  which  the  pi’C- 
cious  metal  was  held  in  solution.  It  has  been  shown 
that  finely  divided  gold  is  soluble  in  the  sesqui- 
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chloride  of  iron,  and  more  sparingly  in  the  sesqui- 

1 Australia. — It  is  a well-ascertained  fact,  that 

sul2)hate  of  that  metal.  It  is  also  well  known  that 

^ although  the  gold-fields  of  California  were  not  really 

iron  pyrites  sometimes  results  from  the  action  of 

' discovered  and  worked  till  1848,  yet  on  a small 

reducing  agents  on  the  suljrhate  of  that  metal.  If, 

scale  quartz  mining  was  carried  on  there  as  early  as 

therefore,  sulphate  of  iron,  in  a solution  containing 

1843.  Similarly  in  Australia,  the  great  excitement 

gold,  should  become  transformed  by  the  action  of  a 

on  the  subject  did  not  take  place  till  long  after 

reducing  agent  into  pyrites,  the  gold,  at  the  same 

the  first  announcement  of  the  existence  of  gold  ; but 

time  being  reduced  to  the  metallic  state,  would 

when  washing  operations  did  commence,  they  soon 

probably  be  found  inclosed  in  the  resulting  crystals 

gave  every  promise  of  equalling  those  of  California. 

of  that  mineral. 

The  first  known  discoveries  of  the  precious  metal 

{(j.')  The  silica  and  other  substances  forming  the 

were  made  independently  by  Count  Strzelecki  in 

cementing  material  of  the  ancient  auriferous  river- 

1839,  and  the  Rev.  AV.  B.  Clarke  in  1841,  each  of 

beds  have  larobably  been  slowly  deposited  at  a low 

' whom  communicated  the  fact  to  the  governor  of 

temperature. 

New  South  AVales,  who,  however,  advised  that  the 

It  would  be  impossible  here  to  give  anything 

; existence  of  gold  in  the  country  should  be  keiit 

ap>proaching  to  even  a summary  of  the  many  gold- 

J secret,  lest  it  should  militate  against  the  interests  of 

jtroducing  districts  of  California,  for  which  the  reader 

the  colony ; the  reason  he  assigned  being,  that  it 

may  be  referred  to  the  “ Geological  Survey  of  Cali- 

would  be  impossible  to  maintain  order  among  the 

fornia,”  or  to  Phillips’  “Mining  and  Metallurgy,”  to 

45,000  convicts  then  in  the  colony. 

which  we  are  indebted  for  much  of  the  information 

It  is  also  especially  interesting  to  note  that  so 

given  above.  Mention  must  be  made  of  two  or  three 

early  as  1844,  and  without  having  heard  of  the  dis- 

of  the  most  inqiortant  sources  of  the  jirecious  metal. 

coveries  made  by  Count  Strzelecki  and  Clarke, 

The  centre  of  quartz  mining  is  Grass  Valley,  in 

and  without  even  ever  having  visited  the  country. 

Nevada  county,  one  of  the  most  prosperous  towns 

Sir  Roderick  Murchison,  by  comjmring  the  majis  of 

in  the  state.  In  18C5  the  quartz  mills  there  p>roduced 

the  mountain  ranges  with  those  of  the  Ural  mountains. 

about  3,500,000  dollars  worth  of  gold,  the  veins. 

“ jiublicly  as.serted  the  high  probability  of  the  exist- 

although  not  large,  being  extremely  rich.  The  total 

ence  of  gold  in  Au.stralia.  This  bold  induction  was 

yield  of  this  district  from  its  opening  in  1849  to 

based  upion  his  knowledge  of  the  geological  formation 

1872  is  said  to  be  about  forty  million  dollars.  This 

of  that  country ; and  the  wonderful  results  of  gold 

county  also  possesses  several  extensive  hydraulic 

mining  in  Victoria  and  New  South  Wales  afford  a 

washings,  second  only  to  those  of  Sierra  county. 

proof  of  scientific  .sagacity  almost  uiqiaralleled  in  the 

where  exists  the  famous  Blue  Lead,  a deep  placer 

history  of  science.” 

of  the  Pliocene  Tertiary  period,  remarkable  for  its 

To  E.  II.  Hargreaves,  however,  is  due  the 

richness,  and  for  the  fact  that  it  runs  in  a direction 

honour  of  having  really  discovered  gold  in  remimer- 

at  right  angles  to  the  rivers  of  the  jiresent  day. 

ative  quantities.  He  was  struck  with  the  general 

It  should  be  mentioned,  however,  that  in  a govern- 

resemblance  of  the  mountains  of  Australia  to  those 

ment  report  on  the  “ Mines  and  Mining  west  of  the 

of  California,  and  at  once  proceeded  to  search  for 

Eocky  Mountains,”  A.  Bowman  states  that  “ the 

the  jirecious  metal,  which  he  very  quickly  discovered 

‘ Big  Blue  ’ Lead  is  a myth,  passing  through  every 

in  considerable  quantities.  In  April,  1851,  he  addressed 

miner’s  claim  where  there  is  deeji  gravel.”  He 

a letter  to  the  colonial  secretary  announcing  that  he 

further  observes  that,  “ after  devoting  considerable 

had  discovered  gold  at  Summer  Hill  Creek  and  other 

pains  to  the  collecting  of  facts  for  the  determination  ” 

places  near  Bathurst,  which  is  situated  about  150 

of  the  truth  of  the  generally-accepted  statement 

miles  west  of  Sydney,  New  South  AAhxles. 

with  regard  to  the  ancient  rivers  being  at  right 

Scarcely  had  this  communication  been  made  to 

angles  to  those  of  the  present  day,  he  has  arrived  at  ' 

government,  when  the  discovery  became  generally 

the  conclusion  that  “ the  Pliocene  rivers  have  not 

known  through  some  persons  who  had  been  employed 

varied  at  all  in  the  general  course  from  that  of  the 

under  the  directions  of  Hargreaves.  The  fact  was 

present  rivers.” 

divulged  that  on  the  8th  of  IMay  these  persons  had 

The  yield  of  the  other  states  and  territories  men- 

obtained  several  ozs.  of  gold  at  Summer  Hill  Creek; 

tioned  above  is  inconsiderable  in  comparison  with 

and  on  the  13th  of  the  same  month  great  excite- 

that  of  California.  Among  them  Colorado,  Idaho, 

ment  was  created  by  the  report  that  a solid  piece. 

Oregon,  and  Montana  have  been  most  jiroductive; 

weighing  13  ozs.,  had  been  found.  This,  on  inquiry. 

and  in  the  recent  Exhibition  at  Vienna  (1873)  speci- 

proved  to  be  correct,  and  hundreds  of  jiersons 

mens  of  tellurium  gold  from  Nevada  were  exhibited.  | 

immediately  left  their  accustomed  avocations  and 

British  Columbia  and  Vancouvei-’s  Island  should 

started  for  the  diggimis,  as  they  were  now  called. 

be  noted,  as  they  promise  to  afford  a continuous 

The  excitement  rapidly  extended,  and  on  the  19th 

sujjply  of  the  precious  metal.  The  former  contains 

of  May  400  jiersons  were  congregated  at  Summer  Hill 

immense  auriferous  districts,  situated  on  the  banks 

Creek  ; on  the  29th,  1000;  and  on  the  5th  June  their 

of  the  Fraser  and  Thompson  rivers,  from  which 

numbers  had  increased  to  1500. 

gold  is  obtained  by  washing.  During  the  last  fifteen 

A few  weeks  subsequent  to  these  discoveries  in 

years  British  Columbia  produced  an  amount  valued 

New  South  Wales  the  precious  metal  was  found  to 

at  about  forty-five  million  dollars,  while  annually 

exist  in  Victoria ; and  as  these  fields  have  since 

about  130,000  ozs.  are  obtained. 

proved  to  be  by  far  the  most  productive  in  the 

GOLD. — In  Austr.^lia. 
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Fig.  1. 


country,  we  will  notice  them  first.  Gold  is  known 
to  have  been  found  in  small  quantities  by  the  settlers 
long  before  the  announcement  was  made  in  1851. 
Immediately  on  this,  however,  there  was  a great  iitsh 
to  the  diggings,  causing  great  inconvenience  to  society 
in  suddenly  producing  a rise  in  the  price  of  labour 
and  provisions.  From  the  researches  of  Selwyn, 
the  government  geologist,  it  appears  that  the  gold- 
bearing  strata  of  Victoria  belong  to  a geological  period 
much  more  ancient  than  that  of  the  auriferous  rocks 
of  California;  they  belong,  in  fact,  to  the  lower 
Palaeozoic  or  Silurian  epoch,  and  are,  as  Sir  Roderick 
MitrciiisON  observed,  almost  identical  in  character 
with  the  Uralian  mountains. 

These  rocks  of  Victoria  are  remarkable  for  “ the 
almost  total  absence  of  limestone  bands,  the  number 
and  extent  of  the  quartz  veins,  and  the  constantly 
recurringprotrusions,atshort  intervals,  of  granitic,and 
occasionally  of  Plutonic  trappean  rocks.”  The  quartz 

veins  vary  in 
Fig-  2.  thickness,  from 
that  of  a sheet  of 
paper  to  many 
feet ; the  thick 
veins  being  found 
in  the  lower  por- 
tions of  the  series, 
but  they  are  as  a 
rule  less  produc- 
tive than  the 
thinner  ones  in 
the  upper  beds. 
The  mines  are 
frequendy  work- 
ed to  immense 
depths,  the  deepest  at  present  in 
existence  being  the  “ INIagdala  ” 
mine,  having  a depth  of  no  less 
than  1:125  feet.  Although  the 
metamorphic  rocks  of  Victoria 
appear  to  belong  to  a more  ancient 
geological  epoch  than  those  of 
California,  it  should  be  observed 
that  the  drifts  or  deep  diggings  of 
the  two  countries  seem  to  belong  to  the  same  geologi- 
cal epoch,  and  are  both  covered  by  a volcanic  mass. 
Selwyn  has  concluded  that  there  must  exist  two 
distinct  series  of  quartz  veins ; the  older  ones  having 
been  formed  previous  to  the  Miocene  period,  and 
being  comparatively  barren  ; while  the  newer  ones, 
formed  subsequently,  but  previous  to  the  Pliocene 
period,  are  productive.  Gold  is  obtained  in  Australia 
from  three  sources,  the  quartz  veins,  the  deep  placers, 
and  the  shallow  placers,  as  in  California,  and  accord- 
ing to  R.  B.  Sjn'TH  it  is  now  found  to  exist  in  the 
claystone  itself.  In  the  earlier  days  of  the  colony 
digging  was  the  sole  method  resorted  to,  but  now  this 
is  gradually  giving  way  to  quartz  mining. 

The  gold  is  frequently  found  at  the  surface  mixed 
with  the  sands  of  rivers,  but  the  auriferous  stratum 
is  generally  buried  at  considerable  depth,  and  hence 
the  necessity  of  opening  pits  or  (lif/(/hif/s.  Figs.  1 
and  2 will  afford  some  idea  of  the  Australian  gold- 


field strata.  The  latter  represents  what  the  diggers 
call  a surface  gullet,  the  gold  being  met  with  at 
about  16  feet  from  the  surface  ; tlie  former  is  a 
section  of  a deep  gullet,  in  which  the  auriferous  ore 
is  at  a depth  of  36  feet.  The  corresponding  letters 
in  both  sections  indicate  similar  strata : a,  black 
loam  and  quartz  ; It,  white  loam,  clay,  and  sand  ; c, 
brown  clay;  d,  gold  layer;  e,  yellowish-brown  rock; 
/ /’  quartz  in  a concrete  mass  ; g,  stratum  of  sand  ; 
/(,  common  clay.  The  auriferous  ore  earth  is  gener- 
ally of  a light  colour,  or  largely  mixed  with  quartz 
pebbles,  very  tenacious  and  difficult  to  wash.  It  lies 
upon  a yellowish-brown  rock,  of  a rotten  texture, 
known  as  fixed  slate,  whilst  higher  up,  above  the 
gold,  the  strata  presents  igneous  features. 

The  whole  of  the  auriferous  region  of  Victoria  is 
divided  into  six  districts,  named  after  the  chief  town 
in  each.  These  are — Ballarat,  Castlemaine,  Sand- 
hurst, Maryborough,  Beechworth,  and  Ararat;  the 
two  most  important  fields  being  Ballarat  and  Ben- 
digo, the  latter  of  which  is  situated  in  the  Sandhurst 
district.  As  with  nearly  every  gold  field,  both 
were  originally  famous  for  their  shallow  placers ; 
but  these  having  been  long  since  exhausted,  the 
precious  metal  is  now  extracted  entirely  by  quartz 
mining. 

The  methods  of  extracting  the  gold  will  be  de- 
scribed subsequently.  Meanwhile,  however,  it  shoidd 
be  mentioned  that  they  differ  materially  from  those 
usually  adopted  in  California,  in  consequence  of  the 
great  scarcity  of  water  in  Australia  in  comparison 
with  the  inexhaustil  le  supplies  of  that  country. 
Phillips  tells  us  that  in  the  early  days  of  quartz 
mining  the  raising  and  washing  cost  no  less  than  £4 
per  ton  ; whereas  now,  in  consequence  of  the  intro- 
duction of  machinery,  the  same  work  is  done  at 
16.>'.  4fl.  per  ton,  thus  enabling  the  miners  to  extract 
at  a profit  the  gold  from  far  poorer  vein  stuff  than 
formerly. 

From  a geological  point  of  view,  the  gold  fields 
of  New  South  Wales  are  very  similiar  to  those  of 
Victoria,  but  their  produce  is  considerably  less — the 
annual  amount  averaging  only  about  500,000  ozs., 
whereas  that  of  the  latter  country  is  generally  about 
2,000,000  ozs. 

South  Australia,  Queensland,  Tasmania,  and  New 
Zealand,  especially  the  latter,  are  all  gold-producing 
countries ; and  about  the  year  1861  considerable 
excitement  was  caused  by  discoveries  being  made  in 
the  beds  of  the  various  rivers  of  New  Zealand.  Lip 
to  1873  North  and  South  Islands  together  have 
jdelded  nearly  seven  million  ozs.  Further  informa- 
tion relative  to  the  produce  of  this  and  other 
countries  will  be  given  at  the  close  of  the  present 
article,  under  the  head  of  statistics. 

Oriipn  and  Position  of  the  Gold  Deposits. — Auriferous 
rocks,  in  whatever  part  of  the  world  they  be  found, 
almost  always  exhibit  a striking  resemblance  to  each 
other;  and  although  at  times  gold  is  discovered  with 
granite,  &c.,  as  a matrix,  it  is  generally  associated 
with  quartz.  Indeed,  so  universally  is  this  the  case 
that,  as  has  been  already  mentioned.  Sir  R.  Murchi- 
son, on  observing  the  identity  of  composition  of  the 
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Ural  Mountains  and  the  great  auriferous  chain  of 
Australia,  announced  that  gold  would  ultimately  be 
discovered  in  that  country.  These  rocks  are  of  the 
Silurian  period,  and  it  has  been  observed  that  the 
richest  deposits  are  found  where  rocks  of  tliis  age 
have  been  disturbed  by  volcanic  action.  Referring 
to  tliis  subject.  Sir  Roderick  remarks  that  “the  most 
usual  original  position  of  gold  is  in  the  quartz  ore 
veinstones  that  traverse  altered  Palaeozoic  slates, 
frequently  near  their  junction  with  eruptive  rocks. 
Sometimes,  however,  it  is  also  shown  to  be  diffused 
through  the  body  of  such  rocks,  whether  of  igneous 
or  of  aqueous  origin.  The  stratified  rocks  of  the 
highest  antiquity,  such  as  the  oldest  gneiss  or  quartz 
rocks,  have  very  seldom  borne  gold  ; but  the 
sedimentary  accumulations  which  followed,  or  the 
Silurian,  Devonian,  and  Carboniferous  (particularly 
the  first  of  these  three),  having  been  the  deposits 
which,  in  the  tracts  where  they  have  undergone  a 
metamorphosis  or  change  of  structure  by  the  in- 
fluence of  igneous  agency  or  other  causes,  have  been 
the  c/dV/' sources  whence  gold  has  been  derived.” 

Following  up  these  conclusions,  a writer  in  the 
Quarterlji  Ilcrieic  has  pointed  out  that  the  mountain 
ranges  bordering  on  the  Pacific  are  all  auriferous. 
Thus  the  great  gold  fields  of  Australia  extend  with- 
out interiuption  along  the  slopes  of  the  range  sepa- 
rating the  eastern  seaboard  from  the  Continent, 
while  the  gold-bearing  mountains  of  California  and 
British  Columbia  extend  in  an  unbroken  line  along 
the  western  sliore  of  America.  Indeed,  the  American 
auriferous  districts  extend  along  the  wliole  coast- line 
from  Behring’s  Strait  to  Cape  Horn,  while  the 
Australian  range  extends  southward  across  Bass’s 
Straits,  and  northward  it  crops  up  at  intervals  in  the 
various  islands,  finally  terminatiiur  in  Japan.  Thus 
it  will  be  seen  that  the  great  basin  of  the  Pacific  has 
on  each  side  an  elevation  of  volcanic  origin,  from 
which  at  intervals  gold  is  obtained.  The  fact  of  the 
auriferous  districts  only  occurring  at  intervals  is 
exi)lained  by  Sir  Roderick  Murchison’s  hypothesis 
already  referred  to — namely,  that  the  most  auriferous 
rocks  are  of  the  Silurian  age,  and  that  the  most 
usual  original  position  of  the  metal  is  in  quartzose 
veinstones  that  traverse  altered  Silurian  slates, 
frequently  near  their  junction  with  eruptive  rocks. 

It  should  be  mentioned  that  Professor  II.  \\'urtz 
differs  from  Murchison  as  to  the  origin  of  gold,  and 
has  suggested  a very  plausible  theory,  ascribing  it  to 
a totally  different  cause.  Having  observed  that 
aqueous  solutions  of  sulphate  of  sesquioxide  of  iron 
were  capable  of  retaining  in  solution  a small  but 
appreciable  amount  of  metallic  gold,  and  coupling 
this  with  the  general  belief  that  gold  and  gold- 
bearing  sulphurets  have  been  of  aqueous  deposition, 
he  suggests  that  all  the  gold  was  held  in  solution  in 
a “ Prozoic  thoroughly  oxidated  ocean,”  the  sul- 
phurets of  iron  now  so  abundant  in  crystalline  rocks 
being  dissolved  in  it  as  persulphates,  and  this  per- 
sulphate in  its  turn  being  quite  capable  of  retaining 
in  solution  all  the  gold  of  the  eartli’s  crust.  When, 
however,  in  this  lifeless  ocean  organic  existence 
commenced,  together  with  the  accompanying  de- 


oxidizing processes,  the  ferric  became  ferrous  salts, 
and  these  being  incapable  of  retaining  gold  in  solu- 
tion, it  was  deposited.  WuRTZ  refers  to  one  of  the 
two  richest  gold  fields  yet  discovered — that  of 
California — as  disproving  Murchison’s  general  con- 
clusion, that  all  gold  fields  are  of  the  Lower  Silurian 
age,  this  formation  being  as  recent  as  the  Jurassic. 

Method  of  Examining  Auriferous  Deposits. — 
As  a general  rule,  the  rocks  in  the  district  to  be 
examined  for  gold  should  be  either  granitic,  porphy- 
ritic,  or  quartzose,  although  it  is  also  found  in  other 
formations,  and  particularly  in  clay -slate.  The 
auriferous  quartz  is  often  stained  of  a rusty  brown 
colour,  from  the  presence  of  peroxide  of  iron,  and 
in  many  instances  presents  a cellular  or  honey- 
combed appearance.  The  points  to  be  most  care- 
fully examined  are  the  sands  of  the  rivers  and 
streams,  or  old  water-courses,  as  well  as  the  par- 
ticles of  disintegrated  rock  which  often  accumulate 
in  the  eddies  of  ravines  formed  on  the  sides  of  hills 
by  the  action  of  water  during  great  floods.  The 
sections  of  rock  exposed  by  this  action  must  also  be 
examined  with  a view  to  the  discovery  of  veins  of 
auriferous  quartz,  from  which  specimens  are  broken 
off  and  afterwards  carefully  assayed. 

The  method  of  conducting  a systematic  assay  of 
gold  ores  and  alloys  will  be  fully  explained  after- 
w'ards.  It  is  a somewhat  tedious  and  difficult  pro- 
cess, requiring  considerable  experience  and  a regular 
assortment  of  apparatus.  But  even  in  the  absence 
of  these,  a tolerably  correct  estimate  of  the  amount 
of  gold  present  may  be  readily  arrived  at  by  the  fol- 
lowing simple  method. 

The  first  and  most  important  object  must  be  to 
obtain  a small  sample  which  can  be  relied  upon  as 
fairly  representing  the  composition  of  the  mass. 
This,  indeed,  is  the  most  difficult  part  of  the  pro- 
cess, and  can  only  be  secured  with  any  degree  of 
certainty  by  taking  large  quantities  from  different 
parts  of  a heap  of  the  alluvial  deposits  or  auriferous 
rock,  the  ore  in  the  latter  case  having  been  pre- 
viously broken  up  into  small  lumps  of  the  size  of 
beans.  These  having  been  thoroughly  incorporated, 
a sample  of  a few  pounds  weight  is  taken,  and  for 
very  rough  estimations  it  may  be  sufficient  to  w'ash 
it  with  the  pan,  repeating  the  process  until  such  a 
quantity  of  gold  is  obtained  as  can  be  easily  w'eighed ; 
this  is  then  amalgamated  wdth  as  small  a quantity  of 
mercury  as  possible,  wdiich  is  expelled  by  heating  in 
an  iron  retort.  The  resulting  gold  is  then  weighed, 
whence  w'e  have  sufficient  data  to  determine  the 
weight  of  gold  per  ton,  thus  : — 

Let  fj  be  the  weight  of  gold  obtained  in  grains, 
G,  the  weight  (in  troy  ounces)  per  ton,  and  p,  the 
weight  of  sample  in  pounds. 

Then  G = ^ 

i p 

expressed  in  ounces  troy  per  ton  avoirdup"is.  Of 
course,  the  above  method  will  estimate  all  the  silver, 
&c.,  contained  in  the  ore  as  gold,  and  when  a more 
accurate  estimate  is  required  assaying  must  be  re- 
sorted to,  which  process  will  be  described  farther  on. 
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employed,  as  well  as  on  the  cost  of  labour,  &c.  The 
following  table  enumerates  several  qualities  of  the 
sands  of  a number  of  rivers,  together  with  the 
authorities : — 


liOcality. 

Authority. 

Relative  Richness  of  Sand,  &o. 

1st.  Quality. 

2nd.  Quality. 

3rd.  Quality 
(Average  worked). 

Least  workable. 

Averaie  of  un- 
workable gravel. 

River  Rhine 

River  Eder  (Westphalia), 

Siberia, 

Chili, 

M.  Daubr€e, 
M.  d’Eschwege, 
Humboldt, 
Dumeyko, 

O-000000.'iG2 
0 000000390 
O-OOOOCGOOO 
0-000078080 

0-000000243 

0-000000222 

0-00  000132 
0 000000130 
0-00000261)0 
0-000009760 

0-000000120 

0-000001000 

0- 000000008 
0-000000016 
0000000650 
0-000001000 

Tlie  limit  in  the  amount  of  gold  found  in  river 
sand,  beyond  which  it  is  considered  impossible  to 
work  it  at  a profit,  varies  in  different  localities, 
and  depends  on  the  perfection  of  the  apparatus 


It  will  be  seen  from  this  table  that  the  average 
unworkable  gravel  in  Chili  contains  1 part  of  gold  in 
a million,  and  even  this  is  nearly  twice  as  rich  as  the 
best  sand  obtained  on  the  Rhine,  whUe  it  is  7'65 
times  as  rich  as  the  average  sand  worked  on  that 
river.  M.  Daubree  in  184G  read  a paper  before  the 
French  Academy  of  Sciences  on  the  subject  of  the 
gold  in  the  alluvial  deposits  of  the  Rhine,  and  he 
considers  that  with  more  perfect  apparatus  it  could 
be  worked  at  a profit,  even  if  it  contained  less  than 
what  is  given  above  as  the  “ least  workable  ” amount. 
With  a view  to  converting  the  above  decimal  compo- 
sitions into  grains  per  ton,  it  may  be  useful  to 
state  that  1 part  in  a million  is  the  same  as  15'68 
grains  per  ton. 

Substances  often  Mistaken  for  Gold. — Though 
gold,  in  its  separate  and  pure  state,  is  readily  dis- 
tinguishable from  other  metals  and  minerals,  by  its 
colour,  softness,  high  specific  gravity,  and  insolubility 
in  the  simple  acids,  yet  in  the  mixed  state  in  which 
it  is  generally  found  it  requires  an  amount  of  chemical 
skill  to  apply  these  tests ; and  hence,  when  glittering 
particles  of  other  minerals  appear,  they  are  often 
mistaken  for  gold,  even  by  persons  who  are  not 
entirely  ignorant  of  its  characteristics.  The  substances 
which  most  generally  lead  to  this  mistake  are  iron 
pyrites,  copper  pyrites,  and  yellow  mica. 

Common  iron  pyrites,  or  lisnlphide  of  iron,  which  is 
more  frequently  mistaken  for  gold  than  any  other 
substance,  occurs  in  small  cubical  crystals,  in  veins 
disseminated  in  the  various  slate  rocks,  and  in  the  coal 
measures.  It  is  of  different  shades  of  brass  yellow, 
and  often  in  fact  contains  minute  traces  of  gold, 
though  seldom  a sufficient  amount  of  that  metal  to 
render  its  extraction  profitable.  It  may  be  readily 
distinguished  from  gold  by  the  application  of  the 
magnet,  as  well  as  by  the  following  characters : first, 
instead  of  flattening  like  gold  under  the  hammer,  it 
is  extremely  brittle,  and  therefore  readily  broken  ; 
second,  its  weight  or  specific  gravity  is  only  about 
one-fourth  that  of  gold ; and  lastly,  when  heated  with 
nitric  acid  it  is  dissolved  with  evolution  of  copious 
red  fumes,  whilst  gold,  when  so  treated,  remains 
unaffected. 

Copper  pyrites,  or  yellow  copper  ore,  the  second 
mineral  which  is  frequently  mistaken  for  gold,  may 
be  considered  as  a compound  of  two  equivalents  of 
sulphide  of  iron,  and  one  equivalent  of  sulphide  of 
copper.  This  is  the  ore  from  which  the  largest  pro- 
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portion  of  the  copper  of  commerce  is  derived.  It  occurs 
in  a variety  of  forms,  its  primitive  crystal  being  the 
regular  tetrahedron.  It  is  formed  in  lodes  or  veins, 
which  usually  occur  either  in  granite,  grauwacke,  or 
clay-slate,  and  has  a strong  metallic  lustre  and  deep 
brass  yellow  colour.  It  may  readily  be  distinguished 
from  gold  by  the  circumstance  that  when  heated  on 
a piece  of  charcoal  before  the  blowpipe  it  loses  this 
yellow  colour,  and  fuses  into  a dull  black  globule, 
which,  from  the  presence  of  the  iron,  is  magnetic. 
If  mixed  with  carbonate  of  soda  and  a little  borax, 
it  yields,  when  similarly  treated  in  skilful  bauds, 
a button  of  metallic  copper.  But  an  easier  method 
to  determine  the  presence  of  copper  is  to  pulverize 
the  ore  in  an  iron  mortar,  or  with  a heavy  hammer, 
dissolving  the  powder  thus  obtained  in  nitric  acid, 
and  evaporating  the  solution  nearly  to  dryness ; water 
is  then  added,  and  afterwards  ammonia  in  excess, 
when,  if  copper  be  present,  the  liquor  assumes  a rich 
purplish  colour,  an  unmistakeable  sign  of  the  presence 
of  this  metal. 

Another  method  for  determining  the  presence  both 
of  iron  and  copper,  is  to  take  some  of  the  scoria  loft 
after  submitting  it  to  the  blowpipe,  and  putting  this 
in  a test-glass,  to  pour  over  it  a few  drops  of  hydro- 
chloric acid,  when  an  effervescing  solution  will  be 
obtained.  A little  of  this  liquid  is  then  transferred 
to  another  glass — the  one  to  be  treated  for  iron,  the 
other  for  copper.  Into  one  of  the  glasses  introduce 
a few  drops  of  ferrocyanide  of  potassium,  and  liquid 
ammonia  into  the  other.  If  iron  is  present,  the  liquid 
in  the  glass  to  which  the  ferrocyanide  has  been  added 
will  become  blue,  the  iron  combining  with  the  ferro- 
cyanogen,  and  producing  Prussian  blue.  If  copper 
is  present  in  the  same  glass,  but  no  iron,  the  liquid 
will  become  of  a reddish-brown  tint,  ferrocyanide  of 
copper  being  formed.  If  iron  and  copper  are  present 
together,  the  two  metallic  precipitates  will  be  the 
result,  and  a purple  tint  arises  from  the  mixing  of 
the  red  and  blue  colours.  The  liquid  in  the  glass  to 
which  ammonia  was  added  will  be  changed  to  a 
brownish  tint  if  iron  is  present,  and  to  a fine  blue  if 
copper  is  there. 

Mica,  the  third  substance  often  mistaken  for  gold, 
is  one  of  the  constituents  of  gneiss,  granite,  and  mica 
slate,  and  gives  to  the  former  its  lamellar  structure. 
In  1853  great  excitement  was  produced  at  the  Cape 
of  Good  Hope,  in  consequence  of  the  discovery  near 
Simon’s  B.ay  of  a substance  said  to  contain  a large 
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proportion  of  gold.  A quantity  of  this  suspected 
mineral  was  sent  home  for  analysis,  and  was  found 
to  possess  a glistening,  yellow,  semi-metallic  lustre  ; 
but  when  examined  by  the  microscope  its  metallic 
brilliancy  disappeared,  especially  when  viewed  by 
transmitted  light.  It  had  then  a darkish-grey  colour, 
being  in  thin  semi-transparent  plates.  It  was  not 
acted  upon  by  nitric  or  nitro-hydrochloric  acid ; and 
hence,  doubtless,  arose  the  error  in  taking  it  to  be 
gold.  In  reality,  it  was  nothing  but  mica,  highly 
coloured  with  the  oxide  of  iron. 

The  specific  gravity  of  mica  never  exceeds  3 00  ; 
and  this  circumstance,  together  with  its  foliated 
structure,  is  quite  sufficient  to  distinguish  it  from 
gold,  which  it  somewhat  resembles  in  colour ; but 
even  in  this  latter  particular  the  microscope  will 
dispel  the  illusion. 

CiiAiiACTEiiS  OF  Native  Gold. — Gold,  as  already 
stated,  almost  always  occurs  in  the  metallic  state, 
generally  in  small  grains  or  scales  known  as  (jold  dust, 
sometimes  in  particles  so  minute  as  to  be  invisible, 
but  occasionally  in  pieces  of  considerable  weight, 
termed  nuggets.  It  appears  doubtful,  indeed,  whether, 
when  this  metal  occurs  in  pyrites,  it  exists  in  every 
instance  in  minute  metallic  particles,  or  whether,  in 
some  cases  at  least,  it  may  not  be  present  in  com- 
bination with  sulphur.  The  auriferous  pyrites,  as 
Dumas  remarks,  contain  the  gold  diseminated  through 
their  mass  in  such  small  quantities,  that  it  is  almost 
always  impossible  to  ascertain,  even  with  the  aid  of 
the  microscope,  in  what  state  the  precious  metal 
exists.  As  a preliminary  roasting  of  this  auriferous 
ore  is  generally  useful,  with  a view  to  the  subsequent 
amalgamation,  a doubt  may  be  entertained  whether 
it  is  really  present  in  the  metallic  state,  though  this 
has  been  generally  assumed  hitherto.  But  Dumas 
thinks  that  the  powerful  electro-negative  tendency 
of  sulphide  of  gold  affords  a strong  presumption  in 
favour  of  the  hypothesis,  that  this  metal  may  exist 
partly,  or  even  entirely,  under  the  form  of  double 
sulphide,  in  iron  and  copper  pyrites,  &c.  Brongniart 
observes,  that  it  is  chiefly  in  its  association  with  these 
sulphides,  as  also  with  galena  or  sulphide  of  lead, 
blende  or  sulphide  of  zinc,  and  mispickel  or  arsenical 
pyrites — a suljihide  of  arsenic  and  iron — that  the  gold 

becomes  invisible  to 
the  eye,  a circum- 
stance which  is  justly 
regarded  as  strongly 
confirming  the  opinion 
expressed  by  Dumas. 
Ihe  other  minerals 
with  which  it  is  found 
associated  are  grey  co- 
balt, lithoidal  mangan- 
ese, native  tellurium, 
malachite,  sulphide  of 
silver,  red  silver,  and 
sulphide  of  antimony. 

IVhen  the  gold  is  found  in  the  form  of  nuggets, 
these  generally  appear  to  have  been  melted,  and 
resemble  drops  of  melted  metal  poured  into  sand, 
the  indentations  being  visible  even  upon  the  smallest 


particles  of  the  gold  when  microscopically  examined. 
It  is  certain  that  such  indentations  may  be  observed 
in  most  specimens,  as  indicated  in  Fig.  3,  which 
exhibits  a microscopic  view  of  a fragment  of 
Australian  gold  magnified  seven  hundred  times. 

J.  B.  Jukes,  however,  who  may  be  regarded  as  a 
competent  authority,  conceives  that  this  is  probably 
a mistake,  and  that  the  idea  may  have  originated 
from  the  gold  having  been  deposited  in  small  holes, 
crevices,  and  interstices  of  the  quartz  rock,  and  sub- 
sequently rolled,  so  that  it  assumes  such  forms  as 
melted  lead  is  seen  to  do.  It  does  certainly  apjiear 
remarkable  that  the  particles  of  gold  should  retain 
indentations  received  in  a state  of  fusion,  after  being 
tossed  about,  probably  for  a long  period,  among  water 
and  gravel. 

Fig,  3 is  a greatly  magnified  representation  of 
a very  small  grain.  Fig.  4,  on  the  contrary,  is  a 
much  reduced  delineation  of  a lump  of  almost  pure 
gold,  weighing  27  lbs.  6 ozs.  15  dwts.,  which  was 
found  in  the  diggings  at  Forest  Creek,  Mount  Alex- 
ander, in  the  colony  of  Victoria.  Among  other 
pieces  brought  home  with  it  were  several  nuggets 
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weighing  upwards  of  a pound  each,  and  one  of  1 
lb.  8 ozs.  6 dwts.  These  smaller  lumps,  however, 
contained  quartz,  whilst  the  larger  one  appeared 
a massive  lump  of  nearly  pure  gold,  of  a very  fihe 
colour.  It  measured  11  inches  in  length  by  5 in 
breadth,  at  the  widest  part.  This  was  supposed  to 
be  the  largest  nugget  which  had  been  found  in 
Australia  up  to  the  time  of  its  discovery,  but  one 
or  two  others  considerably  larger  have  been  since 
obtained. 

Gold  is  also  occasionally,  though  rarely,  found  in 
a crystallized  state  ; and  when  met  with  the  crystals 
should  be  carefully  preserved  as  cabinet  specimens, 
for  which  purpose  their  value  is  much  greater  than 
that  which  they  are  intrinsically  worth  for  the  gold 
they  contain.  The  most  common  forms  are  the  cube 
and  octahedron,  with  their  various  modifications. 
The  faces  are  generally  dull,  and  in  most  instances 
the  edges  are  slightly  rounded.  Some  years  ago 
several  interesting  specimens  of  crystallized  gold 
from  California  were  described  in  Sillhnan's  American 
Joumed,  by  Francis  Alger  of  Boston.  The  collec- 
tions in  which  the  specimens  were  found  were  brought 
from  California  bj^  G.  E.  Tyler  of  Boston,  and  II. 
B.  Platt  of  New  York.  The  crystals  were  distinctly 
octahedral,  simple  and  modified,  the  surfaces  being 
but  slightly  disfigured  by  attrition,  or  the  effects  of 
transporting  action — a very  unusual  circumstance,  as 
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gold  is  generally  found  in  comparatively  minute 
grains,  at  a distance  from  the  rocky  matrix  in  which 
it  is  supposed  by  some  to  have  been  primarily  em- 
bedded. Alger  states  in  his  paper,  which  was  read 
before  the  Boston  Society  of  Natural  History,  that 
he  had  never  before  seen  what  was  unquestionably 
a genuine  crystal  from  California.  He  adds  that  an 
irregular  crystalline  plane  could  only  occasionally  be 
traced  out  in  former  specimens ; but  among  those 
exhibited  were  examples  of  crystallization  as  perfect, 
among  the  small  ones  especially,  as  are  to  be  seen  in 
magnetic  iron  ore  or  in  spinelle. 

Of  the  larger  specimens  in  these  collections,  the 
most  striking  examples  were  three  octahedra  of 
the  sizes  exhibited  in  Figs.  5,  6,  7.  Each  of 
these  crystals  was  found  in  an  isolated  state.  The 
smallest  one — Fig  5 — was  the  most  perfect,  and 
was  entirely  free  from  any  adhering  portion  of  the 
matrix.  This  unusually  perfect  crystal  exhibits,  as 
partly  shown  in  the  Figure,  four  pretty  regular  faces 
in  the  lower  half,  and  three  of  its  six  solid  angles  are 
perfectly  formed  to  a point.  Two  of  its  faces  are 
sunk  or  depressed;  and  in  one  of  them  the  cavity 
thus  formed  is  very  deep  and  regular,  like  an  in- 
terior triangle,  the  depression  extending  not  quite 
to  the  edges,  but  so  as  to  leave  all  round  a narrow 
ridge  or  border,  the  interior  sides  of  which  are  par- 
allel with  the  edges  of  the  crystal.  Alger  inferred 
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that  this  depression,  which  is  shown  by  a darker 
shade  in  the  wood-cut,  had  been  foi-med  when  the 
crystal  was  in  a liquid  state,  and  that,  soon  after  the 
outside  had  congealed  or  solidified,  the  inner  portion, 
or  a part  of  it,  had  run  out,  leaving  the  surrounding 
consolidated  edge  in  a perfect  form.  He  remarks 
that  he  has  seen  something  similar  to  this  formed 
among  artificial  crystals,  as,  for  instance,  metallic 
lead — which  takes  the  form  of  an  octahedron — and 
lead  ore  partially  desulphurized,  when  the  metal  was 
allowed  to  flow  off  slowly,  just  as  the  outer  crust  had 
formed  over  the  surface  of  the  crystals.  Indeed,  this 
parallel  case  is  not  of  unfrequent  occurrence  in  the 
crystallization  of  the  ductile  metals. 

In  the  largest  (Fig.  6)  of  these  three  crystals  it 
will  be  observed  that  only  one-half  of  the  octahedron  j 
is  formed,  its  base  blending  with  the  rough  gold,  or  ' 
showing  only  the  commencement  of  the  planes  of 
the  upper  pyramid.  Three  of  the  planes  are  quite  i 
smooth,  except  along  their  edges,  which  are  per- 
manently marked  by  the  same  projecting  border  or 
edge  described  as  on  the  smaller  crystal.  The  depres- 
sion, however,  is  not  so  great  as  in  the  latter.  Alger 


remarked  that  this  peculiarity  was  confined  to  the 
unmodified  crystals. 

In  some  there  was  a double  series  of  these  ridges, 
the  inner  one  appearing  to  exliibit  the  commence- 
ment of  another  crystalline  face  within  the  cavity  of 
the  larger  one.  This  phenomenon  was  strikingly  shown 
in  a crystal  represented  of  the  natural  size  in  Fig.  7. 

The  two  larger  crystals  (Figs.  6 and  7)  were 
obtained  from  the  collection  of  Platt,  who  resided 
a couple  of  years  at  San  Francisco,  and  being  in  a 
situation  which  brought  him  into  constant  intercourse 
with  persons  returning  from  the  mines,  purchased, 
at  no  small  expense,  the  most  interesting  specimens 
he  could  find.  His  collection  was  described  by 
Alger  as  of  singular  beauty  and  value,  comprising 
a great  variety  of  ramified,  arborescent,  dendritic, 
and  other  imitative  forms,  all  of  these  forms  being 
sometimes  fantastically  joined  together  in  the  same 
specimen.  In  obtaining  his  valuable  collection,  he  had 
selected  from  gold  to  the  value  of  more  than  four 
millions  of  dollars.  The  remarkable  size  of  the 
two  larger  crystals  described,  and  the  fact  that 
some  of  the  others  contained  oxide  of  iron,  in- 
duced a suspicion  that  the  greater  part  of  them  were 
pseudomorphs  of  sulphide  of  iron ; but  Alger  be- 
lieved that  they  were  formed  under  the  ordinary 
circumstances  of  crystallization,  either  in  an  open 
space  or  while  surrounded  by  a matrix,  in  such  a 
fluid  state  as  to  allow  them  full  freedom  to  take 
their  natural  form.  His  reasoning  on  the  subject, 
if  not  perfectly  conclusive,  leads  to  a strong  pre- 
sumption in  favour  of  the  octahedron  as  the  primary 
form  of  gold ; and  if  this  were  more  generally 
known,  much  disappointment  and  trouble  might  be 
saved  in  cases  where  sulphide  of  iron  and  other 
crystalline  metallic  forms  are  mistaken  for  the 
precious  ore. 

In  Tyler’s  collection  Alger  found  several  rare 
modifications,  some  of  them  resembling  those  which 
come  in  their  most  perfect  forms  from  Brazil.  Fig. 
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8 exhibits  in  three  positions,  n,  &,  c,  a compound 
form  produced  by  the  union  of  two  opposite  segments 
of  an  emarginated  octahedron.  Fig.  9 is  a modifi- 
cation of  the  same  form,  though  apparently  consisting 
of  irregular  six-sided  tables,  with  truncated  edges. 
Some  of  the  unmodified  macles,  as  shown  in  different 
positions  in  Fig.  8,  were  stated  by  Alger  to  be 
very  distinctly  formed,  the  edges  between  e e,  unit- 
ing the  two  segments  of  the  octahedron,  being  w'ell 
defined.  This  is  very  strikingly  shown  in  Fig.  10, 
in  which  the  crystals  are  showm  magnified  to  twice 
their  natural  size.  Fig.  11  shows  the  opposite  side 
of  the  same  specimen,  connected  with  two  other 
crystals,  one  a very  beautiful  and  smooth-planed 
octahedron  with  emarginated  edges. 
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Fig.  12  exhibits  a made  of  gold  which  came  from 
]\Ialto-Grosso,  in  Brazil,  and  is  in  the  collection  of 

Fig.  9.  Fig.  10.  Fig.  11. 


the  School  of  Mines,  Paris.  It  is  similar  to  that 
represented  in  Fig.  8,  from  which  it  only  differs 
in  exhibiting  more  of  the  planes  of  the  octahedron 
and  dodecahedron.  This 
12.  figure  is  copied  from  the 

volume  of  crystallographic 
^ illustrations  accompanying 
M.  DuFufeoY’s  treatise; 

besides  conforming  his 
lettering  to  the  notation  of 
Phillips,  those  are  made 
primary  planes  which  are  given  by  Dufeenoy  only 
as  secondaries  of  the  cube. 

In  all  these  the  octahedral  form  is  manif  st,  which 
may  therefore  be  assumed  to  be  the  form  natural  to 
gold  when  its  particles  crystallize  in  cooling ; but  as 
nearly  all  of  the  crystals  show  the  effects  of  abrading 
action,  it  is  often  difficult  to  distinguish  planes  con- 
fined within  such  narrow  limits,  and  which  are  too 
small  or  too  rough  to  admit  of  accurate  measure- 
ment. Indeed,  the  faces  of  the  crystals  are  in  most 
instances  slightly  rounded,  even  in  specimens  ob- 
tained directly  from  veins,  and  which,  consequently, 
cannot  have  been  exposed  to  attrition. 

Gold  may  sometimes  be  obtained  in  crystals  by 
cooling,  but  when  these  are  formed  it  is  more  by 
accident  than  design,  for  it  is  impossible  to  regulate 
the  rate  of  cooling.  Recently,  during  the  p»reparatiou 
of  a plate  of  fine  gold  in  the  Royal  Mint,  some 
splendid  specimens  of  pure  gold  crystals  were  in- 
cidentally obtained  by  W.  Chandlek  Robeuts. 

Composition  of  Native  Gold. — Native  gold  is 
never  quite  pure,  being  almost  invariably  alloyed 
with  .silver,  and  containing  frequently  small  propor- 
tions of  copper  and  iron.  In  Siberia  it  is  often 
associated  with  platinum,  and  in  the  Gongo  Soco 
mines  in  Brazil  an  alloy  of  gold  and  palladium  of  a 
pale  yellow  colour  is  sometimes  found.  In  Columbia 
a somewhat  similar  mixture  is  procured,  in  which 
the  palladium  is  replaced  by  another  rare  metal, 
rhodium.  In  Hungary  it  is  met  with  in  com- 
bination with  tellurium  and  other  elements.  The 
specific  gravity  of  native  gold  varies  from  13ffi  to  18'5. 

The  proportion  of  silver,  the  principal  ingredient 
which  is  found  in  combination  with  gold,  varies  from 
1 to  50  per  cent.  ; and  not  only  differs  greatly  in 
specimens  of  native  gold  obtained  from  diverse 
regions,  but  even  to  a certain  extent  in  specimens 
from  the  same  auriferous  district.  In  general,  how- 


ever, the  composition  of  the  gold  of  the  same  district 
is  remarkably  constant ; so  much  so,  that  the  know- 
ledge of  the  locality  whence  it  is  derived  is  often 
sufficient  to  enable  the  experienced  assayer  to  guess 
pretty  nearly  the  quantity  of  pure  gold  which  the 
compound  contains.  The  subjoined  table  (see  next 
page)  presents  the  composition  of  native  gold  from 
various  parts  of  the  world. 

The  Australian  gold,  it  will  be  observed,  is  notably 
richer  than  that  from  any  of  the  other  great  divisions 
of  the  globe.  For  additional  analyses  of  native  gold 
the  reader  may  be  referred  to  Gmelin’s  “ Hand- 
book of  Chemistry  ” (the  Cavendish  Society’s  trans- 
lation), vol.  vi.  pp.  217-250,  where  over  sixty  will 
be  found. 

Preparation  of  Pure  Gold. — ^The  methods  adopted 
for  obtaining  comnu-rcially  pure  gold  on  a large  scale 
will  be  given  when  considering  the  metallurgical 
treatment  of  gold  ores ; but  it  may  be  well  in  this 
place  to  describe  the  modes  usually  adopted  in  the 
laboratory  with  a view  to  obtain  chemically  pure  gold. 

Very  many  substances  have  the  property  of  de- 
positing gold  in  the  metallic  state  from  its  solution 
in  nitro-hydrochloric  acid,  and  this  fact  is  taken 
advantage  of  for  the  purpose  now  under  considera- 
tion. Chemists  have  differed  as  to  the  best  reducing 
agent  for  the  terchloride  of  gold,  that  usually  recom- 
mended being  the  protosulphate  of  iron.  Levol, 
however,  prefers  the  protochloride  of  antimony, 
and  others  again  oxalic  acid,  or  a stream  of  sulphurous 
acid  gas. 

At  the  latter  end  of  1873  a large  quantity  of 
absolutely  pure  gold  (about  75  ozs.)  was  required 
for  use  as  a standard,  with  which  the  composition  of 
the  British  gold  coinage  might  be  compared.  The 
preparation  of  this  plate  was  intrusted  to  the 
chemist  of  the  mint,  and  with  a xdew  to  obtaining 
the  purest  gold  possible  numerous  experimentSiWere 
made.  The  method  finally  adopted  consisted  in  the 
precipitation  of  gold  by  means  of  oxalic  acid,  and 
as  this  plate  was  purer  than  that  given  by  other 
means,  it  may  be  as  well  to  describe  at  some  length  the 
f>recautions  which  were  observed  in  its  preparation. 

A hundred  ounces  of  gold,  selected  for  its  purity, 
were  dissolved  in  nitro-hydrochloric  acid.  The 
greater  part  of  the  chloride  of  silver  derived  from 
the  silver  which  the  gold  contained  was  removed  by 
allowing  it  to  settle,  and  decanting  the  clear  super- 
natant liquid,  and  this  was  evaporated  to  dryness 
with  the  addition  of  hydrochloric  acid.  After 
careful  testing  for  the  metals  of  the  platinum  series 
by  means  of  chloride  of  potassium  and  alcohol,  the 
mass  of  chloride  of  gold  was  dissolved  in  distilled 
water,  and  after  diluting  to  over  100  gallons,  was 
allowed  to  stand  in  glass  vessels  for  fourteen  days.  The 
dissolved  chloride  of  silver  was  deposited  from  the 
solution  upon  the  sides  of  the  vessels,  from  which 
the  liquid  was  then  removed  into  other  glass  recep- 
tacles, the  precipitation  of  the  metallic  gold  from 
this  solution  being  effected  by  means  of  oxalic  acid. 
The  resulting  metal  was  boiled  repeatedly  with 
hydrochloric  acid  and  distilled  water,  then  dried, 
melted,  and  cast  into  a stone  mould. 
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Composition  of  Native  Goia>  from  Various  Parts 
OF  the  World. 


Locality. 

Authority. 

Gold. 

Silver. 

Iron. 

Copper. 

Europe. 

Chreat  Britain — 

Vigra  and  Clogau 

Claudet. 

88-5 

5-0 

— 

— 

(i 

Forbes. 

90-16 

9-26 

trace. 

trace. 

U t< 

44 

89-83 

9-24 

trace. 

none. 

River  dust  (Mawddach),  ... . 

Bhil.  Mag.,  Nov.  18G7. 

84-89 

13-99 

-34 

trace. 

Wickiow  (River) 

Mallet,  Phil,  Mag. 

9-2-32 

6-17 

•78 

— 

Welch  Gold  Mining  Co...... 

Claudet. 

76-4 

22-7 

— 

— 

Transylvania, 

G.  Rose. 

60-49 

38-74 

— 

0-77 

U 

<4 

84-89 

14-68 

•13 

•04 

(t 

Fremy  et  Pelouze. 

64-77 

35-23 

— 

— 

Asia. 

Bnssian  Empire — 

Berezovsk, 

G.  Rose. 

91-88 

8-03 

trace. 

•09 

Ekaterinburg, 

“ 

98-96 

•16 

•05 

•35 

Gozuschka  or  Boruschkoi,  . . 

44 

83-85 

16-15 

trace. 

trace. 

Siberia, 

Fremy  et  Pelouze. 

86-50 

13-20 

0-30 

Petropawlowsk  (washings),. 

G.  Rose.. 

86-81 

13-19 

trace. 

trace. 

Miask  (washings), 

a 

89-35 

10-65 

trace. 

trace. 

Berezovsk  (in  brown  Hcma- 

tite), 

a 

93-78 

5-94 

0-04 

0-08 

Africa. 

Anamaboc, 

T.  H.  Henry. 

98-06 

1-39 

0- 

15 



4( 

88-25 

11-17 

•36 

•10 

America. 

South — 

New  Granada, 

Boussingault. 

64-93 

35-07 

— 

— 

Marmato, 

«« 

73-45 

26-48 



— 

North  of  Brazil, 

Rivot. 

91-0 

8-7 

— 

•03 

Brazil, 

D’Arcet. 

94-0 

5-85 

— 

— 

“ (North), 

Rivot. 

91-0 

8-7 

0-3 

— 

“ 

Levol. 

91-0 

8-7 

0-3 

— 

“ (Gongo  Soco  mines) 

T.  H.  Henry. 

83-36 

6-44 

— 

J0-50C 

(3-581 

Ogas  .\nchas, 

Boussingault. 

84-5 

15-5 

— 

Santa  Rosa  de  Osos, 

82-4 

15-5 

— 

— 

Central  America, 

Fremy  et  Pelouze. 

88-04 

11-96 

— 

— 

Norths 

California, 

T.  H.  Henry. 

90-12 

9-01 

— 

0-87 

86-57 

12-33 

0-24 

0-29 

4( 

Rivot 

89-10 

10-50 

0-20 

— 

44 

90  90 

8-70 

0-20 

— 

• 4 

<< 

93-00 

6-70 

— 

— 

44 

Makins. 

88-70 

10-70 

0- 

56 

44 

Levol. 

92-70 

6-90 

— 

0-40 

44 

— 

90-70 

8-80 

0- 

58 

Mariposa  (quartz  gold) 

F.  Claudet. 

81-00 

18-70 

— 

— 

Georgia, 

W.  W.  Mather. 

95-58 

4-42 

trace. 

trace. 

Canada, 

T.  H.  Henry. 

90-38 

9-53 

— 

— 

“ (Riviere  du  Loup),.. 

T.  S.  Hunt. 

86-40 

13-60 

— 

— 

British  Columbia — 

Cariboo, 

Claudet. 

84-25 

14-90 

— 

— 

‘‘  

T.  L.  Phipson. 

93-75 

6-25 

— 

— 

Titiribi, 

Rose. 

76-41 

23-12 

— 

0-03 

Stephen’s  Creek 

Claudet. 

79-50 

19-70 

— 

— 

Locality  not  given, 

86-10 

13-.50 

— 

— 

Vanoonver’s  Island, 

F.  Wibel. 

91-86 

6-63 

0-51 

1-0 

Australia — 

South  Australia, 

A.  S.  Thomas. 

87-78 

6-07 

6-15 

— 

Bathurst, 

T.  H.  Henry. 

95-69 

3-92 

0-16 

— 

Ballarat 

Claudet. 

99-25 

0-65 

— 

— 

Australia, 

Makins. 

98-20 

1-0 

— 

— 

44 

** 

95-33 

4-03 

0- 

30 

14 

44 

95-04 

3-76 

— 

- 

44 

44 

94-64 

4-95 

0- 

41 

44 

Fremy  et  Pelouze. 

99-28 

0-44 

0-28 

JSeui  Zealand — 

Not  known, 

Claudet. 

96-25 

3-55 

— 

I 

i 

— — 
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Tl'ie  ordinary  method,  adopted  when  such  absolute  slightly  reddish-yellow  colour,  and  possesses  high 
purity  is  not  essential,  consists  in  dissolving  a metallic  lustre,  taking  a brilliant  polish.  When  ham- 
quantity  of  gold  (the  purest  that  can  be  conveniently  mered  into  leaves  it  appears  green  by  transmitted 
obtained)  in  nitro-hydrochloric  acid,  formed  by  and  red  by  reflected  light;  the  colours  in  the  two  cases 
adding  1 part  of  nitric  acid,  of  specific  gravity  1-33,  being,  of  course,  complementary,  and  they  would,  if 
to  2 parts  of  commercial  hydrochloric  acid.  This  combined,  produce  white  light.  When  finely  sub- 
will give  a solution  of  terchloride  of  gold,  mixed  divided  it  possesses  a brown  or  purple  colour.  Gold 
with  chloride  of  silver  if  any  of  that  metal  be  present,  crystallizes  in  quadrangular  pyramids  and  octahedra. 

The  solution  thus  obtained  is  evaporated  with  an  and  in  forms  derivable  from  the  cube,  many  of  which 
excess  of  hydrochloric  acid  for  the  purpose  of  de-  have  been  already  referred  to.  Its  specific  gravity, 
stroying  the  excess  of  nitric  acid.  The  residue  is  when  fused,  is  generally  given  as  about  19-2,  and  it 
then  treated  with  hot  water,  by  which  it  is  dissolved,  varies  to  20’72,  according  to  its  state  of  aggregation 
with  the  exception  of  the  chloride  of  silver,  from  and  the  method  by  which  it  was  prepared.  Experi- 
which  the  solution  is  decanted  or  separated  by  ments  were  recently  made  in  the  Royal  Mint  to 
filtration.  determine  the  specific  gravity  of  a large  casting  of 

An  excess  of  protosulphate  of  iron  in  solution  is  absolutely  pure  gold,  weighing  about  75  ozs. 
then  added  to  the  auriferous  solution  in  the  proper-  (Troy),  firstly,  before  rolling,  and  secondly,  after 
tion  of  4 or  5 parts  of  the  crystallized  protosulphate  once  passing  through  the  rollers,  when  the  specific 
(green  vitriol)  to  1 of  gold  ; and  the  mixture  is  put  gravity  was  found  to  be  slightly  increased,  as  the 
in  a warm  place,  and  allowed  to  stand  for  several  following  figures  show 
hours.  In  the  reaction  which  occurs,  the  chlorine  „ ... 

that  was  combined  with  the  gold  unites  with  a por-  » “ <i  •'  v^Hiijr  iq-9<i«-> 

tion  of  the  iron  of  the  protosulphate,  part  of  which 

is  thereby  converted  into  sesquisulphate,  while  ses-  following  table  of  specific  gravities  of  gold  in 

quichloride  of  iron  is  at  the  same  time  formed,  and  various  conditions  may  be  of  interest : 

metallic  gold  is  precipitated.  This  reaction  is  repre-  condition  in  winch  tbe  Gold  Exists.  specific  Gravity. 

sented  ill  the  annexed  equation  : — Fused  gold 19-2 

Hammered  cold, 19-3  to  19-4 

CFeSO^  + 2AUCI3  — 2(Fe23S04)  + FejClg  + 2Au.  Gold  after  fusion,  ;;er  se 19  3 to  19-4 

“ “ tinder  carbonate  of  soda,  19-32  to  19'33 

In  place  of  the  iron  salt,  Levol  prefers  to  add  an  “ “ under  borax 19-33  to  19-34 

excess  of  the  protochloride  of  antimony,  dissolved  \\  ^ “ssiirr,‘md'er"ier^'“'-^V.\\'  19-3nfl9-34 

in  dilute  hydrochloric  acid,  in  which  case  the  follow-  Large  mass  (70  oz.)  pure  gold  cast  in  plate,  19-2945 

ing  equation  exhibits  the  reaction  that  takes  place: — passing  through  the  I ly.oqy) 

rolling  mill j — " 

3SbCl3  + 2AUCI3  = SSbCU  +'  2Au.  Finely  divided  gold  deposited  by  proto- 1 .g...  .-2 

sulphate  of  iron ) 

In  this  case  if  chloride  of  silver  be  present,  it  is  Finely^divided  gold  dej  osited  oy  oxalic  19-49 

retained  by  the  hydrochloric  acid  in  solution.  The  ’ ^ 

gold  is  deposited  after  the  lapse  of  a few  hours  in  Its  equivalent  is  usually  given  as  197,  but  the 

the  form  of  a finely-divided  powder,  which  when  most  accurate  value  of  it  appears  to  be  that  given  by 
sus(iended  in  water  is  brown  by  reflected  and  purple  Dr.  Watps,  namely,  19G-71.  As  already  mentioned, 
when  viewed  by  transmitted  light ; but  under  the  pure  gold  is  nearly  as  soft  as  lead,  but  it  materially 
burnisher  it  readily  assumes  the  metallic  lustre  and  differs  from  that  metal  in  its  malleability  and  ductility, 
characteristic  colour  of  gold.  It  also  admits  of  being  in  which  it  exceeds  all  metals.  It  may  be  hammered 
aggregated  and  welded  together  by  percussion  ; and  into  leaves  of  about  the  300,000th  of  an  inch  in  thick- 
if  heated  to  whiteness,  and  in  that  state  struck  ness,  and  a single  grain  may  be  extended  over  56-75 
repeatedly  with  a heavy  hammer,  its  particles  become  square  inches  of  surface,  or  drawn  out  into  a wire 
' united  into  a solid  mass,  without  having  being  raised  500  feet  long.  Reaumur,  by  rolling  out  a fine  gilt 
j to  the  point  of  fusion.  silver  wire,  reduced  the  coating  of  gold  to  the 

! To  obtain  the  gold  in  a perfectly  pure  state,  how-  12,000, OOl.ith  of  an  inch  in  thickness,  and  the  surface 

ever,  the  precipitated  powder  is  boiled  with  hydro-  appeared  to  be  perfect  when  viewed  under  the  micro- 
chloric  acid  of  specific  gravity  1-1,  which  is  then  scope.  Faraday  found  that  ordinary  gold  leaf  may 
decanted,  and  the  residue  is  boiled  twice  with  fresh  be  considerably  reduced  in  thickness  without  destroy- 
acid.  The  gold  is  )/ot  washed  between  these  sue-  ing  it,  by  floating  bii  a dilute  solution  of  cyanide  of 
cess  ve  treatments  with  acid,  which  remove  the  last  potassium.  If  such  a film  be  attached  to  a sheet  of 
traces  of  iron,  and  nearly  all  the  chloride  of  silver.  glass  the  reflected  light  is  yellow,  and  transmitted,  as 

Lastly,  the  gold  is  well  washed,  dried,  and  mixed  usual,  green  ; but  if  this  be  now  exposed  to  a tempera- 
Avith  its  own  Aveight  of  bisulphate  of  potassa,  or  a ture  not  exceeding  600°  Fahr.  for  some  time,  the 
small  quantity  of  borax  and  nitre,  and  fused  in  a metallic  lustre  disappears,  and  transmitted  light 
Hessian  crucible  exposed  to  a very  strong  heat,  becomes  ruby-red. 

By  this  operation  the  last  portions  of  chloride  of  In  tenacity  gold  is  inferior  to  iron,  copper,  silver, 

1 sih-er  are  removed,  and  a button  of  perfectly  pure  and  platinum. 

gold  is  obtained.  Gold  does  not  combine  directly  Avith  oxygen,  and 

Properties  of  Pure  Gold. — Pure  gold  is  of  a rich  therefore  suffers  no  change  by  exposure  to  air  and 

j 
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moisture  at  any  temperature — not  even  by  being 
kept  in  a state  of  fusion  in  open  vessels.  It  is  not 
attacked  by  tlie  mineral  or  any  of  the  simple  acids, 
except  selenic,  and  then  only  by  the  aid  of  heat. 

The  alkalies  have  no  action  on  gold,  but  when 
heated  with  it  in  contact  with  air  an  absorption  of 
oxygen  takes  place,  with  the  fonnation  of  an  alkaline 
aurate.  Nitre,  in  a state  of  fusion,  attacks  it.  The 
persulphides,  either  in  the  wet  or  dry  state,  also 
attack  it,  with  the  fonnation  of  sulphide  of  gold. 
Iodine  has  only  a weak  action  upon  it,  but  bromine 
and  chlorine  attack  it  easily  at  ordinary  temperatures ; 
and  it  is  dissolved  by  any  substance  which  liberates 
chlorine.  It  is  therefore  dissolved  by  hydrochloric 
acid,  if  binoxide  of  manganese  or  chromic  acid  be 
added  thereto.  Its  usual  solvent  is  that  already 
mentioned— a mixture  of  1 part  of  nitric  acid  and  2 
parts  of  hydrochloric  acid.  Nascent  chlorine,  which  is 
eliminated  by  the  mutual  action  of  the  mixed  acids, 
dis.solves  gold ; the  gas  forming  with  the  metal  a 
terchloride,  which  is  readily  soluble  in  water.  The 
conducting  powers  of  pure  gold  for  heat  and  elec- 
tricity are  rather  more  than  half  those  of  silver , 
for  if  in  each  case  the  conductivity  of  this  latter 
metal  be  taken  as  100  we  have  for  gold — 

Conductivity  for  heat, 53-2 

Conductivity  for  electricity  at  72°  F.  (21’8°,C.),  55'  19 

As  will  be  seen  from  the  commencement  of  this 
article  the  melting  point  varies,  according  to  different 
observers,  from  2192°  Fahr.  (1200°  C.)  to  2.590°  Fahr. 
(1424°  C.).  Dr.  Riemsdmk,  after  a comparison  of 
the  results  of  various  observers,  concluded  that 
2204°  Fahr.  (1240°  C.)  was  most  probably  correct, 
a temperature  nearly  identical  with  that  given  by 
POLTLI.ET.  It  is  therefore  less  fusible  than  silver, 
the  melting  point  of  which  is  1873°  Fahr.  (1040° 
C.),  and  more  so  than  copper,  which  melts  at  2426° 
Fahr.  (1330°  C.). 

In  fusion  it  exhibits  a bluish-green  colour.  It  is 
not  sensibly  volatile  in  the  strongest  heat  of  a blast 
furnace ; but  in  the  focus  of  a large  convex  lens,  in 
the  intense  heat  of  the  oxyhydrogen  jet,  or  under 
the  influence  of  a powerful  electric  discharge,  a gold 
wire  is  dispersed  in  vapour ; and  if,  in  the  latter  case, 
the  wire  be  placed  just  above  the  surface  of  a sheet 
of  paper,  the  course  of  the  discharge  is  marked  by  a 
broad,  dark,  purple  stain,  produced  by  the  finely- 
divided  gold.  If,  instead  of  the  sheet  of  white  paper, 
a plate  of  polished  silver  be  employed,  it  is  traversed 
by  a brightly-gilded  line,  which  is  firmly  attached  to 
its  surface.  When  a globule  of  gold  is  placed 
between  the  terminal  charcoal  points  of  a powerful 
voltaic  battery,  it  enters  almost  immediately  into 
fusion,  and  gives  off  abundant  metallic  fumes. 

Gold  contracts  on  cooling,  and  cannot  be  advan- 
tageously employed  for  castings,  as  it  shrinks  greatly 
at  the  moment  of  solidifying. 

It  has  been  shown  that  native  gold  affords  numer- 
ous well-v.efined  crystals  belonging  to  the  cubic 
system,  and  that  of  these  the  greater  number,  if  not 
all,  are  affected  by  the  faces  of  the  regular  octahedron. 

According  to  Knaffl,  gold  in  a crystalline  state 


may  be  obtained  by  treating  its  amalgam  in  the 
following  manner: — 1 part  of  finely  divided  gold  as 
precipitated  from  solution  is  formed  into  an  amalgam 
with  20  parts  of  mercury,  and  after  the  whole  has  been 
maintained  during  eight  days  at  a temperature  of  80° 
C.,  nitric  acid  of  specific  gravity  1’35,  also  at  this 
temperature,  is  added.  The  gold  is  thus  left  in 
a crystahine  form,  retaining,  however,  traces  of 
mercury,  but  after  this  has  been  expelled  by  the  aid 
of  a gentle  heat,  the  crystals  assume  a brilliant 
appearance. 

Chemical  Examination  of  Gold  Ores. — A rude 
method  of  ascertaining  the  presence  of  gold  in  crushed 
quartz,  or  earthy  ore,  by  washing  with  the  hand- 
basin,  has  been  described ; but  gold  is  often  present 
in  the  matrix  in  grains  or  particles  so  minute  that  it 
cannot  be  detected  by  the  eye,  and  sometimes  it  is 
quite  disguised  by  admixture  with  other  metals  or 
minerals. 

In  these  cases  it  is  necessary  to  resort  to  a chemical 
examination,  that  previously  described  being  exclu- 
sively mechanical.  In  commencing  mining  operations, 
the  first  point  to  be  determined  is,  of  course,  whether 
gold  exists  in  any  appreciable  quantities ; and  if  this 
be  decided  in  the  affirmative,  the  next  point  is  to 
determine  the  proportion  or  quantity  of  (jold  contained. 
The  first  process  is  termed  testing  for  gold,  or  the  quali- 
tative examination  oi  a suspected  mineral ; the  second 
is  tlie  quantitative  examination,  or  assaying  process. 

Sulphate  of  iron,  protochloride  of  tin,  and  oxalic 
acid  are  the  tests  or  reagents  pre-eminently  employed 
in  seeking  to  deteimine  the  presence  of  gold. 

Before  any  of  these  tests  can  be  applied,  the  sub- 
stance supposed  to  contain  the  gold  must  be  brought 
into  a state  of  solution  ; and  this  can  only  be  done  by 
means  of  the  mixture  of  nitric  and  hydrochloric  acids 
already  mentioned.  If  the  substance  consist  of 
earthy  or  quartzose  matter,  this  must  be  reduced  to 
powder  by  trituration  in  a mortar  before  it  is  sub- 
jected to  the  action  of  the  solvent ; but  if  the  matter 
under  examination  be  simply  a metallic  alloy,  it  can 
be  dissolved  without  any  previous  preparation,  and 
an  excess  of  acid  should  be  avoided.  When  the 
solution  is  effected,  the  liquid  should  be  evaporated 
to  about  one-eighth  of  its  original  bulk,  and  then 
diluted  with  3 or  4 ozs.  of  water.  The  action  of  the 
reagents  is  as  follows : — 

1.  Sulphate  of  Iron  or  Green  Vitriol. — If  a few 
crystals  of  this  salt  be  dissolved  in  distilled  water, 
and  dropped  into  the  suspected  solution,  the  result 
is  the  precipitation  of  the  gold,  if  any  be  present,  in 
the  foim  of  a dark-brown  powder,  which  is  metallic 
gold  in  a very  fine  state  of  division,  as  already  de- 
scribed in  connection  with  the  laboratory  process  for 
preparing  pure  gold.  If  the  solution  has  been  mixed 
with  a considerable  quantity  of  water,  the  lifjuid,  on 
the  addition  of  the  green  vitriol,  is  coloured  brown 
by  reflected,  and  blue  or  a dingy  green  by  trans- 
mitted light ; and  this  is  obvious  even  when  40,000 
parts  of  the  solution  contain  only  1 part  of  gold. 
If  the  liquid  amount  to  80,000  parts,  it  is  coloured 
sky-blue ; with  100,000  parts,  it  becomes  violet ; 
with  320,000  parts  of  liquid,  the  violet  tint  is  still 
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very  obvious ; but  with  040,000  parts  it  is  with 
difficulty  perceived. 

The  deposit  formed  when  the  sulphate  of  iron  is 
added  may  be  corroboratively  proved  to  be  gold,  by 
its  being  insoluble  in  nitric  acid,  but  readily  soluble 
in  aqua  regia. 

2.  Protochloride  of  Tin. — If  to  another  portion  of 
the  nitro -hydrochloric  solution  be  added  a small 
quantity  of  a solution  of  protochloride  of  tin  (com- 
monly known  as  salts  of  tin),  there  will  be  immedi- 
ately produced,  if  any  gold  is  present,  a dark 
brownish-purple  precipitate,  known  as  purple  of 
Cassius.  This  substance  is  used  in  enamel  and 
porcelain  painting,  and  also  for  tinging  glass  of  a 
fine  red  colour,  in  connection  with  which  applications 
it  will  be  noticed  afterwards.  Its  colour,  though 
not  a brilliant  purple,  but  rather  a reddish-brown,  is 
characteristic,  and  after  being  once  seen  is  not  likely 
to  be  mistaken.  Its  appearance,  when  the  chloride 
of  tin  is  added  to  the  liquid,  affords  an  infallible 
proof  of  the  presence  of  gold,  for  a very  minute 
portion  of  that  metal  gives  a manifest  reaction  when 
this  test  is  employed. 

When  the  first  test  (sulphate  of  iron)  has  been 
applied,  and  its  evidence  corroborated  by  the  solu- 
tion of  the  precipitated  gold  powder  in  aqua  regia, 
the  protochloride  of  tin  may  be  employed  to  produce 
the  purple  of  Cassius  in  this  solution  also. 

3.  Oxalic  Acid. — This  substance,  either  in  crystals 
or  dissolved  in  water,  causes  when  added  to  the 
solution  of  gold  the  precipitation  of  any  of  that 

, metal  in  a form  which  varies  with  the  temperature 
and  strength  of  the  solution.  The  action  takes 
place  very  slowly  in  the  cold,  but  immediately  on 
applying  heat  there  is  a copious  evolution  of  car- 
bonic acid  gas,  hydrochloric  acid  being  also  formed 
during  the  process. 

This  reaction  has  been  more  completely  described 
in  the  account  of  the  preparation  of  pure  gold.  A 
crystal  of  oxalic  acid,  wetted  with  a solution  of  gold, 
becomes  soon  covered  with  a thin  film  of  the  metal. 

These  are  the  tests  most  easily  applied  by  persons 
unaccu.stomed  to  chemical  manipulation.  Gold, 
however,  gives  characteristic  reactions  with  several 
other  reagents,  which  it  is  convenient  to  give  in  a 
tabular  form. 

TESTS  FOR  GOLD. 

Test  or  Reagent.  Result. 

r In  very  dilute  solutions,  only 
1 a blue  coloration ; in  stronger 
Sulphate  of  i>rotoxide  of  iron,  ■{  acid  solution  the  gold  is 
1 deposited  as  an  orange- 
( brown  powder, 
f Brown  or  purple-red  preci|)i- 

) tate  or  coloration,  varying 
Protochlonde  of  tin, ^ 

t tion. 

r Black  or  golden  coloured  pre- 
„ I cipitate  or  coloration,  de- 

O'  a ic  aci  -j  pendent  upon  temperature 

1,  and  strength  of  solution, 
f Produces  no  precipitate  when 
in  excess,  unless  containing 
organic  matter,  in  which 
p , , J case  aurons  oxide  is  de- 

' jiosited.  After  some  lime, 

lictash  alone  produces  a 
green  coloration  and  slight 
L precipitate. 

Ammonia, /Yellow  precipitate  of  fulmi- 

’ I nating  gold. 

f No  precipitate  in  cold  solu- 

Carbonate  of  Potash \ ‘>1']  voluminous  one 

’ 1 like  oxide  ot  iron  when 

(_  heated. 

< A yellow  precipitate  of  ful- 

Carbonate  of  ammonia, •<  minating  gold,  with  evolu- 

( tion  of  carbonic  acid. 

Ferrocyanide  of  potassium,..  Emerald  green  coloration. 

Cyanide  of  potassium, /Yellow  precipitate  soluble  in 

•'  V 1 excess. 

Protonitrate  of  mercurj^  ....  Black  precipitate. 

Protochloride  of  antimony,  . . | 

1 Colours  liquid  black,  and  then 

Iodide  of  potassium, \ greenish- 

‘ ’ 1 yellow  precipitate  of  auric 

1,  iodide. 

f If  added  to  solution  contain- 
I ing  gold  and  potash  in  ex- 

Tannic  acid, cess,  jiroduces  a deep  black 

1 precipitate  of  protoxide  of 
L gold. 

( Precipitates  a blackish-brown 
1 tersulphide  of  gold,  soluble 

Sulphate  of  ammonium, •(  in  an  excess  ot  the  reagent, 

1 provided  the  latter  contains 
( an  excess  of  sulphur. 

h,d,.s„ { 

r Reduces  gold  to  metallic  state. 
Ilypophosphoroiis,  phosphor-]  When  the  solution  is  weak 

ous,  or  sulphurous  acid, .. . | it  becomes  blue,  depositing 
b gold  on  being  boiled. 

Metallic  zinc jDei.osits  gold  as  a brown  pre- 

In  addition  to  the  above,  a sreat  number  of 
organic  substances  deposit  gold  from  its  solution  in 
aqua  regia,  especially  in  presence  of  an  excess  of 
potash. 

The  above  reactions  arc  so  characteristic  that  it 
is  impossible  to  mistake  gold  for  any  other  metal, 
the  protochloride  of  tin  test  being  capable  of  detect- 
ing  (by  a faint  coloration)  the  presence  of  1 part  of 
gold  in  640,000  of  the  liquid  under  examination.  The 
protochloride  solution  should  also  contain  a little 
bichloride  of  tin — a mixture  most  conveniently  pro- 
duced by  adding  a little  chlorine  water  to  the  solution 
of  the  protochloride. 

Tests  for  Metals  usually  Associated  with 
Gold. — In  examining  an  ore  or  alloy  supposed  to 
contain  gold,  it  is  often  an  object  of  great  import- 
ance to  determine  the  nature  of  the  metals  with 
which  the  gold  is  associated.  These  may  be  of  high 
value  on  their  own  account,  and,  according  to  the 
quantities  in  which  they  are  present,  may  greatly 
affect  the  value  of  the  ore  or  mineral  in  question. 
To  enter  fully  into  the  subject  in  connection  with 
the  rarer  metals  that  are  found  associated  with  gold 
would  be  of  little  practical  use.  Attention  should, 
however,  be  specially  directed  to  the  means  of  de- 
tecting and  distinguishing  those  of  most  common 
occurrence — namely,  copper,  silver,  and  platinum. 

1.  Copper.- — It  has  been  shown  that  copper  is  ahnost 
always  associated  with  gold  even  in  quartz,  and  that 
copper  pyrites  is  one  of  those  substances  frequently 
mistaken  for  gold.  When  dissolved  in  acids,  how- 
ever, it  gives  characteristic  reactions,  which  render  its 
presence  easily  distinguishable.  One  of  the  readiest 
tests  is  to  introduce  into  the  solution  a piece  of 
clean  iron,  when,  if  copper  be  present,  it  will  be 
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deposited  on  the  iron  in  the  metallic  state,  an  effect 
which  is  due  to  a simple  exchange  of  place  between 
the  metals,  the  iron  passing  into  solution  while  the 
copper  exhibits  itself  in  the  solid  form. 

Again,  when  ammonia  is  added  in  excess  to  a 
solution  in  which  copper  exists,  it  communicates  to 
the  liquid  a rich  deep  blue  colour.  Ferrocyanide  of 
potassium  produces,  with  copper,  a brownish-red 
precipitate,  even  when  the  metal  is  present  in  very 
small  quantity.  Carbonate  of  soda  precipitates 
copper  from  its  hot  solutions  in  the  form  of  an  apple- 
green  compound,  which  is  a carbonate  of  copper, 
known,  when  artificially  formed,  as  verditer,  and  when 
it  occurs  native,  as  malachite.  Copper  ore  in  the 
latter  form  exists  abundantly  in  Australia — not, 
indeed,  mixed  with  the  gold,  but  constituting  valuable 
mines,  from  which  the  ore  is  sent  over  to  this  country 
to  be  smelted  in  South  Wales. 

The  above  are  the  principal  and  most  common 
tests  for  copper,  and  generally  suffice  for  the  detection 
of  its  presence.  It  may,  however,  be  well  to  give  in 
a tabular  form  its  reactions. 


TESTS  FOR  COPPER. 


Test  or  Reagent. 


Potash  or  soda, 


Result. 

'A  light  blue  bulky  precipitate 
insoluble  in  excess.  With 
strong  solution  and  excess 
, ^ of  precipitant,  the  jirecipi- 

Itate  after  lapse  of  time  turns 
black.  In  any  case  it  be- 
comes  black  on  boiling. 

( Blue  precipitate,  becoming 
\ black  on  boiling. 
f Greenishblueprecipitate  solu- 
ble in  excess  of  reagent, 
forming  bine  coloured  fluid. 
A j>recipitate  of  blue  hy- 
drated oxide  of  copper  is 
produced  by  adding  an  ex- 
cess of  potash,  slowly  in  the 
cold,  but  immediately  on 
b heating. 

( Black  precipitate  of  sulphide 
< of  copper,  insoluble  in  am- 
■ ( monia. 

f In  moderately  dilute  solutions 
a red-brown  precipitate,  if 
. very diluteonlyacoloration. 

I This  precipitate  is  decom- 
L posed  by  potash. 

Yellowish  green  precipitate. 

J Clear  greenish-blue  precipi- 
’ I tate. 

White  precipitate. 

. Grey  precipitate. 

, Keddish  hrown  precipitate, 
f Introduced  into  solutions  of 
I copper  salts  is  covered  with 
. co.ating  of  metallic  copper. 
Reaction  assisted  by  pres- 
ence of  free  acid. 

If  introduced  together  with 
copper  salt  solution,  even 
very  dilute,  and  free  hydro- 
chloric into  platinum  dish, 
this  latter  is  coated  with 
surface  of  copper. 

If  a platinum  wire  be  clipped  in  a copper  salt 
solution  containing  free  hydrochloric  acid,  and  then 
held  in  the  flame  of  a Bl'nsen’s  burner,  the  flame 
will  show  an  emerald  green  tint.  This  test  is 
applicable  to  the  detection  of  exceedingly  minute 
quantities. 

VOL.  II. 


Carbonate  of  potash  or  soda. 


Ammonia  or  carbonate  of  am- 
monia,  


Hydrosulphuric  acid  or  sul- 
phide of  ammonia, 


Ferrocyanide  of  potassium.. . , 

Ferridcyanide  of  potassium. 
Oxalic  acid, 

Iodide  of  potassium, 

Tannin 

Chromate  of  Potassium, 


Iron, . 


Zinc, . 


2.  Silrer. — It  has  been  shown  that  gold  is  invaria- 
bly alloyed  with  this  metal,  sometimes  to  a very 
large  amount.  In  its  separate  state  it  is  readily 
distinguished,  not  only  by  its  white  colour,  but 
also  by  its  specific  grtivity,  which  is  only  I0'4,  or 
about  one-half  that  ctf  gold.  It  may  be  useful  to 
state,  that  when  in  a very  fine  state  of  division  it  is 
of  a dark-grey  colour.  It  may  be  easily  recognised 
by  its  chemical  behaviour  with  reagents,  in  wdiich 
respect  it  differs  from  gold  by  its  solubility  in 
nitric  acid  at  all  temperatures,  and  in  hot  sul- 
phuric acid.  On  the  contrary,  with  hydrochloric 
acid  it  forms  a white  curdy  precipitate,  which  is  the 
chloride  of  silver.  If  the  nitric  acid  employed  to 
dissolve  it  contain  the  least  hydrochloric  acid,  the 
solution  will  become  turbid  by  the  formation  of  the 
chloride.  Hence,  when  a mineral  containing  gold 
and  silver  is  submitted  to  the  action  of  aqua  regia 
(nitro-hydrochloric  acid),  the  appearance  of  tliis 
white  precipitate  will  immediately  indicate  the  pre- 
sence of  the  latter  metal.  The  chloride  of  silver  is 
soluble  in  ammonia,  and  may  thus  be  distinguished 
from  many  other  white  precipitates;  or  it  may  be 
further  tested  by  putting  the  precipitate  into  a cru- 
cible with  carbonate  of  soda,  and  exposing  the  mix- 
ture to  a strong  red  heat,  when  a button  of  pure 
silver  will  be  obtained.  By  careful  manipulation 
the  amount  of  silver  present  may  be  accurately 
determined  in  this  manner.  If  the  mineral  contain- 
ing the  silver  be  dissolved  in  oil  of  vitriol,  the  metal 
is  readily  detecte  1 by  inserting  a few  fragments  of 
copper,  which  cause  the  precipitation  of  the  silver 
in  a pulverulent  state. 

A table  is  given  below  for  silver  similar  to  those 
which  precede  for  gold  and  copper ; and  as  gold 
! never  occurs  without  being  associated  to  a greater 
or  less  extent  with  silver,  it  may  be  useful  to  com- 
pare the  effects  of  identical  reagents  in  the  two 
cases : — 

TESTS  FOR  SILVER. 

Test  or  Reagent.  Result. 

, 1 , 1 . • , , • f In  neutral  solutions,  a white 

bulphate  ot  protoxide  ot  iron.^  • » . n-  -i 

* V ’ precipitate  ot  metallic  silver. 

(White  precipitate  of  chloride 
ot  silver,  which  is  changed 
into  metallic  silver  on  the 
addition  of  an  excess  of  the 
reagent. 

Oxalic  acid, 4 P'  ecip'tate  soluble  in 

’ t ammonia. 

(Clear  brown  precipitate  turn- 
ing black  on  boiling;  in- 
soluble in  an  excess  of  the 
reagent,  but  soluble  in 

ammonia. 

If  added  in  small  quantities, 
produces  a brown  precipi- 

. • j tate  .soluble  in  excess  of  the 

^ reagent.  The  solution  re- 
quires to  be  neutral  or 

i alkaline. 

Carbonate  of  soda  or  potash,  I'^'^ite  precipitate  soluble  in 
' ’ b ammonia. 

Carbonate  of  ammonia precipitate  soluble  in 

’ excess. 

Ferrocyanide  of  potassium, . . White  precipitate. 
Ferridcyanide  of  potassium, ..  Reddish-brown  precipitate. 

f White  or  slightly  yellow  pre- 

iodide  of  potassium, J.  cipitate  slightly  soluble  in 

1.  an  excess  of  the  reagent. 

10 
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^Reddish-brown  precipitate 

Chromate  of  potassium, -(  slightly  soluble  iu  water, 

( very  soluble  in  ammonia, 
f Black  precipitate,  which  is 
Sulphide  of  ammonium,  or!  decomposed  and  dissolved 

suljdiuretted  hvdrogen, j by  boiling  nitric  acid  with 

i separation  of  sulphur. 

Phosphate  of  soda, \ bellow  precipitate  ; the  liquid 

^ ’ ( becoming  acid. 

Pyrophosphate  of  soda, -[  precipitate  - the  liquid 

‘ 1 p remaining  neutral. 

f White  curdy  precipitate  of 
chloride  of  silver ; in  very 
dilute  solutions  at  first,  only 
Hydrochloric  acid,  or  soluble,  ? bluish- white  coloration, 

metallic  chlorides, separates  after 

’ standing  in  a warm  place. 

Turns  tirst  violet,tlien  black, 
on  e.xposiire  to  light.  Very 
(_  soluble  in  ammonia. 

Tvr„*„in„  f Precipitate  of  white  metallic 

JUetallic  zinc  or  copper, -<  -j  ‘ 

The  presence  of  a trace  of  the  protochloride  of 
mercury  prevents  the  chloride  of  silver  from  chang- 
ing its  colour  under  the  influence  of  light. 

3.  Platinum. — This  is  another  metal  frequently 
associated  with  gold ; and  as  it  is  one  of  the  noble 
metals,  and  ranks  in  price  bettveen  silver  and  gold, 
an  ore  which  contains  it  in  any  quantity  is  of  con- 
siderable value.  The  specific  gravity  of  platinum 
varies  from  21‘47  to  21’53;  according  to  Devilee 
and  Debray,  however,  it  is  only  21T5.  It  will  thus 
be  seen  to  be  higher  than  that  of  gold ; indeed  pla- 
tinum, osmium,  and  iridium  are  the  heaviest  of  all 
known  metals,  all  three  possessing  about  the  same 
specific  gravity:  possibly  osmium  is  slightly  heavier 
th.an  the  other  two.  Platinum  is  of  a light  steel- 
grey  colour,  less  ductile  than  gold  or  silver,  but  more 
tenacious,  indeed  it  will  support  greater  weights  on 
equal  thicknesses  of  wire  than  any  metal  except  iron 
or  copper.  It  is  distinguished  from  gold  not  only  by 
its  colour,  but  also  by  its  extreme  difficulty  of  fusion ; 
it  does  not  melt  by  itself  in  the  highest  heat  of  a 
furnace,  but  softens  sufficiently  to  admit  of  forging 
and  welding,  and  in  the  arc  of  flame  of  the  voltaic 
current,  or  before  the  oxyhydrogen  blowpipe,  it  admits 
of  being  fused  even  in  considerable  masses.  On  the 
other  hand,  it  resembles  gold  not  only  in  its  high 
specific  gravity,  as  already  stated,  but  also  in  the 
fact  that  it  resists  the  action  of  all  the  simple  acids, 
and  is  soluble  only  in  aqua  regia.  This  circum- 
stance, together  with  its  great  infusibility,  renders  it 
of  important  use  in  many  of  the  arts,  and  indis- 
pensable for  various  purposes  in  the  laboratory. 
It  is  the  metal  universally  employed  for  apparatus 
which  requires  to  be  exposed  to  high  tempera- 
ture and  powerful  chemical  agencies,  without  under- 
going any  change.  It  is  therefore  very  important 
that  miners  in  the  gold-fields  should  look  carefully 
for  this  metal,  which,  being  destitute  of  any 
glittering  appearance,  is  likely  to  escape  the  notice 
of  an  ordinary  observer. 

There  are,  however,  certain  chemical  reactions  by 
which  platinum  may  be  readily  distinguished  and 
separated  from  gold  in  a solution.  Sulphate  of  iron 
and  oxalic  acid,  which  precipitate  gold,  do  not  pre- 
cipitate platinum.  When  the  latter  is  dissolved  in 
aqua  regia,  and  the  acid  neutralized  by  carbonate  of 

soda,  the  metal  is  deposited  as  a black  powder,  if  the 
mixture  be  boiled  with  tartaric  acid  and  soda. 
Further,  the  addition  of  chloride  of  ammonium  and 
alcohol  to  a strong  solution  of  platinum  causes  the 
deposition  of  a yellow  crystalline  precipitate,  which  is 
characteristic  of  this  metal.  These  and  other  reac- 
tions may  be  summarily  stated  as  follows  : — 

TESTS  FOR  PLATINUM. 

Test  or  Reagent.  . Result. 

Sulphate  of  protoxide  of  iron.  No  precipitate. 

f Produces  in  solutions  contain, 
j ing  excess  of  hydrochloric 

Protochloride  of  tin, ^ acid  an  intense  brown-red 

1 coloration,  but  no  precipi- 
L late. 

Oxalic  acid, No  jirecipitate. 

f Yellow  precipitate  soluble  in 

Potash, -J  an  excess  of  reagent  with 

( ai>plication  of  heat, 

f Yellow  precipitate  soluble  in 

Ammonia, ■<  great  quantity  of  water  or 

( in  an  excess  of  ammonia. 

Carbonate  of  potash,  or  car- 

bonate  of  ammonia, 1 ”1  h.cnlonde  of 

Ferrocyanide  of  potassium, .. . i precipitate  hut  yellowish 

•'  ' ’ green  coloration. 

Ferridcyanide  of  potassium.  Same  reaction. 

Protonitrate  of  mercury' Reddish-yellow  precipitate. 

f Brown  coloration  at  first. 

Iodide  of  potassium, -<  afterwards  a yellow 'pre- 

( cipitate. 

f Black  precipitate  soluble  in  a 
j great  excess  of  the  reagent, 
i ]>rovided  this  contains  tree 
1,  snl])hnr. 

( Blackish-brown  jirecipitate 

Sulphuretted  hydrogen, -J  aiier  a time  or  at  once  on 

( heating. 

Metallic  zinc f Black  precipitate  of  metallic 

platinum  alter  a time. 

The  above  tests  are  specially  applicable  to  the 
solution  of  bichloride  of  platinum,  such  as  is  obtained 
by  dissolving  platinum  in  nitro-hydrochloric  acid. 

Application  of  the  Reagents.— Wiw'mg  thus  described 
the  properties  and  characteristic  reactions  of  the 
different  metals  which  it  is  desirable  to  look  for  as 
being  frequently  associated  with  gold,  let  it  now  be 
assumed  that  the  substance  to  be  examined  is  a piece 
of  auriferous  quartz.  This  must  be  first  reduced  to 
powder,  and  then  boiled  for  some  time  in  an  earthen- 
ware or  glass  dish  with  aqua  regia.  The  solution  is 
then  diluted  with  water,  passed  through  a filter,  and 
allowed  to  cool.  If  any  silver  be  present,  it  will 
remain  in  the  filter  as  a white  precipitate,  mixed  with 
the  quartz. 

To  the  liquid  which  has  passed  through  the  filter,  a 
solution  of  carbonate  of  soda  is  now  added,  until  no 
more  effervescence  takes  place.  This  will  precipitate 
all  the  other  metals  which  may  be  present  except  gold 
and  platinum,  which  will  remain  in  solution. 

The  liquid  is  again  filtered,  and  a solution  of  oxalic 
acid  is  added  until  it  ceases  to  produce  effervescence, 
and  has  a sour  taste  ; then  boil ; if  there  be  any  gold 
present  it  will  be  precipitated  as  a dark  powder. 
The  platinum,  if  any  be  present,  will  still  remain  in 
solution. 

Decant  or  filter  the  hquid  from  the  gold  precipitate, 
and  add  to  the  former  protochloride  of  tin,  when  a 
reddish-brown  colouring  will  appear  if  platinum  be 
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p resent.  Or,  by  boiling  with  tartaric  acid  and  soda,  the 
platinum  will  be  thrown  down  as  a black  precipitate. 

It  has  been  stated  that  if  any  silver  be  present,  it 
will  be  found  on  the  first  filter,  mixed  with  the  quartz. 
AVash  this  with  ammonia,  which,  if  copper  be  present, 
will  produce  a deep  blue  tinge.  To  the  solution  which 
comes  through,  add  hydrochloric  acid  until  the  smell 
of  ammonia  disappears,  and  the  silver  will  be  thrown 
down  as  a white  curdy  precipitate. 

It  is  evident  that  other  methods  and  reagents  may 
be  adopted.  For  example,  the  original  solution  in 
aqua  regia  may  be  concentrated  by  evaporation,  until 
it  is  very  much  reduced  in  quantity ; then  add  about 
three-fourths  of  its  bulk  of  spirits  of  wine,  and  lastly, 
a saturated  solution  of  chloride  of  ammonium.  By 
these  reagents  the  platinum  will  be  thrown  down  as 
a yellow  crystalline  precipitate,  while  the  solution 
filtered  from  this,  and  treated  with  sulphate  of  iron  or 
boiled  with  oxalic  acid,  deposits  gold. 

By  carefully  weighing  the  gold 
obtained,  the  amount  present  in  a 
given  quantity  of  the  ore  or  alloy  may 
be  exactly  determined ; but  full 
details  of  the  different  methods  of 
eonducting  the  quantita- 
tive examination,  includ- 
ing the  assaying  of  gold 
ores  and  alloys  by  the  dry 
jirocess,  will,  to  avoid  re- 
petition, be  postponed  to 
the  close  of  the  article. 

Mechanical  Preparation 

of  Gold  Ores. — Before  subjecting  the  ore,  or 
the  auriferous  gangue,  to  the  chemical  or 
metallurgical  processes  by  which  the  gold  is 
extracted,  it  has  certain  mechanical  operations 
to  undergo,  the  number  and  nature  of  which 
will  be  determined  by  the  character  of  the 
ore  itself,  and  its  state  of  aggregation.  The 
metal  is  rarely  found  in  the  shape  of  large  nuggets, 
requiring  only  to  be  cast  into  ingots.  It  is  generally 
either  in  the  shape  of  dust  or  spangles,  or  small 
grains  intimately  nuxed  with  the  quartz  rock  or  the 
alluvial  soil;  and  though  the  greatest  amount  of 
gold  is  obtained  by  the  direct  washing  of  alluvial 
deposits,  yet.  as  a considerable  propoi  tion  is  extracted 
from  the  solid  rock,  it  seems  to  be  the  natural  order 
to  begin  with  those  operations  by  which  the  rock 
is  artificially  reduced  to  the  state  of  an  auriferous 
sand  or  pulverized  ore.  These  mechanical  operations 
are,  in  California,  usually  two  in  number,  namely 
(1),  rough  crushing  in  ore-breakers,  and  (2)  stamp- 
ing in  the  stamp-mill,  in  which  apparatus  a partial 
amalgamation  of  the  freed  gold  also  takes  place. 

Crusliinej. — The  apparatus  formerly  employed  for 
reducing  the  ore  to  a size  suitable  for  introduction 
to  the  stamping  mill  consisted  of  two  powerful  cast- 
iron  rollers,  whose  axes  were  in  the  same  horizontal  ! 
plane,  and  were  arranged  in  a solid  iron  frame  so  that 
their  distance  apart  was  variable.  The  ore  being 
placed  above  the  space  between  these  rollers  was,  by 
their  revolution,  drawn  in  and  crushed ; one  roller 
being  so  held  in  position  by  a lever  and  weight 


I as  to  yield  when  it  experienced  any  extra  pressure 
due  to  an  excessive  hardness  of  the  ore.  This 
apparatus  has  since  1861  been  almost  universally 
[ replaced  by  an  instrument  known  as  “ Blake’s  Rock 
j Breaker,”  which  is  shown  in  section  in  Fig.  13  as 
[ employed  in  California,  that  manufactured  in  Europe 
differing  slightly  in  construction. 

It  consists  essentially  of  a strong  iron  frame,  sup- 
porting upright  convergent  iron  jaws,  usually  faced 
with  hard  white  iron,  one  of  which  jaws,  K,  is  fixed 
(bedded  in  zinc),  and  the  other,  M,  movable,  being 
actuated  by  a revolving  shaft.  Stones  or  masses  of 
rock  are  dropped  into  the  space,  L,  between  the 
jaws ; and  a reciprocating  or  vibratory  motion 
given  to  M,  causes  them  to  drop  lower  in  the  wedge- 
shaped  space  till  sufficiently  broken  to  drop  out  at 
the  bottom,  this  opening  being  variable  in  order  to 
adjust  the  fragments  to  any  size  required.  The 
action  is  as  follows; — The  dotted  circle, 
D,  shows  the  position  of  the  engine  shaft, 
E being  the  crank  connected  with  it.  This 


crank  is  connected  by  means  of  a connecting- 
rod,  F,  with  a heavy  lever,  G,  having  its  fulcrum 
at  II ; and  from  G rises  a vertical  piece,  i,  against 
the  top  of  which  toggles,”  J J,  have  bearings. 
The  movable  jaw,  M,  being  pivoted  at  n,  is  pressed 
towards  K during  an  upward  motion  of  the  crank, 
E,  and  when  this  descends  is  drawn  back  by  an 
india-rubber  spring,  0.  The  wedge-shaped  piece 
of  metal  actuated  by  the  screw,  P,  is  employed  to 
adjust  the  opening  at  the  lowest  point  of  SI.  It 
is  said  that  by  means  of  this  machine  the  hardest 
rock  can  be  broken  with  great  facility,  the  amount 
broken  varying  from  4 to  6 cubic  yards  per  hour, 
according  to  the  size  of  machine  and  of  the  frag- 
ments produced. 

An  improved  patent  “ Blake’s  Rock  Breaker  ” 
has  been  recently  introduced  by  Marsden,  which 
is  capable  of  breaking  from  100  to  120  tons  of 
lime-stone  per  hour,  at  a cost  of  T5  dollar  per 
ton. 

Stamp  Mill. — The  quartz,  after  being  broken  by 
the  rock  breaker  into  pieces  of  about  the  size  of  a 
walnut,  is  discharged  upon  a platform  immedi- 
ately in  front  of  the  battery  of  the  stamp  mill,  the 
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general  arrangement  of  which  is  represented  in  Figs. 
14  and  15,  the  former  representing  a front  and  the 
latter  a side  elevation.  It  consists  essentially  of  an 
iron  mortar,  A,  fixed  on  a solid  wooden  block,  a, 
this  latter  resting  firmly  on  the  bed-rock.  Inside 
the  mortar  works  the  stamp,  weighing  from  600  to 
900  lbs.,  and  attached  to  a wrought-iron  stem, 
which  works  in  guides,  s,  s.  On  this  stem  is  fixed  a 
tappet,  which  is  acted  on  by  a cam  on  a horizontal 
shaft,  to  which  motion  may  be  given  by  either 
steam  or  water  power.  It  will  be  seen  that  by  this 
means  the  stamp  is  elevated  by  the  rotation  of  the 
cam,  and  after  attaining  a certain  elevation  (usually 
about  10  inches),  is  suddenly  dropped,  thus  crushing 
the  ore  placed  underneath  it.  The  friction  between 


the  cam  and  tappet  causes  the  stamp  to  rotate,  thus 
insuring  an  even  wear  of  the  latter,  which  is  shod 
with  a piece  of  white  iron  slowly  cooled,  and  strikes 
a similar  die,  placed  on  the  bed  of  the  mortar,  A. 
A battery  usually  consists  of  four  or  more  mortars 
placed  side  by  side,  as  shown  in  the  figure,  the  cams 
being  so  arranged  that  no  two  stamps  are  set  free 
at  the  same  time.  At  the  back  of  the  mortar  at  d is 
fixed  a screen,  through  which  the  pulverized  ore 
passes,  it  being  provided  with  fine  round  holes  or 
longitudinal  slits,  three-eighths  of  an  inch  long 
and  ‘02  inch  wide,  which  are  in  horizontal  rows 
about  ‘04  inch  apart.  It  is  essential  that  the  ore 
should  be  thus  fine,  in  order  to  free  the  particles  of 
gold  from  surrounding  matter,  as  otherwise  the 


mercury  would  be  unable  to  form  an  amalgam.  From 
this  screen  the  ore  is  delivered  direct  to  the  sluices, 
to  be  presently  described.  While  the  battery  is 
in  action,  water  is  introduced  by  means  of  a pipe  at 
the  top  of  the  mortars,  and  the  battery  is  supplied 
with  ore  by  hand,  the  supply  being  so  regulated 
that  there  shall  not  be  more  than  2 inches  of  sand 
between  the  die  and  the  shoe  at  the  end  of  a drop. 
The  number  of  these  drops  varies  with  the  weight 
of  the  stamp,  being  usually  about  60  a minute.  A 
20-stamp  battery  would  crush  from  30  to  40  tons  of 
an  average  quartz  rock  in  twenty-four  hours.  The 
quantity  of  water  required  is  about  a half  cubic  foot 
per  stamp  per  minute,  but  it  varies  with  the  nature 
of  the  ore.  The  description  of  the  amalgamation 
process  which  takes  place  after  the  crushed  ore 
leaves  the  mortar,  being  of  a chemical  as  well  as 
mechanical  nature,  may  be  conveniently  deferred  till 
some  account  has  been  given  of  the  various  methods 
of  washing. 

Gold  Woshing. — Whether  the  gold  be  obtained 
from  the  placer  diggings  or  quartz  mines  previously 
described,  it  is  extracted  from  the  earth  or  vein-stuff 
by  a systematized  process  of  washing,  sometimes 
carried  on  on  a gigantic  scale.  In  the 
earlier  stages  of  the  working  of  a 
claim,  however,  it  is  usually  done  by 
hand,  in  order  to  get  an  approximate 
idea  of  the  probable  yield.  It  is  pro- 
posed here  to  give  a brief  description 
of  the  more  simple  appliances,  together 
with  some  account  of  the  ajDplication 
of  machinery  to  the  process.  The  sine 
qua  non  of  all  gold  mining  operations 
is  an  abundant  supply  of  water,  with- 
out which  an  otherwise  valuable  claim 
may  become  useless. 

Pan. — This  simple  in- 
strument is  employed  at 
all  mines  m some  period 
of  their  existence,  though 
when  operations  are  carried 
on  on  a large  scale,  or  the 
pay  - dirt  is  not  extremely 
rich,  it  is  totally  inadequate 
to  the  requirements  of  the 
miners.  The  pan  generally 
used  consists  of  a shallow 
dish  made  of  sheet-iron  or  tin  (the  former  preferred), 
the  bottom  of  which  is  flat,  and  about  14  inches  in 
diameter.  The  top  is  about  3^  inches  wider,  and  the 
pan  is  about  5 inches  deep  , it  has  a general  resem- 
blance to  an  ordinary  frying-pan.  The  miner  having 
placed  in  it  a quantity  of  pay-dirt,  places  it  on  the 
bottom  of  a shallow  pool  about  10  inches  deep,  and 
stirs  the  mud  with  his  hands  ; after  which,  removing 
the  pan  from  the  water,  he  shakes  it  backwards  and 
forwards,  continually  allowing  small  quantities  of 
dirt  to  pass  over  the  sides.  The  whole  is  thus 
removed,  with  the  exception  of  gold,  stones,  and 
clay.  The  stones  are  removed,  and  after  rubbing 
the  clay  between  the  hands  a further  supply  of  pay- 
dirt is  added  to  the  remaining  contents,  and  the 


GOLD. — Washing.  77 


operation  repeated.  After  a succession  of  similar 
operations  the  gold  is  finally  obtained  free  from 
everything  except  heavy  black  sand,  which,  after 
the  whole  has  been  allowed  to  dry  thoroughly,  is 
almost  completely  removed  by  blowing. 


Fig.  15. 


sectional  diagram  that  this  instrument  derives  its  name 
from  the  ordinary  child’s  cot;  although  now  it  is 
comp.arable  to  that  in  size,  it  appears  formerly  to 
have  been  far  larger  (from  6 to  7 feet  long).  It  is 


Fig.  IG. 


u-sually  about  3 feet  6 inches  long,  and  1 foot  6 
inches  wide,  and  consists  of  three  essential  parts, 
namely,  the  sieve  or  hopper,  a ; the  screen  or  apron, 
1) ; and  the  base  or  sluice,  d,  provided  with  two 
transverse  strips  of  wood,  c,  called  rifflers,  whose 
office  is  to  retain  any  particles  of  gold  which  may 
pass  through  the  instrument.  The  whole  is  mounted 
on  two  wooden  rockers,  e,  and  provided  with  a 


handle,  /',  by  which  the  miner  sets  it  in  motion. 
The  sieve,  a,  is  movable  for  cleaning,  and  has  a 
bottom  composed  of  sheet-iron  with  holes  half  an  inch 
in  diameter : b is  composed  of  coarse  canvas,  and  is 
serviceable  in  both  retaining  particles  of  gold  and 
compelling  all  the  mud  to  traverse  the  whole  length 
of  the  cradle. 

When  in  use  the  pay-dirt  is  shovelled  into  a,  and 
the  cradler,  kneeling  by  the  side,  with  his  left  hand 
rocks  the  instrument,  while  with  his  right  he  pours 
water  into  a.  The  pay-dirt  is  thus  rapidly  dis- 
integrated, and  gold,  together  with  heavy  sand,  &c., 
being  left  behind  the  rifflers,  all  the  remainder  is 
washed  away  by  the  current.  When  large  stones 
occur,  however  (as  is  usually  the  case),  they  accum- 
ulate in  a,  but  are  not  removed  till  their  number 
inconveniently  interferes  with  the  motion.  In  order 
to  empty  the  sieve  it  is  removed  and  the  contents 
thrown  out. 

When  the  spaces  behind  the  rifflers  are  filled, 
it  is  of  course  essential  that  the  whole  be  cleaned  up, 
as  any  further  gold  passing  down  would  be  liable  to 
pass  over  the  bars,  there  being  no  sufficient  projection 
to  retain  it;  this  clearing  up  usually  takes  place  about 
three  times  in  the  day.  a and  b having  both  been 
removed,  the  base,  d,  is  scraped  with  an  iron  spoon, 
the  whole  of  the  gold,  sand,  &c.,  being  placed  in  a 
pan,  by  which  the  gold  is  extracted  as  previously 
described.  If  there  be  much  fine  gold  dust,  a con- 
siderable quantity  will  collect  on  b,  especially  if  this 
be  made  of  coarse  woollen  cloth ; from  this  it  is 
washed  into  the  pan. 

The  incline  of  the  cradle  is  usually  about  1 in  16 
this,  however,  varies  slightly  according  to  the  fine- 
ness of  the  gold.  The  amount  washed  per  day  varies 
from  1 to  3 cubic  yards,  according  to  the  amount  of 
clayey  matter  contained.  There  are  almost  always 
two  men  employed,  one  who  works  the  cradle,  and 
the  other  performs  all  other  duties.  The  ratio  of 
water  required  to  pay  dirt  washed  is  about  three 
to  one.  In  consequence  of  the  extensive  scale  on 
which  operations  are  now  carried  on  the  cradle  is 
now  not  often  met  with,  but  is  nevertheless  in 
use  among  the  miners,  especially  the  Chinese  in 
America. 

Puddling  Tub. — In  Australia,  where  frequently  the 
dirt  is  very  clayey  and  water  very  scarce,  it  is  neces- 
sary to  knead  it  with  water  in  a tub  called  a puddling 
tub,  which  usually  consists  of  half  of  a porter  cask. 
The  whole  is  worked  up  by  means  of  a spade,  and 
when  all  the  clay  has  been  washed  away  by  the 
water,  tlie  remainder,  consisting  of  sand,  gravel,  and 
gold,  is  removed  and  washed  either  by  the  cradle 
or  pan. 

Tom. — This  instrument  is  interesting  as  having 
been  one  of  the  first  employed  for  gold  washing  on 
an  extensive  scale,  but  having  now  long  been  super- 
seded by  still  more  thorough  methods  it  is  unneces- 
sary to  give  a detailed  description.  It  consisted  of 
2 parts,  a “tom”  or  trough  about  12  feet  long,  and 
a riffler  box.  The  tom  was  jilaced  on  an  incline, 
(about  1 in  12)  and  its  lower  end,  provided  with  a 
perforated  iron  grating,  placed  over  the  upper  end  of 
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the  riffler  box,  -which  -was  somewhat  less  inclined. 
A constant  stream  of  -water  entered  at  the  upper 
end  of  the  tom,  and  pay  dirt  being  thrown  in  at  this 
point,  was  disintegrated  in  its  passage  to  the  riffler 
box ; this  box  being  about  8 feet  long,  and  provided 
with  transverse  bars  as  in  the  cradle,  to  retiiin  the 
particles  of  gold. 

Sluice. — All  the  methods  which  have  from  time  to 
time  been  proposed  are  now  almost  entirely  super- 
seded by  sluices  of  various  forms,  the  use  of  which, 
in  ;iddition  to  requiring  less  manual  labour,  is  attended 
with  a far  less  loss  of  precious  metal.  They  can, 
however,  only  be  employed  where  there  isanabundant 
and  constant  water  supply,  and  are  rarely  met  with 
in  Australia,  but  are  common  in  California. 

It  is  usually  made  of  wood,  and  conssistsof  numerous 
portions,  each  about  12  feet  long,  fitted  end  to  end, 
each  trough  tapering  slightly  so  that  its  lower  end 
may  fit  into  the  upper  of  the  next  succeeding.  These 
trouglis  are  roughly  constructed  of  sawn  timber,  and 
are  each  provided  with  a series  of  rifflers,  sometimes 
transverse  only,  but  more  frequently  longitudinal 
and  transverse  combined.  The  incline  varies  from 
about  1 in  15  to  1 in  8,  according  to  the  amount  of 
clay  contained  in  tlie  pay-dirt  and  the  approximate 
size  of  the  gold  particles,  being  of  course  greater  in 
proportion  as  there  is  more  clay.  In  this  case,  how- 
ever, there  is  more  risk  of  losing  small  particles,  and 
it  should  therefore  be  made  longer.  I'he  whole  sluice 
is  usually  several  hundred  feet  in  length.  It  is  not 
essential  that  the  gradient  be  the  same  along  the  whole 
length  ; it  frequently  varies,  being  great  at  the  upper 
end,  thus  facilitating  disintegration,  while  the  lower 
portion  is  less  inclined  in  order  to  avoid  loss  of  gold. 
As  in  the  “ tom,”  a continuous  stream  of  water  enters 
the  sluice  at  the  head,  at  which  point  also  the  pay-dirt 
is  introduced.  As  the  dirt  passes  down  the  sluice 
care  must  be  taken  to  avoid  masses  of  clay  escaping 
disintegration,  as  not  only  would  the  gold  contained 
in  them  be  lost,  but  they  are  liable  to  carry  down  with 
them  any  particles  of  metal  which  they  may  meet  in 
their  path.  Mercury  is  introduced  at  different  points 
in  the  length  of  the  sluice,  which,  being  retained  by 
the  riffle  bars,  serves  to  collect  particles  of  gold. 

AVhen  much  of  the  gold  to  be  extracted  consists  of 
very  fine  particles,  an  amalgamated  copper  plate  is 
frequently  employed,  the  whole  current  passing  over 
it,  and  the  inclination  on  which  it  is  placed  being 
very  slight,  it  retains  the  gold.  When  a sufficient 
amount  of  gold  has  accumulated  the  amalgam  is 
removed  by  scraping,  the  plate  being  previously 
warmed  to  facilitate  the  operation,  and  the  mercury 
subsequently  expelled  from  the  amalgam  by  the  aid 
of  heat. 

AVhen  a sluice  has  worked  for  about  a week  it  is 
essential  to  remove  the  gold  and  amalgam  which  may 
be  contained  in  it,  in  order  to  avoid  loss  of  it  either 
by  clay  carrying  it  away  or  by  theft.  T'o  perform 
this  “cleaning  up,”  as  it  is  called,  the  introduction  of 
dirt  having  been  stopped,  and  water  having  been 
allowed  to  run  through  the  sluice  to  wash  away  any 
dirt,  the  removal  of  rifflers  is  commenced  from  the  top. 
They  are  removed  for  about  the  space  of  40  feet. 


The  current  now  washes  down,  and  the  accumulation 
against  the  first  remaining  riffle  bar  is  removed  and 
reserved  for  future  panning.  Similarly  all  the  bars 
in  succession  are  removed,  the  trough  cleaned,  and 
the  rich  accumulation  obtained  panned  out.  In  order 
to  avoid  the  delay  entailed  by  a cleaning  out,  sluices 
are  frequently  made  double,  so  that  one  can  always 
be  in  operation. 

Sluices,  instead  of  being  provided  with  wooden 
rifflers,  are  frequently  paved  with  rounded  stones 
along  their  whole  length,  when  they  are  known  as 
ruck  shdees.  This  method  is  especially  adopted  in 
tail  sluices,  -w'hich  being  intended  solely  for  the  wash- 
ing of  tailings  from  ordinary  sluices,  do  not  require 
cleaning  up  so  frequently — the  fact  of  having  to 
remove  all  the  pavement  for  this  operation  rendering 
it  more  tedious  than  in  the  former  case. 

Hydraulic  Mining  in  California. — ^This  process, 
which  consists  in  washing  down  immense  beds  of 
auriferous  deposits  by  means  of  a powerful  current 
of  water,  has  been  practised  in  California  since  1852, 
though  in  more  recent  years  the  employment  of  it 
has  very  much  extended.  The  work  is  now  carried 
on  on  a gigantic  scale,  and  as  the  process  removes  whole 
mountains  of  auriferous  gravel  and  deposits  them  in 
the  neighbouring  valleys,  great  fears  are  entertained 
of  many  of  the  rivers  being  blocked  up  by  the  tailings 
which  are  produced ; already  disagreements  have 
arisen  between  the  agricultural  and  mining  interests, 
the  destruction  of  the  face  of  the  land  being  of 
course  detrimental  to  the  former. 

Several  necessary  conditions  have  to  be  attended 
to  in  the  working  of  mines  of  this  description. 
Amongst  these  may  be  mentioned  : — 

(1.)  The  auriferous  gravel  down  to  the  bed-rock 
must  all  be  removed. 

(2.)  This  must  be  accomplished  by  the  aid  of  water 
alone,  or  at  times  water  supplemented  by  gunpowder. 

(3.)  The  conglomerate  must  be  mechanically  dis- 
integrated without  interrupting  the  whole  system. 

(4.)  The  gold  must  be  saved  without  interrupting 
the  continuous  flow  of  water. 

(5.)  Arrangements  must  be  made  for  disposing  of 
the  vast  masses  of  impoverished  gravel. 

The  first  cost  in  laying  out  an  hydraulic  mine 
is  generally  very  great,  and  as  a tunnel  is  usually 
necessary  to  lead  away  the  tailings,  the  operations 
are  not  remunerative  until  after  several  years’  labour. 
The  incline  of  tliese  tunnels  is  generally  from  5 to  6 
inches  per  12  foot  run,  and  they  are  about  7 feet  wide 
and  8 feet  high  for  a single  sluice,  the  exact  dimen- 
sions depending,  on  the  amount  of  water  available. 

The  tunnel  must  be  in  the  bed-rock,  in  order  to 
insure  all  the  tailings  being  carried  away;  for  if 
auriferous  gravel  were  worked  at  a level  helmv  the 
tunnel,  it  would  of  course  fail  to  answer  the  required 
purpose.  The  upper  end  of  it  may  be  connected 
with  the  surface  in  various  ways — by  an  inclined 
“ chimney,”  a vertical  shaft,  or  a series  of  terraces, 
according  to  circumstances.  The  external  series  of 
sluices  leading  directly  into  this  opening  connect  it 
with  the  several  points  at  which  the  gravel  is  being 
displaced  by  the  streams  of  water. 
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The  accompanying  engraving,  Fig.  17  (taken  from 
tlie  United  States  government  report  on  “ Mines 
and  Mining”),  gives  a clear  idea  of  the  process  of 
hydraulic  mining  as  carried  on  in  California  in  1872. 
The  general  arrangement  will  be  understood  from 
the  foregoing  remarks  ; but  four  portions  require 
special  description— namely,  a,  the  undercurrent, 
B,  the  drop;  C,  the  “grizzly;”  and  D,  the  distributor. 

The  undercurrent  consists  of  a fiat  shallow  platform 
of  from  500  to  1000  square  feet  in  area,  placed 
slightly  below  the  mam  sluice  box,  and  somewhat  on 
one  side.  An  opening  about  16  inches  wide  is  cut 
in  the  sluice,  in  which  are  inserted  steel  bars,  about 
1 inch  apart.  Underneath  is  a conduit,  which  leads 


such  liquid  and  particles  as  pass  through  on  to  the 
platform,  where  it  is  all  distributed  by  means  of  the 
series  of  checks  seen  in  the  engraving.  The  incline 
of  this  platform  is  about  1 inch  to  the  foot,  and  it  is 
provided  at  its  lower  end  with  an  opening  to  return 
the  bulk  of  the  material  to  the  main  sluices  below. 
Frequently  at  the  point  at  which  these  two  currents 
join,  the  main  sluice  is  made  about  4 or  5 feet  deeper 
than  its  average  depth,  an  arrangement  which  is 
found  of  great  service  in  arresting  amalgam,  &c. 
The  main  advantage  of  undercurrents  is  the  fact  of 
their  catching  particles  of  gold,  &c.,  which  would 
otherwise  frequently  pass  away  with  the  tailings. 

The  Drop  acts  in  the  same  manner  as  the  terraces. 


Fig.  17. 


sometimes  used  in  place  of  the  chimney  for  connect- 
ing the  tunnel  with  the  exterior,  that  is,  it  causes 
masses  of  earth,  &c.,  to  be  broken  by  the  fall.  It  is 
generally  considered  advisable  to  divide  a given  drop 
of,  say,  lOU  feet  into  several  small  ones,  rather  than 
retain  it  as  one  large  one,  the  disintegrating  effect 
being  greater. 

The  Grizzhj  is  a grate  or  framework  of  parallel 
iron  bars  with  interstices,  used  here  and  there  in  a 
line  of  sluice  boxes,  in  order  to  throw  out  large 
pebbles  or  stones,  thus  permitting  only  those  smaller 
jiarticles  which  can  pass  through  the  interstices  to 
continue  their  course  down  the  sluice.  This  arrange- 
ment is  only  useful  when  the  sluice  box  passes  near 


the  edge  of  a steep  embankment,  down  the  sides  of 
which  the  stones  can  be  readily  got  rid  of.  The 
action  is  obvious  from  the  engraving. 

The  Distributor  is  a strong  cast-iron  box,  which 
receives  all  the  water  required  for  the  mining  oper- 
ations, and  which  distributes  it  to  the  several  nozzles 
or  “monitors.”  It  is  provided  with  two  or  more  open- 
ings, closed  by  strong  iron  gates  which  are  raised  and 
lowered  by  screws.  By  this  meansthewater  is  directed 
along  whichever  of  the  hoses  which  may  be  in  use. 
The  distributor  must  be  firmly  fixed  to  the  ground. 

It  is  frequently  necessary  in  the  course  of  mining 
operations  to  resort  to  blasting  when  the  rock  is  too 
hard  for  the  water  to  disintegrate,  in  order  to  open 
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Brazil  and  Edrope. 

out  fresh  masses  of  gravel,  on  which  the  stream  of 

the  arrangements.  In  this  process  a conical  cylinder 

water  can  act.  The  mass  of  water  directed  against 

of  sheet-iron  is  employed,  about  8 feet  in  length, 

the  gravel  is  immense,  and  four  nozzles,  each  deliver- 

and  having  a mean  diameter  of  about  3 feet  6 

ing  about  50,000  cubic  feet  of  water  per  hour,  on 

inches.  It  is  pierced  with  holes  about  half  an  inch 

the  same  bank  may  frequently  be  met  with.  The 

in  diameter,  and  is  fixed  on  a spindle  communi- 

quantity  of  mercury  employed  is  also  very  great,  as 

eating  by  a train  of  wheels  and  shafts  with  a water- 

much  as  2 tons  being  required  to  charge  a single 

wheel,  horse  gin,  or  any  other  prime  mover,  from 

long  sluice.  In  order  to  show  how  great  is  the 

which  it  is  capable  of  receiving  a rapid  rotatory 

economy  of  working  with  this  process,  it  may  be 

motion,  so  as  to  make  from  thirty  to  forty  revolu- 

mentioned  that  the  cost  of  washing  1 cubic  yard  of 

tions  in  a minute.  A crank  on  the  shaft  which 

auriferous  gravel  is 

communicates  motion  to  the  cylinder  works  a 

With  the  pan, 15-00  dollars. 

“ rocker, 3-75  “ 

double  pump  at  the  back  of  the  frame,  which 
raises  water  from  a well  or  some  other  convenient 

“ long-tom -75  “ 

“ hydraulic  process, -10  “ 

reservoir  to  the  cistern,  and  from  this  it  is  con- 
ducted by  pipes  into  each  end  of  the  cylinder. 

Extraction  of  Gold  in  Brazil. — At  the  hlorro  Velho 

The  ends  of  the  eylinder  are  open,  and  the  pipes  are 

mine  the  gold  generally  occurs  accompanied  by  iron 

so  arranged  as  to  diffuse  the  water  pretty  equally 

pyrites,  the  vein  stuff  being  quartz.  From  this  it  is 

over  its  interior  surface.  Nearly  on  a level  with  the 

extracted  in  a manner  very  similar  to  that  practised 

top  of  the  arrangement  is  a line  of  rails,  on  which 

in  California,  which  has  been  already  described.  In 

the  auriferous  sands  are  brought  in  waggons  to  the 

place,  however,  of  passing  through  a stone  breaker. 

hopper,  from  which  they  fall  into  the  smaller  end 

the  rock  is,  on  being  raised  to  the  surface,  spread  out 

of  the  revolving  eylinder.  The  latter  by  its  centri- 

on  “spalling  floors,”  where  it  is  broken  by  means  of 

fugal  action  ejects  through  its  numerous  perforations 

cast-steel  hammers  and  sorted,  rocks  wl.ich  are 

the  water  and  finer  particles  of  sand  and  gravel. 

known  to  be  comparatively  poor  being  thrown  aside. 

which  are  received  upon  the  inclined  platform  be- 

The  workable  ore  is  then  supplied  to  a stamping 

low,  whilst  the  larger  fragments  are  carried  down  to 

mill.  On  passing  out  of  the  mill  the  finely-divided 

the  under  end  of  the  cylinder,  and  there  fall  into  a box. 

ore  comes  directly  in  contact  with  the  amalgamation 

Any  gold  nuggets  which  may  be  mixed  with  these 

plates,  &c.,  in  California,  while  in  Brazil  it  is  led 

fragments,  being  well  washed  and  burnished  in  their 

over  skins  tanned  with  the  hair  on,  and  baize 

gradual  progress  through  the  cylinder,  are  now 

cloths,  laid  in  inclined  sluices  called  “ strakes,” 

readily  perceived  and  picked  out.  The  platform. 

about  30  feet  long,  and  having  a fall  of  1 in  12. 

which  receives  the  water  and  auriferous  sand  ex- 

These  skins  and  cloths  are  from  time  to  time  re- 

pelled  through  the  holes  in  the  eylinder,  is  provided 

moved  and  washed  in  tanks  of  water,  in  which  the 

like  the  cradle,  or  sluice  just  mentioned,  with  nume- 

particles  of  gold,  together  with  a portion  of  the  vein 

rous  cross  bars,  for  the  purpose  of  ehecking  the 

stuff,  are  collected.  This  concentrated  ore  is  separ- 

current,  and  arresting  the  heavier  particles  of  the 

ately  subjected  to  the  process  of  amgamation. 

ore  ; and  after  traversing  this  platform,  the  current 

Extraction  of  Gold  in  Hungary  and  the  Ural. — In 

descends  to  a concave  table  or  tye,  which  is  also 

Hungary,  the  ore,  after  being  stamped  in  mills  similar 

furnished  with  a series  of  wooden  bars  at  intervals 

in  their  general  construction  and  arrangement  to 

of  2 or  3 feet.  The  sands  which  have  arrived  at 

those  already  described,  passes  into  a series  of  amal- 

this  part  of  the  machine  are  kept  constantly  stirred 

gamating  pans.  On  emerging  from  these  amalgam- 

by  square  frames  carrying  blunt  iron  knives,  and 

ators,  the  slimes,  which  still  contain  a very  perceptible 

suspended  by  vertical  bars  from  a wooden  axis 

amount  of  gold,  are  distributed  over  a series  of 

above  the  tye,  and  placed  in  the  direction  of  its 

inclined  planes  covered  with  cloths,  by  means  of 

length.  The  frames  are  made  to  fit  into  the 

which  much  of  the  remaining  gold  is  collected 

cavity  of  the  tye,  and  a swinging  alternating 

by  washing  from  time  to  time  in  tanks,  as  in  Brazil. 

motion  is  given  them  by  means  of  the  rods.  In 

The  slimes  are  then  concentrated  by  means  of  set- 

this  way  the  sands  are  well  stirred ; and  while  the 

tling  pans  and  shaking  tables  (the  latter  of  whieh 

heavier  or  richer  portions  are  retained  and  accum- 

are  somewhat  peculiar  in  their  construction),  and 

ulated  behind  the  check-boards,  the  lighter  materials 

after  being  thus  enriched  they  are  treated  as  original 

are  carried  away  by  the  current  at  the  lower  end 

ore.  The  rich  slimes  collected  on  the  inclined  planes 

of  the  tye  or  huddle,  from  which,  if  not  sufli- 

are  still  further  concentrated  by  washing  on  an  in- 

ciently  impoverished,  they  are  received  on  a fresh 

dined  plane,  down  which  a stream,  of  water  always 

series  of  tables,  furnished  with  similar  agitating 

passes,  the  mud  being  brushed  up  the  plane  against 

apjjaratus,  and  are  finally  allowed  to  pass  off.  This 

the  stream ; the  richest  portion  thus  obtained,  after 

machine  operates  on  200  tons  of  alluvial  sand  in 

having  been  concentrated  by  washing  in  a peculiar 

the  course  of  an  ordinary  working  day  of  ten  hours. 

shaped  pan  held  in  the  hand,  is  amalgamated  by 

with  the  labour  of  twenty  men  and  six  boys,  in- 

agitation  with  mercury. 

eluding  ten  men  for  removing  the  waste,  if  in  a level 

Among  the  different  methods  adopted  in  the  Ural 

country,  without  advantages  for  otherwise  clearing 

districts,  there  is  one  by  Agte,  in  use  at  Alexan- 

it  away. 

drowsk,  which  is  precisely  similar  in  principle  to  that 

The  partitions  in  the  bottom  of  the  tyes  are  ribs 

above  described,  though  somewhat  more  complex  in 

of  2 inches  high  and  2-^  inches  wide,  held  by  screw- 

_1 
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bolts  and  nuts,  and  are  removed  every  now  and  then 
for  the  washing  out  of  the  concentrated  auriferous 
sand.  This  is  done  tlie  more  frequently  in  propor- 
tion as  the  sands  are  richer  in  gold. 

Fiue  Washiny.  — d'he  gold  obtained  from  the 
preceding  operations  is  still  so  much  mixed  with 
sand  and  other  substances,  as  magnetic  iron,  pyrites, 
&c.,  that  it  requires  to  be  further  concentrated, 
either  by  additional  washing  or  by  amalgamation. 
The  powder  collected  in  the  buddies  or  tyes  is  com- 
monly of  a grey  colour,  and  is  termed  yrey  schHch. 
By  the  cylindrical  machine  above  described,  the 
original  ore  or  auriferous  sand  is  concentrated  to 
about  3 tons  of  schlich  for  every  200  tons  of  the 
crude  material  employed.  For  its  furtlier  cleaning 
and  concentration  by  washing  it  is  treated  on  un- 
covered tables  or  frames,  7 to  10  feet  long,  by  3 or 
4 broad,  and  divided  into  an  upper  and  lower  part 
by  a lath  nailed  across  the  bottom.  Also,  across  the 
upper  part  are  fixed  two  boards,  which  regulate  and 
equalize  the  flow  of  water.  The  schlich  to  be  washed 
is  placed  upon  the  upper  division,  and  the  workman, 
standing  upon  the  frame  in  wooden  shoes,  mixes  the 
sand  with  the  water,  and  gently  moves  it  against 
the  current,  towards  the  head  of  the  arrangement, 
with  a small  wooden  hoe  or  broom.  The  gold  thus 
arranges  itself  chiefly  near  the  head-board,  and  when 
a certain  amount  is  collected,  he  rakes  it  with  his 
hoe  or  broom  just  strongly  enough  to  draw  down 
the  earthy  particles  over  the  lath  to  the  lower  divi- 
sion, without  disturbing  the  heavier  and  richer 
deposit.  This  delicate  operation  requires  skill  and 
dexterity,  and  must  be  continued  till  all  the  coar.se 
fragments  are  removed,  after  which  the  flow  of  water 
is  reduced.  The  workman  by  light  brushing  raises 
again  all  the  slime  which  may  still  remain,  and  as 
niuch  as  possible  of  the  magnetic  iron  ore,  and  takes 
up  as  the  product  of  his  manipulation  the  black 
.schlich  which  is  left.  The  upper  portion  of  the 
box  being  thus  cleared,  he  now  brings  upward  that 
which  has  settled  in  the  lower  part,  and  passes  it 
one  or  more  times  through  the  same  operations. 
This  process,  for  which  the  ino.st  skilful  and  experi- 
enced workmen  are  required,  is  termed  /i/'e  u uKhiny. 
The  black  schlich  or  ore  thus  concentrated  is  dried, 
and  is  freed  from  a further  quantity  of  magnetic 
iron  by  the  use  of  an  artificial  nuignet  or  a piece  of 
loadstone. 

The  yolil-trnuyhs  used  in  Hungary  and  Transyl- 
vania for  the  final  washing  of  the  powder  or  schlich 
obtained  from  the  clotli-covered  bibles  already  alluded 
to,  as  well  as  the  process  of  washing,  are  similar  to 
those  just  described.  In  tliese  countries  a broom  of 
heather  or  bircli  is  generally  used  instead  of  the  hoe; 
and  in  'I’ransylvania  the  troughs,  which  are  of  larger 
dimensions,  are  fitted  with  two  traps  in  their  chan- 
nels, into  which  the  different  qualities  of  schlich  are 
swejit  at  different  stages  of  the  process.  Even  after 
tlii-s  fine  washing,  the  resulting  products  are  some- 
times further  concentrated  in  the  bowl  or  washing- 
pan,  and  so  reduced  to  a state  fit  for  melting,  or  they 
are  subjected  to  the  process  of  amalgamation. 

Ainalyamation  of  Gold  Ores. — Although  some  of  the 
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gold  of  commerce  is  imported  in  the  shape  of  dust, 
or  small  grains  extracted  from  the  auriferous  soil  by 
simple  washings  without  the  aid  of  mercury,  yet  by 
far  the  greater  amount  of  the  precious  metal  is  ob- 
tained by  the  various  amalgamating  machines,  the 
action  of  which  depends  on  the  well-known  affinity 
existing  between  mercury  and  many  other  metals 
when  clean  surfaces  are  presented  to  each  other ; 
for,  as  will  presently  be  seen,  if  the  gold  has  any 
protecting  covering  by  which  the  mercury  is  pre- 
vented from  attacking  it,  amalgamation  does  not 
take  place,  and  serious  loss  may  result. 

It  may  be  laid  down  as  a general  rule  that  amalga- 
mation would  be  advantageously  resorted  to  in  all 
cases,  as  the  finishing  process  in  those  operations 
which  precede  the  metallurgical  treatment  of  gold. 
By  no  other  method  can  the  precious  metal  be  so 
thoroughly  extracted  from  the  gangue ; and  so  effective 
is  its  action,  as  compared  with  mere  washing,  that  it 
has  often  been  applied  with  success  to  secure  a 
remunerative  return  from  the  refuse  or  waste  sands 
which  have  passed  through  the  gold-digger’s  cradle. 
Its  profitable  application,  however,  will  depend  on 
the  nature  and  richness  of  the  auriferous  soil.  If  the 
gold  is  abundant,  and  is  found  in  considerable  grains, 
the  greater  and  most  valuable  part  of  it  is  readily 
separated,  and  easily  concentrated  sufficiently  by 
mere  washing.  On  the  other  hand,  if,  as  often 
happens,  the  gold  is  diffused  through  a dense  and 
heavy  gangue,  in  particles  so  minute  as  to  be  invisible 
to  the  unassisted  eye,  it  is  evident  that  these  particles 
will  float  away  with  the  current  when  the  sand  or 
crushed  ore  is  washed  on  inclined  tables,  and  that 
their  extreme  minuteness  will  counteract  the  effect 
of  that  difference  in  specific  gravity  by  which  it  is  so 
easy  to  separate  the  larger  grains  when  diffused 
through  a less  dense  soil.  On  the  whole,  therefore, 
while  amalgamation  must  be  applied  in  all  cases 
where  it  is  desired  to  extract,  practically,  the  whole 
of  the  gold,  it  is  more  especially  applicable  to  its 
extraction  from  quartz  rock,  from  heavy  pyritous 
ores,  and  from  other  descriptions  of  gangue,  through 
which  it  is  diffused  in  a state  of  extreme  division. 
And  as  the  mercury  exerts  no  chemical  action,  but 
may  be  again  separated  from  the  gold  with  little  loss, 
the  advantages  afforded  by  the  great  efficiency  of 
this  process  are  not  materially  restricted  by  economical 
considerations. 

'J'he  form  given  to  the  amalgamating  machine 
varies  considerably  in  different  countries  ; it  may  be 
well  therefore  to  briefly  describe  a few  of  the  more 
important. 

In  Piedmont,  Avhere  veins  of  auriferous  pyrites 
have  been  worked  from  a very  remote  antiquity,  the 
extraction  of  the  gold  is  effected  almost  entirely  by 
amalgamation.  The  produce  is  very  variable  in 
different  localities,  but  averages  about  twenty  shillings 
in  value  from  150  pounds  avoirdupois  of  the  auri- 
ferous ore.  The  amalgamating  mills  are  erected  in 
great  numbers  on  the  banks  of  tlie  various  rivulets 
which  traverse  the  mountains.  These  establishments 
usually  consist  of  small  wooden  buildings,  each  of 
which  contains  four  amalgamating  machines,  and 
11 
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they  are  erected  at  intervals  over  the  whole  length 
of  the  valley  of  Anzasca,  from  Chanignaga  to  Pie  di 
Mulera. 

The  ore  or  mineral,  when  extracted  from  the 
mine,  is  first  subjected  to  a grinding  or  triturating 
process  in  a machine  resembling  in  its  action  and 
operation  the  common  millstone,  and  driven  by  a 
water-wheel.  When  thus  reduced  to  powder,  it  is 
carried  off  by  a stream  of  water  to  the  amalgamating 
mills,  represented  in  Fig.  18.  Wliilst  held  in  sus- 
pension in  the  water,  it  is  conducted  first  to  the 
upper  mill  by  the  spout  a,  fioni  this  to  the  second 

Fig.  18. 


by  the  spout  B,  and  so  on  in  succession  through  the 
whole  series.  Each  mill  consists  of  a cast-iron  basin, 
D E G F,  fastened  by  screws  to  the  top  of  a strong 
frame  or  table,  and  fitted  in  its  centre  with  a tube, 
traversed  by  the  axis,  H ii',  moved  by  the  toothed 
wheel,  1 1',  and  with  which  revolves  a wooden  muller, 
K K,  fixed  to  the  upright  spindle  by  the  iron  collar, 
M m'.  This  movable  part  of  the  mill  has  externally 
the  same  form  as  the  internal  cavity  of  the  fixed 
iron  easting,  G,  in  which  it  revolves  horizontally, 
at  the  distance  of  about  half  an  inch  from  its  sur- 
face ; at  the  same  time  it  is  furnished  with  several 
iron  ribs,  which  come  nearly  in  contact  with  the 
interior  of  the  casting.  The  rotating  muller  is  made 
of  hard  wood,  and  is  hollowed  out  like  a funnel, 
in  which  the  auriferous  slime  accumulates,  and 
gradually  penetrates  into  the  interval  between  its 
external  surface  and  the  bottom  or  interior  surface 
of  the  iron  basin,  and  from  this  it  flows  to  the  next 
mill  by  the  spout,  b or  c. 

In  the  bottom  of  the  fixed  vessel  is  placed  about 
half  a hundredweight  of  mercury,  which  has  a depth 
of  half  an  inch  ; and  when  the  machine  is  set  in 
motion  the  pounded  mineral  is  constantly  agitated 
and  m xed  with  this  fluid  metal  by  means  of  the  iron 
ribs  nailed  to  the  bottom  of  the  muller.  The  minute 
particles  of  gold  are  thus  immediately  dissolved  and 
taken  up  by  the  mercury,  while  those  which  escape 
amalgamation  in  the  first  mill  are  arrested  and  retained 
by  the  second,  third,  or  fourth  of  the  series. 

After  working  the  mills  continuously  for  several 
weeks,  the  time  required  being  longer  or  shorter 
according  to  the  richness  of  the  mineral  under 
operation,  and  when  the  mercury  is  judged  by  the 
workmen  to  be  sufficiently  charged  with  the  precious 
metal,  the  mills  are  stopped,  and  the  amalgamated 


mass  is  taken  out.  It  is  important  not  to  protract 
the  process  unnecessarily,  otherwise  a serious  loss  of 
mercury  is  sustained,  occasioned,  perhaps,  by  its 
partial  conversion  into  a sulphide,  which  is  carried 
away  with  the  current.  The  mercury,  when  drawn 
off,  is  washed,  and  then  strained  or  filtered  through 
a piece  of  chamois  skin,  for  the  purpose  of  ob- 
taining the  solid  amalgam,  which  usually  contains 
about  one-third  of  its  weight  of  pure  gold.  This  is 
separated  from  the  quicksilver  by  distillation  in  an 
iron  retort,  the  beak  of  which  dips  into  a vessel  con- 
taining water.  The  whole  of  the  mercury  united 
with  the  gold  is  thus  recovered,  and  the 
only  necessary  loss  is  due  to  the  carry- 
ing away,  by  the  current,  of  mercury  in 
the  form  of  sulphide.  Dumas  states 
that  the  loss  incurred  in  this  manner  is 
equal  to  about  one-fourth  of  the  quantity 
employed;  but  so  large  a waste  must 
result  from  careless  manipulation. 

At  the  Schemnitz  works  in  Hungary, 
the  slimes,  after  leaving  the  stamping 
mills,  pass  directly  into  amalgamators 
similar  to  those  already  described,  of 
which  there  are,  however,  only  two  in 
each  series,  the  slime  passing  out  of  the 
second  on  to  inclined  tables,  as  already 
mentioned.  Only  half  the  amount  of  mercury  is 
employed,  and  in  eight  mills  the  loss  is  only  about 
3 ozs.  of  mercury  per  month. 

In  the  Salzburg  Alps  the  method  adopted  for  the 
extraction  of  gold  is  peculiar,  and  consists  of  three 
distmct  operations,  washing,  roasting,  and  amalga- 
mation. As  the  annual  produce,  however,  is  quite 
insignificant  (only  about  65  lbs.  per  annum),  it  is 
unnecessary  to  describe  its  peculiarities  further  than 
to  say  that,  prior  to  passing  into  the  amalgamators, 
the  slime  is  ground  in  a mill  very  similar  to  the 
common  flour  mill. 

Revolving  barrels  are  employed  for  extracting  gold 
from  the  concentrated  slimes  obtained,  as  already 
described,  at  the  IMorro  Velho  mines  in  Brazil.  These 
are  very  similar  in  construction  to  those  used  at  silver 
works,  and  which  will  be  described  in  the  article  on 
that  metal.  After  the  mixed  slimes  and  mercury  have 
been  in  the  revolving  barrels  about  thirty  hours  they 
are  run  off  into  a trough  or  “ saxe,”  divided  by  trans- 
verse partitions ; in  each  division  of  which  a rake 
moves  backwards  and  forwards,  by  which  means  the 
rich  amalgam  collects  on  the  bottom,  tlie  impoverished 
slime  being  run  off  on  to  the  “strakes”  already 
described,  by  which  it  is  enriched  prior  to  being 
again  introduced  into  the  barrels. 

Amalgamation  has  been  brought  to  a high  state  of 
perfection  in  California,  and  as  in  Australia  very 
similar  arrangements  are  employed,  a description  of 
the  American  method  will  suffice.  This  description 
is  derived  mainly  from  the  annual  report  of  the 
United  States  Commissioner  of  Mining  Statistics  for 
the  year  1872.  On  emerging  from  the  stamping  mills 
(where  a preliminary  amalgamation  on  copper 
plates  frequently  takes  place),  the  slimes  pass  over 
an  apron  of  amalgamated  copper  plates,  by  which 
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meiins  a considerable  quantity  of  metal  is  removed, 
and  thus  prevented  from  passing  down  the  sluices 
which  immediately  succeed  this  apron.  To  every 
mill  of  four  or  five  stamps  there  are  three  sets,  eaeh 
consisting  of  two  sluices,  together  about  16  feet  long, 
and  having  an  incline  of  about  1 in  16.  They  are 
covered  with  blankets,  two  sets  being  used  at  a time, 
while  the  third  is  employed  when  the  blankets  of 
either  of  the  others  are  being  washed ; the  washings 
from  them  are  introduced  into  an  amalgamator  which 
may  vary  in  construction ; that  usually  employed  is 
known  as  Atwood’s  amalgamation,  and  is  represented 
in  elevation  in  Fig.  19.  It  consists  of  two  hollow, 
cylindrical  troughs,  t,  t,  about  18  inches  long,  of  wood 
or  iron,  filled  with  mercury.  The  washings  are 
swept  from  a box  at  the  head  of  the  apparatus  over 
these  troughs  by  a current  of  water  heated  to  about 
120°  Fahr.,  where  they  are  agitated  by  wooden 
cylinders  provided  with  arms  of  such  a length  as  just 
to  touch  the  mercury,  and  rotating  in  a direction 
opposed  to  the  current.  By  a system  of  levers,  shown 
above  atm,  the  pipe,  p,  which  supplies 
water  is  caused  to  rotate  in  such  a 
manner  as  to  secure  a regular  supply 
of  washings  to  the  troughs,  on  leaving 
which  the  stream  passes  over  a series 
of  riffles  filled  with  mercury.  The 
skimmings  removed  from  time  to  time 
from  the  various  parts  of  this  appara- 
tus are  ground  and  amalgamated  in 
pans  which  vary  much  in  their  details 
of  construction.  The  forms  most 
employed  at  the  present  day  are  those 
designed  by  Patton,  Whekler,  Cox, 

Horn,  and  Booth  & Co.,  and  the  ar- 
rangement of  a Wheeler  pan  is  shown 
in  Fig.  1,  Plate  I.  It  consists  of  a 
shallow  cylimlrical  basin  of  wood  or 
iron,  about  4 feet  in  diameter,  and 
18  inches  deep,  provided  with  a flat 
iron  bottom,  to  which  dies  are  attached,  and  beneath 
which  is  a steam  - chest,  in  order  to  be  able 
to  heat  the  contents  when  necessary.  From  the 
centre  rises  a conical  tube  in  which  a vertical  shaft, 
carrying  a “ muller-pLate,”  rotates,  receiving  its 
motion  from  bevel  gearing  below.  To  the  muller- 
plate  are  fixed  shoes  at  intervals,  and  the  distance 
between  these  and  the  dies  can  be  adjusted  by  a 
hand-wheel  at  the  side  of  the  pan,  which,  through  a 
lever,  raises  or  lowers  the  steel  block  in  which  the 
extremity  of  the  shaft  rotates.  The  removal  of  the 
nmller  from  the  pan  for  the  purpose  of  cleaning  is 
accomplished  by  running  it  up  a screw  on  the  shaft. 
When  tlie  Knox  pan  is  used  100  lbs.  of  skimmings  are 
introduced,  and  water  added  until  the  pulp  just  ad- 
heres to  a stick.  After  about  three  hours’  grinding  the 
temperature  is  raised  by  heating  the  steam  chest,  and 
a cujiful  of  equal  parts  of  saltpetre  and  sal  ammoniac 
is  added,  togi  tlier  with  about  5 lbs.  of  mercury.  After 
three  hours  further  working  water  is  added  and  a 
few  handfuls  of  caustic  lime,  when  tlie  diluted  pulp, 
now  nearly  filling  tlie  pan,  is  stirred  for  about 
twenty  minutes  and  discharged,  without  stopping 


the  motion  of  the  muller,  first  from  an  upper,  and 
subsequently  from  a lower  plug-hole.  Tliis  pulp, 
which  frequently  contains  as  much  as  100  dols. 
of  gold  per  ton,  passes  into  an  appliance  very 
similar  to  a pan,  called  a settler,  and  shown  in 
section  in  Fig.  2,  Plate  I.  This  is  a circular  box,  in 
which  revolves  a central  axis  carrying  arms,  and  to 
these  iron  shoes  are  attached.  The  shoes  do  not 
come  in  contact  with  the  bottom,  but  are  faced  with 
wooden  rubbers,  in  order  to  keep  the  heavier  parts 
of  the  pulp  thoroughly  stirred.  Water  is  introduced 
during  the  operation,  and  the  thinned  pulp  can  be 
drawn  off  at  plugged  holes  from  time  to  time.  An 
iron  bowl  to  contain  mercury  is  attached,  com- 
municating with  a radial  gutter  cast  in  the  iron 
bottom  of  the  settler.  The  sulphurets,  &c.,  re- 
covered by  this  process,  are  treated  by  the  chlorina- 
tion process  presently  to  be  described. 

The  sands,  after  passing  the  blankets,  and  also 
those  from  the  amalgamators,  discharge  into  the 
Eureka  rubbers,  ahown  in  plan  and  part  section  in 

Fig.  19. 


Figs.  20,  21,  in  which  the  particles  of  gold  are  cleaned 
and  brightened  by  rubbing,  and  are  to  some  extent 
collected  by  means  of  amalgamated  copper  plates. 
The  apparatus  consists  of  a rectangular  cast-iron 
box,  A A,  7 inches  deep  and  4 feet  8 inches  square, 
provided  with  a false  bottom  of  cast-iron  dies  or 
plates,  b,  I,  b,  alternating  with  strips  of  soft  wood, 
c,  c,  c,  on  which  cast-iron  shoes,  </,  d,  d,  fastened  to 
a wooden  frame,  B,  receive  a rectilinear  motion  by 
rods  connected  with  an  eccentric.  Beneath  these 
shoes  are  fixed  wooden  boards  carrying  amalga- 
mated copper  plates.  The  eccentric  makes  about 
fifty-five  revolutions  per  minute,  and  one  rubber  is 
sufficient  to  treat  the  sands  from  four  or  five  stamps. 
On  leaving  the  rubbers  tlie  sands  pass  over  amalga- 
mated copper  plates  from  20  to  30  feet  in.  length, 
and  having  a gradient  of  1 in  24. 

The  amalgam  obtiiined  is  purified  by  being  rubbed 
in  iron  mortars  with  the  addition  of  mercury,  a cur- 
rent of  water  being  at  the  same  time  caused  to  pass 
over  it,  and  everything  so  removed  is  returned  to 
the  pan.  The  resulting  amalgam  is  then  squeezed 
through  canvas  bags,  and  the  mass  left  transferred 
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to  a furnace,  by  means  of  which  the  mercury  is 
driven  off  as  presently  to  be  described. 

Sodium  Amalcjam. — It  has  been  already  mentioned 
that  the  amalgamation  is  frequently  hindered,  or  alto- 
gether prevented,  by  the  fine  particles  of  metal  being 
covered  by  a thin  film  of  a protective  covering.  This 
tarnish  generally  consists  of  compounds  of  sulphur, 
arsenic,  antimony,  bismuth,  or  tellurium,  or  simply 
grease.  Dr.  WuRTz,  in  America,  and  Mr.  Crookes, 
in  England,  at  about  the  same  time  (1864-05),  dis- 
covered that,  by  the  addition  of  a small  quantity  of 
sodium  to  the  mercury,  amalgamation  is  very  much 


facilitated,  even  if  the  gold  be  admixed  with  any  of 
the  above-mentioned  substances.  Dr.  Wurtz  recom- 
mends two  amalgams,  one  containing  2 per  cent.,  and 
the  other  4 per  cent,  of  sodium.  The  latter  is  a solid, 
very  brittle,  crystalline  substance.  By  the  addition 
of  1 per  cent.,  or  even  less,  of  either  of  these  to  the 
mercury  used  for  amalgamation,  it  is  said  to  adhere 
to  metals  which  otherwise  would  not  have  been 
“ wetted  ” by  it.  Crookes  recommends  three  kinds, 
which  he  calls  the  A,  B,  and  C amalgams.  Each  con- 
tains 3 per  cent,  of  sodium.  In  A,  however,  it  is 
mixed  with  97  per  cent,  of  mercury;  in  B with  77 
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per  cent,  of  mercury  and  20  per  cent,  of  zinc ; and  in 
C,  with  77  per  cent,  of  mercury,  10  per  cent,  of  zinc, 
and  10  per  cent,  of  tin.  In  preparing  these  amalgams 
the  mercury  is  heated  to  about  300°  Fahr.,  and  care 
must  be  taken  to  add  the  sodium  in  very  small 
quantities  at  a time,  as  the  reaction  which  takes  place 
is  very  violent.  In  the  case  of  B and  C the  sodium 
is  added  to  one  half  of  the  mercury,  while  the  other 
half  is  mixed  with  the  other  metals ; the  two  halves 
are  then  fused  together. 

Concentration  of  Tailimjs. — The  impoverished  sands 
and  ore  which  pass  off  from  the  sluices,  &c.,  are  sub- 
jected to  a process  of  concentration,  in  order  to  collect 


the  small  particles  of  gold  inclosed  in  pyrites  and 
other  metallic  sulphides,  which  would  otherwise  be 
lost.  There  have  been  many  contrivances  employed 
for  this  purpose,  but  it  is  unnecessary  here  to  do  more 
than  briefly  describe  the  plan  generally  employed  in 
California  at  the  present  day.  On  leaving  the  sluices 
the  sands  pass  into  a simple  apparatus  called  a pointed 
box,  by  means  of  which  they  are  sized,  as  subsequent 
operations  are  found  to  be  facilitated  by  the  sands 
operated  on  being  of  a uniform  size.  They  are  next 
roughly  concentrated  by  being  passed  over  sluices 
with  movable  gates  at  their  lower  ends,  which  act  the 
part  of  riffles.  The  final  concentration  is  performed, 
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on  the  small  scale,  by  rockers  worked  by  hand,  and 
on  the  large  scale,  by  an  apparatus  called  a huddle, 
or  by  Hendy’s  concentrator.  Buddies  are  of  two 
kinds,  convex  and  concave,  both  extensively  used, 
but  the  latter  only  will  be  described. 

The  'rocker  consists  of  a simple  wooden  trough, 
about  10  feet  long,  and  resting  at  each  end  on  sup- 
ports, so  that  it  can  be  rocked  in  a manner  similar 
to  the  cradle  already  described,  tlie  incline  being 
about  1 in  12.  The  concave  buddle  of  Paine  and 


Stevens  is  shown  in  section  in  Fig.  22.  It  consists 
of  a circular  wooden  table,  about  18  feet  in  diameter, 
slightly  inclined  inwards,  in  the  centre  of  which  is 
an  opening  about  2^  feet  in  diameter.  From  the 
centre  of  this  opening  rises  a vertical  shaft,  to  which 
a rotatory  motion  is  communicated  by  mill  gearing 
above,  and  to  which  several  appendages  are  attached. 
These  are  g,  a self-raising  riffle  pulley,  to  which  an 
upward  or  downward  motion  can  be  given  by  means 
of  a rodt  passing  upwards,  and  connected  with  an 


Fig.  22. 


endless  screw  at  the  top,  the  arms,  fj,  carrying  the 
brushes,  and  the  sand  distributing  troughs,  e,  e.  The 
sands  having  been  placed  in  the  box,  y,  are  washed 
by  means  of  water  led  from  the  trough,  i,  by  the 
pipe,  k,  into  the  sieve,  z,  whence  they  pass  along  h 
to  the  troughs,  e.  e.  As  these  rotate  they  distribute 
the  sands  round  the  circumference  of  the  buddle, 
where  the  heaviest  particles  remain,  the  light  ore 
finding  its  way  to  the  centre,  the  brooms  attached 
to  the  arms,  I'J,  maintaining  an  even  surface  of  sand. 
When  a sufficient  quantity  of  ore  has  been  intro- 
duced the  whole  mass  on  the  surface  of  the  buddle 
is  divided  into  three  concentric  rings.  That  in  the 
interior  is  thrown  away  as  waste,  the  middle  portion 
is  gradually  washed  by  a stream  of  water  descending 
from  the  distributing  troughs  as  shown,  and  which 
can  be  led  on  to  the  buddle  at  any  distance  from  the 
central  rotating  shaft.  The  sulphurets,  &c.,  left  after 
this  operation  are  added  to  those  at  the  outer  circum- 
ference, the  whole  being  again  passed  through  the 
buddle  in  order  to  further  enrich  it.  These  head- 
ings are  subjected  to  a final  process  of  cleansing 
called  tossing,  when  it  is  intended  that  the  gold  shall 
be  extracted  by  chlorination.  The  nature  of  this 
apparatus  will  be  at  once  understood  from  the 
accomi)anying  sketch.  Fig.  23.  It  consists  of  a tub 
into  which  the  sulphurets,  &c.,  arc  introduced,  and 
in  which  a number  of  flat  iron  horizonbil  stirrers  i 


rotate,  the  sides  of  the  tub  being  at  the  same  time 
struck  rapidly  by  means  of  hammers. 

The  tub  is  half  filled  with  water,  and  when  the 
stirrers  have  been  set  in  motion,  making  forty-eight 
revolutions  per  minute,  the  ore  is  shovelled  in  near 
the  peripheiy.  When  nearly  full  the  yoke  carrying 


Fig  23. 


I the  stirrers  is  raised,  and  the  hammers  are  set  in 
j motion  to  induce  the  rapid  settling  of  the  sands.  The 

water  is  now  removed,  and  the  sands,  having  adepth  of 
about  1 3 inches,  are  divided  into  three  lots.  The  upper 
2 inches  are  thrown  away;  the  next  5 inches  are 
retossed,  and  the  remainder  is  sent  to  the  chlorina- 
tion works.  When  Hendy’s  continuous  concentrator 
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is  employed  it  is  not  usnall}'  necessary  to  use  tlie 
pointed  box,  nor  previously  to  concentrate  by  self- 
raising  riffle-boxes.  The  concentrator  is  shown  in 
Fig.  4,  Plate  I.,  and  consists  of  a shallow  pan  5 or 
C feet  in  diameter,  supported  by  a vertical  shaft  in 
the  centre,  and  made  to  oscillate  by  cranks  on  one 
side,  which  are  joined  by  connecting  rods  with  the 
periphery  of  the  pan,  and  this  turns  upon  a vertical 
axis  through  a short  distance  for  every  revolution  of 
the  crank  shaft.  The  bottom  of  the  pan  is  raised  in 
the  centre  to  nearly  the  height  of  the  rim,  in  order 
to  facilitate  the  movement  of  particles  towards  the 
circumference.  The  machine  must  be  carefully 
levelled,  and  the  tailings,  direct  from  the  blankets, 
are  delivered  by  a trough  to  the  hopper,  c,  from 
which  they  pass  through  the  pipe,  K,  aijd  distri- 
butor, D,  into  the  pan  near  its  outer  edge,  and  the 
rotation  of  D by  means  of  two  pawls  attached  to  it, 
and  acted  on  by  teeth  on  the  rim  of  the  pan,  causes 
this  delivery  of  the  tailings  to  take  place  evenly  at 
all  parts  of  the  circumference,  llake-like  arms,  M, 
rotate  with  D,  in  order  to  stir  the  compact  mass  of 
sand,  &c.,  which  settles  at  the  bottom.  The  crank 
makes  210  revolutions  per  minute,  and  the  accumu- 
lated sulphurets  are  discharged  through  the  gate,  E, 
while  the  amalgam  and  mercury  collect  in  the  de- 
pression, J.  Each  machine  conc.ntrates  5 tons  of 
tailings  per  twenty-four  hours. 

The  process  at  present  in  use  in  California  for 
concentrating  tailings  cannot,  however,  be  considered 
as  satisfactory,  and  a good  concentrating  machine 
has  yet  to  be  invented. 

Plate  II.  shows  the  general  arrangement  of  a 
gold  mill,  and  from  it  a clear  idea  will  be  at  once 
gathered  of  the  several  processes  which  intervene 
between  the  raising  of  the  ore  and  the  final  escape 
of  the  waste  sands,  &c.,  into  the  tail-sluices.  The 
ore  is  thrown  down  in  front  of  a Blake’s  rock 
breaker,  and  after  leaving  it  passes  down  an  incline 
to  the  self-feeder,  and  thence  to  the  stamps,  where 
amalgamation  often  takes  place.  In  front  of  these 
is  an  apron  of  amalgamated  plates,  and  beyond 
are  the  blanket-tables  where  the  pulp  undergoes 
mechanical  preparation,  the  resulting  two  qualities 
being  differently  treated.  The  sands  which  pass 
over  are  received  in  Hendy’s  concentrator,  and 
after  being  a second  time  concentrated,  pass  into 
the  tail-sluices.  That  which  remains  on  the  blankets  i 
is  washed  into  tanks,  then  passed  through  Atwood's 
amalgamators  and  over  copper  riffles,  and  finally 
also  reaches  the  second  concentrator.  Below  the 
concentrator  in  the  figure  are  seen  a Wheeler’s 
pan  and  settler.  The  pyrites  obtained  on  the 
concentrators  is  usually  roasted  and  treated  by 
chlorination.  ' 

Distillation  of  the  Mercury.  — When  the 
amalgam  has  been  formed  by  any  of  the  methods 
or  machines  above  described — in  all  of  which  the 
object  kept  in  view  is  to  place  the  particles  of 
gold  in  the  most  favourable  condition  for  coming 
into  contact  with  the  mercury,  and  combining  with 
it  — and  when  the  fluid  metallic  mass  has  been 
washed,  and  the  excess  of  uncombined  mercury 


strained  off,  the  last  operation  required  in  this 
method  of  treatment  is  the  separation  of  the 
mercury  which  remains  with  the  gold  in  the  form 
of  a semi-solid  amalgam.  This  is  performed  by 
distillation  at  a high  temperature,  in  a cast-iron 
vessel  prepared  expressly  for  that  purpose.  Differ- 
ent forms  may  be  given  to  the  apparatus,  according 
to  the  scale  on  which  the  operation  is  conducted ; 
but  a very  convenient  one  is  that  represented  in 
Fig.  24,  where  A is  a cast-iron  sphere  or  shell 
made  in  two  parts,  and  capable  of  being  joined 
together  in  the  middle  by  a flange  and  screws. 
From  the  top  of  the  upper  hemisphere  proceeds  a 
bent  iron  pipe,  D,  which  dips  into  water  contained 
in  the  vessel,  C — the  whole  forming  a convenient 
iron  retort.  When  used,  the  hemispheres  are  taken 
asunder ; the  amalgam  is  introduced,  and  the  two 
halves  are  again  screwed  together  and  well  luted 
with  some  refractory  substance.  The  retort  is  then 
placed  on  any  convenient  support  over  the  fire,  B, 
which  may  be  of  wood  or  coal , the  heat  is  gradually 

Fig.  24. 


raised,  and  the  sublimed  mercury,  which  is  con- 
veyed away  by  the  tube,  D,  is  condensed  and  col- 
lected in  C.  Care  must  be  taken  to  prevent  the 
end  of  the  pipe  from  dipping  too  deeply  into  the 
water  ; for  if  the  temperature  of  the  fire  happens  to 
fall,  a partial  vacuum  is  produced  in  the  retort, 
which,  if  the  pipe  be  too  deep,  will  cause  the  water 
to  rush  up  into  the  globe,  and  produce  an  explosion. 
The  end  of  the  pipe  is,  therefore,  introduced  just 
below  the  surface  of  the  water,  so  that  if  a small 
portion  of  the  water  be  drawn  up  into  the  pipe,  that 
which  remains  in  the  condenser,  C,  immediately 
sinks  beneath  the  level  of  the  orifice,  and  aU  danger 
is  averted. 

In  California  a cast-iron  cylinder  about  11  inches  in 
diameter,  and  from  4 to  5 feet  in  length  is  used,  and 
the  amalgam  is  introduced  in  cast-iron  pans.  A retort 
of  the  above  dimensions  is  capable  of  receiving  five 
such  trays  containing  270  ounces  of  amalgam  each. 
The  mercury  condenses  in  an  iron  pipe,  surrounded 
by  water,  which  is  attached  to  the  top  of  one  end  of 
the  retort,  and  dips  into  water  at  its  outer  extremity. 
The  retort  is  set  nearly  horizontal,  the  pipe  passing 
out  at  the  lower  end,  while  the  upper  end  is  provided 
with  an  air-tight  lid  held  in  its  position  by  a clamp. 
Heat  is  now  gradually  raised,  and  should  never  be 
allowed  to  exceed  a dull  red  heat,  as  the  gold  is  liable 
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to  contract,  and  thus  retain  mercury : several  hours’ 
exposure  to  a low  temperature  is  far  more  effective 
in  driving  off  the  last  traces  of  mercury  than  a shorter 
time  with  a high  temperature. 

When  the  distillation  is  concluded,  which  is  known 
by  the  cessation  of  any  further  accuniulation  of 
quicksilver  in  the  condenser,  this  distilled  mercury  is 
collected  to  be  used  for  future  amalgamations.  The 
gold  which  remains  in  the  retort,  A,  is  now  com- 
paratively pure ; but  still  contains  a mixture  of 
silver,  copper,  or  other  metals,  in  greater  or  less 
proportion,  according  to  the  sources  or  localities 
from  which  it  has  been  procured.  The  separation 
of  these,  with  a view  to  the  obtaining  of  the  gold  in 
a stiite  of  absolute  purity,  will  form  the  subject  of 
the  next  portion  of  this  article. 

In  the  meantime  it  may  be  repeated  that  the 
amalgamating  process  is  chiefly  applied  in  the  work- 
ing of  auriferous  veins,  or  gold- mining  properly  so 
called,  in  contradistinction  to  the  much  more  com- 
mon method  of  extracting  the  gold  from  drift-beds 
or  stream-mines,  by  the  mere  operation  of  washing. 
In  the  former  case  the  gold,  generally  in  very  minute 
particles,  is  mingled  with  various  other  minerals  and 
rocks,  as  pyrites,  zinc-blende,  quartz,  &c.,  and  can 
only  be  extracted  after  the  whole  has  been  reduced 
by  stamping  to  a very  small  size — in  which  state  the 
gold,  often  so  minute  as  to  be  invi.sible,  would  be 
almost  entirely  carried  away  by  a stream  of  water. 
It  is  here  therefore  that  amalgamation  offers  peculiar 
advantages,  as  the  mercury  seizes  on  the  gold,  how- 
ever finely  reduced,  provided  that  the  metallic  par- 
ticles be  not  coated  with  a protective  covering , and 
if  the  precaution  hiis  been  taken  not  to  pulverize  or 
stamp  the  ore  too  fine  when  about  to  be  submitted 
to  those  preliminary  washings  which  precede  the 
amalgamation,  the  amount  of  the  precious  metal  lost 
may  be  reduced  to  a minimum.  When  about  to  be 
brought  into  actual  contact  with  the  mercury,  the 
ore  or  schlich  cannot  be  reduced  too  small , and 
hence  the  importance  of  actually  pounding  it,  if 
possible,  under  the  surface  of  the  mercury. 

From  these  considerations  it  will  be  readily  seen 
that  the  process  of  amalgamation  is  not  only  applied 
with  advantage  in  the  working  of  auriferous  veins  or 
lodes,  but  that  it  may  also  be  employed  to  procure  a 
jwofitable  return  from  the  re-working  of  the  tailings  or 
refuse  of  the  Australian  or  Californian  gold-diggers. 

To  give  iin  idea  of  what  may  be  done  with  poor 
ores,  when  system  and  skill  arc  brought  to  bear,  it 
may  be  sufficient  to  state  the  average  produce  obtained 
from  the  stamped  ores  at  Schemnitz,  in  Hungary,  in 
1812 — recollecting  that  these  had  to  be  broken  from 
the  solid  lodes  at  depths  extending  to  2U0  fathoms. 
The  total  quantity  stamped  in  that  year  was  above 
40,000  tons,  and  the  average  of  the  useful  metals 
extracted  from  50  tons  was : gold,  3 ounces  ; aurifer- 
ous silver,  derived  from  the  separating  processes,  by 
buddies  or  tycs,  &c.,  3f  pounds ; lead,  similarly  ob- 
tiuned,  8^  cwts. ; the  ratio  of  gold  to  the  other  materials 
being  in  this  case  as  1 part  to  500,000.  In  the  case 
of  a particular  mine,  called  Siglisberg,  not  producing 
lead  with  the  stamped  ores,  the  ratio  of  gold  was  only 

as  1 part  to  760,000;  of  auriferous  silver,  1 to 
24,000.  Now,  it  is  interesting  and  instructive  to 
compare  with  this  economical  extraction  of  minute 
quantities  from  poor  ores  by  the  process  of  amalga- 
mation the  produce  of  the  manipidation  by  washing 
at  the  Siberian  workings,  where  a common  average 
of  the  sands  worked  to  profit  is  half  an  ounce  in  1 
cwt.,  or  fully  double  the  amount  last  mentioned,  and 
yet  even  the  poorer  ones  of  Hungary  yield  a remuner- 
ative return  by  amalgamation.  It  follows,  that  by 
the  same  process  many  auriferous  sands  in  Siberia, 
as  well  as  in  other  countries,  which  are  at  present 
neglected  as  being  too  poor  for  washing,  might  be 
advantageously  worked. 

Separation  of  Gold  from  Arsenical  Pgrites. — An 
illustration  of  the  importance  of  scientific  knowledge 
in  the  working  of  gold  mines  is  furnished  by  the 
application  of  Plattner’s  method  for  the  separation 
of  gold  from  arsenical  pyrites,  in  consequence  of 
which  the  mines  of  Reichenstein,  in  Silesia,  which, 
as  already  stated,  had  been  abandoned  for  more  than 
five  centuries,  were  reopened  with  advantage. 

This  process  is  now  largely  practised  in  California 
under  the  name  of  the  ‘‘Chlorination”  process,  and 
consists  in  treating  the  roasted  sulphurets  with  nascent 
chlorine,  whereby  all  the  precious  metal  is  dissolved, 
and  water  having  been  added,  the  gold  is  subsequently 
deposited  from  this  solution  by  means  of  protosul- 
phate of  iron.  The  headings  from  the  buddle,  after 
being  tossed,  &c.,  are  introduced  into  a common 
furnace,  and  roasted  in  order  to  oxidize  all  the  sulphur 
present  in  the  ore.  This  roasting  causes  a consider- 
able decrease  in  weight,  a ton  of  crude  sulphurets 
yielding  about  1450  lbs.  of  roasted  ore.  This  is 
introduced  into  impregnation  vats  formed  of  wood, 
and  having  an  inside  coating  of  pitch  and  tar ; they 
are  provided  with  false  bottoms,  generally  of  quartz 
pebbles,  above  which  is  laid  a perforated  earthenware 
plate.  The  ore,  slightly  damp,  having  been  placed  in 
these  vats,  the  lids  are  fitted  closely  on  and  chlorine 
gas  introduced  under  the  false  bottoms;  this  gas  being 
produced  in  a leaden  generator  by  the  action  of  dilute 
sulphuric  acid  on  a mixture  of  binoxide  of  manganese 
and  common  salt.  This  generator  is  represented  in 
Fig.  5,  Plate  I.  It  contains  an  agitator  of  hard 
wood,  and  is  closed  by  a cover  resting  in  a water- 
joint,  the  whole  being  placed  on  a sand-bath.  Prior 
to  passing  into  the  leaching  vats  any  hydrochloric 
acid  which  may  be  present  is  removed  by  passing 
the  gas  through  water.  After  remaining  in  the  gas  for 
forty  hours  the  lids  of  the  vats  are  removed,  water 
is  poured  on  the  surface  of  the  ore  in  order  to  dissolve 
out  the  gold  chloride,  and  this  is  run  finally,  as  a 
yellow  solution,  into  the  precipitating  vats,  which, 
in  construction,  are  very  similar  to  those  used  for 
impregnating.  The  gold  is  here  deposited  by  the  aid 
of  a solution  of  protosulphate  of  iron,  and  after  being 
allowed  to  settle  over  night  the  supernatant  liquid  is 
drawn  off,  and  the  gold  treated  with  sulphuric  acid 
and  common  salt  in  order  to  remove  oxides  and  basic 
iron  salts.  The  precipitate  is  finally  filtered,  dried 
in  Cfist-iron  retorts,  and  melted  into  ingots  usually 
about  960  fine. 
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The  general  arrangement  of  chlorination  works  is 
shown  in  plan  and  elevation  by  Fig.  3,  Plate  I.  A 
Bi'iuckner’s  cylinder,  in  which  the  ore  undergoes  a 
preliminary  roasting  to  remove  precipitating  agents, 
such  as  sulphur,  antimony,  and  arsenic,  is  shown  at 
i.  The  leaching  vats  are  at  A,  the  precipitating  vats 
at  B,  trucks  to  remove  spent  ore  at  c,  the  gas-gener- 
ator at  D,  and  the  waste  tub,  where  the  water  runs 
through  sawdust,  at  e. 

Many  other  methods  are  adopted  for  extracting  the 
precious  metal  from  the  tailings,  &c.,  but  the  reader 
requiring  further  information  must  be  referred  to  the 
larger  treatises,  such  as  “ The  Mining  and  Metallurgy 
of  Gold  and  Silver,”  by  Mr.  J.  A.  Phillip,  the 
“ United  States  Statistics  of  Mines  <and  Mining,”  &c. 

Calwrt's  Chlorination  Process. — The  following  pro- 
cess of  extracting  gold  by  means  of  nascent  chlorine 
was  devised  by  Grace  Calvert,  and  is  closely 
analogous  to  that  of  Plattner  just  described  : — He 
found  that  if  2"2  parts  of  fine  gold  be  added  to  100 
parts  of  pure  sand,  and  placed  in  a bottle  with  a 
saturated  solution  of  chlorine  gas  for  twenty-four 
hours,  only  0‘5  part  of  gold  is  dissolved.  If,  instead 
of  chlorine  water,  a mixture  of  chlorine  water  and 
hydrochloric  acid  be  used,  0‘6  is  dissolved.  If  the 
mixture  consist  of  sand,  reduced  gold,  peroxide  of 
manganese,  and  hydrochloric  acid,  1'4  part  gold  is 
dissolved.  It  was  thus  abundantly  proved  that  the 
fact  of  the  chlorine  being  in  its  nascent  state  materi- 
ally aided  the  solution  of  the  gold,  although  even 
then  there  remained  0’8  part  undissolved.  After 
lUiiny  experiments,  he  decided  that  tlie  following  is 
the  best  method  for  extracting  on  a commercial 
scale  : — The  finely-reduced  auriferous  quartz  should 
be  intimately  mixed  witli  about  1 per  cent,  of  per- 
oxide of  manganese ; and  if  common  salt  be  used 
(which,  together  with  sulphuric  acid,  may  be  substi- 
tuted for  the  hydrochloric  acid),  this  material  should 
be  added  at  the  same  time  as  the  manganese,  in  the 
j>roportion  of  3 parts  of  salt  to  2 of  manganese.  The 
whole  should  then  be  introduced  into  closed  vats, 
having  false  bottoms,  upon  which  are  laid  small 
branches  covered  with  straw,  so  as  to  prevent  the 
reduced  quartz  from  filling  the  holes  in  the  false 
bottom.  Hydrochloric  (or  sulphuric)  acid  is  then 
added,  and  after  standing  for  twelve  hours,  water 
should  be  poured  in  in  sufficient  quantity  to  fill  the 
whole  empty  space  below  the  false  bottom.  This 
liquid,  after  being  pumped  up  several  times,  and 
allowed  to  percolate  through  the  entire  mass,  is  run 
off  into  vats,  the  gold  being  separated  by  means  of  a 
concentrated  solution  of  protosulphate  of  iron.  In 
cases  where  silver  also  is  present,  it  is  desirable  to 
employ  common  salt  and  sulphuric  acid,  as  by  this 
means  the  chloride  of  silver  formed  is  retained  in 
solution  by  the  excess  of  common  salt.  The  silver 
is  separated  before  proceeding  to  extract  the  gold 
and  copper. 

METALLURGICAL  OPERATIONS.— Fusion. 
— When  the  gold  is  received  from  the  (/ohl-washer,  in 
the  shape  of  gold-dust,  or  when  it  has  been  separated 
fiom  its  ores  by  amalgamation  or  otherwise,  it  has 
now  to  be  subjected  to  a series  of  metallurgical 


operations  to  obtain  it  in  a state  of  perfect  purity. 
The  first  of  these  is  that  of  fusion  with  borax,  and 
casting  the  metal  into  ingots,  by  which  it  is  obtained 
in  a convenient  form,  and  freed  at  the  same  time 
from  earthy  and  other  impurities.  For  this  purpose 
the  gold  dust  from  the  washings,  or  the  spongy  gold 
obtuned  by  amalgamation,  is  mixed  with  a little 
dried  borax,  and  is  introduced  into  a black-lead 
crucible,  previously  heated  in  a common  melting 
furnace.  After  the  fusion  of  the  metal,  a slag, 
consisting  of  the  grosser  impurities,  accumulates  on 
the  surface  ; this  must  be  thickened  by  the  addition 
of  a little  bone-ash,  and  then  skimmed  off.  The 
metal  is  now  cast  into  ingots,  by  being  poured 
into  iron  ingot-moulds,  previously  warmed  and  oiled 
by  wiping  the  internal  surface  with  a piece  of  tow 
dipped  in  sweet  oil.  It  is  an  old  practice,  now 
discarded  by  some  metallurgists  as  useless,  to  add 
to  the  metal,  when  thoroughly  melted  in  the  cru- 
cible, a small  quantity  of  corrosive  sublimate , the 
contents  are  then  well  stirred,  and,  in  consequence 
of  the  volatilization  of  the  sublimate,  effervescence 
takes  place.  That  this  is  attended  with  no  injurious 
effect  seems  to  have  been  fully  established  by  a 
long  experience ; and  that  it  may  even  be  pro- 
ductive of  benefit  is  probable,  by  bringing  to  the 
surface  any  extraneous  matter  which  might  be 
detached  from  the  interior  of  the  crucible,  and  so 
permitting  its  removal  along  with  the  slag.  The 
crucibles  which  have  been  used  in  a series  of  such 
operations  retain  a portion  of  gold,  which  renders  it 
important  to  preserve  them,  with  a view  to  the  subse- 
quent extraction  of  the  precious  metal  by  smelting. 

Smelting  of  Gold  Ores. — Although  the  readiest 
method  of  extracting  the  gold  from  rich  alluvial 
sands  is  by  repeated  washings,  in  the  manner  already 
described,  and  in  the  treatment  of  quartz  rock, 
iron  pyrites,  and  other  auriferous  minerals,  the 
method  involving  the  tedious  operations  of  pounding, 
washing,  and  amalgamation  is  usually  adopted ; yet 
in  the  latter  case  the  same  object  may  be  accom- 
plished by  direct  smdlimj — a term  technically  applied 
to  a process,  or  series  of  processes,  by  which  a metal 
is  extracted,  by  the  agency  of  fire,  from  the  sub- 
stances with  which  it  may  be  combined  or  mixed  in 
nature.  It  is  well  known  that  by  this  method  iron 
is  extracted  from  its  ore  in  the  blast  furnace,  and 
some  years  ago  a Russian  gentleman,  named  Anossow, 
even  proposed  to  smelt  in  this  manner  the  auriferous 
sand  of  the  Ural,  alleging  that  a much  larger  quantity 
of  gold  could  be  so  obtained  than  by  the  most  skil- 
fully conducted  process  of  washing.  His  method 
consisted  in  smelting  the  sand  with  iron,  the  latter 
being  employed  simply  as  a vehicle  to  collect  the 
gold,  or  to  perform,  in  its  melted  state,  the  same 
part  as  mercury  in  the  processes  already  described. 
When  the  gold  was  obtained  in  this  state  of  com- 
bination, the  mass  was  exposed  to  the  action  of  sul- 
phuric acid,  by  which  the  iron  was  dissolved  and  the 
gold  remained  in  the  insoluble  residue.  From  some 
experiments  which  were  made  at  the  Museum  of 
Practical  Geology  in  London,  it  was  found  that,  if  it 
were  advantageous  on  the  score  of  economy,  cast-iron 
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might  really  be  so  applied ; and  that  when  it  is  melted 
with  gold,  an  alloy  seems  to  be  formed,  from  which 
the  greater  part,  if  not  the  whole,  of  the  gold  may  be 
extracted  by  again  melting  the  alloy  in  contact  with 
lead.  A\'ith  regard  to  Anossow’s  process,  experi- 
ments were  reported  to  have  been  made  on  the 
large  scale,  which  had  perfectly  succeeded;  but  a 
strong  proof  of  its  want  of  success  is  the  fact  that  it 
has  never  been  practically  adopted. 

From  the  well-known  infusibility  of  quartz,  it  is 
evident  that  the  smelting  of  (jold-qtiartz  could  not  be 
effected  by  merely  exposing  it  to  the  strongest  heat 
of  a blast-furnace,  without  the  addition  of  a flux ; 
for  although  the  gold  would  be  melted,  it  would 
remain  in  the  quartz,  and  no  separation  of  the 
precious  metal  would  take  place.  Even  supposing 
the  quartz  to  be  first  reduced  to  powder,  the  gold  is 
present  in  too  small  quantity  to  separate  from  the 
infusible  mass,  and  sink  to  the  bottom.  It  is  there- 
fore necessary  to  add  some  substance  which,  at  a 
high  temperature,  shall  combine  with  the  quartz,  and 
produce  a fusible  compound,  in  which  case  the  gold, 
more  especially  if  combined  with  some  other  heavy 
metal,  will,  in  virtue  of  its  high  specific  gravity,  fall 
to  the  bottom  of  the  vessel. 

The  best  flux  for  silica  is  carbonate  of  soda,  but 
this  is  too  expensive  to  be  employed  on  the  large 
scale.  Lime,  therefore,  aided  by  the  addition  of 
oxide  of  iron,  is  usually  employed  for  this  purpose. 
Lime  alone,  or  lime  and  clay  in  certain  proportions, 
will  combine  with  quartz  at  a high  temperature,  and 
produce  a fusible  slag.  Oxide  of  iron  will  also 
suffice.  When  practicable,  it  is  desirable  to  obtain 
the  oxide  of  iron  by  roasting  auriferous  pyrites,  such 
as  that  found  in  California  or  the  Tyrol,  for  then  the 
proportion  of  gold  is  increased  by  that  contained  in 
the  pyrites.  Whatever  flux  be  employed,  it  is  neces- 
sarjq  in  the  first  place,  to  reduce  the  quartz  to  a 
comparatively  fine  state  of  division,  otherwise  a con- 
si<lcrable  loss  of  time  and  waste  of  fuel  would  be 
incurred  in  effecting  the  perfect  combination  necessary 
to  insure  the  complete  separation  of  the  gold.  Even 
in  smelting,  therefore,  the  crushing  or  pulverizing 
process  is  not  dispensed  with.  Assuming  that  lime 
and  oxide  of  iron  are  the  fluxes  employed,  and  sup- 
posing the  pulverized  ore  to  have  been  partly  con- 
centrated by  washing,  these  substances  are  mixed  in 
about  equal  proportions,  and  raised  to  a white  heat 
in  a blast  or  reverberatory  furnace.  When  oxide  of 
iron  is  em[)loyed  as  the  flux,  the  reverberatory  furnace 
is  to  be  j)referred,  because  in  the  blast-furnace  a 
considerable  portion  of  the  oxide  would  be  reduced, 
and  a corresponding  quantity  of  metallic  iron  liber- 
ated, long  before  the  mixture  attained  the  degree  of 
heat  requisite  for  the  combination  of  the  silica  with 
the  oxide. 

'I’he  product  of  the  combination  is  a fusible  or 
glassy  substance,  through  which  the  gold,  also  in  a 
melted  state,  tends  to  sink  to  the  bottom  of  the 
furnace.  But  a.'-  the  portion  of  this  metal  present 
even  in  a large  quantity  of  ore  is  very  small,  com- 
jiared  with  the  bulk  of  the  materials  through  which 
it  is  diffused,  it  would  be  diflicult  to  collect  it  ver 
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se,  without  very  serious  loss,  in  a crucible,  and  still 
more  so  in  a furnace,  whether  reverberatory  or 
blast.  The  operation  is  therefore  materially  assisted 
by  adding  another  metal  which  shall  alloy  with 
and  absorb  the  whole  of  the  gold,  and  from  which 
the  latter  can  afterwards  be  easily  separated — some 
metal,  in  short,  which  shall  serve  the  same  purpose 
at  a high  heat  as  mercury  serves  at  the  ordinary 
temperature.  Of  all  metals,  lead  is  found  to  be  the 
best  adapted  for  this  purpose,  not  only  on  account  of 
its  readily  combining  with  the  gold  in  a melted  state, 
but  also  as  offering  peculiar  facilities  for  its  subse- 
quent separation  from  that  metal.  Lead  has,  there- 
fore, been  uniformly  employed  in  the  processes 
hitherto  adopted  on  a large  scale  for  smelting  gold 
ores.  The  lead  may  be  added  to  the  mixture  of  ore 
and  flux,  either  in  the  metallic  state,  or  in  one  or  other 
of  its  combinations,  from  which  the  metal  may  be  set 
free.  The  materials  most  commonly  employed  to 
furnish  the  lead  are  litharge  and  galena — the  former 
the  protoxide,  and  the  latter  the  native  sulphide  of 
that  metal — although  the  rich  slags  obtained  both 
from  the  smelting  furnace  and  ore-hearth  are  also 
occasionally  used.  When  litharge  is  chosen  as  the 
medium  for  the  introduction  of  lead,  it  must  be 
mixed  with  charcoal,  small  coal,  or  coke-dust,  in 
order'  to  determine  the  reduction  of  the  necessary 
quantity  of  lead  to  the  metallic  state ; but  when 
galena  is  used,  it  is  mixed  with  scrap-iron,  which 
combines  with  the  sulphur,  setting  the  lead  free. 
The  lead-slag  which  comes  from  the  ore-hearth  or 
the  reverberatory  furnace  is  generally  the  most  con- 
venient and  least  expensive  material,  as  it  contains 
a considerable  percentage  of  lead,  and  is  readily 
prepared  for  use  by  grinding  to  powder  under  the 
edge-roll,  and  mixing  with  charcoal  or  other  carbon- 
aceous matter.  In  this  case,  also,  it  is  important 
to  add  some  scrap-iron  to  combine  with  any  sulphur 
which  may  be  present  in  the  .slag.  AVhichever  of 
these  substances  be  employed,  the  lead  evolved, 
under  the  conditions  mentioned,  percolates  through 
the  mass,  and  subsiding  by  virtue  of  its  high  specific 
gravity  to  the  bottom  of  the  furnace,  carries  along 
with  it  any  particles  of  the  precious  metal  it  may 
meet  with  in  its  coui’se.  The  lead  is  afterwards 
separated  by  cupellation — a process  to  be  explained 
shortly. 

Smelling  with  Iron  Pyrites. — Instead  of  directly 
employing  lead  as  the  means  of  concentrating  the 
gold  ores,  a method  has  been  practised  in  Hungary 
in  which  iron  pyrites,  generally  itself  containing  a 
small  quantity  of  gold,  is  used  with  economical  effect 
for  the  same  purpose.  When  this  mineral  is  heated 
to  a certoin  temperature  without  access  of  air,  it 
loses  half  of  its  sulphur,  and  becomes  converted 
into  a fusible  sulphide  of  iron,  such  as  is  pro- 
duced by  bringing  a roll  of  sulphur  in  contact  with 
a bar  of  iron  raised  to  a white  heat.  Let  it  be 
assumed,  therefore,  that  this  ore  consists  of  a 
mixture  of  auriferous  iron  pyrites  and  quartz,  and 
is  mixed  with  the  appropriate  flux  for  the  quartz, 
as  already  described,  and  exposed  to  the  requisite 
heat ; a slag  will  be  formed,  and  the  sulphide  of  iron 
12 
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will  unite  with  the  greater  portion  of  the  gold 
present,  forming  a heavy  regulus,  which  will  subside 
to  the  bottom.  The  stratum  of  sulphide  of  iron  thus 
formed  beneath  the  surface  of  the  slag  and  scoriae 
produced  by  the  fusion  of  the  earthy  and  siliceous 
gangue,  is  technically  termed  a viatl.  If  this  matt, 
containing  the  gold,  be  now  roasted,  or  oxidized  hy 
heatiuy  it  with  free  access  of  air,  whereby  it  is  deprived 
of  a further  portion  of  its  sulphur,  and  the  product 
be  mixed  with  a fresh  quantity  of  crude  auriferous 
pyrites,  and  smelted  again,  a second  matt  will  be 
obtained,  which  will  contain  the  gold  from  the  first 
and  second  charges  of  the  auriferous  ore.  I'his  pro- 
cess may  be  repeated  a third,  fourtli,  or  any  number 
of  times,  until  the  precious  metal  has  been  suffi- 
ciently concentrated  in  the  substratum  of  sulphide 
of  iron  to  admit  of  its  profitable  extraction.  The 
last  matt,  containing  the  whole  of  the  gold  which  has 
accumulated  from  the  successive  charges,  and  brought, 
therefore,  to  any  required  richness,  is  then  fused 
with  metallic  lead,  litharge,  or  with  a mixture  of 
galena  and  metallic  iron.  The  gold  is  abandoned 
to  the  liberated  lead,  from  the  top  of  which  the  im- 
poverished sulphide  may  be  readily  skimmed  off. 

By  this  process  the  gold  is  obtained  in  a more 
concentrated  form,  or  mixed  with  a smaller  propor- 
tion of  lead,  than  when  the  latter  is  used  directly  as 
a means  of  separating  and  collecting  it  from  the 
smelted  ore.  Still,  as  the  lead  must  be  used  for  its 
final  separation  from  the  ore  in  all  cases — even  when 
the  gold  has  been  concentrated  by  washing  and 
amalgamation — the  employment  of  the  iron  pyrites 
in  the  manner  above  described  is  only  attended  with 
advantiige  when  it  constitutes  part  of  the  ore  itself, 
or  when  it  can  be  readily  and  cheaply  procured  in 
sufficient  abundance.  When  it  forms  a principal 
ingredient  in  the  ore,  it  is  manifestly  highly  advan- 
tageous, in  point  of  economy,  to  employ  it  as  a 
vehicle  for  the  concentration  of  the  precious  metal, 
while  it  contributes  at  the  same  time  to  increase  the 
amount  of  the  product. 

Loityniaid's  Smelting  Process. — In  1852  a patent  w'as 
secured  for  another  smelting  process,  invented  by 
Mr.  Longmaid,  which  consists  in  separating  the  gold 
from  the  quartz  or  siliceous  ore  by  introducing 
plates  of  wrought  iron  into  the  melted  mass.  The 
quartz  is  first  crushed  to  a fine  powder,  and  fluxed 
with  a mixture  of  lime  and  oxide  of  iron,  as  usual. 
Into  the  fused  mass  thus  obtained  plates  of  wrought 
iron  are  from  time  to  time  introduced,  and  when 
withdrawn  their  surface  is  found  to  be  coated  with 
a film  of  gold.  The  plates  are  then  plunged  into  a 
vessel  of  melted  lead,  which  dissolves  off  the  precious 
metal,  and  afterwards  again  put  into  the  furnace. 
This  process  is  constantly  repeated  till  the  whole  of 
the  gold  is  extracted  from  the  ore ; and  it  is  said  to  be 
thus  obtained  both  more  economically  and  in  greater 
proportion  than  by  the  usual  process  of  washing 
and  amalgamation.  The  gold  is  then  extracted  from 
this  auriferous  lead  by  cupellation,  a process  now 
to  be  described. 

Cupellation. — The  next  metallurgical  operation 
is  the  extraction  of  the  gold  from  the  lead,  and  this 


has  been  performed  from  the  most  remote  antiquity 
by  a process  termed  Cupellation.  This  jirocess,  which 
is  very  simple  in  principle,  is  at  the  same  time  one 
of  the  most  elegant  chemical  operations  ever  invented. 
It  depends  on  the  circumstance  that  when  silver  and 
gold  are  exposed  in  a state  of  fusion  to  the  action  of 
the  air  or  oxygen,  they  neither  give  off  perceptible 
vapours  nor  are  sensibly  oxidized — they  remain,  in 
short,  unaffected ; whereas,  under  similar  circum- 
stances, lead  and  almost  all  the  other  metals  are 
oxidized  with  greater  or  less  rapidity.  There  is  also 
an  important  peculiarity  connected  with  lead,  which 
renders  it  the  only  metal,  except  bismuth,  applicable 
to  the  process  of  cupellation.  This  peculiarity  con- 
sists in  the  circumstance  that  the  oxide  of  lead, 
known  as  fitharge,  is  fusible  at  a bright  red  heat, 
and  in  this  state  absorbs  any  other  metallic  oxide 
with  which  it  may  happen  to  be  in  contact,  but 
which,  without  the  influence  of  the  oxide  of  lead, 
would  remain  uninfluenced  by  the  heat.  For  ex- 
ample, if  copper  be  present  as  an  oxide,  it  is  taken 
up  by  the  melted  oxide  of  lead ; and  if  the  latter 
can  be  separated  from  the  gold  and  silver,  the  oxide 
of  copper  will  be  expelled  along  with  it. 

This  separation  may  be  effected  in  various  ways, 
but  particularly  by  means  of  bone -ash,  which 
possesses  the  peculiar  property  of  absorbing  the 
melted  litharge  even  when  mixed  with  a certain 
proportion  of  other  oxides,  whereas  it  remains  imper- 
meable to  the  unoxidizable  metals.  Hence,  if  a 
vessel  be  formed  of  pounded  and  compressed  bone- 
ash,  and  into  this  vessel  a mass  be  introduced,  con- 
sisting of  a mixture  of  litharge  or  oxide  of  lead, 
copper  or  oxide  of  copper,  and  native  gold,  which 
always  contains  a certain  proportion  of  silver ; and 
if  this  mixture  be  exposed  to  a considerable  heat, 
the  whole  will  be  reduced  to  a state  of  fusion ; the 
oxide  of  lead  will  dissolve  the  oxide  of  copper, 
and  both  will  be  absorbed  by  the  bone-ash,  while 
the  mixture  of  gold  and  silver  will  remain  in  the 
vessel,  melted,  but  otherwise  unaffected.  Hence 
it  follows  that  gold  or  silver,  or  a mixture  of  the 
two,  may  readily  be  deprived  of  copper  or  any  other 
oxidizable  metals  by  cupelling  with  oxide  of  lead. 
For  this  purpose  it  is  not  necessary  to  employ  the 
oxide  itself  in  the  first  instance.  When  metallic  lead 
is  heated  to  a temperature  above  its  melting  point, 
it  rapidly  combines  with  the  oxygen  of  the  air,  the 
product  being  in  the  first  place  yellow  oxide  of  lead, 
which  appears  as  a scum  on  the  surface  ; and  when 
the  temperature  is  raised  to  about  bright  redness, 
this  oxide  is  converted  into  litharge  or  the  fusible 
oxide,  which  immediately  melts.  Pure  copper  re- 
quires no  less  than  sixteen  or  seventeen  times  its 
weight  of  lead  to  absorb  it  in  the  manner  above 
mentioned. 

A vessel  of  bone-ash,  formed  for  this  purpose,  is 
termed  a cupel  or  test;  and  in  using  such  vessels  for 
assaying,  the  absorptive  power  of  the  cupel  is  the 
only  agency  employed  to  separate  the  gold  from  the 
lead  and  other  oxidizable  metals,  as  will  be  explained 
afterwards.  It  is  otherwise  in  cupellation  on  the 
large  scale ; in  this  case  the  cupel  is  soon  saturated. 
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and  the  greater  part  of  the  litharge  is  expelled  by  a 
different  method. 

The  English  method  of  cupellation  or  refining  is 
as  foliOws  : — A piece  of  bar-iron,  about  half  an  inch 
thick  and  4 indies  deep,  is  bent  into  the  form  of 
an  oval  hoop,  and  the  ends  of  the  bar  are  welded 
together.  The  greater  diamtter  of  this  hoop,  which 
is  destined  to  fomi  the  containing  circumference  of 
the  cupel  or  te.st,  may  be  about  4 feet,  and  its  lesser 
2 feet  6 inches ; but  the  dimensions  vary  consider- 
ably according  to  circumstances.  On  tire  lower 
part  of  the  hoop  are  fixed  four  or  five  flat  bars  of 
iron,  arranged  parallel  to  each  other  in  the  direction 
of  the  short  diameter.  The  first  of  these  is  placed 
about  9 inches  from  one  end  of  the  oval,  and  the 
others  at  about  equal  distances  betvveen  this  bar  and 
the  other  extremity.  The  hoop  is  then  placed  with 
the  cross  bars  downw'ards  upon  a solid  floor,  and  a 
quantity  of  pounded  and  sifted  bone-ash  is  beaten 
firmly  into  it  with  a mallet  or  rammer  until  it  is 
entirely  filled,  or  the  bone-ash  is  level  with  the  upper 
edge  of  the  hoop.  The  bone-ash  employed  for 
this  purpose  is  mixed  with  about  one-tenth,  by 
measure,  of  fern  ashes,  or  one-fortieth  by  weight 
of  American  pearl-ashes,  and  moistened  suffici- 
ently to  become  coherent  by  pressure.  The 
fern  or  pearl-ash  has  the  property  of  giving 
greater  consistency  to  the  bone-ash  when  heated. 
When  the  hoop  or  frame  has  been  well  filled  with 
tliis  mixture  and  solidly  beaten  down,  the  surface 
is  carefully  scooped  out  with  a trowel  all  round  >. 
the  centre,  so  as  to  form  a shallow  concavity 
of  about  inches  in  depth,  leaving  a wall  of 
bone-ash  all  round,  about  2 inches  in  thickness 
at  the  top  and  3 inches  at  the  bottom,  except 
at  one  end,  where  a thickness  of  13  inches 
is  left;  whilst  the  thickness  of  the  sole  itself 
is  reduced  to  1 inch  above  the  upper  surface 
of  the  iron  cross-pieces.  At  that  end  of  the 
test  where  the  wall  was  left  13  inches  thick, 
and  which  is  termed  the  breast,  a segment  of 
the  bone-ash  eontiguous  to  the  hoop  is  removed. 

This  apparatus  is  represented  in  Figs.  25  and  26, 
of  which  the  former  is  a plan,  and  the  latter  a longi- 
tudinal vertical  section.  In  these  drawings  the  letters 
A A denote  the  iron  hoop;  a a,  the  tranverse  bars; 
E indicates  the  cavity  in  the  bone-ash  ; B,  the  breast ; 
and  F,  the  space  where  the  bone-ash  is  removed 
between  the  breast  and  the  iron. 

In  eupels  of  more  modern  construction  the  bone- 
•ash  is  not  removed  from  the  part  F,  as  the  litharge  is 
found  to  come  into  contact  with  the  iron  ring,  on 
which  it  exerts  a powerfully  corroding  action,  when 
such  an  arrangement  is  adopted.  In  place  of  this, 
however,  a round  hole  is  cut  in  the  centre  of  the 
breast  near  f,  to  which  ch.mnels  are  cut  similar  to 
those  shortly  to  be  described, 

Wlien  fully  prepared,  the  test  is  allowed  to  dry, 
and  is  then  placed  in  a furnace,  constructed  in  all 
respects  like  a common  reverberatory,  except  that  a 
space  is  left  open  in  the  bed  of  the  furnace  to  receive 
the  test,  and  that  the  width  of  the  arch  is  much  re- 
duced. The  test,  in  fact,  forms  the  bed  of  the  furnace. 


in  which  it  is  adjusted  with  the  long  diameter 
transversely.  It  is  supported  in  its  place  by  an  iron 
ring  built  into  the  masonry,  or  by  iron  bars  placed 
underneath,  between  the  two  walls  of  the  furnace. 
The  fire-place  of  a cupelling  furnace  is  usually  about 
2 feet  in  breadth,  and  2 feet  6 inches  in  length.  This 
is  separated  from  the  body  or  bed  of  the  furnace  by 
a fire-bridge  18  inches  in  breadth,  so  as  to  allow  the 
flame  and  heated  air  to  pass  directly  over  the  surface 
of  the  cupel,  from  whence  it  escapes  through  separate 
flues  into  a high  chimney.  At  the  side  of  the  furnace 
opposite  to  the  breast  of  the  cupel  the  nozzle  of  a 
pair  of  large  double  bellows,  or  a fan-blast,  is  intro- 
duced. 

When  the  cupel  is  inserted  and  the  furnace  lighted, 
the  heat  must  be  applied  in  the  first  place  with  much 
caution  ; for  the  test,  if  exposed  suddenly  to  a 
high  temperature  before  it  has  become  sufficiently 
dry,  is  liable  to  split  and  fall  to  pieces.  In  the  mean- 
time the  lead  containing  the  gold  and  silver,  and 
which,  from  this  circumstance,  is  termed  rich  lead,  is 

Fig.  25. 


Fig.  26. 

brought  to  a state  of  fusion  in  a cast-iron  pot,  set  in 
brickwork  at  the  side  of  the  furnace ; and  when  the 
test  has  been  cautiously  raised  to  a cherry-red  heat, 
the  rich  lead  is  laded  into  it  till  nearly  full.  Oxid- 
ation now  proceeds  rapidly.  At  first  the  lead  becomes 
covered  on  the  surface  with  a yellow  or  grayish  dross ; 
but  on  further  raising  the  heat,  the  surface  of  the 
bath  “uncovers,”  and  a film  of  melted  litharge  begins 
to  appear.  Part  of  this  litharge  sinks  into  the  bone- 
ash  of  the  test,  which  it  soon  saturates.  The  blowing 
apparatus  at  the  back  of  the  test  is  now  set  in  motion, 
and  forces  the  litharge  as  it  forms  forward  to  the 
breast,  n,  across  the  surface  of  which  a channel  is 
cut,  through  which  the  litharge  begins  to  flow,  and 
runs  over  at  the  end  through  the  vacant  space,  F,  into 
a movable  iron  pot,  placed  on  the  floor  for  its 
reception.  The  cun  ent  of  air  introduced  at  the  back 
of  the  cupel  not  only  assists  in  clearing  away  the 
litharge,  but  supplies  the  amount  of  oxygen  neces- 
sary for  its  rapid  formation.  In  proportion  as 
the  litharge  flows  away,  more  of  the  melted  lead  is 
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gradually  supplied  to  the  test,  which  is  done  by 
lading  it  into  a channel  from  the  pot  outside  the 
furnace. 

After  a certain 'period,  the  channel  first  formed  in 
the  breast,  B,  becomes  much  corroded  ; it  must  then 
be  stopped,  and  a second  and  third  channel  succes- 
sively formed  for  the  same  purpose.  In  this  manner 
the  operation  may  be  continued  until  6 or  8 tons  of 
the  rich  lead  have  been  refined  on  the  same  test. 
Sometimes,  however,  two  tests  are  employed,  the  first 
to  concentrate  the  lead,  and  the  second  to  separate  it 
entirely  from  the  precious  metals.  In  this  case,  when 
the  lead  has  been  so  far  concentrated  in  the  former, 
that  the  whole  of  the  gold  and  silver  contained  in  the 
alloy  may  remain  in  combination  with  only  2 or 
cwt.  of  that  metal,  a hole  is  made  through  the  bone- 
ash  of  which  the  bottom  is  composed,  and  tlie  con- 
centrated lead  is  received  into  a pot  which  is  placed 
below.  The  tapping-hole  is  then  closed  with  a pellet 
of  moistened  bone-ash,  and  a fresh  charge  of  the 
original  rich  lead  is  concentrated  in  the  same  manner. 
AVhen  a sufficient  amount  of  concentrated  lead  is 
thus  accumulated  to  yield,  as  ascertained  by  assaying 
a small  portion,  from  1000  to  2000  ozs.  of  the  precious 
metals,  the  whole  is  again  melted  down,  and  sub- 
mitted to  a second  cupellation  in  another  test,  in 
which  the  operation  of  refining  is  completed. 

Towards  the  conclusion  of  the  operation  some 
striking  appearances  are  often  presented.  If  the  gold 
present  is  mixed  with  a considerable  amount  of  silver, 
the  surface  of  the  mass,  as  it  cools,  is  suddenly 
thrown  into  agitation  ; cones,  or  little  craters,  some- 
times several  inches  in  height,  are  thrown  up,  from 
which  oxygen  gas  escapes  with  violence,  projecting 
particles  of  silver  with  considerable  force.  This 
jihenomenon  is  termed  sjiittaif/,  or  sometimes  vege- 
tation, from  the  beautiful  arborescent  forms  which 
are  presented ; and  arises  from  the  circumstance  that 
metallic  silver,  when  melted,  has  the  property  of 
absorbing  or  occluding  six  times  its  own  volume  of 
oxygen,  which  is  ejected  with  violence  at  the  moment 
of  solidification.  For  reasons  especially  connected 
with  the  final  process  of  jiarting,  and  which  will  be 
afterwards  explained,  there  is  almost  always  intro- 
duced into  the  alloy,  before  cupellation,  a compara- 
tively large  amount  of  silver,  so  that  the  phenomena 
above  described  are  uniformly  observed  at  the  con- 
clusion of  that  process.  ^Moreover  in  the  cupel,  the 
presence  of  a considerable  proportion  of  silver  is 
important,  for  the  purpose  of  diluting  the  gold,  and 
so  diminishing  the  chance  of  loss. 

After  the  cupelling,  the  test,  with  its  cake  of 
alloy  of  gold  and  silver,  is  withdrawn  from  the  fur- 
nace; the  metallic  mass  is  removed  and  cleaned 
from  external  impurities ; and  tlie  bone-ash,  satu- 
rated with  litharge,  and  any  other  oxide  that  may  be 
present,  is  knocked  out  and  preserved  for  subsequent 
treatment,  as  it  contains  not  only  a considerable 
quantity  of  lead  in  a state  of  oxide,  but  also  a small 
proportion  of  silver. 

On  the  Continent,  the  process  of  refining  is  con- 
ducted without  the  use  of  a cupel,  proijerly  so  called. 
No  bone-ash  is  employed.  The  test,  if  it  may  be 


so  termed,  is  the  bed  of  the  furnace  itself,  which 
consists  of  a kind  of  marl,  firmly  beaten  down  into  a 
circular  cavity,  which  slopes  from  the  sides  to  the 
centre,  and  allowed  to  dry.  The  roof  of  the  furnace, 
which  consists  of  a flat  dome  of  bricks,  built  in  a 
strong  circular  hoop  of  bar-iron,  is  movable  by  means 
of  a crane.  Several  tons  of  lead  are  introduced  at 
once,  and  after  the  roof  has  been  replaced,  the  blast 
is  transmitted  through  one  or  more  apertures  in  one 
side  of  the  furnace ; the  whole  mass  of  metal  is  then 
worked  off  continuously,  without  any  addition,  till 
the  lead  is  removed,  and  the  alloy  of  gold  and  silver 
is  left  approximately  fine. 

Parting. — ^The  final  operation  of  separating  the 
silver  from  the  gold  is  termed  “ parting,”  and  is 
generally  performed  in  this  country  by  means  of 
nitric  acid,  which  dissolves  the  silver  without  attack- 
ing the  gold.  On  the  Continent  the  same  effect  is 
produced  with  hot  sulphuric  acid.  In  assaying 
operations,  nitric  acid  is  always  employed,  and  there- 
fore the  precautions  necessary  to  be  observed  in  this 
case  will  be  fully  explained  in  connection  with  the 
subject  of  assaying.  In  the  meantime,  the  process 
with  sulphuric  acid,  as  practised  on  the  Continent, 
will  be  first  detailed. 

1.  Bg  Sulphuric  Acid. — It  is  only  of  late  years  that 
the  use  of  sulphuric  acid  for  this  purpose  has  been 
generally  introduced  on  the  Continent,  in  con- 
sequence of  its  now  being  manufactured  so  much 
cheaper  than  nitric  acid,  formerly  the  only  acid 
employed.  The  operation  is  performed  in  a very 
simple  manner,  and  if  any  copper  has  been  left  in 
the  alloy,  it  is  separated  along  with  the  silver.  It 
is  true  that  the  copper  should  be  entirely  expelled 
by  the  process  of  cupellation ; but,  as  this  process  is 
practised  on  the  Continent,  a considerable  amount 
of  that  metal  often  remains  in  the  mixture ; and  its 
presence  is  by  no  means  injurious,  but  is  rather 
useful,  in  the  subsequent  operation  of  parting  with 
sulphuric  acid.  Moreov'er,  if  too  much  copper  be 
present,  a sulphate  is  produced,  of  which  only  a 
limited  proportion  will  dissolve  in  the  concentrated 
acid.  The  proportion  of  gold  also  must  be  less,  as 
compared  with  the  amount  of  silver,  than  when  niti'ic 
acid  is  used.  Experience  has  shown  that  the  alloy 
should  not  contain  more  than  one-twentieth  part  of 
copper ; and  that  the  proportion  of  the  gold  to  the 
silver  should  not  exceed  one -fifth;  whereas,  with 
nitric  acid,  it  is  sufficient  if  the  weight  of  the  silver 
amount  to  about  three  times  that  of  the  gold. 

When  the  silver  is  not  already  present  in  the 
required  proportion,  which  is  never  the  ease  with 
native  gold,  the  requisite  excess  must  be  introduced ; 
for  when  the  amount  of  gold  exceeds  the  proportions 
above  stated,  the  particles  of  silver  are  so  enveloped 
in  that  metal  as  to  resist  for  a long  time  the  action 
of  the  strongest  nitric  or  sulphuric  acid.  In  the 
process  of  assaying,  the  proportion  of  rather  less  than 
3 parts  of  silver  to  1 of  gold  is  very  closly  adhered 
to,  for  reasons  to  be  afterwards  mentioned ; but  in 
operating  on  the  large  scale  with  sulphuric  acid,  the 
proportion  of  the  gold  to  the  silver  may  vary  from 
one-fifth  to  one-tenth,  without  inconvenience ; and 
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Dumas  states  that  the  operation  may  be  conducted 
with  profit  when  the  ratio  of  the  gold  to  the  silver 
does  not  exceed  1 : 1000;  and  at  the  present  day 
even  half  this  amount  can  be  extracted  with  profit. 

The  alloy  being  prepared  in  the  requisite  propor- 
tions, which  is  generally  done  by  introducing  the 
excess  of  silver  before  cupellation,  is  melted  in  a 
crucible,  and  granulated  by  pouring  it  into  cold 
water.  For  1 part  of  the  granulated  alloy,  3^  parts 
of  concentrated  sulphuric  acid  are  taken,  and  the 
mixture  is  put  into  a platinum  vessel,  which  is  then 
introduced  into  the  furnace.  The  vessel  should  not 
be  more  than  two-thirds  filled,  to  guard  against  the 
effects  of  effervescence,  which  might  throw  out  part 
of  the  liquid.  It  is  then  covered  with  a platinum 
hood,  provided  with  a beak  or  tube  for  conveying 
the  gases  and  vapours  into  a condensing  apparatus. 
The  capacity  of  the  platinum  retorts  varies,  and 
there  is  usually  an  assortment  of  different  sizes,  for 
treating  alloys  of  different  qualities,  without  the 
necessity  of  mixing  them.  After  two  or  three  hours’ 
boiling,  varying  the  time  according  to  the  size  of  the 
retorts,  the  silver,  and  any  copper  that  may  be 
present,  are  completely  dissolved. 

On  the  first  application  of  sulphuric  acid  to  this 
pur])Ose,  the  ojieration  was  performed  in  iron  retorts. 
Vessels  of  platinum  were  afterwards  introduced,  as 
this  was  considered  to  be  the  only  metal  which 
could  perfectly  resist  the  action  of  hot  and  concen- 
trated sulphuric  ,acid.  Afterwards,  however,  the 
enormous  expense  required  for  a complete  assort- 
ment of  platinum  retorts  induced  attempts  to 
return  to  the  use  of  iron,  and  successful  experiments 
were  made  by  M.  Tocciii,  which  proved  that  iron 
retorts  might  be  safely  employed,  but  platinum 
is  still  in  use  in  many  establishments.  It  was  found 
that  the  very  concentration  of  the  acid  presents,  of 
itself,  an  ob.stacle  to  the  precipitation  of  the  silver 
or  copper  by  the  iron  , and,  further,  that  the  interior 
surface  of  the  retort  acquires  a coating  of  silver,  so 
that  the  iron  and  the  liquid  soon  cease  to  be  in  con- 
tact. This  point  has  not  been  sufficiently  studied;  but 
the  fact  has  been  placed  beyond  doubt  that  the  opera- 
tion succeeds  very  well  in  iron  vessels,  and  accord- 
ingly, in  many  refining  establishments,  no  others  are 
employed. 

It  cannot  fail  to  be  obs.-rved  that,  assuming  the 
proportions  above  given,  the  quantity  of  sulphuric 
acid  is  much  greater  than  would  be  strictly  necessary 
to  convert  the  silver  and  copper  into  sulphates. 
Supposing  the  alloy  to  be  as  poor  as  possible  in  gold, 
theory  would  indicate  the  following  quantities  of 
acid  as  being  sufficient  for  this  purpose : — 

Parts.  Parts. 

Copper,  .W  would  require  1.').')  sul]ihuric  acid. 

.'•ilver,  94i)  “ '•  801  “ *• 

Gold,  1 » 0 u 

Alloy,  1000  “ “ 1010  “ “ 

But  as  the  amount  of  sulphuric  acid  employed  is 
actually  3.’>00  to  1000  of  alloy,  there  is  an  excess  of 
about  '2i)00  of  acid,  intended  to  hold  the  sulphates, 
especially  the  sulphate  of  copper,  in  solution. 

When  the  silver  and  copper  are  completely  dis- 
solved, the  retorts  are  withdrawn  from  the  fire,  and 
the  solution  is  left  to  cool,  in  order  that  the  gold  may 
settle  to  the  bottom.  The  liquid  is  then  decanted  ; the 
gold,  which  remains  in  the  vessel,  is  carefully  washed, 
and  the  water  employed  in  this  operation  is  added 
to  the  sulphate  solution.  Lastly,  the  purified  gold 
is  melted,  and  after  being  cast  into  ingots,  is  ready 
for  commerce. 

The  acid  liquor  containing  the  sulphates  is  poured 
into  a leaden  boiler,  containing  water  and  copper 
shavings.  Heat  is  applied,  and  the  sulphate  of  silver 
is  soon  completely  decomposed.  The  precipitated 
silver  is  collected  and  submitted  to  repeated  wash- 
ings, always  adding  the  water  to  the  contents  of  the 
boiler,  to  be  treated  in  the  next  operation.  Lastly, 
the  silver  is  dried  in  a small  iron  pan,  and  is  then 
melted  in  a crucible,  to  be  cast  into  ingots. 

The  acid  solution,  which  now  contains  only  sulphate 
of  copper,  is  evaporated  in  the  lead  boilers  till  it' 
is  fit  to  crystallize.  It  is  then  put  into  the  crystalliz- 
ing pans,  and  the  mother  waters  are  further  evapor- 
ated, to  obtain  more  crystals.  This  process  is 
continued  till  the  liquid  becomes  very  concentrated, 
and  consists  almost  entirely  of  sulphuric  acid.  In 
this  state  it  is  termed  “ black  acid,”  on  account  of 
its  colour,  which  is  due,  in  great  part,  to  organic 
matters,  dust,  and  other  impurities,  which  fall  in  it 
during  the  evaporation  in  the  crystallizing  pans. 
The  black  acids  may  either  be  employed  to  repeat 
the  same  operation,  or  turned  to  useful  account  in 
different  manufacturing  processes,  which  do  not 
require  that  the  sulphuric  acid  should  be  pure  and 
highly  concentrated. 

2.  By  Nitric  Acid. — The  operation  of  parting  is 
performed  with  nitric  acid  in  much  the  same  way ; 
but  all  the  details  of  the  process  with  this  acid  will 
be  minutely  explained  in  connection  with  the  subject 
of  assaying,  for  which  it  is  uniformly  used. 

3.  By  Fusion  u-ith  Sidplinr. — Another  method  of 
separating  the  gold  from  the  silver,  which  is  some- 
times practised  with  alloys  containing  but  very  little 
gold,  is  by  fusing  the  granulated  alloy  with  three- 
tenths  of  its  weight  of  sulphur;  this  combines  with 
the  silver,  and  forms  a liquid  sulphide,  in  which  the 
finely-divided  gold  remains  suspended.  A small 
quantity  of  litharge  is  then  added,  which  gives  rise 
to  the  formation  of  sulphurous  acid  and  sulphide  of 
lead,  and  again  separates  a portion  of  the  silver,  and 
this  combines  with  the  gold,  forming  an  alloy 
richer  in  the  latter  metal.  This  alloy,  by  its  greater 
specific  gravity,  sinks  to  the  bottom  of  the  crucible, 
and  after  cooling,  is  separated  by  the  hammer  from 
the  superincumbent  mixture  of  sulphide  of  silver 
and  lead.  When  this  mixture,  which  is  termed 
“ plachmal,”  is  fused  with  a small  quantity  of  litharge, 
it  yields  silver,  which  for  the  most  part  still  contains 
a little  gold.  The  richer  alloy  which  sub.sides  to  the 
bottom  of  the  crucible,  is  treated  repeatedly  with 
sulphur  in  the  same  manner,  till  the  proportion  of 
gold  is  raised  to  one-fourth,  and  the  final  separa- 
tion of  the  silver  is  usually  effected  with  nitric  or 
sulphuric  acid.  It  will  be  observed  that  this 
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process  is  similar  in  principle  to  the  method  already 
described  for  concentrating  auriferous  pyrites. 

4.  By  Fusion  with  Sulphide  of  Antimony. — In  this 
case  the  alloy  is  mixed  with  2 parts  by  weight  of 
sulphide  of  antimony,  and  fused,  with  constant 
stirring,  in  a crucible,  which  should  be  previously 
glazed  with  borax.  By  this  means  sulphide  of  silver 
is  formed,  and  the  gold  combines  with  the  antimony, 
forming  a stratum  of  alloy,  and  is  afterwards  sepa- 
rated from  the  antimony  by  simple  ignition  in  the 
air,  or  by  fusion  with  nitre.  If  the  amount  of  silver 
in  the  original  alloy  exceeds  one-third,  a proportional 
quantity  of  sulphur  must  be  added  in  the  crucible. 
The  sulphide  of  silver  forming  the  upper  stratum 
retains  a small  portion  of  gold,  to  separate  which  n, 
is  again  twice  fused  with  sulphide  of  antimony,  and 
this  is  again  removed  by  ignition  or  fusion  with 
nitre.  The  same  operations  are  repeated  on  the 
whole  amount  of  antimonide  of  gold  thus  obtained, 

• and  the  antimony  is  finally  removed  either  by  fusing 
the  antimonide  alone,  while  air  is  blown  upon  it, 
or  by  fusion  with  three  times  its  weight  of  nitre. 
Sometimes  it  is  melted  into  a mass  by  heating  with 
three-fourths  of  its  weight  of  borax,  one-fourth  of 
nitre,  and  one-fourth  of  glass. 

5.  By  Cementation.  — Another  method,  which  is 
practised  in  America,  consists  in  arranging  the  granu- 
lated alloy  in  alternate  layers,  with  a mixture  of  2 
parts  of  brick-dust  and  1 part  of  chloride  of  sodium 
in  porous  crucibles,  which  are  exposed  to  a low  red 
heat  in  a wood  fire  for  a period  varying  from  twenty- 
four  to  thirty-six  hours.  The  aqueous  vapour  from 
the  wood  permeates  the  crucibles,  and  acts  upon  the 
salt  in  such  a mariner  as  to  separate  hydrochloric 
acid,  which  then  forms  chloride  of  silver  with  evolu- 
tion of  hydrogen.  The  chloride  of  silver,  together 
with  the  chloride  of  sodium,  sinks  into  the  brick- 
dust,  and  the  gold  obtained  after  washing  contains 
not  more  than  9 or  10  per  cent,  of  silver. 

In  this  case,  without  the  brick-dust,  the  conver- 
sion of  the  silver  into  chloride  would  be  only 
superficial,  because  the  chloride  first  formed  would 
protect  the  inner  portions  of  the  alloy  from  the 
action  of  the  hydrochloric  acid.  But  when  the  alloy 
is  enveloped  in  brick-dust,  the  chloride  of  sodium  is 
partly  decomposed  by  the  silica,  yielding  silicate  of 
soda  and  hydrochloric  acid , the  latter  converts  the 
silver  into  chloride,  which  then  fuses  with  the  rest 
of  the  chloride  of  sodium,  and  this,  sinking  into  the 
brick-dust,  leaves  a new  surface  of  alloy  exposed  to 
the  action  of  the  acid. 

The  reader  ■will  observe  that  tlie  three  methods 
last  mentioned  are  all  more  or  less  imperfect  in  their 
results,  and  that  for  the  complete  separation  of  the 
silver  recourse  must  always  be  had  to  the  action  of 
sulphuric  or  nitric  acid. 

Refininy  oj  Brittle  Gold. — F.  B.  iMiLLEU  has  re- 
cently proposed  a method  of  refining  gold  by  means 
of  chlorine  gas,  which  is  peculiarly  suitable  for 
removing  such  metals  as  lead,  arsenic,  antimony, 
and  bismuth , metals  which,  even  if  only  foiming 
the  yTfVij'''*  P'**'*'  of  fhe  whole  mass,  render  the  metal 
brittle,  and  totally  unfit  for  coinage  and  the  furts. 


This  process  consists  in  passing  the  gas  through  the 
metal  while  in  a molten  state  for  about  four  or  five 
minutes.  The  above  metals  are  thus  converted  into 
volatile  chlorides,  which  escape,  and  should  there  be 
any  silver  present  it  is  converted  into  chloride  of 
silver,  which  floats  on  the  surface  of  the  metal.  In 
order  to  avoid  loss  of  silver  an  earthenware  crucible 
should  be  employed,  which  has  been  previously 
dipped  in  a solution  of  borax,  borax  should  also  be 
introduced  into  the  crucible  together  with  the  gold. 

Fig.  27  shows  the  arrangement  adopted  by  W. 
C Roberts  in  the  Royal  Mint  for  refining  brittle 
gold  by  the  process  above  described,  where  opera- 
tions have  recently  been  carried  on  on  an  extensive 
scale.  The  chlorine  is  generated  in  an  iron  vessel 
having  a capacity  of  8 gallons,  and  situated  behind 
the  flue.  From  it  the  gas  is  led  by  means  of  a 
tobacco  pipe  underneath  the  surface  of  the  molten 
metal,  the  pipe  passing  through  the  cover  of  the 
crucible,  which,  of  course,  should  not  be  luted. 

Alloys  of  Gold. — Standard  Gold. — By  the  pre- 
ceding series  of  mechanical,  metallurgical,  and  chemi- 
cal operations,  gold  may  be  brought  to  a state  of 
nearly  absolute  purity;  but  in  this  state  it  is  too 
soft  to  be  employed  with  advantage  in  the  arts,  or 
for  the  purposes  of  the  coinage.  Gold  is  therefore 
almost  always  alloyed  with  a greater  or  less  propor- 
tion of  some  other  metal,  except  when  in  the  shape 
of  the  finest  gold  leaf,  which  requires  for  its  proper 
manufacture  a very  high  degree  of  purity,  because, 
although  it  readily  forms  alloys  with  most  of  the 
other  metals,  its  malleability  is  greatly  impaired  by 
their  presence  even  in  small  quantities.  With  some 
metals  this  effect  is  very  remarkable  ; even 
part  of  antimony,  bismuth,  tin,  or  lead,  will  render 
the  gold  quite  brittle.  At  the  same  time,  as  a 
natural  consequence,  its  hardness  and  sonorousness 
are  increased. 

It  is  possible  to  obtain  alloys  of  gold  with  nearly 
all  the  metals,  but  they  are  unimportant  in  the 
arts  with  the  exception  of  those  with  silver  and 
copper,  metals  which  tend  to  increase  its  hardness 
and  durability;  these  metals  are  also  used  by  jewel- 
lers to  give  the  gold  different  tints,  according  to  the 
proportions  employed.  They  are,  it  will  be  ob- 
served, the  metals  with  which  it  is  chiefly  com- 
bined in  the  native  state,  although  it  is  occasionally 
found  associated  with  iron,  platinum,  tellurium,  and 
other  metals.  The  alloy  or  amalgam  of  gold  and 
mercury  is  very  important,  and  reference  has  already 
been  frequently  made  to  it. 

Gold  may  be  alloyed  with  silver  in  almost  all  pro- 
portions, and  by  its  combination  with  this  metal  it 
becomes  not  only  harder  and  more  sonorous,  but 
also  more  fusible.  A.s  the  proportion  of  silver  in- 
creases, the  colour  quickly  passes  through  pale 
greenish-yellow  into  white.  The  malleability  of 
gold  is  less  diminished  by  silver  than  by  any  other 
metal.  The  maximum  of  hardness  is  found  in  the 
alloy  containing  2 parts  of  gold  to  1 of  silver.  The 
fp-een  gold  of  jew'ellers  contains  30  per  cent,  of  silver. 

The  most  useful  alloy  of  gold  is  that  which  is 
formed  with  copper,  the’  alloy  used  for  coinage. 
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The  addition  of  copper  renders  gold  redder,  harder,  exhibited  by  an  allo}’^  of  7 parts  gold  and  1 of  copper, 
and  more  fusible.  The  maximum  of  hardness  is  English  standard  gold  contains  8'33  per  cent,  of 

Fig.  27. 


copper,  or  1 part  of  this  metal  to  11  parts  of  gold. 
In  France  the  standard  gold  contains  10  per  cent, 
of  copper.  Gold  contracts  in  the  act  of  solidifying 
from  a state  of  fusion,  and  consequently  cannot 
be  made  to  receive  sharp  impressions  by  casting  it 
in  moulds.  Coins  are,  therefore,  stamped  with  a die, 
and  plate  is  either  stamped  or  embossed,  and  after- 
wards chased  and  carved,  if  necessary,  by  cutting  tools. 

Vuhintion  of  Gold  AUoy.^'—ln  this  country  the 
standaril  of  the  alloys  of  gold  is  calculated  in  frac- 
tions of  unity  expressed  in  carats.  Perfectly  pure 
gold  is  taken  as  unity,  and  this  is  assumed  to  consist 
of  24  fractional  parts  termed  carats,  each  of  which 
is  divided  into  4 imaginary  grains,  and  these  are 
again  subdivided  into  eighths  and  “ excess  grains,” 
so  called  in  contradistinction  to  the  primary  divisions 
of  a carat  or  “ carat  grains.”  One  carat  grain  con- 
tains CO  excess  grains;  thus  the  divisions  of  the 


original  weight  or  “Assay  Pound”  taken  will  be 
as  represented  in  the  following  table ; — 


Excels 

Decimal 

Grains. 

Equivalent. 

Eighth. 

Per  Cent. 

Carat 

- 

1 

•017 

Carat. 

1 

7-5 

•130 

1 

8 

60 

1'042 

1 

4 

32 

240 

4-167 

1 

24 

96 

768 

5760 

100  000 

; From  the  above  the  meaning  of  the  term  “ excess 
grain  ” will  at  once  be  evident.  It  is  the  -5^7^77 
I part  of  the  weight  of  metal  taken  for  assay,  this  ratio 
being  the  same  as  that  borne  by  a troy  grain  to  a troy 
i pound.  For  accurately  reporting  the  amount  con- 
tained in  a given  alloy,  it  is  necessary  to  use  sub- 
divisions less  than  eighths.  “Excess  grains”  are 
I therefore  employed,  and  their  number  is  the  same 
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as  the  number  of  actual  grains  of  gold  contained  in 
a troy  pound  in  excess  of  the  amount  represented  by 
the  report  in  earats,  grains,  and  eighths. 

It  has  been  stated  above  that  the  standard  alloy  of 
the  English  gold  coinage  contains  11  paits  of  gold 
to  1 of  copper,  or,  in  other  words,  22  parts  of  gold 
to  2 of  copper ; it  is  therefore  said  to  be  22  carats 
fine.  When  assays  are  reported  on  this  system, 
which  is  called  the  “ trade system,  the  actual 
amount  of  gold  is  not  given  ; but  the  metal  is  de- 
scribed as  so  much  better  or  worse  than  standard, 
to  indicate  which  the  letter  B or  W is  prefixed. 
Thus,  suppose  an  assay  be  given  as 

Cts.  Grs.  Eighths.  Excess  grains. 

B 1 3 .5  + 3-5, 

it  means  that  it  actually  contains  23  cts.  3 grs.  5 
eighths  and  3*5  excess  grains  in  the  total  amount  of 
24  carats.  The  percentage  composition  of  such  an 
alloy  would  be  99‘66  per  cent,  of  pure  gold  and 
0-33  per  cent,  of  alloying  metal  (generally  cojaper  or 
silver). 

Although  the  above  method  of  reporting  is 
clumsy  and  complicated,  it  is  found  to  be  very  con- 
venient when  masses  of  metal  varying  in  weight  and 
composition  have  to  be  alloyed  and  mixed,  so  as  to 
bring  all  to  a definite  composition,  and  is  on  this 
account  still  partially  retained  in  the  Mint.  It  has, 
however,  been  very  generaliyreplaced  by  the  following 
more  uniform  system,  in  which  decimal  fractions  ai’e 
employed,  and  which  has  the  advantage  of  being 
equally  applicable  to  gold  and  silver.  Upon  this 
system  fine  gold  or  silver  is  termed  lOOO'O,  and  the 
report  upon  any  sample  of  alloy  simply  indicates  the 
number  of  parts  of  pure  gold  or  silver  in  1000 
which  the  sample  contains.  Unfortunately  the 
English  standard  does  not  admit  of  expressing  the 
amount  of  gold  in  a terminating  decimal,  the  neare.st 
convenient  fraction  being  916’66  of  gold  in  1000  of 
alloy.  In  France  the  standard  is  eonveniently  ex- 
pressed by  900  of  gold  to  100  of  copper.  This 
decimal  standard  admits  of  the  ready  comparison  of 
gold  alloys  with  other  chemical  compounds,  because 
in  analytical  investigations  the  results  are  always 
sought  with  reference  to  the  percentage  or  centesi- 
mal composition  of  the  substance  under  examination ; 
but  when  the  composition  is  given  in  carats,  grains, 
&c,,  in  the  case  of  gold,  or  in  ounces,  pennyweights, 
&c.,  in  the  case  of  silver  (a  method  which  will  be 
found  described  under  Silveh),  it  is  necessary 
that  these  should  be  converted  before  such  compari- 
sons can  be  made.  The  following  table,  which  gives 
the  values  of  the  divisions  used  in  the  old  method 
expressed  in  decimal  fractions,  will  be  found  con- 
venient for  effecting  any  required  conversion  in  the 
case  of  gold.  As  an  example  of  its  use,  suppose  it 
be  required  to  convert  the  above  trade  report  into 
its  equivalent  on  the  decimal  system — 


23  carats  are  equivalent  to.. . . 9.58'22  thousandths. 

3 carat  grains, 31 '25  “ 

5 eighths, 6 51  “ 

3 5 e.xcess  grains, 0 61  “ 


<J9G-59 


Carats. 

Decimal  Equivalent. 

Carat  Grains. 

Decimal  Equivalent. 

1 

41-667 

1 

10417 

2 

83-333 

2 

20-833 

3 

125-000 

3 

31-250 

4 

166  667 

4 

41-667 

5 

6 

208-333 

2,50-000 

Eighths. 

Decimal  Equivalent. 

7 

8 

291-667 

333-333 

1 

1-30-2 

9 

375-000 

2 

2-604 

10 

416-667 

3 

3-906 

11 

458  2-22 

4 

5-208 

12 

500-000 

5 

6-510 

13 

541-667 

6 

7-812 

14 

,583-333 

7 

9-115 

15 

625-000 

8 

10-417 

16 

17 

666  667 
708-333 

Excess  Grains. 

Decimal  Equivalent. 

18 

7,50-000 

1 

0-174 

19 

791-607 

2 

0-347 

20 

833-333 

3 

0-.521 

21 

875  000 

4 

0 694 

22 

916-667 

5 

0-868 

23 

9.58-‘22-2 

6 

1-042 

24 

1000-000 

7 

1-215 

7 5 

1-302 

Coinage — Ilistm-i/. — Altliough  it  is  not  proposed 
here  to  give  an  elaborate  history  of  coinage,  yet  it 
may  not  be  uninteresting  briefly  to  sketch  the  lead- 
ing facts  in  the  history  of  money  from  the  earliest 
times  of  which  any  records  exist,  and  to  give  some 
account  of  the  coinage  of  Great  Britain,  which  will 
be  followed  by  a description  of  the  manufacture  of 
money  as  at  present  carried  on  in  the  Royal  Mint. 

The  use  of  coined  money  is  by  no  means  so  ancient 
as  might  be  supposed,  unless  it  be  true,  as  stated, 
that  in  the  collection  of  Chinese  coins  in  the  Pans 
Mint  there  is  one  which  dates  as  far  back  as  1700 
B.C. ; for  the  invention  of  true  coins  appears  to  have 
taken  place  about  the  seventh  or  eighth  century  b.c. 
Before  this  time  payments  were  made  by  means  of 
pieces  of  silver  or  gold,  which  are  not  supposed 
to  have  borne  any  impression  whatever,  or  to  have 
been  of  any  definite  weight.  The  weight  used  as 
an  unit  seems  to  have  been  such  that  it  represented 
the  value  of  some  property  frequently  bought  or 
sold.  Thus  in  the  book  of  Job  the  word  “ kesitah,” 
meaning  a “ lamb,”  is  translated  “ a piece  of  money.” 
Doubdess  this  amount  of  silver  represented  the 
value  of  a lamb  ; and,  indeed,  in  an  ancient  Egyp- 
tian painting  we  have  a representation  of  ring  money 
being  weighed  against  weights  made  in  the  form  of 
a lamb.  Personal  ornaments  were  also  frequently 
[ made  of  a definite  weight,  in  order  that  they  might 
be  used  as  a medium  of  e.xchange,  and  are  called 
“ jewel-money.”  The  “ ring  money  ” mentioned 
above  was  made  of  gold  or  silver  wire  bent  in  a 
circle  (about  2 or  3 inches  in  diameter) ; but  the 
ends  were  not  united,  in  order  that  they  might  be 
joined  into  a continuous  chain. 

The  honour  of  having  first  invented  coined  money 
passing  by  tale  and  not  by  weight  has  been  given  to 
various  nations  of  antiquity  ; it  seems  most  pro- 
bable, however,  that  the  Greeks  were  the  real  in- 
ventors, as  theirs  is  the  only  coinage  in  which  a 
gradual  progress  can  be  traced.  As  Homeu  mentions 
that  an  ox  was  exchanged  for  a “ bar  of  brass”  of  a 


GOLD. — Coinage. 


97 


certain  size,  it  is  evident  that  coins  did  not  exist  in 
his  day ; and,  on  the  otlier  hand,  since  reference  is 
made  to  them  in  the  laws  of  Lycurgus,  we  are 
assured  of  their  employment  at  that  date.  Thus 
their  invention  is  fixed  between  these  two  dates,  that 
is,  B.c.  950  and  b.c.  820,  or  as  nearly  as  we  can 
tell  at  about  880  b.c.  This  money  consisted,  so  far  as 
we  liave  any  records,  of  “spikes,”  or  small  brass  or 
iron  obelisks,  which  were  of  such  a size  that  the  hand 
could  just  manage  to  grasp  six  at  once.  From  this 
fact  were  derived  the  names  ubolux^a,  spike)  and  drachma 
(a  handful)  for  two  Greek  coins  in  use  long  after- 
wards, one  of  which  was  worth  six  of  the  other. 

It  is  interesting  to  note  that  in  the  earliest  gold 
coinage  ever  issued — that  of  Lydia,  in  Asia  Minor — 
the  same  ratio  existed  between  it  and  the  smaller 
silver  coins  as  at  the  present  day  our  sovereign 
bears  to  the  shilling. 

While  to  the  Lydians  is  generally  ascribed  the 
first  introduction  of  gold  coins,  it  is  generally  sup- 
posed that  the  invention  of  silver  money  rightly 
belongs  to  the  inhabitants  of  the  Island  of  Qigina, 
of  whose  coinage  specimens  exist  similar  to  the 
earliest  Greek  coins,  bearing  on  the  reverse  simply 
the  rude  form  of  a punch  mark,  without  any  attempt 
at  ornament. 

In  the  earlier  moneys  the  portraits  borne  always 
represented  gods,  or  some  animal  considered  to  be 
typical  of  the  town  or  state  in  which  they  were 
issued ; and  the  introduction  of  human  portraits  on 
the  coins  did  not  take  place  till  a comparatively 
recent  period,  when  the  art  of  coining  had  been 
brought  to  a high  state  of  perfection.  This  was, 
however,  at  first  only  accomplished  under  a pre- 
tence of  deification. 

The  metal  adopted  for  the  currency  in  different 
countries  depended,  as  was  natural,  on  the  distri- 
bution of  metals  in  those  countries.  Thus  in  Asia 
Minor  the  first  money  was  of  gold,  and  the  metal  is 
well  known  to  have  existed  in  the  river  Pactolus. 
Greece,  on  the  other  hand,  possessing  rich  silver 
mines,  its  first  coinage  was  of  this  metal.  Italy, 
again,  possessing  as  it  did  an  immense  supply  of 


copper,  its  first  money  consisted  of  a kind  of  bronze, 
termed  ses,  in  which  copper  is  the  principal  ingredi- 
ent. The  Romans  did  not  issue  gold  and  silver 
coins  till  the  years  207  b.c.  and  281  B.c.  respectively. 

William  the  Conqueror  after  the  conquest  re- 
placed the  old  brass  money  of  the  Saxons  by  a coin- 
age of  silver,  dividing  the  pound  into  twenty  shillings 
and  the  ^hilling  into  twelve  pence,  a system  which 
had  already  been  introduced  into  France  by  Charle- 
JiAGNE  in  the  eighth  century.  Gold  coins  were  not 
introduced  until  the  year  1257,  when  Henry  III. 
caused  “gold  pennies”  to  be  struck  of  fine  metal, 
although  previously  much  foreign  gold  money  was 
freely  circulated  in  England.  Edward  III.  intro- 
duced half  a carat  grain,  or  0’5  per  cent,  of  alloy,  and 
the  standard  was  gradually  lowered  to  22  cts.,  or 
916'6  parts  of  fine  gold  in  1000  of  alloy,  a propor- 
I tiou  first  employed  by  Henry  VIII.  in  1527  ; while 
once,  in  the  year  154G,  it  was  reduced  by  Henry 
VIII.  to  20  cts.,  or  833'5,  the  lowest  gold  standard 
ever  known  in  England  ; but  this  was  immediately 
replaced  in  the  next  reign  by  the  old  standards. 

That  introduced  by  Edward  III.  was  994-8,  and  was 
subsequently  called  “angel”  gold,  in  contradistinction 
to  the  more  modem  standard  916‘6,  called  “crown” 
gold,  respectively  from  coins  called  “angels”  and 
“crowns,”  issued  of  these  two  compositions.  The 
two  standards  continued  concurrently  in  use  till 
about  1640,  since  which  date  the  latter  has  alone 
been  employed. 

The  alloys  employed  for  the  silver  currency  have 
undergone  even  more  violent  changes,  principally, 
however,  during  the  reigns  of  Henry  HI.  and  his 
successor,  when  it  fell  as  low  as  333'3  parts  in  1000, 
nevertheless  the  standard  now  in  use  is  the  one 
originally  introduced  by  William  the  Conqueror, 
and  has  been  used  uninterruptedly  except  at  the 
times  indicated. 

The  following  table,  which  constitutes  a portion  of 
the  1st  Schedule  to  the  Coinage  Act  of  1870,  gives 
the  weight  of  all  coins  now  legally  current  in  both 
French  and  English  measure,  together  with  their 
least  current  weight,  standard  of  fineness,  and  remedy 


Standard  Weight. 

Least  Current  Weight. 

Denomination  of  Coin. 

Imperial 

Weight. 

Grains. 

Metric 

Weight. 

Grams. 

Imperial 

Weight 

Grains. 

Metric 

Weight. 

Grams. 

Gold — 

Five  ])Ound, 

C.1 6-37239 

39-94028 

612-50000 

39-68935'! 

Two  pound, 

246-54895 

15-97611 

245-00000 

15-87574 

i- 

Sovereign, 

123-.:7447 

7-98805 

12-2-.50000 

7-93787 

Half-sovereign, 

61-63723 

3-99402 

61-12500 

3-96083 

Silver — 

Crown 

436  36363 

28-27.590 

— 

— 1 

Half-crown, 

218-18181 

14-13795 

— 

— 

Florin, 

174-.54545 

11-31036 

— 

— 

shilling, 

87-27-272 

5-6.5518 

— 

— 

Sixpence, 

43-63636 

2-8-2759 

— 

— 

► 

Fourpence, 

Threepence, 

Twopence, 

29-09090 

1 -88506 

— 

— 

21-81818 

1-41379 

— 

— 

14  .54545 

0-94253 

— 

— 

Fenny, 

7-27-272 

0-47126 

— 

— J 

Bronze — 

Penny, 

145-83333 

9-44984 

— 

— 1 

Half-penny 

87 -.50000 

5-66990 

— 

>• 

Farthing, 

43-7.5000 

2-83495 

— 

- J 

Standard 

Fineness. 


Bemedy  Allowance. 


Weight  Per  Piece. 

Imperial 

Metric 

Grains. 

Grams. 

f 1 -00000 

0-06179'' 

0-40000 

0-02592 

0-20000 

001296 

r 

[o-ioooo 

0-00648, 

f 1-81818 

0-1 1781 1 

0-90909 

0-0-5890 

0-7-2727 

0-04712 

0-36363 

0 023.56 

-1 

0-18181 

0-01178 

0-12121 

0-00785 

0 09090 

0-00589 

0-06060 

0 00392 

L 0-03030 

0 00196  J 

[2-91666 

0 18899) 

•< 

1 75000 

0-11339  U 

[0-87500 

0-05669) 

Millesimal 

Fineness. 


fine  gold, 
■h  alloy ; 
oniiillesimal 
fineness,916'6 


JJfinesilver, 
alloy ; 

or  millesimal 
fineness,  9’25. 


Jlixed  metal, 
co])])er,  tin. 
and  zinc. 


0-002 


0 004 


None. 
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These  data  perhaps  require  some  slight  explana- 
tion. 

Standard  weight  is  the  weight  of  a coin  as  pre- 
scribed by  an  Act  of  George  III.  Thus  20  lbs.  of 
standard  gold  must  contain  934  sovereigns  and  one 
ten  shilling-piece  ; and  every  pound  of  standard 
silver  shall  be  coined  into  sixty-six  shillings. 

Leant  current  weight  is  the  least  weight  jit  which 
the  Bank  can  be  compelled  to  accept  a gold  coin 
without  making  deduction  for  wear. 

Remedg  allowance  is  the  latitude,  or,  in  French, 
tolerance  allowed  to  the  Mint  authorities  within 
which  the  weight  and  fineness  of  coins  may  vary, 
as  it  would  be  impossible  to  produce  the  requisite 
number  of  coins  absolutely  correct  both  as  regards 
weight  and  fineness. 

Manufacture  of  Coins. — In  describing  the  manner 
in  which  gold  or  silver,  as  received  from  the  refiner, 
is  converted  into  finished  coin,  we  cannot  do  better 
than  trace  its  progress  from  the  time  of  the  impor- 
tation of  the  bullion  in  the  form  of  ingots,  to  its  being 
passed  into  circulation. 

Importation. — Although  the  Mint  authorities  are 
legally  compelled  by  the  Coinage  Act  of  1870  to 
coin  gold  bullion  free  of  charge,  at  the  rate  of 
£3  17*-.  10^(7.  per  standard  ounce,  by  whomsoever 
imported,  provided  that  it  is  not  lower  than  standard 
fineness,  the  right  is  seldom  taken  advantage  of  by 
the  public,  and  practically  all  the  gold  issued  as  coin 
is  imported  by  the  Bank  of  England.  This  liberty, 
however,  does  not  extend  to  silver,  for  the  money  made 
of  this  metal  is  what  is  technically  termed  a ‘ token  ” 
coinage,  that  is,  it  is  not  intrinsically  worth  the  amount 
for  which  it  passes  current;  an  ounce  of  standard  silver, 
which  in  the  currency  is  worth  bs.  bd.,  having  an 
actual  market  value  of  about  4, s'.  lOd,  ; this  amount  of 
course  is  liable  to  slight  variations.  Bronze  money 
is  also  a “token”  coinage.  Thus  it  will  be  seen,  that 
a profit  of  about  14  per  cent,  is  derived  from  the 
coinage  of  silver  money ; this  profit  is  called  the 
“seignorage.”  It  should  be  noticed,  however,  that 
whereas  in  the  case  of  light  gold  the  public  are 
charged  for  the  amount  lost  by  wear,  the  Mint  is 
always  obliged  to  return  new  silver  coin,  piece  for 
piece  for  worn  coin,  however  much  it  may  have  lost 
in  weight  from  this  cause. 

Gold  and  silver  bullion  are  received  into  the  Mint 
as  (1)  worn  coin,  (2)  foreign  coin,  and  (3)  ingots. 
I'hese  latter  are  in  the  form  of  bricks  slightly  tapering 
downwards,  and,  in  the  case  of  gold,  generally  weigh 
about  200  ozs.,  and  contain  about  98  per  cent,  of 
fine  metal.  The  silver  ingots,  which  are  pur- 
chased for  the  mint  by  a broker,  usually  weigh 
from  1000  to  2000  ozs.,  and  are  similar  in  fineness 
to  those  of  gold.  After  being  severally  weighed, 
samples  are  cut  off  each  ingot,  and  are  then  sent 
to  be  assayed  (an  operation  which  will  be  de- 
scribed subsequently)  by  the  assayer  of  the  Mint, 
who  compares  his  results  with  those  obtained  by  the 
importer’s  assayer.  In  case  the  two  assays  do  not 
agree,  a “retrial”  is  made,  and  should  this  confirm 
the  first  Mint  assay,  the  importer  is  at  liberty  to  sell 
on  this  result,  or  remove  the  metal  from  the  Mint. 


The  importer’s  assayer  gives  both  a trade  report  and 
its  decimal  equivalent. 

Melting. — The  ingots  then  pass  into  the  melting 
house,  which  is  divided  into  two  departments, 
devoted  respectively  to  gold  and  silver.  From  the 
known  weight  of  the  metal  and  its  composition 
it  is  easy  to  ascertain  the  amount  of  alloying 
metal  (copper)  which  must  be  added  in  order  to 
reduce  it  to  the  required  standard  of  916-6  and 
925-0,  in  the  cases  of  gold  and  silver  respec- 
tively. Plumbago  pots  are  used  in  both  cases, 
those  employed  for  gold  being  capable  of  holding 
about  1250  ozs.,  and  those  for  silver  from  2000  to 
5000  ozs.  of  the  standard  alloy.  The  metal  can,  in 
the  former  case,  be  easily  poured  by  hand,  the  pot 
being  merely  supported,  while  held  in  a pair  of  tongs, 
by  a rope  passing  over  a single  pulley  in  the  roof. 
With  silver,  however,  in  consequence  of  the  larger 
weight  operated  upon,  mechanical  appliances  have  to 
be  introduced.  The  pot,  after  being  raised  from  the 
furnace  by  means  of  a common  jib  crane,  is  placed 
in  an  iron  holder,  which  by  means  of  wheel  gearing 
can  be  gradually  tilted,  thus  causing  the  metal  to 
flow  out.  The  moulds,  about  twenty-four  in  number, 
are  fixed  in  a heavy  iron  frame,  which  runs  on  rails 
in  such  a manner  as  to  bring  them  consecutively  under 
the  lip  of  the  pot.  In  order  to  effect  this  the  frame 
is  provided  with  a longitudinal  rack,  which  gears 
into  a spur  wheel  on  the  fixed  frame  supporting  the 
mechanism  by  means  of  which  motion  is  given  to 
the  pot.  Three  men  are  required  to  work  this 
apparatus.  One  turns  a handle  by  which  the  tilting 
of  the  pot  is  effected  ; a second  turns  another  handle 
in  order  to  bring  the  moulds  consecutively  under  tlie 
lip,  at  the  same  time  holding  back  the  charcoal  (which 
always  covers  the  surface  of  the  metal,  in  order  to 
prevent  oxidation  of  the  copper,  whereby  the  alloy 
would  be  rendered  too  rich)  to  prevent  fragments 
from  passing  into  the  moulds , while  a third  works 
two  small  racks,  by  which  a slight  motion  may 
be  given  to  the  moulds  to  or  from  the  pot,  thus 
insuring  a direct  flow  of  the  metal  into  the  mould. 
In  practice,  however,  it  is  found  impossible  to  avoid 
spilling  a considerable  amount  of  metal  when  this 
apparatus  is  employed,  the  amount  spilt  in  pouring 
gold,  which  is  done  by  hand,  being  almost  inappre- 
ciable. The  bars,  immediately  on  being  cast,  are 
removed  from  the  moulds  and  cooled  rapidly.  The 
furnace  in  which  the  silver  is  melted  is  cylindrical  in 
form,  being  about  30  inches  deep  and  not  quite  2 
feet  in  diameter,  6 of  these  being  connected  with  one 
central  flue.  They  are  provided  with  movable  fire- 
bars and  lids  which  slide  over  the  top.  Those 
employed  for  gold  are  similar  in  construction,  but 
somewhat  smaller.  It  is  important  to  observe  that, 
before  pouring,  the  metal  should  always  be  stirred 
with  an  iron,  fire-clay,  or  plumbago  stirrer,  as  the 
gold  (or  silver)  is  liable  to  settle  to  the  bottom  of  the 
pot,  owing  to  its  high  specific  gravity.  During  this 
operation,  moreover,  the  fireman  ascertains,  from  the 
luscosity  of  the  molten  metal,  when  it  has  attained 
the  temperature  which  causes  it,  when  moulded,  to 
I form  the  most  workable  bars.  The  bars  are  all  of  a 
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uniform  length  of  about  24  inches,  and  the  breadth 
and  thickness  vary  with  the  different  denominations 
of  coins. 

After  being  marked  with  letters  indicating  the 
day  on  which  they  were  melted,  and  numbers  to 
show  the  pot  on  that  particular  day,  two  bars  are 
taken  from  each  pot,  and  from  the  top  of  one  (the 
extreme  end  having  been  previously  removed  by 
means  of  a cutting  machine)  and  the  bottom  of  the 
otlier,  samples  are  removed  for  assay.  The  “ legal 
remedy  ” or  amount  of  variation  permitted  in  fine- 
ness from  the  actual  prescribed  composition  (916‘66 
in  the  case  of  gold,  and  925'0  in  that  of  silver)  is  for 
the  fornter  2 parts  in  1000,  above  or  below,  and  for 
the  latter  4 parts.  Those  employed  in  practice, 
however,  are  considerably  less  than  above  stated,  in 
order  both  to  insure  against  the  possibility  of  any 
coins  being  issued  “ out  of  remedy,”  and  to  allow 
for  those  slight  variations  in  composition  Avhich 
always  take  place  during  the  subsequent  operations 
of  coining.  When  the  bars  cast  from  a pot  are  found 
to  differ  in  composition  from  the  required  standard 
by  more  than  this  working 
remedy  they  are  “stopped,” 
and  melted  with  such  an 
amount  of  fine  metal  orcopper 
as  may  be  found  by  calcula- 
tion to  be  necessary  to  con- 
vert them  to  the  required 
standard. 

In  consequence  of  the  con- 
traction which  the  bars  under 
go  on  cooling  the  upper  ends 
are  hollow,  and  must  be  re- 
moved from  all  those  which 
are  ascertained  to  be  of  the  requisite  composition. 
This  is  done  by  means  of  an  ordinary  cutting  machine 
in  the  melting-house,  where  they  are  also  now 
trimmed  and  cleaned  by  means  of  a rotating  cylin- 
drical file,  driven  by  steam  power. 

It  may  be  well  to  explain  that  the  above  account 
describes  the  method  actually  practised  in  the  Eng- 
lish Mint,  where  modifications  are  from  time  to  time 
introduced ; moreover,  in  no  continental  mint  are 
opercations  conducted  in  a precisely  similar  manner, 
nius,  it  is  frequently  the  practice  to  transfer  the 
melted  alloy  from  the  crucibles  to  the  moulds  by 
means  of  iron  ladles  lined  with  clay.  So  general  is 
this  practice,  that  in  the  case  of  silver,  in  only  one 
mint,  that  of  INIadrid,  is  the  pot  removed  from  the 
furnace  as  in  England.  Advantages  are  claimed  for 
both  systems,  and  Mr.  Napieii,  reporting  on  the 
European  mints,  points  out  the  following : — “ The 
crucible  left  in  the  furnace  will  last  two  or  three 
times  longer ; the  metal  is  kept  hot  to  the  end  ; risk 
of  accident  from  the  breaking  of  the  crucible  is 
avoided,  as  well  as  the  trouble  of  raking  out  the  fire 
to  remove  the  crucible,  and  the  frequent  resetting  of 
it;  a larger  quantity  can  be  melted  at  once,  and  the 
means  employed  for  pouring  are  simpler.  On  the 
other  side  it  may  be  urged,  that  direct  pouring  is 
quicker,  and  requires  less  labour,  exposes  the  men 
less  to  the  heat  of  the  furnace,  and  empties  the 


crucible  entirely.”  In  the  British  Mint  the  moulds 
are  formed  of  a series  of  cast-iron  bars  having  a T 
section  ; the  alternate  ones  being  reversed  form  a 
series  of  spaces  thus — T±T±T±T±  — of  a size  de- 
pendent on  the  width  of  flange.  On  the  Continent, 
however,  almost  without  exception,  the  moulds  are 
recessed  only  on  one  portion,  the  covering  portion 
being  plain,  a form  which  can  be  manufactured  at 
less  expense. 

RnUbuj. — The  bars  having  been  thus  prepared,  are 
removed  to  the  rolling  room,  where  they  are  reduced 
in  thickness  to  as  nearly  as  possible  that  of  the  par- 
ticular coin  for  which  they  have  been  prepared.  In 
order  to  effect  this  it  is  necessary  that  they  be  passed 
through  a series  of  rolling  mills,  in  which  the 
distances  between  the  rolls  gradually  decrease  from 
somewhat  less  than  the  primary  thickness  of  the  bar 
to  that  of  the  coin  to  be  produced.  The  rollers 

Fig.  28. 


through  which  the  metal  is  first  passed  are  of  heavy 
construction,  as  represented  in  the  engraving,  and 
need  not  be  specially  described,  further  than  to  state 
that  the  distance  between  the  rollers,  which  are 
about  10  inches  in  diameter,  is  adjusted  by  means 
of  two  similar  and  carefully  cut  screws,  the  ends  of 
which  abut  on  the  brasses  of  the  upper  rollers ; 
motion  is  given  to  both  simultaneously  by  worm- 
wheels  fixed  at  their  upper  ends,  these  being  caused 
to  rotate  equally  by  two  similar  worms  fixed  on  one 
and  the  same  axis.  In  these  “ breaking  down  ” 
mills  both  rolls  are  driven  by  toothed  gearing,  a 
system,  however,  which  gives  rise  to  irregularities  in 
the  thickness  of  the  “ fillets,”  as  the  bars  are  called 
after  being  reduced  to  the  required  thickness.  In 
some  continental  mints,  in  consequence,  the  upper 
roller  is  left  free  to  be  turned  by  the  friction  of  the 
passing  fillet,  the  power  being  communicated  to  the 
lower  roll  only. 

Formerly  when  thick  bars  were  employed  (that  is, 
1 inch  in  thickness),  the  constant  pressure  caused 
the  metal  to  become  extremely  hard,  a circumstance 
which  materially  interfered  with  the  final  adjustment 
of  the  thickness,  and  had  to  be  counteracted  by 
annealing  the  fillets  from  time  to  time.  This  con- 
sisted in  inclosing  them  (in  the  case  of  gold)  in 
copper  tubes  made  without  solder,  and  which  could, 
after  the  lids  had  been  carefully  luted  on,  be  intro- 
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duced  on  an  iron  carriage  into  a furnace,  where  they 
were  left  for  about  twenty  minutes.  On  being  with- 
drawn, they  were  dipped  into  cold  water.  Silver 
fillets  were  also  annealed,  but  resting  on  iron  plates, 
the  copper  of  the  outer  surface  being  thus  oxidized. 
This  oxide  was  subsequently  removed  by  introduc- 
ing the  metal  into  hot  sulphuric  acid,  as  will  presently 
be  described.  Bars  only  half  or  tliree-eighths  of  an 
inch  in  thickness  are  being  gradually  introduced  for 
all  denominations  of  coin ; and  it  is  found  possible, 
when  these  are  employed,  to  bring  the  fillets  to 
the  requisite  thickness  without  annealing. 

The  last  mill  through  which  the  metal  is  caused  to 
pass  is  capable  of  more  accurate  adjustment  than 
those  employed  for  the  preliminary  rolling,  and  by 
its  means  the  fillets  are  brought  as  nearly  as  possible 
to  the  required  thickness  of  the  coin. 

When  a fillet  has  passed  through  this  gauging  mill, 
the  operator,  in  order  to  ascertain  whether  the  dis- 
tance between  the  rollers  is  correetly  adjusted,  cuts 
out  a blank  by  means  of  a small  hand  screw  press, 
provided  with  a ring-cutter  and  die  suitable  to  the 
particular  size  of  coin  to  be  idtimately  produced. 
This  blank  he  weighs,  and  if  its  weight  be  within 
the  working  remedy  the  rollers  are  known  to  be  the 
required  distance  apart.  It  is  found,  however, 
impossible  in  practice  to  roll  a fillet  uniform  in 
thickness  in  its  whole  width  ; in  consequence  of  the 
rollers  yielding,  the  centre  is  perce[)tibly  thicker 
than  the  edges,  a fault  which,  if  not  corrected,  would 
largely  iucrease  the  amount  of  coin  rejected  on 
account  of  its  being  out  of  remedy  as  to  weight. 
The  apparatus  employed  in  order  to  secure  this 
uniformity  is  the  draw-bench  ; and  although  several 
attempts  have  been  made  to  complete  the  adjustment 
by  means  of  rolling  mills,  no  machine  has  given  such 
good  results.  Before  being  operated  upon  by  this 
instrument,  one  end  of  each  of  the  fillets  is  intro- 
duced into  a flatting  mill,  the  object  of  which  is  to 
diminish  its  thickness  to  such  an  extent  that  it  may 
be  easily  introduced  between  the  two  fixed  edges  of 
the  draw-bench. 

Adjusting  Fillets. — There  are  in  the  Mint  two 
benches,  each  capable  of  drawing  two  fillets  at  once, 
and  being  about  14  feet  long  by  feet  broad.  Two 
endless  chains  pass  along  the  whole  length,  and  are 
supported  on  a drum  at  one  end,  while  they  are 
caused  to  travel  along  the  beneh  by  means  of  gear- 
ing driven  by  the  steam  engine,  and  situated  at  the 
opposite  end,  the  loose  half  of  each  chain  returning 
underneath  the  bench.  Each  link  of  the  chains  is 
provided  with  a short  transverse  bar,  by  means  of 
which  motion  is  given  to  the  small  carriage  or 
“ dog”  after  it  has  gripped  the  thin  end  of  the  fillet. 
'I'he  principal  part  of  this  apparatus  by  which  the 
thickness  is  adjusted  remains  to  be  described.  It 
consists  of  a strong  rectangular  frame  of  cast  iron, 
having  a vertical  height  of  20  inches  and  a width  of 
13  inches.  In  it  are  placed  two  solid  blocks  of  metal, 
the  lower  of  which  is  rigidly  fixed  by  means  of 
serews,  and  the  upper  is  capable  of  a sliglit  motion 
in  a vertical  plane  by  means  of  a very  accurately 
cut  screw,  provided  with  a micrometer  adjustment. 


while  the  di.stance  between  the  two  blocks  can  be 
adjusted  by  means  of  two  screws  with  capstan  heads, 
placed  between  them.  There  is  a clear  interval  of 
1^  inch  between  these  blocks,  while  to  the  top  of 
the  lower  and  the  base  of  the  upper  block  small 
accurately-turned  polished  cylinders  of  fine  steel,  3 
inches  long  and  three  quarters  of  an  inch  in  diameter, 
are  rigidly  fixed,  touching  the  blocks  along  their  whole 
length.  These  cylinders  do  not  rotate,  but  form 
edges,  between  which  the  fillets  are  drawn  by  means 
of  the  dog ; and  this  is  so  constructed  that  immedi- 
ately on  gripping  the  end  of  a fillet  it  is  drawn 
towards  the  opposite  end  of  the  bench,  at  which  the 
driving  gear  is  situated.  It  will  thus  be  seen  that  such 
an  arrangement  for  diminishing  the  thickness  differs 
essentially  from  the  rolling  mill,  (1)  in  the  fact  that 
the  faces  between  which  the  metal  passes  are  fixed; 
and  (2)  the  thickness  of  the  blocks  being  very  gi-eat 
in  proportion  to  the  width  of  the  faces,  the  possi- 
bility of  their  bending  is  considerably  diminislied. 
The  thickness  of  the  fillets  is  tested  in  the  same 
manner  as  it  was  on  passing  the  gauging  mill — by 
cutting  out  a blank  of  the  size  of  the  coin  to  be  pro- 
duced. Whereas,  however,  in  the  former  case  the 
working  remedy  was  0’5  grain  for  sovereign  fillets, 
in  the  latter  it  is  0'2  grain. 

The  heat  produced  by  the  friction  between  the 
steel  faces  and  fillet  is  very  great,  and  an  abundant 
supply  of  oil  must  be  kej)t  up  in  order  to  diminish 
this  as  much  as  possible.  All  those  fillets  which  are 
found  to  be  of  the  correct  thickness  are  cleaned,  cut 
into  lengths  of  about  15  inches,  and  passed  into  an 
adjoining  room,  where  the  next  opei'ation  of  cutting 
out  blanks  is  conducted. 

Cutting  out  Blanks. — The  apparatus  employed  for 
this  purpose  in  the  British  Mint  is  of  ancient  con- 
struction, and  quite  unfitted  for  the  requirements  of 
the  present  day ; were  it  not  that  the  Mint  will,  in  all 
probability,  shortly  be  removed  from  its  present  site 
and  completely  rearranged,  the  cutting  out  press 
would  long  ago  have  been  replaced  by  machinery 
of  a more  convenient  and  less  noisy  description. 
The  blanks  are  cut  out  by  means  of  punches,  the  die, 
which  is  made  of  a size  corresponding  to  that  of  the 
coins  required,  exactly  fitting  into  a ring-cutter  fixed 
below.  There  are  twelve  screw-presses  arranged  in 
a circle,  and  all  driven  by  one  large  driving  wheel 
situated  overhead,  and  rotating  in  a horizontal  plane, 
each  press  being  separately  assisted  in  its  downward 
motion  by  a vacuum  cylinder  and  piston  situated 
beyond  the  walls  of  the  press-room  ; this  piston  is 
raised  during  the  ascent  of  the  cutter,  a motion  which 
is  brought  about  by  the  large  driving  wheel.  The 
position  of  the  fillet  under  the  die  is  adjusted  entirely 
by  the  eye,  the  object  of  course  being  to  cut  the 
blanks  as  close  as  possible,  in  order  to  diminish  the 
amount  of  loss  which  must  ensue  on  remelting  the 
remainder  of  the  fillet  from  which  the  discs  have  been 
removed,  called  scissel.  In  only  one  continental 
mint,  that  at  Copenhagen,  is  machinery  similar  to 
that  in  our  Mint  employed ; in  all  others  the  screw 
press  has  been  replaced  by  the  crank  or  eccentric 
press.  It  is  generally  driven  by  a strap  to  a pulley  on 
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the  crank-shaft,  on  which  is  also  fixed  a fly-wheel. 
Occasionally,  in  order  that  the  fillet  may  be  fed  into 
the  press  rapidly  and  with  precision,  a movable  stop  is 
added,  which  bikes  its  place  in  the  last  hole  cut  out, 
actinif  a^jainst  the  side  nearest  to  the  punch,  and  rising 
with  the  upward  stroke  to  permit  of  the  forward  motion 
of  the  fillet.  At  the  English  and  Belgian  mints,  heavy 
crank  presses  are  employed  for  cutting  two  or  three 
blanks  at  a time  in  bronze  and  sometimes  silver. 
They  are  provided  with  a self-feeding  arrangement, 
consisting  of  a pair  of  gripping  rollers  worked  by  a 
ratchet  motion.  As  in  the  case  of  bronze  the  fillets 
are  not  passed  through  the  drawbench,  and  are  there- 
fore thicker  in  the  middle,  it  is 
found  advisable,  when  cutting 
three  blanks  from  the  width,  to 
make  the  central  cutter  somewhat 
smaller  than  the  external  ones,  in 
order  to  secure  greater  uniformity 
in  the  weight  of  the  coin.  The 
scissel  is  usually  tied  up  in  bundles 
to  be  remelted. 

Ed(je-RoUin(j  or  Marking— Jxx  the 
Royal  Mint  all  blanks,  after  a 
preliminary  examination  to  remove 
such  as  are  evidently  imperfect,  are 
passed  through  the  edge-roller  or 
compressor  immediately  on  leav- 
ing the  cutting-room,  the  object 
of  which  is  to  raise  a rim  round 
the  edge  to  facilitate  the  formation 
of  the  relief  at  the  circumference 
in  the  coining  press,  as  also  to 
protect  the  impres-sed  surfaces  of 
the  coin  from  undue  wear.  It  is 
represented  in  the  annexed  engrav- 
ing, and  consists  of  a circular 
steel  plate  which  rotates  on  a 
horizontal  axis,  and  having  a 
circular  groove  on  its  face. 

Opposite  to  the  lower  portion  of 
this  groove  is  fixed  a steel  block, 
on  the  face  of  which  is  a cor- 
responding groove,  and  the  dis- 
tance between  the  two  can  be 
accurately  adjusted.  The  blanks 
are  led  to  the  space  between  these 
two  by  means  of  an  inclined 
spout,  at  the  upper  end  of  which 
rotates,  in  a vertical  plane,  a wheel  provided  on  its 
edge  with  slight  saw-like  indentations. 

The  metallic  discs  being  led  by  means  of  a hopper 
to  the  top  of  this  wheel,  are  distributed  by  its  teeth, 
and  pass  down  the  guide  with  regular  intervals 
between  them  to  the  pair  of  confronting  grooves,  and 
the  distance  between  these  being  somewhat  less  than 
the  diameter  of  the  blank,  its  edge  is  pressed  inwards, 
the  thickness  at  the  circumference  being  thereby 
incresised.  In  many  continental  mints  an  inscrip- 
tion or  ornamentivtion  is  impressed  on  the  edge 
during  this  operation.  In  England,  however,  it  is 
left  perfectly  smooth,  the  “milling”  being  produced 
in  the  subsequent  operation  of  coining.  It  may  be 


mentioned,  that  this  instrument  is  capable  of  “com- 
pressing ” blanks  at  the  rate  of  about  700  per  minute. 

Annealing  Blankn.— On  leaving  the  edge-compressor 
the  blanks  are  subjected  to  the  process  of  an- 
nealing, by  which  they  are  rendered  sufficiently 
soft  to  receive  a well-defined  impression  of  the 
die  in  coining.  The  methods  adopted  in  the  Royal 
Mint  for  annealing  gold  and  silver  coin  have 
during  the  last  few  years  undergone  considerable 
modification.  Formerly  gold  blanks  were  treated  in 
closed  iron  tubes,  and  those  of  silver  in  open  iron 
trays,  but  they  are  now  all  treated  alike  in  copper 
tubes  similar  to  those  already  described  for  anneal- 


ing fillets.  These  tubes  are  nearly  filled  with  the 
precious  metal,  and  above  is  placed  a Layer  of 
charcoal,  the  whole  being  then  covered  with  a copper 
lid  a number  of  them,  containing  in  all  about  3600 
ounces  of  gold,  having  been  placed  on  an  iron  carriage, 
are  pushed  into  the  furnace,  where  they  remain  for 
about  twenty  minutes.  On  their  withdrawal  the 
tubes  are  rapidly  cooled  by  being  plunged  into  water, 
by  which  means  the  oxidation  which  took  place 
when  they  were  allowed  to  cool  slowly  in  the  air 
is  avoided.  The  blanks  are  now  emptied  into  a 
copper  colander,  washed  in  cold  water  in  order  to 
remove  the  charcoal,  and  dried  by  agitation  in  a 
sieve  with  hot  sawdust  over  a heated  iron  table. 
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This  practice  has  only  been  adopted  in  the  case  of 
silver  since  the  latter  end  of  1873 ; so  that  with  this 
metal  and  gold  the  process  of  jiickUiuj  or  hlanchhu/, 
formerly  considered  important,  is  now  almost  entirely 
dispensed  with.  This  included  three  distinct  opera- 
tions : — 

(1)  Heating  the  blanks  and  exposing  afterwards 
to  air,  thus  forming  a film  of  oxide  of  copper  on 
their  surface. 

(2)  Eemoving  this  film  by  solution  in  dilute  acid. 

(3)  Drying  the  blanks. 

In  the  case  of  gold,  as  already  mentioned,  this 
oxidation  of  copper  took  place  while  the  tubes  were 
cooling  in  the  air,  while  silver  blanks  were  exposed 
from  the  commencement,  being  introduced  into  the 
furnace  in  open  iron  trays.  The  blanks,  while  in  the 
colander,  were  cooled  in  water  and  dipped  into  a bath 
of  dilute  sulphuric  acid  (specific  gravity,  1-021)  where 
they  remained  for  a few  minutes,  the  oxide  of  copper 
being  thus  dissolved  off  and  leaving  a surface  of  pure 
gold  or  silver.  They  were  then  washed  and  dried  in 
sawdust  as  above  described.  Blanching  undoubt- 
edly has  the  advantage  of  giving  to  the  coins  a better 
appearance  when  first  issued  from  the  Mint,  but  this 
thin  superficial  layer  wears  off  much  quicker  than  an 
equal  thickness  of  the  standard  alloy  would  do : hence 
gold  coins  will  continue  a less  time  in  circulation, 
being  reduced  below  their  least  current  weight.  The 
question  is,  however,  of  but  small  importance  to 
the  public. 

The  annealing  of  copper  blanks  was  formerly  a 
very  slow  process,  as  the  cast-iron  tubes  in  which 
they  were  placed  in  the  furnace  were  afterwards  left 
to  cool  in  the  air  by  radiation,  the  blanks  being  then 
placed  in  dilute  sulphuric  acid  for  several  hours. 
The  method  now  adopted  is  a modification  of  the 
above,  the  tubes  being,  immediately  on  their  with- 
drawal from  the  furnace,  immersed  in  cold  water 
and  rapidly  cooled ; the  blanching  is  performed  as 
heretofore. 

Coiniiif/. — The  blanks  having  been  thus  prepared, 
nothing  remains,  as  far  as  forming  a completed  coin 
is  concerned,  but  to  introduce  them  one  by  one  into 
the  coining  press,  whereby,  at  a single  blow,  not  only 
the  obverse  and  reverse  impressions  are  given,  but 
the  crenated  or  “ milled  ” edge  is  formed  on  those 
coins  which  require  it.  The  f>resses  employed  in  the 
British  IMint  are  extremely  antiquated,  having  been 
invented  by  Boulton,  and  made  by  the  well-known 
firm  of  Boulton  & Watt,  and  are  of  the  form 
generally  known  as  screw- presses.  The  blanks, 
having  been  arranged  in  a vertical  hopper,  are  placed 
one  by  one  in  the  press  upon  the  lower  die,  which  is 
fixed,  by  means  of  an  automatic  hand.  Immediately 
upon  the  withdrawal  of  this  hand  a collar,  slightly 
larger  than  the  blank,  rises  round  it  in  such  a manner 
that,  when  the  upper  die  is  brought  down  with  con- 
siderable force  upon  it,  the  metal  is  pressed  against 
the  inner  rirn  of  the  collar,  and  as  this  is  crenated, 
the  edge  of  the  now  finished  coin,  on  its  removal,  is 
“milled”  in  a corresponding  manner.  It  is  unne- 
cessary further  to  describe  this  unhandy,  noisy 
machine,  which  must  ere  long  give  place  to  some  of  the 


lever  presses  now  almost  universally  employed  on  the 
Continent.  The  lever  press  is  compact,  and  does  its 
work  in  comparative  silence.  It  is  already  in  use 
in  the  majority  of  the  continental  mints,  and  at 
Copenhagen,  where  formerly  presses  similar  to  those 
in  the  Koyal  Mint  were  in  use,  the  lever  press  has 
also  been  introduced.  There  are  two  forms  in  use, 
one  invented  by  Thonneliek  and  the  other  by 
Uhlhorn.  The  power  is  communicated  to  a crank 
shaft,  from  which  it  is  transmitted  by  a connecting 
rod  to  a lever  and  toggle  joints,  which  actuate  the 
arm  carrying  the  upper  die,  by  which  means  the 
pressure  is  given  slowly  and  without  a shock.  The 
press,  in  addition  to  the  advantages  already  men- 
tioned, has  the  merit  of  being  compact,  simple  in 
construction,  and  easily  accessible  for  repair.  It  can 
be  driven  by  a strap  from  a running  shaft,  and  does 
not  require  a special  foundation  for  its  reception. 

Weighing  Individual  Coins. — In  nearly  all  the  conti- 
nental mints  the  blanks,  immediately  on  being  cut 
from  the  fillet,  are  weighed  in  order  at  once  to  reject 
those  which  would,  if  passed  to  the  subsequent 
operations,  produce  illegal  coins.  In  some  mints 
those  blanks  which  are  too  heavy  are  reduced  in 
weight,  the  weighings  necessary  for  this  adjustment 
being  performed  by  hand.  In  England  and  Spain, 
however,  the  individual  weighing  is  only  perfonned 
on  each  finished  coin,  and  thus  all  the  blanks  are 
converted  into  coin ; and  although  this  entails  the 
production  of  a certain  number  of  finished  coins 
which  are  ultimately  rejected,  it  unquestionably 
affords  a better  guarantee  for  the  maintenance  of 
the  legal  weight  of  the  coins.  In  this  country  the 
weighing  is  performed  entirely  by  automatic  mach- 
inery, and  the  apparatus  employed  for  the  purpose  is 
the  most  remarkable  and,  except  that  employed  in 
the  Assay  Offices,  the  most  delicate  in  the  Mint. 
The  original  form  of  this  instrument  was  the  invention 
of  Cotton,  but  in  those  now  in  use  several  improve- 
ments have  been  adopted.  No  less  than  nineteen  of 
these  balances  are  now  employed,  each  being  capable 
of  weighing  twenty-two  coins  per  minute  to  the 
hundredth  part  of  a grain.  The  machine  consists  of 
a beam,  on  to  one  end  of  which  is  affixed  a plate  or 
table,  and  upon  this  the  coin  to  be  weighed  is  placed. 
The  other  end  of  the  beam  is  provided  with  a scale 
pan  containing  a counterpoise  weight  corresponding 
to  the  coin  in  question,  and  a small  stirrup  or  fork  is 
affixed  to  the  under  surface  of  the  pan.  In  certain 
positions  of  the  beam  this  stirrup  lifts  up  a small  wire 
which  represents  the  remedy  weight  of  the  coin.  The 
action  of  the  machine  is  as  follows : — 

A coin  is  placed  upon  the  pan ; if  too  heavy  the 
counterpoise  weight  is  raised  together  with  the 
remedy  wire ; if  too  light,  both  the  weight  and 
remedy  wire  remain  undisturbed ; but  if  the  coin  is 
within  the  working  remedy,  the  counterpoise  weight 
is  alone  raised.  The  coin  is  then  sent  down  a shoot, 
the  position  of  the  lower  extremity  of  which  over 
one  of  three  slits  is  determined  by  the  mechanism 
of  the  apparatus,  and  varies  according  as  one  or  the 
other  of  the  above  conditions  prevails.  Those  coins 
which  are  by  this  process  ascertained  to  be  of  the 


GOLD.— Jewellers’  Gold.  103 


legal  weight  are  each  sounded  on  an  iron  block,  in 
order  to  prevent  such  as  are  “dumb”  or  cracked 
from  passing  into  circulation.  Finally  the  finished 
coins  are  tied  in  bags,  and,  provided  that  such 
samples  as  are  selected  for  assay  are  found  to  be 
of  the  legal  composition,  are  issued  to  the  public. 

Jewellers’  Gold. — The  jeweller  receives  his  gold 
in  the  form  of  ingots,  which  approach  absolute 
purity,  or  24  carats  fine.  He  begins  his  operations 
by  alloying  it  with  copper  pr  silver,  or  both,  in 
certain  calculated  proportions,  either  to  reduce  it  to 
the  legal  stiimlard  or  to  give  it  the  particular  colour 
required.  The  following  are  the  three  standards 
fixed  by  the  sbitutes  enacted  in  France  on  the 
subject: — 1.  Hitjh  staiidarfl  f/olrl,  consisting  of  920 
parts  of  pure  gold  in  1000  of  alloy,  which  is  equiva- 
lent to  22  cts.  one-fourth  ct.  gr.  and  4 ex.  gr.  This 
is  the  alloy  usually  employed  by  the  French  jewellers, 
and  is  nearly  identical  with  the  standard  gold  of  the 
English  coinage.  2.  French  standard  gold,  consisting 
of  840  parts  of  gold  in  1000  of  alloy,  or  20  cts.  five- 
eighth  ct.  gr.  Sometimes  it  is  reduced  to  only  20 
carats.  3.  Common  gold  is  750  parts  in  1000,  or  18 
carats.  The  licence  or  tolerance  allowed  is  3 parts  in 
1000. 

In  England  a greater  number  of  standards  is 
employed  for  jewellery,  namely,  9,  12,  15,  18,  and 
22  carats;  but  the  amount  made  of  the  second 
and  fifth  of  these  is  extremely  limited,  and  prac- 
tically only  the  remaining  three  are  in  use. 

In  order  that  the  gold  may  be  easily  worked,  the 
alloy  must  be  perfectly  homogeneous,  and  the  jewel- 
ler accordingly  brings  it  to  this  state  by  repeated 
fusions.  If  the  alloy  has  been  badly  made,  and  still 
exhibits  a gminy  appearanee,  with  a liability  to  crack 
un  er  the  action  of  the  hammer  or  between  the 
laminating  rollers,  it  must  be  again  introduced  into 
the  crucible,  and  thoroughly  fused  with  a mixture 
of  borax  and  saltpetre. 

In  the  “ Dictionnaire  des  Arts  et  Manufactures,” 
the  colours  most  commonly  required  in  artieles  of 
jewellery  are  stated  to  be  composed  as  follows : — 


Coloun.  Composition. 

Yellow  gold, Pure  or  fine  gold,  1000. 

Ued  goM, Fine  gold,  750;  rose  cop|jcr,  250. 

Green  gold, Fine  gold,  7.50;  silver,  2.50. 

Dead-leaf  gold, .. . Fine  gold,  700  ; silver,  300. 
Water-green  gold.  Fine  gold.  600;  silver,  400. 

Whito  o-nM  J °f  ‘‘"d  silver  in  which 

° I the  latter  jiredominates. 

Blue  gold, Fine  gold,  750;  iron,  250. 


The  last-mentioned  alloy  is  somewh.at  difficult  to 
prepare.  It  is  obtained  by  introducing  thick  iron 
wire  among  the  melted  gold,  and  withdrawing  the 
crucible  from  the  fire  as  soon  as  the  alloy  is  formed. 
When  poured  out  and  cooled,  it  should  have  no 
appetirance  of  porosity.  It  is  then  forged,  and 
formed  into  sheets  or  wires  of  different  thicknesses. 

Various  shades  of  colour  are  likewise  given  by 
the  jeweller  to  articles  or  ornaments  of  gold  by  the 
finishing  process,  which  consists  in  expo.sing  them 
to  certain  chemical  rejigents,  to  dissolve  out  a portion 
of  the  copper  or  silver  from  the  surface,  without 
attiicking  the  gold.  By  this  means  the  surface  of 


the  article  is  made  to  appear  like  pure  gold,  which 
it  really  is,  while  below  the  surface  the  quantity  of 
copper  or  silver  may  be  considerable.  The  liquor 
usually  employed  by  goldsmiths  and  jewellers  for 
this  purpose  is  a mixture  of  2 parts  of  nitrate  of 
soda,  1 part  of  chloride  of  sodium,  and  1 of  Roman 
alum,  in  3 or  4 parts  of  water.  The  trinkets  or 
other  articles  are  kept  in  this  solution,  at  the  boil- 
ing point,  from  fifteen  to  twenty -five  minutes, 
according  to  the  shade  required.  They  are  then 
taken  out,  washed  in  water,  and  after  burnishing  with 
bloodstone,  the  operation  is  finished.  The  pickle,  or 
sauce  as  the  liquor  is  termed,  dissolves  not  only  the 
copper  or  silver  on  the  surface,  but  likewise  a certain 
quantity  of  the  gold  itself.  To  recover  the  gold,  the 
liquor  is  diluted  with  at  least  twice  its  bulk  of  boil- 
ing water,  and  a solution  of  very  pure  protosulphate 
of  iron  is  poured  into  it.  The  precipitated  gold  is 
washed  upon  a filter,  dried,  and  purified  by  fusing 
in  a crucible,  along  with  a mixture  of  equal  parts 
of  nitrate  and  biborate  of  soda.  The  other  metals 
can  likewise  be  recovered  by  very  simple  methods. 

Gold-Beating. — The  art  of  beating  gold  into 
thin  leaves  seems  to  have  been  known  from  a very 
remote  period.  The  fact  that  the  Hebrews  were 
acquainted  with  it  has  been  already  stated ; and 
from  the  circumstance  that,  on  the  coffins  of  the 
Theban  mummies,  specimens  of  leaf -gilding  are  met 
with,  in  which  the  gold  is  so  thin  as  to  resemble 
modern  gilding,  it  may  be  inferred  that  the  Egyptians 
had  carried  the  art  to  a high  degree  of  perfection. 
This  art  is  distinctly  referred  to  by  Homer,  and  was 
practised  extensively  by  the  later  Greeks,  even  to 
decorate  the  external  sculpture  of  their  temples  and 
statues.  Pliny  states  that  after  the  destruction  of 
Carthage  the  Romans  began  to  gild  the  ceilings 
of  their  temples  and  palaces,  and  that  luxury  ad- 
vanced on  them  so  rapidly  that  in  a little  time  even 
private  and  comparatively  poor  persons  gilded  the 
walls,  vaults,  and  other  parts  of  their  dw'ellings. 
Horace’s  remark,  that  neither  ivory  nor  gilded  arch 
figured  in  his  house,  is  familiar  to  the  classical  stu- 
dent. Pliny  further  states,  that  1 oz.  of  gold 
was  extended  to  750  leaves,  each  4 fingers  square. 
Lucretius  compared  the  Roman  gold-leaf  to  a 
spider’s  web,  and  Martial  described  it  as  little 
other  than  a vapour;  yet,  according  to  Pliny’s 
account,  it  must  have  been  three  times  the  thickness 
of  the  ordinary  leaf-gold  of  the  present  time. 

Experiments  have  been  made  to  ascertain  to 
what  degree  of  thinness  gold  and  silver  could  be 
reduced:  it  was  found  that  1 grain  of  gold  was 
spread  to  the  extent  of  75  square  inches,  and  the  same 
weight  of  silver  to  the  still  more  extraordinary  dimen- 
sions of  98  square  inches.  Taking  1 cubic  inch  of 
gold  to  weigh  4900  grains,  it  will  be  found  that  the 
gold  was  the  367,500th  part  of  an  inch  in  thickness, 
or  about  1200  times  thinner  than  ordinary  -writing 
paper.  Thus,  if  367,500  leaves  of  gold  were  placed 
on  one  another  they  would  constitute  a pile  only 
an  inch  high,  while  the  same  number  of  leaves  of 
paper  would  form  a pile  half  the  height  of  the 
Monument  of  Loudon.  The  same  weight  of  silver. 
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though  extended  over  a much  larger  surface,  was 
thickest,  owing  to  the  difference  in  its  specific 
gravity.  In  practice,  the  gold  leaf  is  never  extended 
beyond  the  tli  pfirt  of  an  inch  in  thickness. 

The  late  Dr.  Ure  erroneously  states,  that  the  gold 
used  in  gold-beating  ought  to  be  of  the  finest  stand- 
ard. Alloy,  he  adds,  hardens  gold,  and  renders  it 
less  malleable  ; so  that  the  fraudulent  tradesman  who 
should  attempt  to  debase  the  gold  would  expose 
himself  to  much  greater  loss  in  the  operation  than  he 
could  derive  profit  from  the  alloy.  From  this  state- 
ment it  might  be  inferred  that  nothing  but  fine 
or  perfectly  pure  gold  is  used  by  the  gold-beater, 
whereas,  in  point  of  fact,  it  is  alloyed  in  various  ways, 
according  to  the  colour  required.  Indeed,  it  is  not 
uncommonly  supposed,  among  the  workmen  employed 
in  the  business,  that  fine  gold  is  incapable  of  being 
reduced  to  thin  leaves ; but  this  also  is  an  error. 
It  is  simply  objectionable  for  commercial  purposes, 
on  account  of  its  greater  cost,  and  also  on  account  of 
the  adhesion  which  takes  place  when  one  part  of  a 
leaf  of  fine  gold  touches  another,  thus  causing  a waste 
of  labour  by  the  leaves  being  spoiled.  For  work, 
however,  which  is  to  be  exposed  to  the  weather,  fine 
gold  is  the  best,  being  more  durable,  and  not  liable 
to  tarnish  or  change  colour. 

A London  gold-beater,  E.  S.  Marshall,  exhibited 
specimens  of  gold-leaf  at  the  Great  Exhibition  of 
1861,  for  which  the  prize  medal  was  awarded  to  him. 
The  specimens  were  twelve  in  number,  and  embraced 
a regular  gradation  in  colour  from  red  to  nearly 
white — namely,  red,  pale  red,  extra  deep,  deep,  orange, 
lemon,  deep  pale,  pale,  pale  pale,  deep  party,  party, 
and  fine  gold.  The  deeper  colours  were  alloyed 
with  from  12  to  16  grains  of  copper  per  oz.,  but  no 
silver,  since  any  admixture  of  this  metal  with  so  large 
a quantity  of  copper  would  considerably  impair  the 
malleability  of  the  alloy ; the  medium  colours  con- 
tained from  12  to  20  grains  of  silver,  with  from  6 to 
8 grains  of  copper  to  the  oz. ; and,  lastly,  the  paler 
leaves  contained  from  2 to  no  less  than  20  penny- 
weights of  silver  to  the  oz.,  but  no  copper,  for  the 
same  reason  that  silver  was  omitted  in  the  red  or 
deep-coloured  golds. 

The  process  of  gold-beating  is  purely  a mechanical 
operation,  but  involving  as  it  does  one  of  the  most 
important  applications  of  this  precious  metal,  it  will 
be  necessary  to  give  a short  account  of  it.  The  first 
operation  is  the  casting  of  the  metal  into  ingots.  For 
this  purpose  the  gold,  either  pure  or  alloyed,  according 
to  the  colour  desired,  is  melted  in  a crucible  at  a 
higher  temperature  than  is  simply  necessary  to  fuse 
it,  by  which  its  malleability  is  improved.  It  is  then 
poured  into  moulds  previously  heated  and  greased 
on  the  inside,  and  cast  into  flat  oblong  ingots,  each 
about  three-fourths  of  an  inch  wide,  and  weighing  2 
ozs.  The  ingots,  when  taken  from  the  moulds,  are 
annealed  in  hot  ashes,  which  cleanse  them  from  grease 
and  increa.se  the  malleability  of  the  gold.  When  the 
ingot  is  cold,  the  French  gold-beaters  hammer  it  out 
to  the  thickness  of  one-sixth  of  an  inch,  and  expose 
it  at  the  same  time  to  repeated  annealings  ; but  this 
operation,  termed  the  forging,  is  omitted  by  the 

English  gold-beaters.  The  next  process  is  the  lamin- 
ation, which  consists  in  repeatedly  passing  the  ingot 
between  two  rollers  of  polished  steel,  gradually 
brought  closer  together,  until  it  is  formed  into  a 
riband  of  inch  in  width,  and  10  feet  in  length, 

to  the  oz.  By  this  means  the  ingot  is  spread  out 
to  a surface  of  960  square  inches  of  the  thickne.ss 
of  rather  more  than  of  an  inch.  The  next 

operation  is  the  heating,  for  which  purpose  the 
riband  of  gold,  after  being  annealed  or  softened 
in  the  fire,  is  carefully  divided  with  compasses  and 
cut  up  into  pieces  1 inch  square,  each  weighing 
about  6 grains;  about  160  of  these  are  placed  by 
means  of  wooden  pliers  between  the  leaves  of  a 
ditch,  which  formerly  consisted  of  a packet  of  fine 
calf-skin  vellum,  but  now  it  is  usual  to  employ 
a tough  paper  manufactured  in  France.  A case  of 
strong  parchment,  open  at  both  ends,  is  drawn  over 
the  cutch,  and  this  is  inclosed  in  a .second  similar 
Ci'se  at  right  angles  to  the  first,  so  as  to  cover  the 
edges  which  the  first  had  left  expose  . The  cutch 
is  then  beaten  with  a 17  lb.  hammer,  upon  a smooth 
block  of  black  marble,  supported  on  a strong  bench, 
and  surrounded  on  three  sides  by  a wooden  ledge, 
while  the  front  is  left  open,  and  has  a leathern  apron 
attached  to  it,  to  preserve  any  fragments  of  gold  that 
may  fall  out  of  the  packet.  The  hammer  is  short- 
luuidled,  and  is  wielded  by  the  workman  with  one 
hand,  while  with  the  other  he  occasionally  turns  the 
packet  over,  to  distribute  the  force  equally.  The 
elasticity  of  the  packet  causes  the  hammer  to  rebound, 
and  lightens  the  labour  of  the  operator.  At  intervals 
the  packet  is  taken  up,  and  bent  or  rolled  between 
the  hands,  to  overcome  any  slight  adhesion  between 
the  leaves  and  the  interposed  paper  or  vellum ; or  it  is 
taken  to  pieces  to  examine  the  state  of  the  gold,  and  to 
shift  the  central  leaves  to  the  outside,  and  vice  versa. 

\\'hen  the  gold  plates  of  1 inch  side  are  thus 
spread  out  into  4-inch  squares,  or  to  nearly  the  size 
of  the  leaves  of  the  cutch,  which  generally  requires 
about  twenty  minutes’  beating,  the  packet  is  opened, 
and  each  leaf  of  gold  is  taken  out,  and  cut  with  a 
knife  into  four  equal  squares,  thus  increasing  the  150 
pieces  to  600  of  nearly  the  same  size  as  at  first. 
These  are  put  between  the  leaves  of  another  tool, 
called  a slioder,  made  of  gold-beater's  skin.  This  sub- 
stance is  the  caecum  of  the  ox,  which  is  first  doubled, 
then  prepared  with  solutions  of  alum,  isinglass, 
white  of  egg,  &c.,  and  after  being  beaten  between 
folds  of  paper  to  expel  the  grease,  is  finally  pressed 
and  dried.  The  shoder  is  inclosed  in  parchment  and 
beaten  as  before,  but  with  a smaller  hammer,  about 
9 or  10  lbs.  weight,  till  the  squares  of  gold  are  again 
extended  to  nearly  the  size  of  the  skins.  The  shoder 
requires  about  two  hours’  beating  for  this  purpose. 
During  this  period  the  packet  must  be  often  folded, 
to  render  the  gold  as  loose  as  possible  between 
the  membranes.  As  all  the  leaves  do  not  spread 
quite  equally,  the  shoder  is  beaten  upon  after  the 
more  expanded  leaves  have  reached  the  edges,  the 
effect  of  which  is,  that  tliese  come  out  of  the  edges 
in  the  shape  of  dust,  and  tliis  allows  time  for  the 
smaller  leaves  to  reach  the  full  size  of  the  shoder. 
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Tlie  packet  is  now  opened,  and  the  leaves  of  gold,  I 
being  spread  on  a cushion,  are  again  subdivided  into 
fours,  by  means  of  two  pieces  of  cane  cut  to  very 
sharp  edges,  and  fixed  down  crosswise  on  a board, 
nds  rectangular  cross  being  applied  on  each  leaf, 
with  slight  pressure,  divides  it  into  four  equal  por- 
tions, and  is  preferable  to  a steel  knife,  to  which  the 
gold,  in  its  now  attenuated  state,  would  be  liable  to 
adhere.  The  2400  squares  thus  formed  are  sepa- 
rated into  three  parcels  of  800  each,  and  the  squares 
of  each  parcel  are  placed  in  another  shoder  or  mould 
composed  of  gold-beater’s  skin,  inclosed  in  the  parch- 
ment cases,  and  beaten  as  before.  This  is  the  last 
and  most  difficult  stage  of  the  process.  The  mould 
must  be  made  of  the  finest  skins,  about  5 inches 
square ; and  on  the  finene.ss  of  the  skin,  and  the 
judgment  and  dexterity  of  the  workman,  the  per- 
fection and  thinness  of  the  leaf  of  gold  depend. 

7 lb.  hammer  is  now  employed,  and  after  two  hours’ 
beating  the  gold  is  reduced  to  the 
inch  in  thickness,  and  begins  to  transmit  the  rays  of 
light.  When  the  gold  is  quite  pure,  or  but  slightly 
alloyed,  it  transmits  the  green  rays,  but  in  gold 
highly  alloyed  with  silver,  the  pale  violet  rays  are 
transmitted.  After  being  hammered  another  two 
hours,  the  leaves  acquire  the  tenuity  of  ordinary 
leaf-gold,  and  average  from  3 to  3-^  inches  square. 
The  three  beatings  and  two  quarterings  expand  the 
gold  to  an  area  about  190  times  greater  than  it 
had  in  the  form  of  a riband,  and  100  square  feet 
of  it  weigh  only  an  ounce.  It  is  true  that  an 
ounce  might  be  hammered  to  cover  an  area  of  160 
feet;  but  in  this  case  the  gold  would  be  too  much 
attenuated  for  common  use,  and  the  extra  labour 
and  care  required  would  not  be  compensated  by 
any  corresponding  advantage.  After  the  last  beat- 
ing, the  leaves  are  lifted  one  by  one  with  a delicate 
pair  of  long  pincers,  made  of  white  w ood,  and  are 
spread  out  on  a leathern  cushion  by  blowing  them 
flat  with  the  mouth.  Broken  or  blemished  leaves 
are  rejected ; the  good  ones  have  the  ragged  edges 
cut  off  with  a square  frame  of  sharp  cane,  which 
reduces  them  all  to  a uniform  size,  and  are  then 
placed  in  a book,  the  leaves  of  which  have  been 
rubbed  with  red  ochre,  to  prevent  the  gold  from 
adhering.  Each  book  is  capable  of  holding  25 
leaves,  and  in  this  form  the  gold-leaf  is  sold  for 
gilding  picture  - frames  and  books,  and  for  the 
various  ornamentid  purposes  to  which  it  is  applied 
in  the  arts. 

In  this  country  the  art  of  gold-beating  was  long 
confined  to  Loudon,  where  it  has  been  carried  to 
higher  perfection  than  in  any  other  part  of  the 
world  ; but  of  late  years  efforts  have  been  made 
on  the  Continent,  with  the  aid  of  English  gold- 
beaters’ skin,  to  emulate  the  beauty  and  fineness 
of  the  English  product ; and  the  art  is  now  prac- 
tised successfully  in  different  large  cities  in  Eng- 
land, as  well  as  in  Scotland  and  Ireland.  At  the 
Great  Exhibition  of  1851  machines  were  exhibited 
for  su['erscding  the  arduous  op  eration  of  beating 
gold  by  hand ; but  the  success  of  these  was  very 
partial,  and  no  materijd  change  has  taken  place  in 
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the  process  as  above  described  since  that  date,  the 
gold-leaf  at  the  present  day  being  made  almost 
entirely  by  jiand. 

Gilding. — This  consists  in  applying  a superficial 
covering  of  gold  to  articles  of  wood,  metal,  &c., 
chiefly  for  the  purpose  of  ornament,  but  sometimes 
also  for  utility,  as  when  it  is  essential  that  the  article 
should  be  preserved  from  tarnishing.  Gilding  is 
practised  by  various  methods,  the  principal  of  which 
maybe  classified  under  the  following  heads,  namely; 
— 1.  Mechanical  gilding  with  gold-leaf  for  wood, 
leather,  &c. ; 2.  Chemical  gilding,  properly  so  called, 
which  is  practised  on  metallic  substances,  and  in- 
cludes wash  - gilding,  or  gilding  by  amalgamation; 
gilding  by  immersion  and  various  other  processes ; 3. 
Electro-gilding,  or  the  deposition  of  gold  by  the 
electrolysis  of  its  solution. 

1.  Mechanical  Gilding,  or  gilding  on  wood  w'itli 
■gold-leaf,  is  of  two  kinds,  distinguished  as  burnish- 
gilding and  oil-gilding. 

The  process  of  burnish-gilding  may  be  exemplified 
as  applied  to  a picture -frame.  In  this  case  the 
gilder  receives  from  the  joiner  a bevelled  moulding 
12  feet  in  length,  which  he  prepares  for  gilding  by  a 
number  of  preliminary  coatings  of  size,  mixed  with 
different  substances.  He  first  gives  it  a priming  of 
hot  size  and  whiting,  this  mixture  being  laid  on  in  a 
somewhat  fluid  state,  and  therefore  termed  tliin- 
white.  It  is  prepared  by  melting  the  size  in  an 
earthen  pipkin,  and  stirring  in  the  whiting  in  fine 
powder  by  small  portions  at  a time.  When  this 
first  coating  is  dry  the  surface  is  examined,  and  all 
holes  and  irregularities  are  filled  up  with  a mixture 
of  whiting  and  size,  made  of  the  consistence  of  putty, 
but  containing  no  oil.  The  moulding  then  receives 
4 or  5 layers  of  a mixture  similar  to  the  first,  but 
of  greater  consistence,  and  therefore  tenned  thick- 
white,  allowing  time  between  each  layer  for  the  work 
to  dry.  While  each  of  these  last  coatings  is  still 
wet,  the  fine  work  of  the  moulding  is  kept  open  by 
means  of  chisels,  gouges,  and  other  tools  for  the 
purpose.  Sometimes  two  thick-whites  are  laid  on 
successively,  without  allowing  the  first  to  dry,  and 
are  then  worked  into  the  shape  of  the  moulding  by 
hard  stones  of  the  required  form.  The  whiting  is 
now  from  one-sixteenth  to  one-twelfth  of  an  inch  in 
thickness,  and  is  trimmed  to  remove  unevenness 
at  the  edges,  after  which  the  entire  surface  of  the 
moulding  is  smoothed  with  pumice-stone,  formed  to 
fit  exactly  into  the  various  parts,  which  are  slightly 
wetted  to  promote  the  smoothing  effect.  A final 
polish  is  given  to  the  whiting  by  glass-paper. 

The  moulding  is  now  ready  to  receive  the  gold- 
size,  which  consists  of  pipe-clay,  red  chalk,  black 
lead,  suet,  and  bullock’s  blood.  Of  this  mixture, 
which  is  sold  to  the  gilder  in  a tenacious  mass, 
rather  softer  than  butter,  a portion  is  melted  with 
common  clear  thin  size ; and  while  still  slightly 
warm  is  laid  on  with  a brush,  and  with  great  nicety 
of  hand. 

The  next  operation  is  the  gilding,  for  which 
several  tools  are  required  — a leathern  cushion  to 
receive  the  gold-leaf,  a knife  for  cutting  it  into 
14 
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different  sizes,  and  a little  instrument,  termed  a 
tip,  for  laying  the  leaf  on  the  moulding.  This  last 
instrument  consists  of  two  pieces  of  card  glued 
together,  with  the  ends  of  a row  of  camel’s  hairs 
fastened  between  them,  and  projecting  from  1 to 
IJ  inch.  The  gilder  having  moistened  with  water 
a few  inches  of  the  moulding  about  to  be  gilded, 
and  having  cut  a leaf  into  stripes  suited  to  the  width 
of  the  part  on  which  it  is  to  be  laid,  touches  one  of 
these  stripes  with  the  tip,  to  the  hairs  of  which  it 
slightly  adheres,  and  transfers  it  to  the  moistened  part 
of  the  moulding  When  the  whole  of  the  moulding 
has  been  thus  covered,  it  is  set  aside  to  dry. 

The  burnishing  is  performed  by  rubbing  briskly 
over  the  gold  a piece  of  flint  or  agate.  This  greatly 
increases  its  brilliancy,  and  does  not  injure  the  gold- 
leaf  on  account  of  the  foundation  of  gold-size  and 
whiting  which  yields  under  the  hand.  The  parts 
which  are  to  be  in  dead  gold  or  matt  are  left  un- 
burnished, but  over  these  a very  thin  clear  size 
is  passed,  and  when  dry  the  gold  is  carefully  wiped 
with  soft  cotton  wool.  The  work  is  completed  by 
wetting  the  matt  parts  with  a pencil  dipped  in  clear 
finishing  size.  The  moulding  is  then  passed  into  the 
hands  of  the  frame-maker,  who  cuts  it  up  and  forms 
it  into  a frame  of  the  required  size. 

When  the  frame  or  other  article  to  be  gilt  is  some- 
what richly  ornamented,  ud-yddivp  is  resorted  to.  In 
this  case  the  moulding  is  first  whitened  as  before,  but 
is  then  at  once  made  up  to  the  required  shape  and 
decorated  with  composition  ornaments  before  the 
application  of  any  further  primings.  In  this  state 
the  gilder  receives  the  frame,  and  his  first  operation 
is  to  wash  it,  in  order  to  free  it  from  oil  or  other 
impurities.  He  then  gives  it  two  or  three  coatings 
of  thin-white,  mixed  with  a little  soft  clay,  and 
several  additional  coatings  are  given  to  the  parts 
intended  to  be  burnished.  Two  or  three  coats  of 
a moderately  strong  size  called  clear-cole  are  now 
spread  over  the  whole,  after  which  the  oil  gold-size, 
consisting  of  a mixture  of  boiled  linseed-oil  and 
ochre,  is  laid  on  smoothly  with  a brush.  After  six 
or  eight  hours,  when  the  oil-size  has  been  partially 
dried,  the  gold-leaf  is  applied  as  before,  except  that 
in  this  case  no  water  is  used,  the  oil  serving  the 
same  purpose.  For  deep  ornaments  the  gold  is 
pressed  in  with  cotton-wool,  and  in  this  case  the 
gilding  has  to  be  repeated  to  remove  the  irregular 
fractures  known  by  the  gilders  as  s/iiders'  kgs.  The 
work,  which  has  still  a ragged  appearance,  is  now 
carefully  gone  over  and  smoothed  with  a brush — 
superfluous  gold  being  removed  from  some  parts 
and  worked  into  others.  This  operation  is  termed 
skewing.  Tlie  parts  to  be  burnished  are  then  treated 
as  before,  and  finally  the  frame,  after  being  dusted, 
is  sized  with  clear  size  and  yellowed  on  the  outside. 

Another  application  of  gold-leaf  is  to  book -gilding. 
Wh  en  tlie  book  is  bound  in  leather,  the  back  and 
sides  to  be  gilt  are  first  covered  with  a coating  of 
isinglass,  or  white  of  egg,  dissolved  in  a large  pro- 
portion of  water,  and  termed  glau-e.  This  is 
allowed  to  dry,  and  when  the  gold-leaf  is  about 
to  be  laid  on,  a woollen  rag,  slightly  moistened 


with  hog’s  lard  or  sweet  oil,  but  so  as  to  feel  almost 
dry  to  the  touch,  is  rubbed  over  the  leather.  This 
causes  the  adherence  of  the  gold-leaf,  which  is  laid 
on  over  the  whole  space  intended  to  be  covered  by 
the  figure ; and  is  then  imprinted  with  a hot  brass 
block,  cut  to  the  required  design  or  letters.  For 
this  purpose  a blocking-press  is  employed,  and  in 
the  upper  bed  is  a cavity  containing  a row  of  gas 
jets  for  keeping  the  block  at  the  proper  tempera- 
ture ; the  superfluous  gold  is  readily  brushed 
off  the  parts  which  have  not  received  the  im- 
pression. Books  bound  in  cloth  are  treated  in  the 
same  manner,  except  that  they  do  not  receive  the 
preliminary  coating  of  glaire,  as  this  is  replaced 
by  a portion  of  the  glue  under  the  cloth  being 
raised  by  the  heated  block.  The  edges  of  the 
leaves  of  books  are  gilded  in  the  bookbinder’s  press 
by  applying  a solution  of  isinglass  or  white  of  egg, 
moistened  with  oil,  and  then  laying  on  the  : old- 
leaf,  which  is  firmly  pressed  down  and  burnished, 
with  agate,  bloodstone,  or  polished  steel.  Instead 
of  isinglass  or  albumen,  the  serum  of  bullock’s 
blood  is  often  employed. 

Chanical  Gilding.  — Mei&Wic  surfaces  may  be 
gilded  either  by  applying  the  gold  in  the  state  of 
an  amalgam,  an  operation  which  is  termed  icater  or 
wash-gilding,  or  by  introducing  the  articles  into  a 
suitable  solution  containing  gold,  when  this  metal 
is  deposited,  owing  to  the  chemical  action  which 
takes  i:>lace.  This  latter  is  called  gilding  by  im- 
mersion. 

Water  or  IFu.v/f  gilding  consists  in  applying  evenly 
an  amalgam  of  gold  to  the  metallic  surface  to  be 
gilt,  and  then  dissipating  the  mercury  by  heat  so  as 
to  leave  on  the  surface  a film  of  pure  gold.  Ordinary 
brass  answers  very  well  for  gilding  on,  but  the  alloy 
which  is  now  generally  preferred  is  a mixture  of 
copper,  nickel,  and  zinc,  which  may  be  so  pro- 
portioned as  nearly  to  resemble  gold  in  colour.  To 
form  the  amalgam,  a small  quantity  of  gold,  reduced 
to  grains  or  thin  plates,  is  heated  in  a crucible  till 
it  becomes  faintly  red,  and  then  thrown  into  mer- 
cury, also  previously  heated  till  it  begins  to  emit 
visible  vapour.  The  proportion  of  mercury  to  gold 
is  generally  as  six  or  eight  to  one.  The  mercury  is 
then  stirred  with  an  iron  rod  till  all  the  gold  is  dis- 
solved. The  crucible  containing  the  two  metals  is 
now  removed  from  the  fire,  and  the  amalgam  thrown 
into  water,  where  it  separates  itself  from  the  excess 
of  mercury  as  a pasty  mass;  the  whole  is  then 
squeezed  in  a bag  of  chamois  leather  in  order  to 
remove  this  superfluous  mercury,  w'hich  however 
contains  gold,  and  is  therefore  employed  in  subse- 
quent operations.  The  amalgam  left  behind  is  of 
the  consistency  of  butter,  and  contains  about  67  per 
cent,  of  gold  and  36  of  mercury. 

Before  the  application  of  amalgam  to  the  surfaces 
of  articles  to  be  gilded,  they  must  undergo  several 
operations  in  order  to  remove  grease,  &c.,  which 
would  prevent  contact  between  the  metal  and  the 
amalgam  : these  are  annealing,  pickling,  and  cleansing. 

The  first  of  these  is  performed  in  a brick  oven 
in  which  is  placed  an  iron  grate  containing  in- 
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candescent  charcoal,  by  which  the  objects  are 

probably  in  consequence  of  the  complete  dissipation 

raised  to  a cherry  red  heat,  when  they  are  re- 

of  some  of  the  mercury  remaining  after  the  former 

moved  and  allowed  to  cool  in  the  air.  A super- 

operations.  If  the  article  is  wrought  or  chased. 

ficial  layer  of  oxide  having  been  thus  produced,  it  is 

the  parts  to  be  burnished  are  now  rubbed  with 

removed  by  the  second  treatment  or  pickling,  which 

a steel  burnisher  and  dipped  in  acidulated  water 

consists  in  first  dipping  them  in  very  dilute  sul- 

till  a fine  metallic  lustre  is  produced.  Formerly 

phuric  acid  and  then  scrubbing  them  with  a hard 

luematite  or  bloodstone  was  used  for  this  purpose. 

brush.  On  their  removal  from  the  acid  bath 

but  they  are  now  generally  replaced  by  the  steel 

they  present  a speckled  appearance,  in  order  to 

burnisher,  which  is  case-hardened  and  then  care- 

remove  which  they  must  be  subjected  to  the  last 

fully  polished.  The  parts  to  be  dead  are  coated 

of  these  preliminary  operations,  cleansing.  They  are 

with  a mixture  of  sea-salt,  nitre,  and  alum,  fused 

rapidly  dipped  in  a bath  of  ordinary  nitric  acid. 

in  the  water  of  crystallization  of  the  last-mentioned 

which  contains  small  quantities  of  sulphuric  acid 

salt ; the  article  is  then  heated  till  the  saline  crust 

and  common  salt,  and  finally  dried  in  hot  sawdust. 

with  which  it  is  covered  enters  into  fusion  and 

The  metallic  surface  is  now  rubbed  over  with  a 

becomes  homogeneous,  after  which  it  is  withdrawn 

solution  formed  by  dissolving  100  parts  of  mercury 

and  suddenly  plunged  into  cold  water,  which  entirely 

in  110  parts,  by  weight,  of  nitric  acid,  of  specific 

detaches  the  crust.  Lastly,  the  piece  is  passed 

gravity  1-33,  and  diluted  with  about  twenty-five  times 

through  weak  nitric  acid,  w'ashed  in  pure  water. 

its  weight  of  distilled  water.  This  solution  not  only 

and  dried. 

helps  to  cleanse  the  metal  from  any  tarnish,  but  in 

The  actual  weight  of  gold  deposited  on  the 

consequence  of  the  stronger  affinity  of  the  copper 

metallic  surface  varies  from  about  -067  to  ’258  grain 

alloy  for  nitric  acid  than  the  mercury  has,  the  latter 

per  square  inch. 

is  precipitated  upon  its  surface  in  the  same  manner 

Gilding  by  Immersion  is  another  method  by  W'hich 

as  a piece  of  polished  iron  precipitates  copper  from 

copper  trinkets  and  stamped  articles  can  be  coated 

a solution  of  the  sulphate  of  that  metal.  The 

with  a thill  film  of  gold.  This  method,  which  dis- 

amalgam  is  now  spread  evenly  over  the  alloy  to  be 

peiises  with  the  dangerous  use  of  mercury,  so 

gilt  by  means  of  a brush,  and  readily  adheres  to  the 

detrimental  to  the  health  of  the  w'orkmen,  was 

metallic  surface  in  consequence  of  the  thin  film 

patented  by  Mr.  Elkington,  of  Birmingham,  in 

of  mercury  already  deposited  upon  it.  Generally, 

1836,  and  has  been  very  extensively  practised,  more 

however,  the  nitrate  solution  and  amalgam  are 

especially  in  France.  In  this  process  four  distinct 

applied  simultaneously.  For  this  purpose  a gilder’s 

operations  may  be  enumerated.  They  are ; — (1.) 

scratch -brush,  made  with  fine  brass-wire,  is  first 

Preparation  of  the  bath.  (2.)  Preparation  of  the 

dipped  into  the  nitrate  of  mercury  solution,  and  is 

trinkets,  &c.  (3.)  Gilding.  (4.)  Colouring. 

then  drawn  over  a lump  of  amalgam,  placed  on  the 

To  prepare  the  bath  lOU  grains  of  fine  gold  should 

slo})ing  side  of  an  earthen  vessel,  after  which  the 

be  dissolved  in  250  grains  of  nitric  acid  (spec.  grav. 

brush  is  ajiplied  to  the  surface  of  the  alloy.  This 

1'333)  and  250  of  hydrochloric  acid,  250  grains  of 

process  is  rcj)eated  till  the  whole  is  coated  with  its 

water  being  afterwards  added.  About  2-^  pints  of 

just  proportion  of  gold.  The  article  is  then  bathed 

water  are  now  heated  in  a cast-iron  pan,  the  in- 

in  water,  dried,  and  exposed  to  a fire  of  glowing 

terior  of  which  is  already  coated  with  gold  from 

charcoal  to  expel  the  mercury.  The  heat  applied 

preceding  operations,  3000  grains  of  bicarbonate 

must  be  just  sufficient  for  this  purpose,  and  the 

of  potash  being  added  to  it.  The  same  amount  of 

article  must  be  turned  about  to  expose  it  equally  on 

this  salt  is  also  added  to  the  chloride  of  gold  solu- 

all  sides.  From  time  to  time  it  is  withdrawn  from 

tioii  in  very  small  quantities  at  a time,  after  which 

the  fire,  and  while  the  operator  holds  it  in  his  left 

it  is  added  to  the  former.  The  whole  is  brought 

hand,  protected  by  a stuffed  glove,  he  spreads  the 

to  its  boiling  point,  and  maintained  at  it  for  about 

amalgam  equally  with  his  right  hand  by  means  of  a 

two  hours,  water  being  added  from  time  to  time 

long-haired  brush.  The  piece  is  then  returned  to 

in  order  to  keep  the  bulk  constant,  when  the  bath 

the  fire,  and  the  same  operations  are  repeated  till 

is  ready  for  use.  The  trinkets,  &c.,  are  prepared 

the  mercury  has  entirely  volatilized.  This  is  known 

in  a manner  similar  to  that  already  described 

by  the  surface  becoming  of  a dull  yellow  colour. 

under  Water  Gilding,  the  only  difference  being  that 

and  by  the  hissing  sound  when  a drop  of  water  is 

after  the  final  operation  of  “cleansing,”  there 

let  fall  upon  it. 

described,  they  are  subjected  to  that  of  “ brighten- 

The  surface,  now  coated  with  a film  of  gold,  is 

ing,”  which  consists  in  introducing  them  into 

still  deficient  in  polish  and  lustre.  To  communicate 

another  solution.  The  best  for  this  purpose  con- 

these  qualities  it  is  washed  and  well  rubbed  with  a 

sists,  according  to  Bociiet,  of  40  parts  of  sulphuric 

scratch-brush  in  water  acidulated  with  vinegar.  It 

acid  (spec.  grav.  1-712),  40  parts  of  nitric  acid 

is  then  covered  with  a composition  called  gihUng 

(spec.  grav.  1-342),  and  1 part  of  sea-salt.  The 

wax,  which  is  simply  a mixture  of  bees’  wax  with 

mixture  should  not  be  used  until  several  hours  after 

some  of  the  following  substances,  namely,  red  ochre. 

being  made.  “When  the  gold  is  to  have  a dead  appear- 

verdigris,  copper  scales,  alum,  vitriol,  and  borax. 

ance  it  is  advisable  to  add  a small  quantity  of  sul- 

Coated  with  this  composition,  it  is  agiiin  exposed  to 

phate  of  zinc  as  well.  After  having  passed  through 

the  fire  until  the  wax  is  burnt  off.  By  this  means 

the  several  cleansing  operations  the  washed  trinkets 

the  gilding  is  found  to  be  intensified  in  colour, 

are  introduced  iuto  the  gilding  bath,  in  which  they 
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remain  for  30  seconds ; a longer  exposure  does  not 

The  ether  is  then  laid  on  with  a small  brush,  and  as 

increase  the  thickness  of  the  film  of  gold.  If  on 

it  evaporates  it  deposits  the  gold,  which  can  now 

removal  the  gilding  is  found  to  be  imperfect,  the 

be  heated  and  polished.  This  gilding,  however,  is 

tiinket  should  be  plunged  into  a weak  solution  of 

neither  very  rich  nor  durable,  in  consequence  of  the 

nitrate  of  mercury,  and  again  into  the  gold  bath. 

affinity  between  gold  and  iron  being  feeble  compared 

After  being  washed  and  dried  in  hot  sawdust  they 

to  that  between  gold  and  copper  or  silver. 

are  subjected  to  the  final  operation  of  “ colouring,” 

But  polished  iron  and  steel,  as  well  as  copper. 

which  consists  in  immersing  them  in  the  solution 

may  be  effectively  gilded  with  gold-leaf  by  the 

of  6 parts  of  nitre,  2 of  sulphate  of  iron,  and  1 of 

application  of  heat.  For  this  purpose  the  metals  are 

sulphate  of  zinc,  after  which  they  are  dried  over  a 

heated  to  such  a temperature  as  to  give  iron  a bluish 

clear  fire,  washed,  and  again  dried. 

tint.  The  first  coat  of  leaf-gold  is  then  applied. 

The  method  above  described  has  several  advan- 

being  pressed  gently  down  with  a burnisher,  and 

tages  over  the  old  method  of  water-gilding,  the 

then  exposed  to  a moderate  heat.  Several  leaves. 

chief  of  which  are:  — 1.  It  does  away  with  the 

either  single  or  double,  are  thus  successively  applied. 

pernicious  vapours  of  mercury.  2.  There  is  no 

and  the  last  is  burnished  down  cold.  This  is  the 

difficulty  in  gilding  the  most  irregular-shaped  articles 

method  usually  practised  in  gilding  iron  or  steel. 

evenly,  which  would  be  impossible  by  the  aid  of 

Gilding  on  silver  may  be  performed  by  means  of 

mercury,  as  the  amalgam  could  not  be  uniformly 
applied. 

The  reaction  which  takes  place  in  the  bath  has 
been  studied  by  several  eminent  chemists,  but  the 
best  explanation  seems  to  be  that  given  by  Barral. 
lie  concludes  that  for  every  atom  of  gold  deposited 
an  atom  of  copper  (from  the  trinket)  is  dissolved,  a 
fact  which  proves  it  to  be  a protoxide  of  gold  which 
is  decomposed,  and  not  a teroxide.  He  finds  also 
that  chlorate  of  potash  is  formed  in  the  bath.  The 
reactions  are  as  shown  by  the  following  equation ; — 

the  ashes  of  a linen  rag,  which  has  been  dipped  in  a 
solution  of  gold  and  copper  in  aqua  regia.  For  this 
purpose  60  grains  of  fine  gold  and  12  of  rose  copper 
are  dissolved  in  2 ozs.  of  aqua  regia.  With  this 
solution  a quantity  of  linen  rags  sufficient  to  absorb 
all  the  liquid  is  soaked.  The  rags  are  then  dried  and 
burned,  and  the  ashes  contain  the  gold  in  powder. 
A moistened  cork  or  piece  of  leather  is  dipped  into 
this  powder,  and  after  the  article  to  be  gilt  has  been 
well  annealed  and  polished,  the  ashes  are  rubbed 
over  it  with  the  cork  till  the  surface  appears  suffi- 
ciently gilded.  Large  articles  are  finally  burnished 

6AUCI3  + 3K2CO3  + 6Cu  = eCuCljj  -h  5KC1  + 
KCIO3  + 6Au  + SCOj. 

with  bloodstone,  and  small  ones  with  steel  burnishers, 

soap-water  being,  at  the  same  time,  applied. 

Carbonic  acid  gas  is  liberated,  and  the  chloride  of 

Gilding  on  glass  or  porcelain  is  effected  with  pul- 

copper,  in  presence  of  bicarbonate  of  potash,  is  con- 

verulent  gold,  or  gold  precipitated  from  its  chloride 

verted  into  an  insoluble  carbonate. 

solution  by  means  of  sulphate  of  iron.  In  this 

Gildiiif/  on  iron  and  steel  cannot  be  well  performed 

state  it  is  mixed  with  one-twelfth  of  its  weight  of 

directly  by  the  method  of  amalgamation,  as  it  is  diffi- 

oxide  of  bismuth,  together  with  a small  quantity  of 

cult  to  prevent  the  oxidation  of  the  metal  during  the 

borax  and  gum-water,  and  is  applied  to  the  parts 

volatilization  of  the  mercury ; and  the  temper  of 

to  be  gilt  with  a camel’s  hair  pencil.  The  article  is 

sword  blades,  daggers,  and  other  such  instruments. 

then  heated  in  a muffle,  and  when  removed  the  gold 

to  which  the  gilding  is  usually  applied,  is  liable  to  be 

appears  of  a dingy  colour,  but  the  lustre  is  brought 

injured  in  the  process.  It  may  be  effected,  indeed. 

out  by  burnishing  with  agate  or  bloodstone.  Lastly, 

by  previously  applying  to  the  polished  surface  the 

it  is  cleaned  with  vinegar  or  white-lead. 

solution  of  nitrate  of  mercury  already  described,  and 

Vessels  which  are  not  often  used,  and  are  not 

known  as  quicksilver  water;  the  acid  so  applied  unites 

liable  to  wear,  may  easily  be  gilt  in  a less  durable 

with  a portion  of  the  iron  or  steel,  and  deposits  in 

manner,  by  fixing  gold-leaf  upon  them  with  copal 

its  place  a thin  coating  of  mercury,  which  combines 

varnish. 

with  the  gold  amalgam  when  brushed  on.  By  this 

3.  Electro- Gilding. — This  process,  which  has  now 

method,  however,  a bright  and  durable  gilding  can- 

almost  entirely  superseded  the  method  by  amalgama- 

not  be  obtiiined. 

tion,  is  applicable  not  only  to  metals,  but  to  wood. 

Another  not  very  successful  method  of  gilding  on 
polished  iron  and  steel  is  by  means  of  an  ethereal 

plaster,  or  any  other  substance  capable  of  receiving 
a coat.ng  of  plumbago,  or  of  Parkks’  patent  prepara- 

solution  of  terchloride  of  gold.  For  this  purpose 

tion  of  phosphorus.  Full  details  of  this  beautiful 

the  gold  is  first  dissolved  in  aqua  regia,  and  about 

process  have  been  given  in  the  article  Elixtro- 

twice  the  quantity  of  ether  is  then  cautiously  added 

METALH’RGy,  to  which  the  reader  is  referred. 

in  a large  vessel.  The  liquids  are  agitated  and 

Artificial  Gold. — Under  the  name  of  Californian, 

allowed  to  rest,  when  the  ether  separates  and  floats 

Abyssinian,  and  Oroide  gold,  and  other  sounding 

on  the  surface  of  the  acid.  The  whole  mixture  is  now 

titles,  are  sometimes  sold  alloys  which  do  not  con- 

poured  into  a funnel  terminating  in  a small  closed 

tain  one  grain  of  the  precious  metal,  but  merely  re- 

aperture,  and  again  allowed  to  settle  and  separate. 

semble  it  in  colour  and  lustre  so  long  as  they  remain 

after  which  the  acid  is  run  off  from  below.  The 

untarnished.  It  is  stated  that  a good  imitation  may  be 

ether  which  remains  has  taken  up  aU  the  gold,  and 

formed  of  the  following: — Pure  copper,  100  parts  by 

before  applying  it  to  the  iron  or  steel  the  metal  is 

weight;  zinc,  17;  magnesia,  6;  sal  ammoniac,  3'60; 

polished  with  the  finest  emery  and  spirits  of  wine. 

quicklime,  1'80;  tartar,  9.  The  copper  is  melted  in 

GOLD. — Compounds  of  Gold. 
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a crucible,  in  a suitable  furnace  ; the  magnesia,  sal 
ammoniac,  lime,  and  tartar  are  then  added,  separ- 
ately and  by  degrees,  in  the  form  of  powder;  the 
■whole  is  stirred  for  about  thirty  minutes  to  thoroughly 
mix  the  ingredients,  and  the  zinc  is  then  thrown  on 
the  surface,  having  first  been  ground  into  very  small 
grains ; the  stirring  is  continued  until  the  fusion  is 
complete.  The  crucible  is  now  covered,  and  the 
fusion  continued  for  about  thirty-five  minutes,  when 
it  is  uncovered  and  skimmed  with  care,  and  the 
contents  are  run  into  a mould  of  moist  sand  or 
metal.  The  material  which  results  may  be  cast 
at  such  a temperature  that  any  ornamental  form  may 
be  given  to  it.  It  is  very  fine-grained,  and  is  also 
damascene,  malleable,  and  capable  of  taking  a very 
briliiant  polish.  When  tarnished  by  oxidation,  its 
brilliancy  can  be  restored  by  a little  acidulated  water. 
If  till  be  employed  instead  of  zinc,  the  alloy  will  be 
still  more  brilliant. 

Compounds  of  Gold. — Gold  is  known  to  form 
compounds  with  oxygen,  sulphur,  and  the  haloids — 
chlorine,  bromine,  iodine,  cyanogen,  &c.,  but  the 
number  of  its  compounds  is  few  in  comparison  with 
most  other  metals. 

Oxides. — These  are  two  in  number,  namely  : — (1.) 
The  suboxide  or  protoxide  (AugO),  which  may  be 
precipitated  as  a dark  green  powder  by  adding  a 
dilute  solution  of  potash  to  a solution  of  the  proto- 
chloride of  gold.  If  tl'.is  precipitate  be  treated  with 
ammonia,  fulminating  gold  is  formed  ; an  extremely 
dangerous  substance,  exploding  with  fearful  violence, 
in  consequence  of  which  its  composition  has  not,  as 
yet,  been  accurately  determined.  Heated  to  about 
250°  C.  (482°  Fahr.),  this  oxide  is  decomposed  into 
oxygen  and  metallic  gold. 

(2.)  Peroxide,  or  anhydrous  auric  acid  (AugOg), 
may  be  prepared  in  several  different  ways.  The 
method  usually  given  is  analogous  to  the  above  for 
preparing  the  protoxide,  and  consists  in  decomposing 
a solution  of  the  tcrchloride  of  gold  by  means  of 
magnesia  or  oxide  of  zinc;  insoluble  aurates  of 
magnesia  or  zinc  are  formed,  which  on  being  treated 
with  cold  dilute  nitric  acid  yield  hydrated  auric 
acid,  from  which  anhydrous  auric  acid  may  be 
obtained  by  heating  at  100°  C.  (212°  Fahr.),  in 
order  to  expel  the  water.  M.  E.  Fremy  gives  a 
somewhat  complicated  method  for  preparing  this 
oxide  in  a state  of  purity,  which  is  too  long  to  be 
given  here  in  detail,  and  for  which  the  reader  must 
therefore  be  referred  to  the  “ Traitd  de  Chemie  ” of 
MM.  Pelouze  and  Fremy,  tome  iii.  p.  1209.  It 
consists  in  the  preparation  of  aurate  of  potash  by 
means  of  terchloride  of  gold  and  potash,  and  fi-om 
this  aurate  the  auric  acid  is  subsequently  extracted 
by  sulphuric  acid.  It  is  a brown  or  yellow 
powder  (the  colour  varying  with  the  strength  of 
acid  used),  and  is  readily  reduced  by  light  or  a 
temperature  of  245°  C.  (473°  Fahr.)  to  metallic  gold 
and  oxygen.  Carbon,  boiling  alcohol,  and  nearly 
all  the  organic  acids  (especially  oxalic)  have  the 
same  power  of  reduction.  It  is  soluble  in  the 
haloid  acids,  forming  the  salts  referred  to  below..  As 
is  the  case  with  the  protosalt,  when  treated  with 


ammonia,  fulminating  gold  is  produced  in  a manner 
analogous  to  that  in  the  case  of  silver.  Auric  acid 
forms  .salts  termed  aurates.  Thus  we  have  the 
aurate  of  potassium  (KAuOgjSHgO),  a solution  of 
which  may  be  used  in  electro-gilding. 

Sulphide. — When  sulphuretted  hydrogen  gas  is 
passed  through  a cold  solution  of  terchloride  of  gold, 
a bisulphide  (Au^S^)  is  produced,  which  however  is 
unimportant.  If  instead  of  a cold  solution  it  be 
boiling,  the  aurous  sulphide  (AugS)  is  formed.  It 
is  a dark  brown  or  black  powder,  which  combines 
with  the  protosulphide  of  potassium  or  sodium, 
forming  double  salts.  The  former  of  these  is  em- 
ployed in  the  arts  for  the  purpose  of  gilding  china, 
and  goes  by  the  name  of  Burgos  lustre. 

Chlorides. — Gold  and  chlorine  form  two  distinct 
compounds,  namely,  the  protochloride  (AuCl)  and 
the  terchloride  (AuClg). 

The  protochloride  is  formed  by  gently  heating  the 
terchloride  to  a temperature  of  about  200°  C.  (392° 
Fahr.),  when  a portion  of  the  chlorine  is  expelled, 
leaving  a pale  yellow  salt,  which  is  decomposed  on 
exposure  to  light. 

Terchloride. — This,  the  most  important  compound 
of  gold,  is  obtained  when  gold  is  dissolved  in  aqua 
regia,  and  if  this  solution  be  evaporated  to  dry- 
ness at  a temperature  not  exceeding  250“  Fahr. 
(taking  care  to  have  an  excess  of  hydrochloric  acid), 
the  salt  will  be  obtained  as  a red  deliquescent 
difficultly  crystallizable  mass.  It  is  decomposed  by 
either  light  or  heat  into  free  chlorine  and  proto- 
chloride of  gold,  and  if  the  heat  be  too  great  this  is 
further  decomposed  into  chlorine  and  metallic  gold. 
It  is  a remarkable  fact  that  although  this  salt  is 
decomposed  at  200°  C.  into  Cl  and  AuCl,  and  at 
a still  higher  temperature  into  Au  and  Cl ; yet 
AuClg  may  be  sublimed  and  then  obtained  in 
crystals  of  a considerable  size,  even  at  temperatures 
higher  than  that  at  which  it  is  usually  decomposed. 
The  perchloride  is  very  soluble  in  water  and  alcohol, 
also  in  ether,  and  this  latter  solution  was  formerly 
used  in  medicine  under  the  name  of  potable  gold ; it 
was  also  used  for  the  gilding  of  steel.  In  com- 
bination with  hydrochloric  acid  it  forms  a yellow 
crystalline  salt,  which  is  very  soluble  in  water  ; and 
from  this  solution,  by  evaporation,  the  long  yellow 
crystals  may  be  obtained.  If  treated  with  caustic 
potash,  aurate  of  potassium  and  chloride  of  potas- 
sium are  produced ; and  as  with  the  oxides,  the 
addition  of  ammonia  causes  the  formation  of  a 
yellow  precipitate  of  fulminating  gold.  An  immense 
number  of  substances  have  the  power  of  depositing 
gold  from  its  solution  in  aqua  regia,  among  which 
may  be  mentioned  carbonic  oxide,  phosphorus, 
nitric  dioxide,  many  animal  and  vegetable  sub- 
stances, most  metals,  sulphurous  and  phosphorous 
acids,  salts  of  protoxide  of  mercury  and  of  pro- 
toxide of  iron,  &c.  Some  of  these  afford  a con- 
venient method  for  the  preparation  of  pure  gold, 
as  has  been  described  on  p.  68.  The  gold  is  in 
many  cases  deposited  in  minute  particles,  which 
give  a red  or  purple  colour  to  the  solution,  and 
Faraday  made  some  interesting  discoveries  with 
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reference  to  the  changes  in  these  colours.  Tlius. 
when  the  bottle  containing  the  solution  was  chemi- 
cally clean,  the  particles  remained  suspended  for 
months,  giving  a ruby  red  colour  to  the  liquid  by 
transmitted  light,  but  it  appeared  to  be  turbid  and 
brown  by  reflected  light.  On  adding  a little  com- 
mon salt  this  coloration  entirely  disappears,  and 
the  gold  is  in  the  course  of  a few  hours  deposited 
as  a purple  powder.  The  perchloride  forms  several 
double  chlorides,  the  chief  being  those  with  potas- 
sium, sodium,  and  ammonia.  Gold  combines  with 
iodine,  forming  two  iodides  (Aul  and  Aul^), 
which  correspond  in  composition  with  the  chlorides; 
these  however  are  unimportant,  as  is  also  the  only 
compound  of  gold  and  bromine,  namely,  the  ter- 
bromide  (AuBrj). 

The  ajaiiides,  two  in  number,  also  correspond  in 
composition  with  the  chlorides.  They  have  a great 
tendency  to  combine  with  other  cyanides,  especially 
those  of  the  alkalies  and  alkaline  earths. 

The  protocyanide  (AuCy)  may  be  prepared  in 
the  following  manner.  Fulminating  gold  is  pre- 
pared as  before  described  by  the  addition  of  ammonia 
to  perchloride  of  gold.  It  is  then  dissolved  in 
cyanide  of  potassium  with  the  application  of  heat. 
On  cooling,  crystals  of  the  double  cyanide  of  gold 
and  potassium  are  deposited.  If  these  be  now 
dissolved  in  hydrochloric  acid,  evaporated  to  dryness, 
and  mixed  with  water,  a yellow  insoluble  powder 
remains  behind,  which  is  the  protocyanide  of  gold, 
and  should  be  washed  and  dried  in  the  dark.  It 
exists  both  amorphous  and  crystalline,  and  is  easily 
decomposed  by  heat.  The  most  important  of  the 
double  cyanides  is  that  of  gold  and  potassium 
(AuKCy,),  largely  used  in  electro-gilding,  for  which 
purpose  it  may  be  prepared  by  dissolving  in  warm 
water  77  parts  of  the  protocyanide  of  gold,  and  23 
parts  of  cyanide  of  potassium,  and  evaporating  the 
liquid ; the  double  cyanide  remaining  behind  in  the 
form  of  colourless  prismatic  crystals. 

The  percyanide  (AuCyg)  is  an  unimportant  salt 
prepared  by  treating  the  percyanide  of  gold  and  silver 
(AgCyiAuCyg)  with  hydrochloric  acid  ; evaporating 
the  solution  in  a vacuum,  and  redissolving  in  water, 
out  of  which  the  salt  is  crystallized  by  concentration. 

Fiihiinaltng  Gold. — As  mentioned  in  the  accounts 
of  the  oxide  and  chloride  of  gold,  this  may  be  pre- 
pared from  both  of  these  salts,  but  although  detona- 
ting power  exists  in  both  cases,  the  compounds  are 
not  identical.  In  the  former  (prepared  from  the 
peroxide)  there  is  no  chlorine  present,  whereas 
that  prepared  from  perchloride  of  gold  does  contain 
chlorine.  In  the  one  case  the  colour  is  dark  greyish, 
whereas  the  presence  of  chlorine  imparts  a yellow 
colour  to  the  fulminate.  It  is  possible  to  decom- 
pose it  without  detonation  by  heating  with  from  20 
to  30  times  its  weight  of  sulphate  of  potassium. 
To  the  first  form  Berzelius  gives  the  formula 
Au(NII^)02NHj,,  or  AuII02,2NH3  , whereas  Dumas 
considers  it  to  be  more  correctly  expressed  by 
Au2N,NH3,3H20.  This  latter  chemist  gives  the 
following  as  the  result  of  an  analysis  of  the  form 
containing  chlorine ; — 


Gold 730 

Chlorine, 4'5 

Nitrogen, 9’8 

Hydrogen, 2-2 

Oxygen, 10'5 


100-0 

The  composition  therefore  of  fulminating  gold,  as 
deduced  from  these  percentages,  is  expressed  by  the 
formula — 

AugClNgHg.SHjO. 

Both  preparations  are  extremely  dangerous,  deton- 
ating by  a slight  blow,  by  friction,  by  a slight  heat, 
or  often  even  spontaneously.  They  should  there- 
fore only  be  prepared  in  very  small  quantities  at 
a time. 

Purple  of  Cassius. — When  a mixture  of  proto- 
chloride  and  bichloride  of  tin,  very  much  diluted,  is 
added  drop  by  drop  to  a dilute  neutral  solution  of  ter- 
chloride  of  gold,  a flocculent  purple  deposit  is  formed, 
which  has  been  termed  purple  of  Cassius,  from  the 
circumstance  that  the  method  of  preparing  it  was 
first  described  by  Andreas  Cassius  of  Leyden  and 
his  son,  in  1685,  and  they  called  it  gold  purple.  It 
may  likewise  be  prepared  by  fusing  together  160 
parts  of  silver,  20  of  gold,  and  35-1  of  tin,  and  acting 
on  the  alloy  with  nitric  acid,  which  dissolves  out  the 
silver,  and  leaves  a purple  residue  containing  the 
tin  and  gold.  To  prevent  the  oxidation  of  the  tin 
during  the  fusion  the  three  metals  should  be  pro- 
jected into  a red-hot  black-lead  crucible,  which  con- 
tains a little  melted  borax.  Fuchs  states  that  the 
finest  pui'ple  is  produced  by  mixing  a solution  of 
sesquichloride  of  iron  with  aqueous  protochloride 
of  tin,  till  the  yellow  colour  is  converted  into  pale 
green,  and  precipitating  the  gold  solution  with  the 
mixture  thus  formed  ; he  adds  that  the  protochloride 
of  iron  in  the  liquid  does  not  affect  the  product. 

If  while  this  powder  is  moist  on  the  filter  it  be 
washed  with  ammonia,  it  is  dissolved,  and  a splendid 
purple  liquid  passes  through.  From  this  liquid  the 
colouring  matter  separates  only  after  standing  for 
several  weeks.  To  obtain  a gold  purple  of  constant 
composition  the  following  method  is  recommended 
by  Pelletier: — 20  grammes  of  gold  are  dissolved 
in  100  of  aqua  regia,  made  by  the  addition  of  20 
parts  of  nitric  acid  to  80  of  commercial  hydro- 
chloric acid,  the  solution  being  evaporated  to  dryness 
in  a water  bath.  The  residue,  after  being  dissolved 
in  water,  is  filtered  and  diluted  with  7 or  8 decilitres 
of  water,  and  placed  in  contact  with  tin  filings , 
a vigorous  action  ensues,  and  in  a few  minutes  the 
liquid  becomes  brown,  and  deposits  a purple  pre- 
cipitate, which  should  be  washed  and  dried  at  a 
gentle  heat. 

This  purple  possesses  the  following  composition : — 


Stannic  acid 32-746 

Protoxide  of  tin, 14-618 

Protoxide  of  gold, 44-772 

Water, 7-864 


100-000 

Other  modes  of  preparation  have  also  been  recom 
mended,  which  however  need  not  be  described. 
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This  substance,  in  the  moist  state,  is  dark  purple- 
red,  and  after  drying  brown.  Its  true  nature  and 
composition  have  given  rise  to  much  discussion. 
According  to  some  autliorities  it  contains  metallic 
gold  with  hydrated  stannic  oxide ; according  to 
others  the  gold  is  oxidized.  Berzelius  concluded 
from  the  researches  of  M.  Figuier,  that  it  consists 
of  a hydrated  double  stannate  of  gold  and  tin,  as 
expressed  by  the  formula — 

SnAii._|Sn2034H20. 

It  seems  certain  that  whatever  the  composition  be 
before  ignition,  after  this  has  taken  place  the  powder 
consists  of  a mixture  of  stannic  oxide  (SnOg)  and 
metallic  gold ; but  the  fact  of  the  powder  in  its 
unignited  state  being  soluble  in  ammonia,  and  not 
yielding  any  gold  when  treated  with  mercury,  ap- 
pears to  be  convincing  proof  that  free  gold  does  not 
then  exist. 

The  composition  assigned  by  Berzelius,  which 
has  been  confirmed  by  M.  Barral,  accounts  for  the 
principal  reactions  of  the  purple  of  Cassius.  Thus, 
heat  decomposes  it,  and  expelling  water  leaves  be- 
hind a mixture  of  gold  and  stannic  oxide. 

Purple  of  Cassius  is  decomposed  by  the  acids,  but 
is  not  changed  by  the  action  of  light.  Hence  it  is 
somewhat  extensively  employed  in  the  arts,  chiefly 
for  colouring  glass  and  porcelain.  When  mixed  with 
a little  bor.ax  or  some  fusible  glass,  and  applied  to 
the  surface  of  china,  it  imparts  to  it  a beautiful  rose 
or  a rich  purple  colour.  Its  different  applications 
as  a colouring  material  have  already  been  explained 
in  the  articles  Enamel.s  and  Glass.  It  is  remarkable 
that  the  oxide  of  tin  does  not  appear  to  be  essential, 
since  even  finely-divided  metallic  gold  alone  will 
give  the  same  purple  hue. 

Spectnm  of  Gold. — Huggins  has  observed  no  less 
than  twenty-three  lines  in  the  spectral  band  pro- 
duced by  gold,  but  of  these  only  six  are  of  import- 
ance, the  others  being  so  faint  as  to  be  barely  visible. 
The  two  brightest  (equal  in  intensity  to  the  well- 
known  D lines  of  sodium)  occur  one  in  the  yellow - 
green  near  to  r,  and  the  other  in  the  green  between 
E and  h of  Fraunhofer’s  lines.  Of  the  four  other 
important  lines,  three  occur  in  the  yellow-orange 
between  c and  d,  and  one,  possessing  a high  re- 
frangibility,  in  the  blue  between  f and  G. 

Recently  I,ockyer  has  suggested  the  use  of  the 
spectrum  of  gold  in  connection  with  that  of  copper 
as  a means  of  determining  the  amount  of  gold  con- 
tained in  a given  alloy,  thus  superseding  the  ordinary 
method  of  assay.  A number  of  experiments  have 
been  made  by  him,  and  in  the  Royal  Mint,  on  the 
subject,  and  a paper  was  read  before  the  Royal 
Society  by  Lockyer  and  Roberts  ; but  as  yet  no 
practical  application  has  been  made  of  the  discovery. 

Quantitative  Estimation  of  Gold  Ores  and 
Alloys. — In  proceeding  to  determine  the  exact 
amount  of  gold  jiresent  in  an  ore  or  alloy,  it  is  ob- 
viously necessary  to  exercise  the  greatest  caution  in 
the  sampling.  Excellent  advice  on  this  point  is 
given  by  Percy  in  his  admirable  lecture  on  the 
metallurgical  treatment  and  assaying  of  gold  ores. 


delivered  at  the  Museum  of  Practical  Geology. 
Careless  sampling,  he  remarks,  can  only  mislead  ; 
assays  of  individual  specimens  may  be  accurate,  but 
they  are  worse  than  useless  if  tho  assayer  has  not 
operated  upon  an  average  sample  of  the  ore.  He 
therefore  advises  the  capitalists,  to  whom  prospec- 
tuses of  gold-mining  schemes  may  be  submitted,  not 
to  be  allured  with  glittering  specimens  of  gold  ore, 
with  assays  yielding  a high  produce,  and  with  the 
glowing  statements  of  sanguine  promoters  or  en- 
thusiastic adventurers,  without  having  ascertained 
on  good  evidence  that  the  samples  which  are  pre- 
sented to  his  notice  are  really  average  samples  of  the 
ore,  and  that  something  like  a continuous  supply 
may  reasonably  be  expected.  If  such  specimens,  he 
adds,  do  not  represent  an  average,  they  become 
what  the  Cornish  miner  calls  slocking-stones,  which 
are  at  all  times  enticing  and  dangerous  to  the  inex- 
perienced and  unwary,  and  never  more  so  than  in 
the  case  of  auriferous  ores.  The  sampling  gener- 
ally devolves  upon  the  miner,  but  the  assayer  and 
metallurgist  should  likewise  understand  the  business. 
Assayers  of  great  experience  and  high  integrity  may 
occasionally,  he  adds,  commit  unintentional  mistakes. 
Thus,  a few  years  ago,  two  small  pigs  of  lead  from 
South  America,  very  rich  in  silver,  were  offered  for 
sale.  Portions  had  been  taken  from  the  top  and 
bottom  of  each  pig,  with  a view  to  obtain  a fair 
average.  Percy  had  occasion  to  attempt  to  verify 
the  report  of  the  assayers.  Portions  were  taken 
from  the  same  parts  of  each  pig  as  in  the  first  in- 
stance ; but  the  results  did  not  agree  with  the  report, 
nor  did  Percy’s  assays  agree  with  each  other  on 
' taking  fresh  portions.  It  was  therefore  certain  that 
} the  composition  was  not  unifonn,  and  that  the  por- 
* tions  taken  for  the  purpose  of  assaying  in  neither  case 
represented  an  average.  The  pigs  were  accordingly 
sent  again  to  the  same  assayers.  Each  pig  was 
melted  separately,  and  while  melted  a sample  was 
taken.  A second  report  was  given,  which  differed 
from  the  former  to  the  extent  of  1000  ozs.  to  the 
ton ! In  the  sampling  of  gold  ores  most  especial 
care  should  be  taken,  as  the  precious  metal  exists 
irregularly  diffused  through  the  mass,  in  j^articles  of 
very  different  size,  and  as  minute  errors  in  sampling 
will  necessarily  be  greatly  multiplied  when  the 
quantity  of  gold  per  ton  is  calculated  from  the  assay 
of,  it  may  be,  600  or  1000  grains  of  ore. 

The  quantitative  estimation  may  be  made,  more 
or  less  correctly,  by  one  of  four  methods : — 1.  By 
determining  the  specific  gravity  of  the  ore  or  alloy  ; 
2.  By  the  touchstone  ; 3.  By  chemical  analysis,  or 
the  wet  method  of  assaying ; and  4.  By  the  metal- 
lurgical, or  drg  method.,  in  which  fire  is  the  principal 
agent.  The  first  two  afford  only  approximations, 
and  the  second  is  applicable  only  to  alloys  of  gold  ; 
but  both  may  be  useful  when  circumstances  render 
impossible  or  inconvenient  the  performance  of  an 
exact  assay  by  the  wet  or  dry  method. 

1.  Qnantilative  Estimation  hy  Specific  Gravity. — It 
is  evident  that  the  high  specific  gravity  of  gold  not 
only  affords  facilities  for  separating  it,  by  means  of 
washing,  from  other  matters,  but  also  for  estimating 
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approximatively  the  amount  in  which  it  is  present 
in  any  ore  or  mineral  of  known  composition.  The 
nature  of  the  other  ingredients  being  ascertained, 
and  consequently  their  weight  or  specific  gravity, 
the  additional  weight  must  be  due  to  the  presence 
of  gold,  and  hence  its  amount  may  be  calculated. 

But  it  is  obvious  that  in  the  case  of  alloys  this 
method  is  only  applicable  provided  the  specific 
gravity  of  the  alloy  is  accurately  identical  with  that 
which  would  be  calculated  from  the  relative  amounts 
and  specific  gravities  of  its  constituents.  This,  how- 
ever, is  rarely  the  case,  and  the  results  obtained  by 
this  method  can  only  be  considered  as  very  rough 
approximations,  except  in  the  case  of  nearly  pure  gold, 
such  as  that  found  in  Australia.  The  actual  specific 
gravity  of  native  gold  alloys  is  invariably  lower  than 
that  calculated  ; hence  the  results  obtained  by  this 
method  will  give  a lower  assay  than  the  amount  of 
gold  really  warrants. 

Taking  for  granted  that  the  mineral  proposed  to  be 
submitted  to  this  test  is  a piece  of  auriferous  quartz 
— the  first  point  to  be  determined  is  its  specific 
gravity,  or  its  weight  as  compared  with  that  of  an 
equal  bulk  of  distilled  water ; because,  if  this  be  no 
higher  than  that  of  common  quartz,  which  is  found 
by  experiment  to  average  2'6,  it  will  be  unnecessary 
to  proceed  further;  but  if  higher,  the  amount  of  gold 
present  may  be  calculated  from  the  difference. 

It  is  unnecessary  here  to  describe  the  ordinary 
methods  of  determining  the  specific  gravity  of  a body ; 
any  one  of  those  applicable  to  a body  insoluble  in 
water  may  be  used. 

Let  G represent  the  weight  of  gold  contained  in  the  quartz 
or  rock. 

R “ weight  of  quartz  or  rock. 

g “ specific  gravity  of  gold. 

r “ “ of  quartz  or  rock. 

W “ weight  in  air. 

W'  “ “ water. 

Then  the  weight  of  the  gold  is  determined  directly 
by  the  following  formula — 

G = gW  — rg(W  — W') 
g — r 

and  the  weight  of  pure  quartz  or  rock,  if  required, 
by  this  formula  : — 

R = r g (W  — W')  — W r 
g — r 

2.  Quantitative  Estimation  by  the  Touchstone. — Another 
method  of  estimating  approximately  the  amount  of 
gold,  not  in  auriferous  ores,  but  in  native  gold  or 
artificial  alloys,  is  by  the  use  of  the  touchstone,  a 
method  which  may  be  practised  with  considerable 
advantage,  when  the  apparatus  and  reagents  neces- 
sary for  the  carrying  out  of  a complete  assay  cannot 
be  conveniently  procured.  It  is  especially  applic- 
able to  the  estimation  of  trinkets  or  other  finished 
articles,  which  could  not  be  submitted  to  the  assay- 
ing processes,  either  by  the  wet  or  dry  method, 
without  destroying  them. 

The  touchstone  test  consists  essentially  in  rubbing 
some  convenient  part  of  the  object  to  be  examined 
on  a smooth  piece  of  black  basalt  or  pottery,  which 

for  this  reason  is  termed  the  touchstone,  and  compar- 
ing the  marks  so  formed  with  those  produced  by  one 
or  other  of  a series  of  small  bars  or  needles,  con- 
sisting of  alloys  of  gold  with  silver  or  copper,  or 
both,  in  known  proportions. 

The  material  commonly  employed  as  the  “ touch- 
stone.” and  commonly  known  by  either  that  name  or 
as  Lydian  Corneine  (in  consequence  of  its  having- 
been  formerly  found  in  Lydia),  is  a species  of  basalt 
of  a dark  colour  found  in  considerable  quantities  in 
Saxony,  Bohemia,  and  Silesia. 

According  to  Crookes  five  series  of  prepared 
touch  needles  are  required.  The  first  consists  of 
copper  and  gold,  and  is  called  the  veil  series,  the  propor- 
tion of  gold  increasing  by  half  carats  (equal  to  20’9 
thousandths),  in  the  successive  needles.  The  second 
series  consists  of  gold  and  silver,  and  is  called  the 
tchite  .'•cries,  and  the  gold  increases  as  in  the  first 
set.  In  the  third  or  mixed  scrie.s,  silver  and  copper  in 
equal  jiroportions  are  used  for  the  alloying  metal, 
while  in  the  fourth  and  fifth  series  the  silver  and 
copper  are  to  each  other  in  the  proportions  of  2 : 1 
and  1 : 2 respectively.  In  all  these  series  the  amount 
of  gold  varies  in  the  same  manner  as  in  the  first. 
The  test  acid  usually  employed  consists  of  a mixture 
of  98  parts  of  nitric  acid  of  spec.  grav.  1-340,  2 parts 
hydrochloric  acid  of  spec.  grav.  1-173,  and  25  parts 
of  distilled  water.  Levol  recommends  a mixture 
of  123  parts  nitric  acid,  having  a spec  grav.  of  1-274, 
and  2 parts  hydrochloric  of  1-173. 

In  jiroceeding  to  make  an  assay  by  this  method, 
the  first  streak  obtained  by  rubbing  the  object  to  be 
examined  on  the  touchstone  cannot  be  safely  em- 
ployed to  ascertain  its  composition  if  it  be  a manu- 
factured article,  because,  by  a process  previously 
described,  the  surface  of  jewellery  is  invariably 
rendered  of  a higher  standard  than  that  of  the  mass. 
The  object  must  therefore  be  passed  once  or  twice 
over  the  back  or  edge  of  the  stone,  in  order  to  remove 
the  superficial  film  of  richer  metal,  before  making  the 
streak  from  which  its  quality  is  to  be  judged.  Other 
streaks  are  then  made  successively  with  two  or  three 
of  the  needles  which  the  assayer,  guided  by  experience, 
considers  to  ajiproach  nearest  in  composition  to  the 
article  under  examination.  In  doing  so  he  compares, 
not  only  the  colour  of  the  streaks  made  upon  the 
touchstone,  but  likewise  the  sensation  of  roughness, 
dryness,  smoothness,  or  greasiness  which  the  texture 
of  the  rubbed  metals  excites  when  abraded  by  the 
stone.  When  he  succeeds  in  obtaining  with  one  of 
his  needles  a streak  which  is  jierfectly  similai-  in 
apjiearance  to  that  produced  by  the  article  under 
examination,  he  then  moistens  both  streaks  with 
nitric  acid,  and  this  affects  them  differently  if  they 
be  not  similar  in  composition. 

The  test  acid  above  described  is  also  employed. 
The  streak  which  contains  the  least  gold  will  be  most 
affected,  and  on  the  contrary,  the  purer  the  gold  the 
less  will  it  be  affected  by  the  acid.  Indeed  pure 
nitric  acid  produces  barely  any  affect  when  the  alloy 
contains  15  carats  gold  and  upwards,  while  the  test 
acid  is  so  composed  as  to  cease  to  work  when  the 
alloy  contains  18  carats  or  over.  Should  the  actions 
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in  the  two  cases  fail  to  correspond,  the  assayer’s 
experience  will  enable  him  to  judge  in  what  they 
differ,  and  will  direct  him  in  selecting  another  needle 
to  submit  to  the  same  comparative  test.  When  one 
has  been  found  which  agrees  satisfactorily  in  all 
particulars  with  the  metal  submitted  to  examination, 
the  latter  is  assumed  to  be  of  a standard  of  fineness 
similar  to  that  which  is  indicated  by  the  mark  on  this 
particular  needle. 

Although  the  results  obtained  cannot  be  relied  on 
where  absolute  accuracy  is  required,  yet  they  afford 
a useful  approximation,  not  only  in  estimating  the 
value  of  manufactured  articles  which  cannot  be  sub- 
mitted to  a regular  assaying  process,  but  also  in 
obtaining  that  preliminary  knowledge  of  the  general 
composition  of  an  alloy,  which  is  so  important  to  the 
assayer  in  proceeding  to  a detailed  analysis.  The 
touchstone  is  therefore  of  great  use  in  practised 
hands,  but  it  is  of  little  avail  in  the  hands  of  an 
inexperienced  operator. 

3.  Quantitative  Estimation  hy  the  Wet  Method — 
Analysis. — However  useful  the  approximations  ob- 
tained from  the  specific  gravity  of  an  auriferous  ore, 
or  the  application  of  the  touchstone  to  an  alloy  of 
gold,  it  is  evident  that  more  exact  methods  are 
required  to  determine  with  absolute  precision  the 
value  of  an  alloy  or  ore  of  this  precious  metal. 
Accordingly  there  are  two  methods  by  which  the 
assaying  of  gold  ores  or  alloys  may  be  conducted  with 
perfect  accuracy,  and  these  are  distinguished  as  the 
wet  and  dry  methods,  according  as  the  agency  of  liquid 
solvents  or  that  of  fluxes  and  fire  is  employed.  For 
practical  purposes  in  the  determination  of  gold  the 
latter  process  is  always  adopted,  although  in  the 
final  separation  of  the  silver  the  dry  method,  as  now 
practised,  involves  the  application  of  a liquid  solvent. 

The  principles  of  the  quantitative  estimation  of  gold 
by  the  humid  method  have  been  already  explained  in 
detailing  the  laboratory  process  for  the  preparation 
of  pure  gold,  and  in  describing  the  application  of  the 
tests  or  reagents  by  which  its  presence  is  detected. 
It  is  evident  that  any  of  the  qualitative  tests,  the 
application  of  which  results  in  the  precipitation  of 
the  gold  from  its  solution  in  aqua  regia,  such  as  pro- 
tosulphate of  iron,  may  be  converted  into  the  means 
of  obtaining  a quantitative  estimation,  by  simply 
weighing  the  amount  of  ore  or  alloy  on  which  the 
experiment  is  performed,  and  then  weighing  the 
amount  of  pure  gold,  carefully  washed  and  dried, 
which  is  obtained  in  the  form  of  a precipitate.  It 
will  therefore  be  unnecessary  to  enter  into  minute 
details  on  the  chemical  principles  involved. 

It  may  be  stated,  however,  that  if  the  substance 
to  be  examined  be  a natural  or  artificial  alloy,  com- 
posed chiefly  of  the  pure  metal,  such  as  the  gold 
dust  of  California  or  Australia,  the  quantity  taken 
for  the  analysis  should  not  exceed  15  grains.  A 
convenient  quantity  is  grains,  as  it  is  then  only 
necessary  to  multiply  the  result  by  eight  to  obtain 
the  percentage  composition.  In  performing  analyses 
very  small  quantities  are  taken,  because  it  is  easier 
to  operate  upon  a few  grains  than  upon  a larger 
mass ; the  effect  of  the  reactions  is  more  rapid  ^ 
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there  is  less  waste  of  materials;  and  as  accurate 
results  can  be  obtained  with  a small  as  with  a larger 
quantity,  provided  sufficient  precaution  be  taken  to 
operate  upon  an  average  sample.  If  the  gold  be 
mixed  with  earth  or  quartzose  matter,  so  much  of 
this  should  be  taken  as  may  be  judged,  from  preli- 
minary experiments  or  other  sources  of  information, 
to  contain  the  amount  of  native  gold  above-men- 
tioned ; and  this  must  be  triturated  in  a mortar 
with  great  care  before  subjecting  it  to  the  action  of 
the  aqua  regia — a precaution  of  less,  importance  in 
merely  testing  for  gold,  but  absolutely  necessary  and 
essential  when  it  is  required  to  ascertain  the  exact 
amount  of  the  precious  metal  present ; for  unles* 
the  quartz  be  reduced  to  a state  of  the  most  minute 
division,  it  is  evident  that  gold  remaining  enveloped 
in  the  quartz  will  escape  the  action  of  the  acid. 

For  an  account  of  the  general  methods  of  the 
estimation  of  gold  by  the  wet  way,  we  cannot  do 
better  than  quote  from  Fresenius’  “ Quantitative 
Chemical  Analysis,”  to  which  the  reader  may  be 
referred  for  more  detailed  information,  especially 
that  relating  to  the  estimation  of  gold  in  presence  of 
other  metals. 

Fresenius  recommends  that  the  substance  under 
examination,  having  been  weighed,  be  warmed  with 
hydrochloric  acid,  nitric  acid  being  gradually  added 
until  solution  is  effected,  or  it  may  be  repeatedly 
digested  with  strong  chlorine  water.  This  latter 
method  is  especially  applicable  when  the  gold  is 
present  in  very  minute  quantities  or  mixed  with 
other  oxides  which  it  is  wished  to  leave  undissolved. 
The  gold  is  always  weighed  as  a metal,  and  its  com- 
pounds may  be  brought  into  this  state — 

(a.)  By  ignition. 

(ft.)  By  precipitation  as  metallic  gold. 

(c.)  By  ignition,  preceded  by  precipitation  as  ter- 
sulphide  of  gold. 

(a.)  This  method  is  applicable  to  all  compounds 
of  gold  which  do  not  contain  a fixed  acid.  The 
compound  should  be  heated  in  a covered  porcelain 
or  platinum  crucible,  very  gently  at  first,  but  finally 
to  redness ; the  residue  is  pure  gold.  These  results 
are  the  most  accurate. 

(ft.)  In  the  method  of  precipitation  as  metallic  gold 
two  cases  may  occur  which  may  conveniently  be 
considered  separately,  namely: — 

(1.)  That  in  which  the  solution  is  free  from  nitric 
acid. 

(2.)  That  in  which  it  contains  nitric  acid, 

(1.)  If  the  solution  does  not  already  contain  free 
hydrochloric  acid,  add  a little,  then  add  a clear  solu- 
tion of  sulphate  of  protoxide  of  iron  in  excess;  heat 
gently  for  a few  hours  until  the  precipitated  fine 
gold  has  completely  subsided ; filter,  wash  with 
hydrochloric  acid  first,  and  afterwards  with  water; 
dry  and  ignite.  It  will  be  found  preferable  to  per- 
form the  deposition  in  a porcelain  evaporating  dish 
rather  than  in  a beaker. 

(2).  When  nitric  acid  exists  in  the  solution  it 
should  be  eva[iorated  on  a water  bath  to  the  con- 
sistence of  syrup,  adding  from  time  to  time  hydro- 
chloric acid.  Dissolve  this  residue  in  water  containing 
15 
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hydrochloric  acid,  and  proceed  as  directed  in  (1). 
It  should  be  noticed  that  cases  may  occur  in  which 
the  residue  does  not  dissolve  to  a clear  fluid,  but 
this  is  of  no  consequence. 

(c).  In  the  case  in  which  ignition  is  preceded  by 
deposition  as  a tersulphide,  a stream  of  sulphuretted 
hydrogen  should  be  transmitted  in  excess  through  a 
dilute  solution  of  the  compound  under  examination. 
The  precipitate  thus  formed  is  speedily  filtered 
off  without  heating,  washed,  dried,  and  ignited  as 
directed  in  (a). 

In  the  method  (6)  the  liquid  should  be  tested 
before  pouring  off,  to  make  sure  of  the  last  traees 
of  gold  having  been  deposited.  This  may  be  done 
in  the  following  manner; — When  the  whole  of  the 
precipitate  appears  to  have  settled  to  the  bottom, 
a few  drops  of  the  supernatant  liquid  are  taken 
out  on  the  end  of  a rod,  placed  upon  a surface  of 
clean  white  porcelain,  and  tested  with  a drop  of  pro- 
tochloride of  tin.  If  no  purple  precipitate  be  formed, 
it  is  a proof  that  the  whole  of  the  gold  has  been 
thrown  down.  If  a dark  brown  colouring,  but  still 
no  subsidence,  be  produced,  this  will  indicate  the 
presence  of  platinum.  If  any  precipitate  be  observed, 
more  of  the  sulphate  of  iron  or  oxalic  acid  (which 
may  be  used  as  a substitute  just  as  described  in  the 
preparation  of  pure  gold)  must  be  added  to  effect  a 
complete  precipitation  of  the  gold  contained  in  the 
solution. 

The  pure  gold  after  ignition  is  placed  in  a watch- 
glass  or  small  capsule,  and  accurately  weighed  in  a 
pair  of  delicate  scales,  which  should  be  capable  of 
turning  with  a difference  of  at  least  one-hundredth 
part  of  a grain.  Instead  of  first  counterpoising  the 
dish  or  capsule,  and  then  adding  weights  to  counter- 
poise the  gold,  it  is  better  to  begin  by  placing 
the  capsule  containing  the  gold  in  one  pan,  and 
counterpoising  both  by  means  of  sand,  or  some  other 
convenient  material  placed  in  the  other.  The  gold 
is  then  removed  from  the  dish,  and  weights  put  in  its 
stead  sufficient  to  restore  the  equilibrium.  The 
number  of  grains  and  fractions  of  a grain  required 
for  this  purpose  will  accurately  represent  the  weight 
of  the  gold ; and  in  this  method  of  weighing  by  siib- 
stitntion,  as  it  is  termed,  any  risk  of  error  arising  from 
the  possible  inequality  in  length  of  the  two  arms  of 
the  balance  will  be  entirely  avoided. 

Supposing  the  gold  to  weigh  10-7.5  grains,  and  that 
the  amount  of  alloy  submitted  to  experiment  was 
12-5  grains,  or  the  eighth  part  of  one  hundred, 
it  is  evident  that  10-75  X 8 = 86  is  the  percentage 
of  pure  gold  present. 

4.  Quantitative  Estimation  by  the  Dry  Method — As- 
saying.— The  fourth  and  last  method  of  estimating 
the  amount  of  gold  in  an  ore  or  alloy  is  by  the  use 
of  fluxes  and  fire.  It  is  therefore  termed  the  dry 
method,  and  formerly  even  the  separation  of  the  silver 
was  effected  without  a liquid  solvent,  by  one  or  other 
of  the  dry  processes  described  in  connection  with 
the  operation  of  parting  on  the  large  scale  ; but  now 
the  agency  of  an  acid  solution  is  employed  in  the 
last  part  of  the  process. 

This  metallurgical  method,  to  which  the  name  of 
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assaying  strictly  applies,  is  that  uniformly  followed  at 
the  Mint  and  other  establishments  where  assaying  is 
regularly  practised,  being  not  only  more  expeditious 
than  the  wet  method,  but  admitting  of  a greater 
number  of  assays  being  conducted  simultaneously. 
The  wet  method  is  useful  for  special  or  occasional 
assays  in  the  laboratory,  where  assaying  furnaces, 
cupels,  &c.,  would  not  be  kept  constantly  in  requisi- 
tion. On  the  other  hand,  the  dry  method  is  the 
best  where  assaying  is  practised  as  a business,  and 
where  all  the  apparatus  required  is  therefore  in 
constant  efficiency.  This  method  consists  in  the 
following  processes  ; — 1.  The  accurate  weighing  and 
preparation  of  the  assay  piece  or  sample.  2. 
Fusion,  in  the  case  of  ores,  to  separate  earthy  and 
other  gross  impurities,  which  may  be  either  per- 
formed in  a crucible  by  means  of  oxide  of  lead,  or 
by  the  method  of  scarification  with  metallic  lead. 
3.  Cupellation,  to  remove  the  copper  and  other 
base  metals  by  oxidation  and  absorption.  4.  Parting 
by  inquartation,  or  separation  of  the  silver  from  the 
gold,  by  dissolving  the  former  metal  in  nitric  acid. 
5.  Final  weighing  of  the  resulting  “cornet,”  and 
applying  necessary  corrections. 

From  this  enumeration  of  the  different  operations 
which  constitute  the  process  of  assaying  by  the  dry 
method,  it  will  be  seen  that  it  is  little  more  than 
a miniature  representation  of  the  smelting  and 
refining  operations  already  described.  It  will  there- 
fore be  unnecessary  to  explain  the  principles  on 
which  this  important  department  of  the  subject  is 
founded,  as  those  already  enunciated  in  reference  to 
the  smelting  and  refining  of  gold  ores  apply  equally 
to  the  assaying  of  these  ores  as  well  as  of  artificial 
alloys.  The  principal  feature  to  be  noted  is  that 
the  assayer  operates  upon  a few  grains  instead  of 
large  quantities,  while,  at  the  same  time,  he  must 
exercise  the  utmost  precaution  in  attending  to  the 
weight  and  proportions  of  his  materials. 

Preparation  of  the  Assay  Piece. — It  is  evident  that, 
as  the  amount  of  metal  operated  upon  is  extremely 
small,  it  is  of  the  utmost  importance  that  the  weight 
of  the  assay  piece  should  be  very  accurately  deter- 
mined, both  before  and  after  the  process.  When 
the  alloy  under  examination  is  rieh,  such  as  that 
used  for  the  coinage,  the  assay  piece,  having  been 
first  adjusted  by  an  assistant  to  as  nearly  as  possible 
the  right  weight  by  means  of  a balance  turning  with 
about  ^^th  of  a grain,  is  re-weighed  by  the  assayer 
on  a superior  balance,  which  should  be  capable  of 
indicating  distinctly  ^ grain  when  loaded 

with  about  12  grains  in  each  pan.  Very  delicate 
balances  are  specially  made  for  this  purpose.  The 
most  generally  approved  form  now  in  use  is  shown 
in  Plate  III.,  Fig.  4.  It  is  made  by  Oertling  of 
London,  and  is  capable,  when  new,  of  indicating 
.j-jj^^th  part  of  an  assay  pound  of  half  a gramme 
(7-716  grains),  and  will  alwa)'S  indicate  half  this 
amount.  It  is  essential  that  the  balance  employed 
be  extremely  sensitive,  sure,  and  quick ; qualities 
which  require  a very  light  and  carefully  constructed 
beam.  The  beam  in  the  balance  shown  is  10  inches 
long,  and  usually  weighs  about  125  grains.  The 
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scale  pans  rest  in  stirrups  of  palladium,  and  can  be 
removed  by  means  of  forceps.  The  supports  at  the 
centre  and  ends  are  shown  on  a large  scale  on  the 
Plate.  Each  stirrup  hangs  from  two  steel  points 
resting  in  agate  cups,  and  the  agate  knife  edge  at  the 
centre  does  not  come  in  contact  with  the  agate 
palates  until  after  the  supports  have  been  removed 
from  below  the  scale  pans  by  means  of  the  handle, 
moving  in  a vertical  slot  in  front  of  the  balance.  As 
has  already  been  described  at  page  96,  two  systems 
are  employed  for  expressing  the  composition  of  gold 
and  silver  ingots,  and  the  weights  used  in  “ weigh- 
ing in  ” and  “ weighing  out”  the  assays  are  usually 
so  prepared  that  the  results  obtained  directly  repre- 
sent the  composition,  rendering  calculations  un- 
necessary. Thus  when  reports  of  gold  assays  are 
required  on  the  trade  system,  the  weight  of  metal 
employed  (varying  from  5 to  16  grains),  called  the 
“ assay  pound,”  is  divided  into  24  parts,  called 
carats,  and  each  of  these  is  subdivided  in  the  manner 
shown  by  the  tsible  on  page  95.  If,  however, 
assays  are  required  on  the  millesimal  system,  the 
weight  taken  is  called  1000,  and  in  weighing  the 
cornet  after  the  completion  of  the  assay  subdivisions 
of  this  1000  are  employed.  Those  employed  in 
reporting  silver  assays  on  the  trade  system  are 
somewhat  different. 

The  adjustment  of  the  weight  of  the  assay  piece, 
so  that  the  index  of  the  balance  should  point  to 
zero,  would  waste  a considerable  amount  of  time, 
and  it  is  usual  therefore  to  make  a note  of  any  slight 
divergence,  not  exceeding  about  three  scale  divisions 
(each  of  which  represents  the 
assay  piece)  on  each  side  of  zero,  and  to  apply  this 
correction  in  the  final  weighing.  If  the  gold  does 
not  contain  about  2^  times  its  weight  of  silver  it  is 
necessary  to  add  silver  up  to  this  amount,  and  the 
two  metals  are  then  wrapped  up  in  a piece  of  sheet- 
lead,  and  placed  on  a tray  divided  into  numbered 
compartments,  which  correspond  to  the  positions  of 
cupels  in  the  muffle ; the  number  of  the  compartment 
in  which  each  assay  is  placed  being  noted  with  a view 
to  its  subsequent  identification.  This  description  of 
the  preparation  of  the  assaj  piece  applies  only  to 
alloys,  such,  for  instance,  as  those  used  in  the 
coinage,  and  in  which  the  next  operation  of  fusion 
is  not  required,  there  being  no  earthy  impurities 
present. 

J'ttidon  with  Oxide  of  Lead, — Assuming,  as  before, 
that  the  ore  to  be  assayed  >s  gold  quartz,  it  must 
first,  as  in  sill  other  cases,  be  reduced  to  a fine  powder, 
by  triturating  in  an  iron  mortar.  This  operation  is 
much  facilitated  by  heating  the  quartz  to  redness, 
and  plunging  it  in  cold  water.  Having  pulverized  a 
few  thousand  grains,  it  is  usual  to  make  at  least  two 
assays  of  the  sample,  to  test  the  correctness  of  the 
result.  For  each  of  these  weigh  500  or  1000  grains, 
according  to  the  richness  of  the  ore,  and  mix  inti- 
mately on  a clean  surface  of  glass,  or  highly-glazed 
writing  paper,  with  about  the  same  weight  of  litharge 
or  red  lead,  half  the  weight  of  dried  carbonate  of 
soda,  and  rather  more  than  half  of  powdered  char- 
coal. The  precise  quantities  are  not  very  important. 
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but  it  is  better  that  the  carbonate  of  soda  should  be 
in  excess  than  that  it  should  fall  short  of  the  above 
proportion.  Phillips  recommends  the  following 
proportion  for  the  assay  of  a rock  which  does  not 
contain  an  appreciable  quantity  of  iron  pyrites — 
600  grains  of  finely  pulverized  ore,  4000  grains  of 
litharge  or  red  lead  intimately  mixed  with  it,  and 
from  15  to  20  grains  of  flour,  starch,  or  finely 
powdered  charcoal.  The  mixture  is  introduced  into 
a Cornish  or  black-lead  crucible  (Phillips,  however, 
recommends  ordinary  French  pots),  which  it  should 
not  more  than  two-thirds  fill ; it  may  then  be  covered 
with  a thin  layer  of  borax,  and  afterwards  fixed 
solidly  in  the  furnace  by  surrounding  it  with  fuel. 

Furnaces  suitable  for  assaying  are  of  various 
forms,  and  the  required  temperature  may'  be  ob- 
tained in  them  either  by  supplying  an  artificial 
blast  of  air  by  some  blowing  apparatus,  or  by  con- 
necting the  furnace  with  a chimney  sufficiently  high 
to  establish  a strong  natural  draught.  When  the 
materials  for  its  erection  can  be  obtained  the  ordinary 
wind-furnace  is  to  be  preferred.  This  is  represented 
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and  fully  described  in  connection  with  the  assaying 
of  copper  ores,  at  page  570,  vol.  i.,  to  which  the 
reader  is  referred.  For  the  travelling  assayer, 
however,  a portable  apparatus  is  required,  and  in 
this  respect  Sefstrom’s  blast-furnace  offers  peculiar 
advantages.  This  consists  of  two  cylinders  of  sheet- 
iron,  placed  one  within  the  other,  as  represented  in 
the  annexed  drawing.  Fig.  30.  A represents  the 
outer  cylinder,  which  answers  the  purpose  perfectly 
well  when  not  larger  than  a man’s  hat ; and  B the 
inner  one,  lined  with  a coating  of  fire-clay  about  1 
inch  in  thickness.  Both  cylinders  are  provided  with 
a bottom,  and  are  fixed  together  at  the  top,  air-tight, 
by  a horizontal  hoop  or  flat  ring  of  metal,  E E,  in  such 
a way  as  to  leave  an  equal  space,  C c,  between  their 
sides  and  bottoms.  The  interior  cylinder,  B b,  is 
pierced  at  about  the  middle  of  its  depth  with  eight 
holes,  D D,  which  pass  through  the  lining  of  fire-clay, 
and  all  point  to  the  centre  of  the  furnace,  where  the 
crucible,  H,  is  placed  on  a piece  of  fire-brick,  kept  in 
its  position  by  a little  fire-clay,  and  surrounded  with 
fuel.  For  a small  furnace  of  this  kind  charcoal  must 
be  employed  as  fuel,  and  should  be  broken  into 
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pieces  about  as  large  as  a walnut.  The  air  is  blown 
into  the  opening,  F,  by  means  of  a double-action 
bellows  ; or  a simple  rotating  fan  may  be  used.  By 
this  means  the  air  is  driven  in  a steady  equable 
current  through  the  holes,  D D,  into  the  cavity  of  the 
furnace.  The  heat  which  may  thus  be  produced 
with  a furnace  having  an  internal  diameter  of  not 
more  than  six  inches,  is  so  intense  as  to  be  capable 
of  melting  manganese,  or  several  ounces  of  cast  iron, 
with  the  greatest  ease. 

To  proceed  with  the  fusion.  It  has  been  stated 
that  the  mixture  above-mentioned,  when  introduced 
into  the  crucible,  should  not  fill  more  than  two- 
thirds  of  its  capacity.  This  precaution  is  necessary 
on  account  of  the  effervescence  which  will  take 
place,  owing  to  the  displacement  of  the  carbonic 
acid  from  the  carbonate  of  soda  by  the  silica,  and  the 
combination  of  the  carbon  with  the  oxygen  of  the 
htharge.  The  heat  is  continued  till  perfect  fusion  is 
effected,  and  towards  the  last  the  temperature  is 
raised  to  bright  redness,  until  no  further  efferves- 
cence occurs,  and  a clear  liquid  homogeneous  slag  is 
obtained.  The  crucible  must  then  be  immediately 
removed  from  the  fire,  otherwise  the  unreduced 
litharge  would  be  hable  to  cut  through  the  pot ; 
and  as  dexterously  and  rapidly  as  possible,  the  slag, 
which  constitutes  the  upper  portion  of  the  contents, 
is  poured  into  one  of  the  two  hemispherical  cavities 
of  a cast-iron  ingot-mould.  Fig.  31,  and  then  the 
lead,  with  adhering  slag, 
into  the  other.  If  any 
particles  of  lead  are 
found  attached  to  the 
slag  which  is  poured 
into  the  first  cavity, 
they  must  be  carefully 
separated  by  trituration 
and  washing,  and  added 
to  the  button  of  lead  in  the  other  cavity.  The  latter  is 
then  taken  out,  and  struck  carefully  on  the  side,  on 
a bright  anvil,  with  a hammer,  to  detach  any  portions 
of  slag  that  may  still  adhere  to  it.  Sometimes  the 
crucible  is  broken  to  extract  the  button  of  lead,  but 
this  may  be  avoided  by  the  method  above  described, 
if  executed  with  sufficient  dexterity.  The  whole  of 
the  gold,  Avith  any  silver  that  may  be  present,  remains 
in  the  lead,  which  is  then  subjected  to  the  process  of 
cupellation. 

The  proportion  of  oxide  of  lead  to  be  used  in  the 
fusion  will  necessarily  vary  with  the  amount  of  oxi- 
disable  substances  present ; but  this  compound 
should  in  all  cases  be  added  in  excess,  since,  if  the 
slag  retains  any  traces  of  an  alkaline  sulphide,  it 
will  retain  a part  of  the  gold.  Phillips  states  that, 
for  the  assay  of  iron  pyrites,  about  30  parts  of  oxide 
of  lead  are  necessary,  whilst  for  mispickel,  zinc 
blende,  copper  pyrites,  grey  cobalt,  and  sulphide  of 
antimony,  from  fifteen  to  twenty-five  times  their 
weight  only  may  be  employed.  When  auriferous 
pyrites  is  the  subject  of  examination,  it  must  first  be 
reduced  to  fine  powder,  and  then  roasted  in  a shallow 
dish  of  refractory  clay,  heated  to  low  redness  in  a i 
large  muffle,  until  the  odour  of  burning  sulphur  ceases  I 


to  be  evolved.  As  the  sulphur  burns  away,  the 
temperature  is  gradually  raised  to  bright  redness. 
The  pyrites  is  thus  converted  into  oxide  of  iron.  Of 
this  product  1000  grains  or  more  may  be  taken,  and 
mixed  with  500  of  dry  carbonate  of  soda,  300  to  500 
of  litharge  or  red  lead,  and  5 per  cent  of  charcoal, 
or  a corresponding  quantity  of  granulated  metallic 
lead  without  charcoal,  and  lastly,  about  500  of  dried 
borax.  This  mixture  is  heated,  introduced  into  the 
crucible,  and  fused  as  for  quartz  or  other  common 
ores.  The  fuel  should  be  either  charcoal,  coke,  or 
anthracite.  For  small  portable  furnaces,  such  as 
Sefstrom's,  charcoal  is  employed,  but  anthracite  is 
found  to  be  well  adapted  for  the  air-furnace,  and  is 
characterised  by  its  power  of  producing  an  intense 
heat  in  a short  time,  over  a space  confined  to  a few 
inches  above  the  bars. 

The  principal  objection  to  this  method  of  assay 
is  the  large  amount  of  lead  which  is  left  for 
cupellation,  since  pure  iron  pyrites  requires,  when 
thus  treated,  8^  parts  of  lead,  and  sulphate  of 
antimony  and  grey  copper  ore  yield  from  6 to  7 
parts.  This  inconvenience,  as  well  as  the  trouble 
of  roasting,  may  be  avoided  by  the  cautious  and 
gradual  addition  of  nitrate  of  potassa,  which  effects 
the  partial  oxidation  of  the  mineral,  and  enables  the 
skilful  assayer  to  procure  a metallic  button  of  almost 
any  required  weight.  The  nitre,  however,  if  em- 
ployed in  excess,  would  determine  the  oxidation  of 
all  the  metallic  and  combustible  substances  con- 
tained in  the  mineral,  except  the  gold  aldne,  which 
is  never  present  in  sufficient  quantity  to  form  a but- 
ton. The  exact  amount  of  nitre  to  be  added  must 
depend  on  the  nature  and  richness  of  the  ore.  As  a 
general  rule,  it  may  be  stated  that  2^  parts  of  nitre 
are  sufficient  to  completely  oxidize  1 part  of  iron 
pyrites,  and  that  1^  and  two-thirds  their  weight,  in 
the  cases  of  sulphide  of  antimony  and  galena  respec- 
tively, are  sufficient  to  produce  the  same  effect  on 
these  ores. 

Alloys  of  gold  containing  tin  and  zinc  must  like- 
wise be  fused,  before  cupellation,  with  nitrate  of 
potassa,  to  oxidize  these  metals ; and  by  adding 
about  16  parts  of  lead,  when  the  mixture  is  quite 
melted,  they  are  separated  in  the  state  of  slag  or 
scoria,  leaving,  as  before,  a button  of  lead  contain- 
ing the  whole  of  the  gold,  which  is  now  ready  for 
being  cupelled.  But  before  describing  this  part  of 
the  assaying  process,  the  method  by  scorification, 
which  is  often  preferred  to  that  of  fusion  with  oxide 
of  lead,  will  be  briefly  explained. 

Method  hjj  Scorijication. — Scorification,  or,  in  otlier 
words,  the  conversion  of  the  silica  and  other  im- 
purities into  a scoria,  is  simply  another  method  of 
fusion,  in  which,  however,  metallic  lead,  instead  of 
its  oxides,  is  employed ; and  the  oxidation  of  the 
various  substances  to  be  removed  is  produced  by  the 
aid  of  atmospheric  air,  whilst  the  litharge  necessary 
for  the  fusion  of  the  earthy  and  silicious  matters  is 
formed  by  the  oxidation  of  a portion  of  the  metallic 
lead.  For  this  operation,  instead  of  a crucible,  a 
shallow  cup-like  vessel,  termed  a scorj/i'e?-,  is  employed. 
This  vessel,  the  form  of  which  is  represented  in 


Fig.  31. 
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Fig.  82,  should  be  made  of  refractory  clay,  and  be  as 
compact  in  structure  as  possible,  in  order  to  resist 
the  corrosive  action  of  melted 
litharge.  The  scorifier  with  its 
contents  is  heated  in  the  muffle 
of  an  ordinary  assay  - furnace, 
and  as  many  assays  may  be 
introduced  at  one  time  as  there 
is  room  for  in  the  muffle. 

Fig.  2,  Plate  III.,  represents,  in  front  elevation 
and  vertical  section,  the  form  of  furnace  at  present 
emj)loyed  in  the  Royal  Mint,  which  was  arranged 
by  Field,  the  late  assay  master,  and  which  is  con- 
venient both  for  this  purpose  and  for  the  sub- 
sequent operation  of  cupellation ; the  muffle  used 
in  it  is  shown  at  M.  This  last  is  an  arched  oven  of 
fire-clay,  the  mouth  of  which  is  slightly  contracted, 
and  it  is  closed  at  the  back ; the  closed  extremity 
being  pierced  with  a number  of  cylindrical  holes  in 
order  to  insure  a free  circulation  of  air  through  the 
interior.  It  is  advisable  that  these  holes  slope  out- 
wards, as  shown  in  the  figure,  in  order  to  prevent  any 
fuel  from  falling  into  the  muffle.  The  top  is  roughed 
in  order  that  it  may  be  strengthened  by  a coating  of 
fire-lute.  This  form  is  called  the  “Royal  Mint” 
muffle,  and  is  manufactured  by  the  Plumbago  Cru- 
cible Company.  It  rests  on  a plate  of  fire-clay, 
beneath  which  is  an  iron  girder-plate,  c,  placed  upon 
the  fire-bars,  b.  The  furnace  is  made  of  wrought 
iron  about  one-eighth  of  an  inch  thick,  the  whole  being 
lined  with  fire-bricks,  and  the  figures  represent  it  to 
a scale  of  about  three-fourths  of  an  inch  to  the  foot. 
It  will  be  seen  from  them  that  the  furnace  is  pro- 
vided with  five  distinct  opening's,  the  lower  one,  a,  in 
order  to  clear  the  ash  pit ; the  two  side  ones,  D D,  to 
remove  two  fire-bars,  to  admit  of  the  fuel  being 
dropped  into  the  ash  pit;  and  the  two,  E and  F,  to 
charge  the  muffle  and  furnace  respectively  with 
cupels  and  fuel.  By  means  of  these  perfect  control 
is  obtained  over  the  fire,  and  any  required  course 
can  be  given  with  facility  to  the  in-going  current. 

It  may  be  added,  convenient  furnaces  have  been 
designed  by  AViesnegg  of  Paris,  Issem  of  Berlin, 
Guiffin  and  Faulkner,  suitable  for  making  a few 
assays  at  a time,  coal  gas  being  employed  as  fuel. 
AV  ATSON,  of  the  Sheffield  assay  office,  has  for  some 
time  employed  a gas  furnace  capable  of  holding 
about  30  cupels  at  a time,  the  chief  peculiarity  of 
which  is  that  the  muffle  is  open  to  the  air  at  both  ends. 

Before  introducing  the  ore  into  the  scorifier,  it  is 
reduced  to  powder,  and  a determined  weight,  about 
50  grains,  is  intimately  mixed  with  from  3 to  5 times 
its  weight  of  granulated  lead  (the  larger  quantity 
being  required  for  poor  ores),  and  one-tenth  its 
weight  of  borax ; this  having  been  placetl  in  the 
scorifier  is  covered  with  from  150  to  200  grains  of 
granulated  lead,  care  being  taken  that  the  lead 
employed  contains  no  silver.  The  scorifiers  charged 
with  this  mixture  are  tlien  placed  in  the  muffle, 
and  the  door  at  the  mouth  being  closed,  they  are 
strongly  heated  during  a quarter  of  an  hour.  By 
this  time  the  lead  will  be  completely  melted,  and 
the  mouth  of  the  muffle  is  again  opened.  The  scori- 


fying process  now  proceeds  in  consequence  of  the 
current  of  heated  air  which  passes  through  the 
muffle  ; in  other  words  the  lead  is  oxidized,  and  the 
foreign  metals  present,  whether  in  combination  with 
sulphur  or  oxygen,  are  attacked  and  dissolved  in  the 
litharge  in  proportion  as  this  oxide  is  formed.  At 
first  the  slags  are  frequently  solid,  but  gradually 
become  soft,  and  more  and  more  liquid  in  propor- 
tion as  the  quantity  of  oxide  of  lead  increases. 

It  is  frequently  desirable,  when  the  surface  has 
become  covered  with  litharge,  to  introduce  15  grains 
of  anthracite  or  charcoal,  as  by  this  means  a portion 
of  the  lead  is  reduced  to  the  metallic  state,  and 
by  sinking  through  the  mass  of  slag  takes  up  any 
particles  of  precious  metal  which  may  be  present. 
Towards  the  conclusion  of  the  operation,  the  muffle 
is  for  a short  time  strongly  heated  to  render  the 
slag  or  scoria  completely  liquid.  AA^hen  a small 
iron  rod,  heated  to  redness  and  placed  in  the  mix- 
ture, is  found  on  being  withdrawn  to  be  covered  with 
a slight  film  of  scoria  which  runs  off  clean,  the  scori- 
fication  is  known  to  be  sufficiently  advanced.  The 
scorifiers  are  then  successively  withdrawn  from  the 
muffle  by  means  of  tongs,  and  the  contents  are 
rapidly  poured  into  circular  ingot-moulds  of  the  form 
represented  in  Fig.  31.  AVhen  cold,  the  adherent 
litharge  is  detached  from  the  button  of  lead  by  a few 
blows  with  a hammer.  This  button  contains  all  the 
gold  and  silver  which  may  have  been  present  in  the  ore, 
and  they  are  separated  from  the  lead  by  cupellation. 

AVhen  the  material  to  be  scorified  is  highly  carbon- 
aceous, such  as  the  “sweep”  or  refuse  constantly 
accumulating  in  the  Mint,  it  is  advisable  to  calcine 
previous  to  the  addition  of  the  lead,  &c. 

If  the  ore  be  poor  the  whole  of  the  precious  metals 
contained  in  a large  quantity  may  be  concentrated  in 
one  small  button  of  lead  by  repeating  the  process 
on  successive  portions  of  ore  mixed  with  the  re- 
quisite amounts  of  lead,  and  introducing  into  each 
assay  the  button  previously  obtained.  A final 
button  containing  all  the  precious  metals  from  the 
several  quantities  of  ore  will  thus  be  procured. 
The  process  may  be  repeated  a third,  fourth,  or 
any  number  of  times,  till  the  button  of  lead  last 
obtained  becomes  as  rich  in  the  precious  metals 
as  may  be  required.  It  is  necessary,  however,  that 
a certain  amount  of  lead  be  present,  with  a view 
to  the  next  process,  that  of  cupellation.  In  many 
cases  as  much  as  ten  times  the  weight  of  the  ore  is 
employed,  but  the  button  may  be  reduced  in  size 
by  a single  operation  to  one-sixth  or  even  to  one- 
eighth  of  the  original  lead.  Indeed,  it  is  the  highest 
recommendation  of  this  process,  as  compared  with 
the  method  by  fusion  with  litharge,  that  however 
small  may  be  the  proportion  of  lead,  the  slags  pro- 
duced never  contain  any  oxysulphides  at  the  close 
of  the  oper.ation,  and  therefore  they  seldom  retain 
the  slightest  trace  of  either  gold  or  silver.  The  pro- 
cess of  scorification  has  therefore  been  justly  charac- 
terized as  one  of  the  most  exact  methods  that  can 
be  employed — simple,  effective,  and  applicable  to 
the  assay  of  all  kinds  of  auriferous  and  argentiferous 
ores,  without  exception. 


Fig.  32. 


118  GOLD.— 

Assaying. 

Cupellatim  of  the  Assay. — The  process  of  cupella- 

Mint  the  number  of  assays  that  can  be  made  at 

tion  on  the  large  scale  has  been  already  described. 

one  time  is  forty-five  when  the  large  “assay  pound” 

When  applied  to  assaying  the  principle  is  the  same  ; 

' is  used,  and  seventy-two  with  the  small  one,  and 

but  in  this  case  the  whole  of  the  melted  litharge  and 

it  is  usual  to  introduce  an  additional  row  of  cupels 

other  oxidized  matters  are  removed  by  absorption 

when  possible,  to  be  employed  in  case  of  accident. 

into  the  cupel ; whereas  it  has  been  shown  that  in 

The  temperature  of  the  muffle  having  been  raised  to 

operating  on  large  quantities  the  cupel  is  soon 

an  orange  red  lieat,  the  assay  pieces,  either  in  the  form 

saturated,  and  the  greater  part  of  the  litharge  and 

of  buttons  mixed  with  lead  as  obtained  by  scorifica- 

othet  oxides  are  allowed  to  run  away,  or  are  expelled 

tion,  or  as  samples  of  alloy  wrapped  in  lead-foil,  as 

by  the  current  of  air  which  causes  the  oxidation. 

already  described,  are  successively  introduced  into  the 

The  cupels  for  assaying  purposes  are  formed  of 

cupels,  care  being  taken  that  they  are  so  arranged  as  to 

the  same  material  as  those  employed  for  refining  on 

avoid  any  possibility  of  confusion  on  their  subsequent 

the  large  scale,  and  described  at  page  91  ; but  they 

removal.  It  is  advisable  that  while  the  muffle  is 

are  necessarily  much  smaller,  and  are  considerably 

being  thus  “ charged  ” the  door  should  be  partially 

simpler  in  their  manufacture.  They  are  made  by 

closed  by  means  of  a hot  firebrick,  in  order  to  check 

pressing  the  moistened  bone-earth  into  a mould  of 

as  much  as  possible  the  chilling  of  the  cupels  which 

cast  iron  or  gun  metal,  which  varies  in  construction. 

are  near  to  it.  The  requisite  amount  of  lead  (which 

Two  forms  at  present  in  use  in  the  Royal  Mint  are 

will  be  presently  given)  may  be  all  introduced  as  a 

shown  in  Figs.  1 and  8 on  Plate  III.  one-half  their 

wrapper  of  the  assay  piece.  Of  course  when  the 

actual  size.  In  the  first  of  these,  after  the  space  in 

alloy  for  assay  consists  of  a button  obtained  by  a 

the  piece  of  metal,  a,  has  been  rather  more  than 

previous  process  of  fusion  or  scorification,  this  addi- 

filled  with  bone-ash,  the  guide,  B,  is  placed  over  it. 

tion  of  lead  is  unnecessary,  as  a sufficient  amount  is 

The  plunger,  C,  having  been  introduced  into  this 

already  contained  in  the  button. 

guide,  the  whole  is  placed  under  a common  lever 

By  the  previous  process  of  fusion  with  litharge,  or 

in  press,  by  which  means  the  bone-ash  is  compressed 

that  of  scorification,  if  deemed  preferable,  the  earthy 

into  the  form  shown  in  Figs.  33  and  34,  and 

impurities  have  been  removed  in  the  form  of  slag  or 

Fig.  1.  on  the  Plate.  Formerly  the 

scoria,  and  nothing  now  remains  but  the  gold,  or  a 

Fig.  33.  plunger  was  struck  several  times  with 

mixture  of  gold  and  silver,  in  combination  with  the 

a hammer  in  order  to  give  the  required 

lead  and  any  other  metals  that  may  be  present.  The 

compression.  It  is  desirable  to  give  a 

process  of  cupellation,  as  previously  stated,  consists 

Jll||l  lro  slight  twisting  motion  to  the  plunger 

in  the  oxidation  of  the  lead  and  other  oxidizable 

nil  removing  it.  The  second  form  of 

metals,  and  their  absorption  by  the  cupel.  It  is,  in 

mould,  shown  in  Fig.  3,  has  been  intro- 

fact,  a condition  essential  to  the  success  of  the  assay- 

. duced  in  order  to  diminish  the  labour 

ing  process  that  the  w’hole  of  the  oxides  should  be 

Fig.  34  of  the  furnace  manipulation.  It  will 

imbibed,  and  thus  removed.  But  the  power  of 

be  seen  that  each  cupel  is  square,  and 

absorption  in  a cupel  varies  according  to  its  texture. 

is  provided  with  four  depressions.  Each  of  these 

and  the  care  with  which  the  material  has  been  pre- 

is,  however,  rather  smaller  than  the  one  already 

pared.  On  an  average,  it  may  be  calculated  that  it 

described,  the  amount  of  metal  operated  upon 

will  absorb  about  its  own  weight  of  fused  litharge. 

in  the  two  cases  being  about  7‘5  and  16  grains 

This,  though  not  strictly  correct,  will  help  to  guide 

respectively.  The  square  cylindrical  piece,  B,  having 

the  experimenter,  as  regards  the  amount  of  lead 

been  placed  on  the  plate,  A,  is  filled  with  bone-ash, 

which  ought  to  be  mixed  with  the  assay.  It  is 

and  with  the  plunger,  C,  is  introduced  as  before  into 

evident,  on  the  one  hand,  that  this  must  not  exceed 

the  press,  the  cupel  when  formed  being  five-eighths 

the  absorptive  power  of  the  cupel.  On  the  other 

of  an  inch  deep,  square,  and  slightly  tapered  towards 

hand,  the  actual  amount  within  this  limit  must 

the  bottom.  The  cupels  when  formed  should  be 

depend  on  the  nature  of  the  alloy  upon  which  the 

kept  in  a dry  place  for  several  months,  as  it  is  found 

cupellation  is  to  be  performed ; but  supposing 

that  when  any  method  of  hastily  drying  them  is 

that  the  subject  of  assay  is  an  alloy  of  gold  and 

adopted  they  almost  invariably  crack  when  intro- 

copper,  the  following  table  will  give  the  quantity 

duced  into  the  muffle,  and  cause  the  assays  to  spurt. 

of  lead  required  for  the  separation  of  the  copper. 

Cupellation,  like  the  process  last  described,  is 

In  treating  an  alloy  of  gold  and  silver  with  copper. 

performed  in  a muffle  furnace,  as  shown  at  Fig.  2, 

the  quantity  of  lead  may  be  somewhat  diminished  ; 

Plate  III.  At  the  time  of  lighting  the  furnace,  the 

but  in  cupelling  an  alloy  of  copper  with  gold  alone, 

requisite  cupels  are  successively  introduced  into  the 

a small  excess  of  lead  is  not  injurious,  as,  in  conse- 

muffle  by  a pair  of  light  tongs  of  the  form  repre- 

quence  of  the  gold  not  being  volatile,  like  silver,  the 

heat  can  be  raised  and  sustained  for  any  length  of 

Fig.  35. 

time,  so  as  to  oxidize  the  last  portions  of  lead.  In 

this  table,  which  shows  the  proportion  of  lead  recom- 

mended  bj^  D’Arcet,  the  first  and  second  columns 

1 

express  respectively  the  quantity  of  gold  and  of 

sented  in  Fig.  35,  the  floor  of  the  muffle  being 

copper  in  1000  parts  of  the  alloy,  and  the  third 

covered  with  a thin  layer  of  bone-ash  before  the 

column  gives  the  number  of  parts  of  lead  required  for 

introduction  of  the  cupels.  In  the  furnaces  of  the  | 

one  part  of  the  alloy  according  to  its  composition ; — 
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Alloy. 


Qiiantlty  of 

Quantity  of 

Proportion  of 

Gold. 

Copper. 

Lead  required. 

1000 

0 

1 tiart 

900  

100  

10  “ 

800 

200  

16  “ 

700  

300  

22  “ 

GOO 

400  

24  “ 

500 

500  

26  “ 

400  to  0 

. . 600  to  1000  

34  “ 

Kandelharpt 

gives  somewhat  different  proper- 

tions,  as  is  shown 

in  the  following  table  : — 

Alloy. 

Quantity  of 

Quantity  of 

Proportion  of 

Gold. 

Copper. 

Le.id  required. 

1000 

0 

8 

980  — 920  . . , 

20—80 

12 

920  — 875  ... 

80—125 

16 

875  — 750  . . . 

125—250 

20 

750  — 600  . . 

250  — 400 

24 

600  — 350  . . . 

400  — 650 

28 

350  — 0 . . . 

32 

It  must  be  observed  that  the  numbers  in  the  third 
column  indicate  multiples  of  one  part  of  the  alloy. 
It  may  appear  surprising  that,  at  and  below  the  point 
at  which  the  alloy  contains  600  parts  of  copper,  the 
same  proportion  of  lead  is  required,  whatever  may 
be  the  proportion  of  the  copper.  This  fact,  however, 
has  been  fully  verified  by  experience.  It  requires, 
in  short,  as  much  lead  to  remove  the  copper  from 
an  alloy  contiiining  600  parts  of  that  metal,  as  it 
would  to  carry  off  a quantity  of  copper  equal  to  the 
weight  of  the  copper  and  gold  together.  It  should 
be  added,  that  when  the  assayer  knows  approxi- 
mately the  composition  of  the  alloy,  he  should  insure 
the  presence  of  about  two  and  a half  times  as  much 
silver  as  gold,  which  is  not  only  useful  in  the  cupel- 
lation,  to  guard  against  the  loss  of  gold,  but  is 
necessary,  as  already  stated,  for  the  subsequent 
operation  of  parting. 

The  assays  having  been  placed  in  the  cupels,  the 
opening  into  the  muffle  should  be  loosely  closed  by 
an  additional  piece  of  hot  fire-brick  placed  above  the 
first,  or  by  pieces  of  charcoal.  After  a short  interval 
all  the  assay  pieces  will  be  melted,  and  in  each  cupel 
will  be  seen  a round  mass  of  molten  metal,  on  the 
surface  of  which  appear  bright  patches  of  litharge ; 
these  are  produced  by  the  oxide  of  lead  which  is 
constantly  forming,  and  passing  off  from  the  centre 
to  the  edges  of  the  assay,  where  it  meets  with  and 
sinks  into  the  porous  matter  of  the  cupel,  leaving 
always  a new  surface  exposed  to  the  current  of  air 
which  is  carried  through  the  muffle.  At  the  same 
time  there  rises,  and  passes  through  the  openings  of 
the  muffle,  a white  vapour  which  is  caused  by  the 
volatilization  of  a portion  of  lead.  AMien  this  va- 
pour is  very  thin  and  rises  with  great  rapidity,  it 
is  an  indication  that  the  heat  is  too  great,  and  part 
of  the  draught  must  be  stopped ; on  the  other  hand, 
when  it  is  thick  and  heavy,  and  hangs  sluggishly 
over  and  around  the  cupel,  the  temperature  is  too 
low,  and  the  draught  must  be  increased. 

According  to  Makins,  the  draught  should  be  so 
adjusted  that  no  appearance  of  fumes  is  manifest, 
and  thus  the  cupel  should  be  found  to  have  increased 


in  weight  by  the  weight  of  lead  together  with  its 
equivalent  of  oxygen. 

.A.S  soon  as  the  greater  part  of  the  lead  has  been 
thus  converted  into  litharge  and  absorbed,  the 
remaining  bead  of  rich  alloy  suddenly  becomes 
opaque  and  glowing,  and  is  traversed  by  iridescent 
bands  produced  by  the  extremely  thin  films  of 
fluid  litharge  resulting  from  the  last  traces  of  lead. 
This  is  a sign  that  the  process  is  on  the  point  of 
completion,  and  means  must  now  be  taken  to  in- 
crease the  heat  of  the  furnace  for  a short  time,  so 
as  to  insure  the  expulsion  of  the  last  remaining 
portions  of  lead.  But  if  silver  be  present  in  the 
assay,  and  if  it  be  desired  to  estimate  also  the 
amount  of  that  metal,  the  increase  of  temperature 
towards  the  end  of  the  process  must  be  of  short 
duration,  otherwise  a considerable  portion  of  the 
silver  would  soon  volatilize.  Immediately  after  the 
disappearance  of  these  bands  the  globule  becomes 
steady,  after  which  the  peculiar  action  known  as 
“brightening’"  takes  place,  when  the  metal  is  ob- 
served to  emit  a brilliant  flash  of  light,  and  it 
immediately  solidifies.  If  the  cupellation  has  been 
well  performed,  the  gold  or  the  mixture  of  the  two 
precious  metals  is  now  in  a state  of  almost  chemical 
purity. 

When  the  cupellation  is  terminated,  the  mouth  of 
the  muffle  ought  to  be  closed,  and  the  whole  allowed 
to  cool  until  the  buttons  become  solid ; or,  when 
only  a few  assays  are  performed  at  a time,  the  cupels 
containing  the  buttons  of  pure  metal  may  be  drawn 
to  the  front  of  the  muffle,  and  allowed  to  cool 
slowly.  This  refrigeration  must  not  be  too  rapid, 
otherwise  there  may  be  very  sensible  loss  by  “ spit- 
ting, sprouting,  or  vegetation  ” — an  effect,  however, 
only  produced  when  a large  proportion  of  silver  is 
present,  and  which  has  been  already  explained  in 
connection  with  the  process  of  cupellation  on  the 
large  scale.  To  insure  gradual  cooling,  it  is  occasion- 
ally convenient  to  invert  over  the  cupel  containing 
the  bead  another  heated  cupel.  Some  assayers 
remove  the  cupels  from  the  furnace  while  the 
metal  is  in  a molten  state,  but  the  practice  cannot 
be  recommended,  for  in  addition  to  the  danger  of 
upsetting  a cupel  and  the  “ spitting  ” of  the  assay, 
the  buttons  are  found  to  be  more  malleable  when 
cooled  gradually. 

The  button  is  detached  from  the  cupel  after  cool- 
ing by  a pair  of  steel  forceps,  cleaned  with  a brush 
formed  of  stiff  bristles,  and  flatted  as  presently 
described.  If  the  process  has  been  successful  the 
button  should  be  round  and  bright  upon  uts  upper 
surface,  but  somewhat  rough  or  crystalline  on  the 
part  by  which  it  was  attached  to  the  cupel,  from 
which  it  ought  to  be  removed  without  difficulty. 

The  presence  of  iron,  tin,  nickel,  or  zinc  in  the 
alloy  under  assay  materially  interferes  with  the  suc- 
cess of  the  operation,  as  these  metals  will  not  pass 
into  the  cupel  by  the  aid  even  of  a large  quantity  of 
lead ; but  from  their  rapid  oxidation  will  either 
volatilize,  or  their  oxides  will  accumulate  on  the  sur- 
face as  a sort  of  slag,  in  which  particles  of  precious 
metal  may  be  entangled.  In  this  case  the  assay 
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becomes  wliat  is  technically  termed  /o«/,  the  cupel 
not  being  able  to  absorb  the  metallic  oxides  as  they 
are  formed.  To  obviate  this  evil,  the  preliminary 
process  of  scorification  should  be  resorted  to,  when 
the  presence  in  the  alloy  of  any  of  the  above  metals 
is  known  or  suspected.  A convenient  weight  of 
native  gold  or  rich  alloy  to  operate  upon  is  10  to  15 
grains. 

llismuth  might  be  used  as  a substitute  for  lead  in 
cupellation,  2 parts  of  it  being  nearly  equivalent  to 
3 of  lead  ; but  its  higher  price  prevents  its  general 
use  for  this  purpose.  The  lead  employed  must  be 
in  all  cases  entirely  free  from  silver,  being  such  as 
has  been  derived  from  pure  litharge,  otherwise  it 
would  be  quite  impossible  to  estimate  the  true  com- 
position of  the  alloy.  The  assay  of  gold  furnishes 
results  which  are  more  accurate  than  those  obtained 
in  the  cupellation  of  silver ; the  loss  of  gold  by 
volatilization  is  very  much  smaller,  and  scarcely  any 
of  the  metal  is  carried  into  the  cupel  by  the  lead. 

Parting  of  the  Assay. — After  the  preceding  opera- 
tions, the  button  of  alloy  which  remains  is  composed 
of  gold  and  silver,  not,  indeed,  absolutely  pure,  for 
whatever  precautions  may  be  used  it  will  still  retain 
a small  quantity  of  lead,  and  frequently  also  traces 
of  copper.  For  practical  purposes,  however,  it  may 
be  regarded  as  a pure  alloy  of  the  two  precious 
metals,  and  in  this  view  it  now  only  remains  to 
separate  the  gold  from  the  silver.  It  has  been  stated 
that  on  the  Continent  this  is  effected  on  the  large 
scale  by  means  of  sulphuric  acid,  which  at  its  boil- 
ing point  possesses  the  property  of  dissolving  silver 
without  acting  upon  gold.  For  analytical  purposes, 
however,  nitric  acid  is  preferred,  and  is  generally 
employed  in  this  country,  even  for  refining  operations 
on  the  large  scale. 

It  has  been  stated,  also,  that  when  silver  and  gold 
are  intimately  mixed  together,  as  in  an  alloy,  it  is 
necessary  that  the  silver  should  be  present  in  the 
proportion  of  at  least  2^  parts  of  that  metal  to  1 
part  of  gold,  otherwise  its  particles  will  be  so  en- 
veloped and  protected  by  those  of  gold  that  the 
nitric  acid  will  be  prevented  from  exercising  its 
solvent  action  upon  them.  Care  should  always  be 
taken  before  the  introduction  of  the  assay  piece  into 
the  furnace  that  the  requisite  proportion  of  silver  is 
present ; and  if  this  be  the  case,  it  will  be  sufficient 
at  once  to  subject  it  to  the  action  of  the  acid. 

But  if  the  silver  be  present  in  a less  or  much 
greater  proportion,  then,  as  a preliminary  step  to 
the  operation  of  parting,  the  alloy  must  be  brought  to 
the  proper  standard,  either  by  the  addition  of  the 
necessary  quantity  of  pure  silver,  or  by  adding  more 
gold,  as  the  case  may  be ; for  if  the  proportion  of  silver 
exceed  3 parts,  the  gold  will  be  precipitated  by  the 
acid  as  a dark  powder,  instead  of  retaining  the  com- 
pact form ; and  tlius  the  accuracy  of  the  estimation 
of  the  amount  of  gold  present  will  be  impaired. 

It  is  hardly  necessary  to  add  that  the  amount  of 
silver  requisite  can  only  be  determined  when  the 
approximate  assay  is  known.  Tliis  may  be  deter- 
mined by  a wet  analysis,  a rough  assay,  or  by  the 
touchstone;  or  experienced  assayers  are  able  to 


determine  with  sufficient  accuracy  by  observing  the 
colour  and  the  facility  with  which  the  metal  can  be 
cut  with  shears. 

The  button  is  now  flatted  by  hammering  on  an 
anvil,  three  strokes  being  so  given  as  that  the  first 
shall  extend  it  to  about  the  size  of  a sixpence,  and 
the  other  two  reduce  the  thickness  still  further  at 
two  opposite  edges,  in  order  to  facilitate  introduc- 
tion afterwards  into  the  laminating  mill.  These 
flatted  buttons  are  generally  annealed  before  rolling; 
but  the  practice  is  not  universal,  and,  although  the 
labour  is  greater,  they  are  at  times  passed  directly 

Fig.  36. 
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through  the  rollers.  By  this  operation  the  thickness 
is  reduced  to  about  one-eightieth  of  an  inch,  and, 
when  all  the  lamina?  have  been  placed  in  slits  on  a 
wrought-iron  tray,  they  are  introduced  into  the 
muffle  and  annealed.  The  operation  renders  them 
sufficiently  flexible  to  allow  of  their  being  twisted 
into  a small  spiral  cornet,  by  rolling  between  the 
finger  and  thumb,  or  by  means  of  a pair  of  round- 
nosed pliers. 

The  method  of  performing  the  next  operation,  the 
parting  of  the  assay,  has  been  very  materially  altered 
during  the  last  few  years.  Formerly  each  assay  was 
boiled  separately  in  strong  nitric  acid,  contained  in  a 
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small  glass  flask,  called  a parting  flask,  and  this  plan 
is  still  adopted  when  assaj'ing  is  not  practised  on  a 
large  scale  , but  when,  as  in  the  Eoyal  Mint,  there 
are  large  numbers  of  assays  constantly  required  to 
be  made,  an  apparatus  formed  of  platinum,  and 
introduced  by  Messrs.  Johnson,  Ma-ithey,  & Co.,  is 
now  very  generally  employed.  It  may  be  useful. 


FiL'  37. 


Fig.  38. 


however,  to  describe  both  these  methods.  Fig.  36 
represents  a convenient  apparatus  for  boiling  six 
cornets  separately.  The  large  tube.  A,  is  connected 
with  the  gas  supply,  and  fi’om  it  rise  a number  of 
small  rose  Bunsen  burners.  On  these  rest  the  part- 
ing flasks,  C,  into  each  of  which  is  introduced  from 
2 to  3 ozs.  of  nitric  acid  of  spec.  grav.  1 26.  The 
long  tubes,  D,  dipping  into  the  mouths  of  the  flasks. 


Fig.  83. 


Fig.  40. 


are  intended  to  condense  as  far  as  possible  the  acid 
vapours,  the  condensed  liquid  running  back  into  the 
flasks.  In  cases  where  a large  number  are  in  action 
at  once  they  should  be  connected  with  a flue  to 
carry  off  these  vapours.  Jlie  acid  should  continue 
to  boil  for  from  three  to  five  minutes  after  tlie  glasses 
have  cleared  of  fumes ; the  acid  is  then  poured  off, 
the  cornets  washed  with  hot  distilled  water,  and  again 
VOL.  II. 


boiled  for  from  fifteen  to  twenty  minutes  in  nitric 
acid  of  about  spec.  grav.  1'30.  As  the  ebullition 
is  at  times  very  violent,  and  the  cornet  extremely 
fragile,  owing  to  its  spongy  nature,  it  is  generally 
recommended  that  a piece  of  charcoal  be  introduced 
into  each  flask.  This,  however,  is  objectionable,  for 
it  may  cause  the  formation  of  nitrous  acid,  which  by 
absorption  in  the  acid  will  even  dis- 
solve portions  of  the  metal.  This 
source  of  error  is  completely 
eliminated  by  using  instead  small 
balls  of  porous  earthenware,  as 
recommended  by  Field. 

The  last  acid  having  been 
poured  off,  the  flask  is  completely 
filled  with  distilled  water,  and  a 
small,  smoothly  - finished,  porous 
clay  crucible  is  placed  over  the 
mouth  of  it.  The  two  vessels, 
thus  adjusted,  are  then  inverted, 
so  as  to  allow  the  cornet  to  fall 
gently  through  the  water  into  the 
crucible,  and  by  a dexterous  move- 
ment of  the  hand  the  flask  is  with- 
drawn, in  such  a manner  as  to 
prevent  the  overflow  of  any  liquid 
from  the  little  crucible.  The  water 
is  now  carefully  decanted  and  ttie 
silver  which  it  contains  is  subse- 
quently extracted ; the  crucible 
containing  the  cornet  is  heated  to 
redness  in  the  muffle.  Under  this 
final  heating  it  is  not  fused,  but 
shrinks  in  bulk,  loses  its  brown 
appearance,  and  assumes  the 
peculiar  colour  and  lustre  of  gold; 
while  at  the  same  time  it  is  ren- 
dered more  compact,  less  brittle  and  fragile,  and 
when  cold,  can  be  removed  by  a jiair  of  forceps  to 
the  scales,  in  which  it  is  weighed  with  the  same 
precision  and  care  as  the  original  alloy. 

The  second  method,  however,  of  parting  above 
referred  to  is  far  preferable  where  large  numbers  of 
assays  are  frequently  made.  The  apparatus  required 
is  formed  entirely  of  platinum,  the  joints  being  made 
with  gold.  It  is  represented  to  scale  in  front  eleva- 
tion and  section  in  Figs.  37  and  38,  and  consists 
of  two  boilers  furnished  with  movable  covers  and 
condensing  tubes,  which  rest  in  water  troughs  when 
the  apparatus  is  in  action.  The  acid  vapour  is  partly 
condensed,  and  passes  into  a suitable  receptacle,  the 
remaining  fumes  passing  into  a flue.  The  two  boil- 
ings are  performed  one  in  each  boiler.  Each  strip 
of  metal,  after  being  coiled  into  a cornet,  is  placed 
in  a small  platinum  cup,  as  shown  in  Fig.  39  ; and 
the  requisite  number  of  these  is  introduced  into  a 
platinum  tray,  shown  in  Fig.  40,  the  bottom  of 
which  is  perforated,  and  which  is  divided  into  a 
number  of  compartments.  The  whole  is  then  placed 
in  the  first  acid,  and  boiled  for  about  fifteen  minutes. 
The  tray  is  then  removed,  dipped  into  distilled 
water,  and  placed  in  the  second  stronger  acid  for 
about  tw'enty-five  minutes.  On  its  removal  the 
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tray  and  its  contents  are  placed  in  the  muffle 
and  annealed  at  a dull  red  heat,  care  being  taken 
that  the  temperature  does  not  rise  too  high,  as  the 
cornets  are  liable  to  adhere  to  the  platinum  cups, 
which  it  must  be  admitted  is  a slight  objection 
to  the  use  of  this  apparatus ; and  the  only  other 
fault  wliich  can  be  found  with  it  is  the  impossibility 
of  determining  whether  .any,  and  if  so  which 
assay  pieces  contain  platinum  or  palladium,  a fact 
which  was  immediately  decided  in  the  old  method  of 
parting  in  separate  vessels  by  the  colour  imparted 
to  the  acid.  But  when  a number  of  assays  is 
made  on  metal  of  fairly  uniform  composition,  as  in 
coinage  operations,  the  apparatus  is  invaluable,  and 
compared  with  its  advantages  these  faults  are 
unimportant. 

The  weight  of  the  cornet  will  indic.ate  very  nearly 
the  amount  of  gold  in  the  alloy  if  the  assay  has  been 
properly  conducted,  but  not  with  absolute  exactness. 
Even  when  every  precaution  has  been  used,  the  gold 
contained  in  the  cornet  is  never  chemically  pure ; 
it  still  retains  a very  small  quantity  of  lead  and  of 
silver,  and  frequently  also  traces  of  copper,  in  con- 
sequence of  which  the  weight  of  the  cornet  may  ex- 
ceed by  i5-^\fiyth  part  the  true  result ; and  when 
it  is  considered  that  in  assaying  alloys  the  quantity 
taken  is  often  not  more  than  7 or  8 grains,  it  will 
be  seen  that  even  this  small  error  might  lead  to 
serious  disappointment  in  estimating  the  proportion 
of  gold  in  large  masses  of  bullion.  To  ascertain  the 
amount  of  the  error,  and  thus  arrive  at  a perfectly 
correct  estimate,  it  is  usual  to  assay,  simultane- 
ously with  tlie  alloys,  a number  (generally  three) 
of  what  are  termed  proofs,  consisting  of  weighed 
portions  of  perfectly  pure  gold,  approximately  equal 
in  amount  to  that  present  in  the  ass.ay  pieces.  The 
cornets  obtained  from  these  proof-assays  are  weighed, 
and  the  excess  or  deficiency  in  weight  over  that  of 
the  gold  which  was  introduced  indicates  the  amount 
of  the  correction  which  it  becomes  necessary  to 
apply  to  the  other  assays.  This  correction  is  liable 
to  variation,  according  to  the  temperature  of  the 
furnace  and  other  causes ; but  it  usually  ranges 
from  0-2  to  0-5  in  1000.  It  may  be  observed  that 
it  is  not  essential  to  employ  absolutely  pure  gold, 
provided  the  difference  from  purity  be  known.  Thus 
the  corrections  to  be  applied  to  a gold  assay  will 
be  readily  understood  from  the  following  formula, 
where  (1000  representing  the  weight  of  alloy  origin- 
ally taken) — 

p is  the  weight  of  the  piece  of  gold  finally  obtained. 

X,  the  amount  of  gold  in  the  alloy,  expressed  in 
thousandths. 

a,  the  weight  of  gold  (almost  .absolutely  pure) 
taken  as  a check,  which  approxim.ately  equals  x. 

h,  loss  or  gain  in  weight  experienced  by  a during 
the  process  of  assay. 

k,  v.ari.ation  of  “ check  gold  ” from  absolute  purity, 
expressed  in  thousandths. 

The  actual  amount  of  fine  gold  in  the  check-piece — 

= “ ~ ibdo)’ 


ah  , 

l being  added  or  subtracted  according  as  it  is  a 
loss  or  gain.  If  a be  assumed  to  be  equal  to  x, 
this  equation  becomes — 


^ 1000 


The  actual  amount  of  metal  retained,  called  stir- 
charge,  is  greatly  influenced  by  the  amount  of  copper 
present  in  the  alloy  under  examination,  and  varies 
considerably  with  the  heat  of  the  furnace  and  other 
circumstances.  In  an  alloy  rich  in  gold,  and  which 
therefore  required  only  a small  quantity  of  lead,  the 
surcharge  is  slight ; when,  however,  a large  quantity 
of  copper  is  present  the  surcharge  becomes  negative, 
in  consequence  of  the  absorption  of  gold  by  the 
cupel;  and  for  alloys  containing  68  or  70  per  cent,  of 
gold  the  surcharge  is  zero.  Rossler  has  shown  that 
the  gold  lost  in  the  cupellation  process  increases 
with  the  amount  of  lead  used,  and  decreases  as  the 
silver  present  is  increased : and  these  conclusions 
are  confirmed  by  the  results  of  experiments  recently 
made  in  the  Royal  Mint.  He  also  considers  that  in 
general  the  gold  lost  is  greater  in  amount  than  the 
silver  retained  by  the  cornet. 

Parting  Assays. — It  is  frequently  necessary  to  de- 
termine not  only  the  amount  of  gold  or  silver  con- 
tained in  a given  alloy,  but  also  the  amount  of  e.ach 
of  these  precious  metals  present  in  the  same  sample; 
the  assays  made  with  a view  to  obtain  this  information 
are  termed  “parting  assays.’’ 

If  the  quantity  of  silver  in  the  alloy  submitted  to 
the  operation  of  parting  be  more  than  three  times 
that  of  gold,  the  separation  may  still  be  effected 
by  nitric  .acid,  but  the  gold  will  be  left  in  a state 
of  powder.  It  may,  however,  be  washed,  ignited, 
and  weighed  in  the  manner  described  in  connection 
with  the  quantitative  estimation  of  gold  by  the  wet 
method,  and  in  the  process  of  parting  with  sul- 
phuric acid  on  the  large  scale.  Should  the  amount 
of  silver  be  but  small  comp.ared  with  the  gold,  and 
the  assayer  wish  to  avoid  the  trouble  of  inquartation, 
that  is,  the  adding  of  the  requisite  proportion  of  silver, 
the  alloy  may  .at  once  be  subjected  to  the  action  of 
aqua  regia,  when  the  gold  will  be  dissolved,  and  the 
silver  will  be  thrown  down  .as  .an  insoluble  chloride. 
The  cle.ar  solution  containing  the  gold  is  then 
decanted,  and  when  the  excess  of  acid  has  been 
expelled  by  evaporation,  the  gold  can  be  precipi- 
tated, as  already  described,  by  sulphate  of  iron. 

The  determination  of  the  amount  of  silver  con- 
tained in  gold  by  the  dry  method  of  ass.ay  is  a some- 
what complex  operation.  One  or  two  gold  assays  in 
the  ordinary  way  are  made,  and  at  the  same  time 
two  more  ass.ay  pieces  are  passed  through  the  fur- 
nace, but  without  the  addition  of  silver.  By  this 
means  .all  the  oxidizable  metals  are  removed  in  both 
cases,  .and  the  difference  in  weight  between  one  of 
the  cornets  resulting  from  the  ordinarv  assay,  and 
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tlie  button  of  mixed  gold  and  silver  as  drawn  direct 
from  the  furnace,  must  be  due  to  silver  originally 
present  in  the  alloy. 

The  silver  contained  in  the  solution  of  its  nitrate, 
resulting  from  the  common  process  of  parting, 
may  readily  be  recovered  by  adding  an  excess 
of  chloride  of  sodium,  which  will  throw  down 
the  whole  of  the  silver  as  white  insoluble  chloride. 
This  precipitate,  which  speedily  becomes  slate- 
coloured  on  exposure  to  light,  is  collected  and  put 
into  a vessel  containing  water  acidulated  with  hydro- 
chloric acid ; some  zinc  or  iron  is  introduced,  and 
the  silver  is  rapidly  restored  to  its  metallic  state,  in 
the  form  of  a dark-grey  powder. 

The  supernatant  liquid  having  been  decanted,  this 
fine  metal  is  washed  with  dilute  hydrochloric  or  sul- 
phuric acid  in  order  to  remove  traces  of  iron  or  zinc, 
but  as  the  removal  of  the  former  of  these  metals  may 
be  effected  more  perfectly,  it  is  now  always  used  in 
preference  to  the  latter  ; after  washing  with  water, 
and  drying,  the  silver  is  fused  in  a crucible  with  the 
addition  of  a little  carbonate  of  soda  or  nitre,  and 
cast  into  bars. 

Physiological  Effects,  &c. — Gold,  says  Pereira, 
like  other  metals,  has  been  frequently  supposed 
to  be  inert  while  it  retains  its  metallic  condition, 
but  in  this,  as  well  as  in  some  other  instances, 
the  accuracy  of  the  assumption  has  been  denied. 
Both  Chrestien  and  Niel,  as  well  as  other  writers, 
assert  that  finely-divided  metallic  gold — pulvis  auri — 
produces  the  same  constitutional  effects  as  those 
caused  by  the  various  preparations  of  this  metal, 
but  in  a milder  degree,  while  it  excites  little  or  no 
irritation.  It  is  said  to  promote  the  secretions  of  the 
skin,  kidneys,  and  salivary  glands. 

It  has  been  employed  as  an  antivenereal  and  anti- 
scrofulous  remedy  by  Chrestien,  Niel,  and  others, 
witli  considerable  success.  It  is  said  to  be  prefer- 
able to  the  other  preparations  of  this  metal  in 
delicate  and  nervous  subjects,  females  and  infants. 
Gold-leaf — ciurum  foliatum  seu  lamellatum — is  used 
by  dentists  for  filling  decaj’^ed  teeth,  and  was 
formerly  employed  by  apothecaries  for  covering 
pills — ail  inaurandas  seu  obdtwendas  pilidas.  Silver- 
leaf  now  takes  its  place.  It  has  been  administered 
internally  in  doses  of  from  a quarter  of  a grain  to  a 
gram  three  or  four  times  a day.  Chrestien  used 
it  by  way  of  friction  on  the  tongue  and  gums.  Niel 
employed  it  endermically — that  is,  applied  it  to  the 
skin  deprived  of  the  epidermis — in  the  form  of  oint- 
ment composed  of  1 grain  of  gold  and  30  grains 
of  lard. 

Teroxide  of  gold  is  sometimes  used  internally,  in 
venereal  and  scrofulous  diseases,  in  doses  of  from 
one-tenth  of  a grain  to  a grain,  made  into  the  form 
of  pills  with  mezereum. 

The  terchloride  of  gold,  the  preparation  of  which 
is  described  at  page  109,  acts,  according  to  Orfila, 
as  a corrosive  when  introduced  into  the  stomach 
of  animals,  but  with  less  energy  than  the  chloride  of 
mercury,  and  destroys  them  by  the  inflammation  of 
the  coats  of  the  alimentary  canal  which  it  sets  up. 

On  man  its  effects  are  analogous  to  those  of 


chloride  of  mercury.  In  small  doses  it  acts,  according 
to  Chrestien,  more  energetically  as  a stimulant, 
though  less  powerfully  as  a sialogogue,  than  cor- 
rosive sublimate.  It  promotes  the  secretions  of  the 
skin,  the  salivary  glands,  and  the  kidneys.  Taken 
to  the  extent  of  one-tenth  of  a grain  daily,  it  has 
occasioned  violent  fever.  Cullerier  has  seen  one- 
fifteenth  of  a grain  excite,  at  the  second  dose, 
gastric  irritation,  dryness  of  the  tongue,  redness  of 
the  throat,  colic,  and  diarrhoea.  When  it  promotes 
the  secretion  of  saliva,  it  does  not,  as  mercury, 
affect  the  teeth  and  gums.  Magendie  has  seen 
violent  gastritis,  accompanied  by  nervous  symptoms 
— cramps  and  pains  in  the  limbs,  agitation  and  loss 
of  sleep — and  afterwards  great  heat  of  skin  and 
obstinate  sleeplessness.  In  large  doses,  it  would 
probably  occasion  symptoms  similar  to  those  pro- 
duced by  the  use  of  poisonous  doses  of  chloride  of 
mercury. 

It  has  been  employed,  with  variable  success,  as  a 
substitute  for  mercury  in  the  secondary  symptoms 
of  syphilis.  A more  extended  experience  is,  how- 
ever, necessary  to  enable  one  to  speak  of  its  remedial 
powers  with  confidence.  In  the  hands  of  Chrestien, 
Niel,  Cullerier,  Legrand,  and  others,  it  has 
proved  most  successful. 

It  has  also  been  used  in  scrofulous  affections, 
bronchocele,  chronic  skin  diseases,  scirrhous  tumours, 
&c.  Duportal  cured  with  it  a case  of  obstinate 
ulceration  of  the  face,  regarded  by  him  as  cancerous, 
and  which  had  resisted  all  the  ordinary  methods. 

Legrand  has  used  terchloride  of  gold,  acidified 
with  nitric  acid,  as  a caustic  in  syphilitic,  scrofulous, 
and  scorbutic  ulcers,  cancerous  growths,  and  ulcer- 
ations of  the  neck  of  the  uterus. 

Internally,  it  has  been  given  in  doses  of  one- 
twentieth  of  a grain,  made  into  pills  with  starch. 
But  as  organic  matters  decompose  it,  it  is  better  to 
use  it  in  distilled  water,  or  to  apply  it  by  friction 
to  the  mouth,  in  quantities  of  from  one-sixteenth  to 
one-  sixth  of  a grain. 

The  whites  and  yolks  of  eggs,  milk,  and  a mixture 
of  wheat-flour,  oatmeal,  or  barley,  and  water,  are,  as 
in  the  case  of  chloride  of  mercury,  antidotes  for  an 
overdose  of  this  auric  compound. 

It  is  surprising  that  the  above  are  so  little  used  in 
medicine.  Surely,  if  physicians  would  only  daily 
experiment  on  the  action  of  the  different  metals  and 
their  compounds  upon  the  system,  they  might  soon 
discover  some  very  valuable  specifics. 

Statistics. — Gold  and  silver  are  frequently  con- 
founded in  statistical  returns  under  the  common 
designation  of  the  precious  metals ; and  even  where 
the  two  are  classed  separately,  it  is  still  desirable  to 
place  them  in  juxtaposition,  since  much  of  the  interest 
attached  to  the  subject  is  derived  from  the  relation 
which  they  bear  to  each  other.  In  stating  the  most 
important  facts  connected  with  the  statistics  of  gold 
most  of  the  corresponding  figures  relating  to  silver 
will  also  be  given,  which  will  not  only  save  the 
rejietition  of  a number  of  tables  nearly  similar, 
but  will  furnish  the  reader  with  a clearer  and  more 
satisfactory  view  of  the  subject,  than  if  the  returns 
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relating  to  each  of  the  metals  were  tabulated  separately 
in  different  parts  of  the  work. 

ISluch  interesting  information  relating  to  the  history 
and  statistics  of  the  precious  metals  is  given  in  a work 
which  was  published  by  Jacob  in  18.31,  in  which  he 
takes  up  the  subject  at  the  earliest  period,  and  con- 
tinues it  to  the  year  above-mentioned.  Jacob  shows 
that,  in  the  days  of  Koman  suf)remacy,  the  greater 
part  of  the  wealth  of  the  world  continued  to  flow  into 
Rome,  up  to  the  time  of  Augustus,  when  the  pro- 
duction of  gold  from  the  Roman  mines  in  Illyria  and 
Spain  suddenly  ceased ; and  for  a long  period  the 
world  received  no  new  accessions  of  metallic  wealth. 
With  much  labour  and  research  he  constructed  a 
table  showing  the  rate  of  diminution  to  which  the 
enormous  wealth  of  the  Augustan  period  was  subject ; 
and  though  it  includes  both  gold  and  silver  under  one 
head,  while  at  the  same  time  its  accuracy  cannot  be 
implicitly  relied  on,  still  it  is  sufficiently  correct  and 
instructive  to  merit  a place  in  these  pages : — 

QUANTITY  OF  GOLD  AND  SILVER  IN  THE  ROMAN  EMPIRE. 

Year. 


14  £358,000,000 

50  322.200,000 

86  287,980,000 

122  259,182.000 

158  233.203,800 

19 1 209  937,420 

230  181,943,678 

266  163.749,311 

302  147,374,380 

338  132,636,942 

374  119,373,248 

410  107,43.5,924 

446  90  092,332 

482  87,0.33,099 

518  78.229,700 

.5,54  70,406,730 

590  6.3,364,057 

626  57,027.6,52 

662  51,324.887 

698  46,192,399 

734  41,573,160 

770  37,415,840 

806  33,674,256 


From  the  decline  and  fall  of  the  Roman  empire 
the  portion  of  gold  added  to  tliat  already  obtained 
was  for  many  centuries  not  more  than  sufficient  to 
supply  the  annual  waste  by  wear  and  loss ; and  ex- 
cept the  mines  of  Hungary  and  Sweden,  which  do 
not  appear  to  have  been  worked  before  the  eighth  or 
ninth  century,  no  important  new  sources  of  gold 
were  opened  until  the  discovery  of  America  by 
Columbus  in  1492.  This  event  was  followed  in  the 
course  of  the  next  century  by  a considerable  influx 
of  the  precious  metals  into  Europe  ; yet  a very 
superficial  inquiry  will  suffice  to  show  that  the  actual 
amounts  which  were  imported  from  Mexico  and  South 
America  have  been  greatly  exaggerated  in  the  public 
mind,  and  sink  into  very  humble  figures  when 
compared  with  the  enormous  treasures  obtained 
from  California  and  Australia.  From  1492  to  1500 
America,  according  to  Humboldt,  furnished  to 
Europe,  in  gold  and  silver,  not  more  tlian  £52,000 
sterling,  and  the  entire  annual  amount  of  gold  and 
silver  obtained  from  America  during  the  sixteenth 
century  was  only  about  half  a million  sterling ; 
whereas  during  the  last  twenty  years  the  value  of 
gold  alone  exported  from  California  and  Victoria  has 


averaged  about  seventeen  millions  per  annum.  The 
celebrated  El  Dorados  of  the  sixteenth  century  sink 
therefore  into  utter  insignificance,  compared  with 
the  recently-developed  auriferous  regions. 

It  is  true  that  with  the  discovery  of  the  Brazil 
mines  and  other  sources  the  import  of  the  precious 
metals  from  America  continued  steadily  to  increase  ; 
and  from  1600  to  1700,  during  which  period  Europe 
obtained  its  supply  of  gold  almost  exclusively  from 
the  New  World,  the  mines  of  the  latter  were  esti- 
mated to  have  produced  an  amount  of  gold  and 
silver  equivalent  to  £337,500,000  sterling,  or  up- 
wards of  £3,000,000  per  annum.  In  consequence 
of  this  continued  importation,  the  value  of  the  coined 
money  in  Europe  in  1699  has  been  estimated  at 
£297,000,000  sterling.  During  the  eighteenth  cen- 
tury the  supply  of  the  preeious  metals  was  still 
chiefly  derived  from  America.  The  annual  produce 
of  the  mines  of  that  quarter  of  the  globe  at  the 
commencement  of  the  present  century  was  esti- 
mated by  Humboldt  at  £8,700,000  sterling ; and 
that  derived  from  the  European  mines  of  Hungary, 
Saxony,  &c.,  and  those  of  Northern  Asia,  was  valued 
by  him  at  £1,000,000  sterling  more,  raising  the  total 
produce  at  that  period,  exclusive  of  Africa,  to 
£9,700,000  sterling.  The  qnantitg  of  gold  produced 
in  America  was  to  the  quantity  of  silver  as  1 to  46  ; 
in  Europe  as  1 to  40  ; and  the  imlues  of  equal  quan- 
tities of  gold  and  silver  were  then  in  the  proportion 
of  15  to  1,  so  that  the  aggi'egate  value  of  the  gold  to 
that  of  the  silver  was  nearly  1:3;  or,  in  other 
words,  the  annual  amount  of  gold  alone  produced  at 
the  beginning  of  the  present  century  was  worth 
about  £3,200,000  sterling. 

From  1800  to  1810  the  yield  of  the  American  mines 
eontinued  still  to  increase,  and  in  conjunction  with 
that  of  the  European  and  Russian  mines  is  supposed 
to  have  amounted  in  the  latter  year  to  upwards  of 
£11,000,000  sterling,  in  gold  and  silver.  But  in 
that  year  began  the  contest  which  resulted  in  the 
dissolution  of  the  connection  between  Spain  and  her 
American  colonies,  causing  the  abandonment  of 
several  of  the  mines,  and  a consequent  decline  in 
the  production  of  the  precious  metals  to  such  an  ex- 
tent that,  according  to  Jacob,  the  total  average  yield 
of  the  American  mines,  inclusive  of  Brazil,  during 
the  twenty  years  ending  with  1829,  might  be  esti- 
mated at  little  more  than  £4,000,000  a year,  being 
le.ss  than  half  their  produce  in  1800.  Some  years 
later,  however,  they  again  began  to  increase  ; and 
this,  in  conjunction  with  the  subsequent  extra- 
ordinary development  of  the  Russian  mines,  raised 
the  entire  amount  of  gold  and  silver  produced  from 
all  the  known  auriferous  localities  throughout  the 
world,  before  the  discorery  of  California  and  Australia, 
to  upwards  of  £12,000,000  per  annum,  the  value 
of  the  gold  to  that  of  the  silver  being  nearly  as 
5 : 6.  This  will  appear  from  the  following  table, 
prepared  by  Bikicmyiie,  showing,  by  approximate 
calculation,  the  annual  produce  of  fine  gold  and 
silver  for  1846  and  1850 : the  first  being  two  years 
before  the  discovery  of  the  rich  deposits  of  gold  in 
California,  the  latter  two  years  after  the  discovery  : — 


GOLD. — St.\tistics. 


125 


COUNT&IRS. 

1846. 

18.50. 

Gold. 

Silver. 

Total. 

Gold. 

Silver. 

TotaL 

£ 

£ 

£ 

£ 

£ 

£ 

California, 

— 

— 



12,000,000 

62.088 

12,062.088 

United  States, 

237.336 

1,864 

239,  30 

11.5,430 

11,444 

126,874 

Mexico, 

249.753 

3,457,020 

3,706,773 

382.901 

5,383.333 

5,766,234 

New  Granada, 

252,407 

42,929 

295,336 

252,407 

42,929 

295.336 

Peru, 

96,241 

1,000„583 

1,096,824 

96.241 

1,000,583 

1,096.824 

Bolivia, 

60,337 

460,191 

520,548 

60,357 

460,191 

520,548 

Chili 

14.5.585 

297,029 

442,614 

145., 585 

297,029 

442,614 

Brazil, 

259,871 

2,003 

261,874 

289,068 

2,227 

291,295 

Total  of  North  and  South  America, 

1,301,560 

5,261,619 

6,.563,179 

13,341,989 

7,259,824 

20,601,813 

Russia, 

3,414,427 

167,831 

3,582,2.58 

4.175,860 

171.817 

4,347,477 

Norwav, 

— 

32,346 

32,346 

— 

35,607 

35,607 

North  Germany, 

357 

138,022 

138,379 

357 

138,022 

138,379 

Saxony 

— 

198,200 

198,200 

— 

198,200 

198,200 

Austria 

282,7,50 

282,6,54 

565.404 

288,708 

286,971 

575,679 

Piedmont, 

17,841 

7,444 

25,285 

17,841 

7,444 

25.285 

Spain, 

2,498 

227,499 

229,997 

2,498 

440,210 

442,708 

United  Kingdom, 

— 

109,989 

109,989 

— 

160,000 

160,000 

Africa, 

203,900 

1,056 

204,956 

203,900 

1,056 

204,9.56 

Borneo, 

305,900 

1,584 

307,484 

305,8.50 

1,584 

307,484 

Ava, 

100,000 

517 

100,517 

100,000 

517 

100,517 

Malacca 

72,240 

374 

72,614 

72,240 

374 

72,614 

Sumatra, 

63.719 

330 

64,049 

63,719 

330 

64,049 

Annam  or  Tonquin, 

30,585 

53,460 

84,045 

30,585 

53,460 

84,045 

Various  countries, 

50,975 

33,000 

83,975 

50.975 

33,000 

83,975 

Total  of  Europe,  Africa,  and  Asia, 

4,  .545, 192 

1 ,254,306 

5,799,498 

5,312,533 

1,. 528.592 

6,840,975 

Total  of  North  and  South  America, 

1,301,560 

5,261,619 

6,563,179 

13,341,989 

7,259,824 

20,601,813 

Total 

5,846,752 

6.51.5,925 

12,362,677 

18, 654,. 522 

8,788,416 

27,442,788 

The  various  countries  are  exclusive  of  China  and  Japan,  which  produce  large  quantities  of  gold  and  silver,  the  amount  of  which 
is  quite  unknown  to  Europeans. 


Birkmyre  estimates  the  produce  of  California 
alone  in  1850  at  £12,000,000 — a figure  so  high 
that,  notwithstanding  the  importance  attached  by 
Wacculloch  to  his  calculations,  seems  to  have  far 


exceeded  the  truth.  The  following  table  is  chiefly 
extracted  from  the  Economist,  newspaper,  which  has 
the  credit  of  deriving  its  statistical  information  from 
the  highest  official  sources : — 


Total  Value  of  Gold  Exported  in  each  Year  from 


New  South  Wales. 

Victoria. 

Australia  (All). 

Production  of  Russia. 

California. 

1861 

£2,012,000 

£9,081,000 

£11,871,000 

£2,980,000 

£8,358,300 

1862 

2,978.000 

7,611,000 

12,213.000 

2,990,000 

8,745,600 

1863, 

2,371.000 

7,691,000 

12,676,000 

2,988,0f0 

9,466,900 

1864, 

2,987.000 

7,239,000 

12,452,000 

2,862,000 

11,652,000 

1865, 

2,775,000 

7,004,000 

12,226,000 

3,227,000 

9,309  900 

1866 

3,350.000 

6,878,000 

13,35.5,000 

3,397.000 

9,116,400 

1867, 

2,596,000 

6,412,000 

11.933.000 

3,377,000 

8,563,600 

1868 

2,165,000 

8,3.56,000 

13,708,000 

3,503,000 

7,283,100 

1869, 

2,778,000 

7,497,000 

13,214.000 

3,617,000 

7,679,400 

1870, 

— 

— 

9.000,000 

3,837,000 

6,777,300 

1871, 

— 

— 

9,. 500, 000 

3,600,000 

3,545,200 

1872 

— 

— 

5,983,000 

4.771,000 

3,960.000 

1873 



— 

9,444,000 

4,.500,000 

3,540,000 

1874, 

— 

— 

6,720,000 

4,036,760 

1 

4,747,000 

Annexed  are  a number  of  tables  relating  to  the 
production  of  gold  and  its  application,  which,  it  is 
hoped,  will  be  found  useful  for  reference. 

I.  Table  showing  (approximately)  the  amount  of 
gold  in  the  world  at  different  periods : — 


Date.  Amount. 

A.D.  1, £8.5,400,000 

1496, 11,400,000 

1600, 21,000,000 

1700, 70,000,000 

1800, 22,5.000,000 

1843 400,000,000 

1853, 600,000,000 

1870, 1,200,000,000 


II.  Table  showing  (approximately)  the  yield  of  the 
principal  gold-fields  during  the  year  1867  : — 


United  Htntes — 

California  and  Montana, 

Remaining  States, 

British  Columbia,  Canada,  and  I 

Nova  Scotia, J 

Mexico, 

South  America, 

Central  America 

Australia 

New  Zealand, 

Russia, 

Europe  and  Africa, 

Borneo  and  East  Indies, 

China,  Japan,  Central  Asia,  and! 
other  unenumerated  sources, ) 

Total 


Value  of 
Produce. 

Percentage 
of  Total. 

£7,862,500 

28-32 

4,143,750 

14-92 

543,900 

1-96 

2 12,. 500 

0-76 

488,750 

1-70 

637,500 

2-30 

6,704,375 

24-14 

1,275,000 

4-60 

3,293,750 

11-89 

482,375 

1-75 

1,062,500 

3-83 

1,062,500 

3-83 

27,769,400 

100-00 
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III.  Amount  of  gold,  silver,  and  bronze  monies 
coined  at  the  Royal  Mint,  London,  from  1861  to 
1875 


Year. 

Gold. 

Silver. 

Brouze. 

Tout 

£ 

£ 

£ 

£ 

1861 

8,190,170 

209.484 

273,578 

8,673.232 

1862 

7,836.413 

148,518 

352,800 

8,337,731 

1863 

6,607,456 

161,172 

151,648 

6,920,276 

1864 

9,53.5,597 

535,194 

18,069 

10,090.860 

1865 

2,367,614 

501.732 

57,493 

2,926,839 

1866 

5,076,676 

493,416 

50,624 

5,620,716 

1867 

496,397 

193,842 

33,301 

723,540 

1868 

1,6.53,384 

301,356 

16,328 

1,971.068 

1869 

7,372,204 

76,428 

20,832 

7,429,464 

1870 

2,313.384 

336,798 

32,704 

2,682,886 

1871 

9.919,656 

701,514 

7,616 

10,628,786 

1872 

1.5,261,441 

1,243,836 

47,413 

16,5.52,690 

1873 

3,384,  .568 

1,081,674 

46,218 

4,512,460 

1874 

1,461,565 

890,604 

6.5,632 

2,417,801 

1875 

243,264 

594,000 

69,813 

907,077 

IV.  Fineness  of  the  gold  coins  at  different  periods, 
together  with  the  value  of  the  troy  pound,  and 
relative  value  of  gold  and  silver : — 


Year. 

Fineness  of 
Gold  Coins. 

Pound  Troy  of  this 
Gold  Coined  into 

Comparative  Value 
of  Fine  Gold  and 
Silver. 

1104 

Fine  Gold. 



1 to  9-OCO 

1227 

<( 

— 

1 to  9-000 

1230 

(( 

— 

1 to  10000 

1257 

(( 

£10 

13 

4 

1 to  9-300 

1278 

(< 

— 

1 to  10-000 

Carats  Grains. 

1344 

23 

14 

0 

10 

1 to  12-584 

1356 

23 

3^ 

16 

0 

0 

1 to  11-158 

1464 

23 

3i 

22 

4 

6 

1 to  10-331 

1470 

23 

3^ 

24 

0 

0 

1 to  11-158 

1527 

22 

0 

24 

15 

0 

1 to  11-268 

1543 

23 

0 

28 

16 

0 

1 to  10-434 

1545 

22 

0 

30 

0 

0 

1 to  6-818 

1546 

20 

0 

30 

0 

0 

1 to  5-000 

1549 

22 

0 

34 

0 

0 

1 to  5-151 

1.551 

23 

3J 

34 

0 

0 

1 to  11-000 

1560 

22 

0 

36 

0 

0 

1 to  11-100 

1604 

n 

33 

10 

0 

1 to  12-109 

1626 

•< 

41 

0 

0 

1 to  13-346 

1666 

u 

44 

10 

0 

1 to  14-485 

1717 

a 

46 

14 

6 

1 to  15-209 

1816 

u 

(C 

1 to  14  287 

1821 

a 

(( 

1 to  14-287 

1848 

a 

t€ 

1 to  15-810 

1853 

u 

U 

1 to  15-200 

1873 

i* 

it 

1 to  15-500 

Thus  it  will  be  seen  that  standard  gold  has 
continued  at  the  same  price  since  1717,  namely, 
£3  17s.  lO^f/.  per  oz.  Hunt  states  that,  for  the  use 
of  the  arts,  not  less  than  1000  ozs.  of  fine  gold  are 
used  in  Birmingham  alone  every  week,  and  that  in 
the  United  Kingdom  the  weekly  consumption  of 
leaf -gold  is  as  follows: — 

Ozs.  Weekly. 


London, 400 

Edinburgh, 35 

Birmingham, 70 

Manchester 40 

Dublin, 12 

Liverpool 15 

Leeds, 6 

Glasgow, 6 

Total 584 


Of  this  amount  he  states,  on  the  authority  of  an 
eminent  gold-refiner,  that  not  one-tenth  part  can  be 


recovered ; and  he  adds,  that  for  gilding  metals  by 
the  electrotype,  and  the  water  or  wash-gilding  pro- 
cesses, not  less  than  10,000  ozs.  of  gold  are  required 
annually.  One  establishment  in  the  Potteries  employs 
£3500  w'orth  of  gold  per  annum,  and  nearly  £2000 
worth  is  used  by  another.  The  consumption  of  gold 
in  the  Staffordshire  Potteries  for  gilding  porcelain  and 
making  crimson  and  rose  colour  varies  from  7000  to 
10,000  ozs.  per  annum. 

GUMS. — See  Varnish. 

GUM-KESINS.— See  Varnish. 

GUN-COTTON. — Pyroxylin,  Tri-nitro-celhilose ; Coton 
fulminant,  Coton  poudre,  Fulmi-coton,  French  ; Schies/i 
baumu'olle,  Explodirende  Baumicolle,  German. — Gun- 
cotton is  an  explosive  substance,  produced  from 
cotton  by  the  action  of  nitric  acid,  or  a mixture  of 
nitric  and  sulphuric  acids,  or  a mixture  of  salt- 
petre and  oil  of  vitriol. 

History. — Towards  the  close  of  the  year  1845, 
Schonbein  announced  the  discovery  of  an  explosive 
cotton  wool,  which  might  be  used  as  a substitute  for 
gunpowder.  It  appears  from  his  own  statement 
that  his  discovery  of  ozone,  which  he  took  to  be  a 
peroxide  of  hydrogen,  led  him  to  entertain  rather 
peculiar  views  as  to  the  constitution  of  acids.  These 
views  culminated  in  the  opinion  that  a mixture  of 
sulphuric  and  nitric  acids  would  be  found  to  have 
strong  oxidizing  power.  Further,  he  believed  this 
mixture  to  contain  a radical  very  much  like  ozone, 
and  hoped  to  effect  a combination  between  it  and 
certain  organic  bodies.  Working  with  these  notions 
in  his  mind,  he  soon  discovered  several  compounds, 
the  properties  of  which  were  so  remarkable  that 
early  in  1846  he  sent  specimens  of  them  to  some  of 
his  English  friends.  From  the  first  he  was  struck 
with  the  explosive  power  of  gun-cotton,  and  applied 
himself  at  once  to  use  it  in  guns ; but  although  he 
published  his  discovery,  he  kept  the  method  of  pre- 
paration a secret  until  he  had  taken  out  a patent. 

Soon  afterwards,  however,  it  was  announced  by 
Otto  of  Brunswick,  and  Bottger  of  Frankfort,  that 
they  had  produced  gun-cotton  by  treating  cotton 
wool  with  strong  nitric  acid  ; and  a little  later  Knop 
showed  that  it  was  preferable  to  use  a mixture  of 
nitric  and  sulphuric  acids. 

Meanwhile  the  French  chemist  Pelouze  pointed 
out  that  in  1838  he  had  drawn  attention  to  a sub- 
stance of  an  explosive  nature,  prepared  by  the  action 
of  strong  nitric  acid  on  paper,  and  suggested  that  it 
might  be  used  as  a substitute  for  gunpowder.  He 
had  assumed  that  this  substance  was  identical  with 
Braconnot’s  xyloidin,  CgHg(N02)05,  first  prepared 
in  1813  by  the  action  of  nitric  acid  on  starch,  linen, 
and  saw-dust ; but  in  November,  1846,  he  published 
experiments,  which  proved  that  there  were  consider- 
able differences  between  the  two  bodies,  his  own 
appearing  to  be  identical  with  gun-cotton. 

Such  is  a brief  history  of  the  discovery  of  this 
substance.  It  would  appear  that  little  attention 
was  paid  to  the  work  of  the  French  chemists,  until 
Schonbein  showed  that  gun-cotton — and  he  was 
undoubtedly  the  first  to  do  this — was  superior  to 
gunpowder  in  explosive  energy. 
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The  new  compound  attracted  the  attention  of 
many  chemists,  who  investigated  its  properties  and 
chemical  composition ; but,  as  will  be  seen  from  the 
following  table,  the  formul®  given  for  the  latter 
varied  very  much : — 

P6loiize  (1846) CijHnNjOji  — Ui„Hs,09,2(H0,N05) 

P^ligOt, ^12^9^3^24  “ CjgtJyOgjSNOg. 

Von  KirchhofFife Reuter,  CjjHgNOu  = C].2Hj,0|,,N0s. 

Fehling Ci2Hj„N2()2o  = Ci2Hj9dj(),2bO,5. 

I’orret & Tes-'cheinacher,  C24H[,5Ng05g  = 2(Cj2H8()8,4N05). 

Peloii/.e  (1847) C04HJ7N5O42  — C24Hi70j7,5N0g. 

Schmidt  and  Hecker, ..  = CijHgOg.SNOs. 

Gladstone, ^24^i5^6^^o  ~ 

W-  Crum C42H7N3O22  = 

The  symbols  represent  the  old  atomic  weights. 
The  formul®  are  derived  from  different  data — some 
from  analyses,  and  others  from  the  increase  of  weight 
which  cotton  undergoes  when  transformed  into 
pyroxylin. 

Thus,  the  formula  given  by  Pelouze  in  1846  was 
founded  upon  the  tolerably  constant  increase  in 
weight  (between  68  and  70  per  cent.)  which  cellulose 
underwent  when  acted  on  by  strong  nitric  acid,  or  a 
mixture  of  nitric  and  sulphuric  acids.  But  in  1847 
he  fixed  the  increase  of  weight  at  between  74  and  76 
per  cent.,  and  this,  together  with  the  results  of  direct 
analyses,  caused  him  to  give  the  second  formula. 

These  differences  would  appear  to  show  that  he 
was  working  at  different  times  with  different  pro- 
ducts ; and  the  statements  made  by  other  experi- 
menters with  regard  to  the  increase  of  weight  clearly 
indicates  the  varied  nature  of  the  substances  they 
obtained.  Von  Kirchhoff  and  Reuter  found  an 
increase  of  weight  of  76  per  cent.,  Porret  and 
Teschemacher  only  54  per  cent.,  while  Teschemacher 
afterwards  found  the  increase  to  be  69,  and  W. 
Crum  78  per  cent.  The  last-named  chemist  sug- 
gested the  formula  now  given  for  tri-nitro-cellulose, 
but  the  discrepancies  observed  between  the  results 
of  different  experimenters  remained  unexplained. 

In  1847  J.  H.  Gladstone  published  a paper,  in 
which  he  attempted  to  show  the  cause  of  these 
discrepancies,  and  in  which  the  behaviour  of  gun- 
cotton with  various  solvents  was  described.  He 
found  the  increase  of  weight  to  vary  from  73'7  to 
75'2  per  cent. ; but  by  altering  the  proportions  of 
the  acids,  and  the  ratio  between  the  weights  of  these 
and  the  cotton  employed,  he  obtained  products 
showing  an  increase  of  weight  from  51'74  to  73T 
per  cent.  The  latter  was  obtained  by  using  a large 
quantity  of  the  mixed  acids  (2  measures  of  strong 
sulphuric  acid  to  1 of  nitric,  specific  gravity  1502), 
the  former  by  using  just  sufficient  acid  to  wet  the 
cotton  thoroughly.  Moreover,  by  neutralizing  the 
excess  of  acid  with  ammonia,  in  the  experiment 
which  gave  an  increase  of  only  5T74  per  cent.,  and 
evaporating  to  dryness,  he  was  able  to  show  that  it 
contained  much  organic  matter , in  other  words, 
that  a part  of  the  cellulose  had  been  converted  into 
a substance  soluble  in  the  acids  employed.  As  the 
xyloidin  discovered  by  Braconnot  is  soluble  in  nitric 
acid,  being  precipitated  on  dilution  with  water, 
Gladstone  was  led  to  examine  whether  any  altera-  | 

tion  could  be  effected  upon  gun-cotton  by  similar 
means.  He  found  that  an  acid  of  specific  gravity 
1'45  dissolved  pyroxylin,  and  gave  on  dilution  a 
precipitate  which  weighed  only  four-fifths  of  the 
original  gun-cotton.  This  new  product  dissolved  in 
strong  sulphuric  acid  in  the  cold,  and  was  charred 
by  that  acid  at  a temperature  below  180°  Fahr.  The 
same  substance  was  obtained  from  pure  cotton  by 
the  action  of  nitric  acid  of  the  same  strength,  specific 
gi’avity  1-45.  The  analyses  of  this  substance,  and 
the  increase  of  weight  sustained  by  cotton  when 
transformed  into  it,  as  well  as  the  decrease  of  weight 
which  gun-cotton  suffered  when  likewise  transformed, 
led  Gladstone  to  the  formula,  Cj.,Hj7(N02)30jg 
(old  notation),  as  expressing  its  composition.  To 
distinguish  it  from  gun-cotton,  he  proposed  to  give 
it  the  name  cotton-xyloidin. 

In  1854  Hadow  published  a series  of  experiments, 
showing  that  when  cotton  was  acted  on  by  mixed 
nitric  and  sulphuric  acids,  a number  of  different 
substitution  products  were  obtained.  These  may  be 
regarded  as  cellulose,  CgHj^Oj,  in  which  peroxide  of 
nitrogen  from  the  nitric  acid  replaces  different 
quantities  of  hydrogen,  the  action  depending  on  the 
strength  of  the  acid  used.  According  to  Hadow,  there 
are  three  principal  products  : — (1.)  C^gH2j(N02)y0jg, 
insoluble  in  a mixture  of  ether  and  alcohol,  but 
soluble  in  acetic  ether,  prepared  with  a mixture  of 
2 atoms  of  nitric  acid,  HNO3,  2 atoms  oil  of  vitriol, 
HgSO^,  and  3 atoms  water;  (2.)  CjgH22(N02)g0j5, 
soluble  in  ether-alcohol,  and  insoluble  in  glacial 
acetic  acid,  produced  when  the  mixture  contains  half  an 
atom  more  water  than  in  (1.) ; (3.)  CjgH23(N02)70^5, 
soluble  in  aU  these  liquids,  produced  when  the  acid 
mixture  contains  1 atom  more  water  than  in  (1.). 

The  name  pyroxylin  has  been  given  to  these 
various  bodies.  The  most  highly  nitrated  pro- 
duct, CjgH,^(N02)g0j5,  which  is  now  written 
CgHy(N02)30g,  is  called  tri-nitro-cellulose  or  tri- 
nitric-cellulose. 

Since  the  publication  of  these  results  by  Hadow, 
another  formula  has  been  given  for  the  most  highly 
nitrated  body  by  Pelouze  and  Maury  ; but  in  1866 
Professor  Abel  published  an  extensive  series  of 
analyses  which  very  strongly  confirmed  the  truth  of 
Hadow’s  results. 

The  formula  now  given  for  tri-nitro-cellulose, 
CgH.7(N02)303,  implies  what  we  have  already  stated, 
that  it  is  cellulose  in  which  three  atoms  of  hydro- 
gen have  been  replaced  by  three  molecules  of  nitric 
peroxide.  That  it  contains  nitric  peroxide  is  shown 
by  the  action  of  caustic  potash  and  one  or  two 
reducing  agents,  such  as  sulphate  of  iron,  or  an 
alcoholic  solution  of  potassic  sulphydrate.  The  first 
dissolves  the  gun-cotton,  and  gives  a solution  con- 
taining amongst  other  things  nitrate  and  nitrite  of 
potash,  just  the  substances  formed  by  the  action  of 
potash  on  nitric  peroxide.  Sulphate  of  iron  and 
sulphydrate  of  potash  transform  the  gun-cotton  back 
to  cellulose,  the  latter  reagent  also  yielding  nitrate 
of  potash  and  a little  ammonia. 

As  tri-nitro-cellulose  is  the  only  product  adapted 
for  use  in  gunnery,  it  is  best  to  reserve  the  name 
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gun-cotton  for  it.  The  lower  compounds,  which  are 
soluble  in  alcohol  and  ether,  are  used  for  the  pre- 
paration of  collodion. 

Manufacture. — Immediately  after  the  discovery  of 
gun-cotton,  many  e.xperiments  were  performed  with 
a view  to  its  .application  as  an  explosive  agent,  and 
its  manufacture  commenced  on  a large  scale ; but 
several  serious  and  unexplained  accidents  occurred. 
Hall  Buos.,  of  Faversham,  who  added  the  manufac- 
ture of  gun-cotton  to  their  gunpowder  works,  had 
an  explosion  as  early  as  1817,  which  blew  up  the 
factory,  killing  every  man  at  work  in  the  place. 
The  gun-cotton  which  was  left  was  buried  in  the 
earth  by  the  desire  of  the  proprietors.  On  the  17th 
July  in  the  next  year  1600  kilos,  of  gun-cotton  ex- 
ploded at  Bouchet,  near  Pari.s.  This  explosion  was 
so  violent  that  walls  from  18  inches  to  a yard  in 
thickness  were  reduced  to  powder,  and  heavy  weights 
hurled  to  great  distances.  These  and  other  acci- 
dents, together  with  the  decisions  of  committees 
appointed  by  the  French  and  German  governments, 
appeared  to  destroy  the  hopes  with  which  the  manu- 
facture had  been  commenced.  The  French  Com- 
mission, after  experimenting  six  years,  reported  that, 
“ In  the  present  condition  of  things  there  is  no  use 
in  continuing  the  experiments  in  relation  to  the 
employment  of  gun-cotton  in  warlike  arms.” 

But  the  difficulties  which  thus  appeared  to  rise 
were  partially  overcome  by  the  patience  and  perse- 
verance of  an  Austrian  artillery  officer,  General  vON 
Lenk,  who  discovered  the  cause  of  previous  failures, 
made  the  process  of  manufacture  one  of  safety  and 
profit,  and  began,  under  the  auspices  of  the  Austrian 
government,  an  extensive  series  of  experiments  on 
the  best  methods  of  applying  it  to  gunnery. 

The  development  of  the  manufacture  in  Austria 
naturally  attracted  the  attention  of  the  European 
governments,  and  Major  Young  w’as  sent  from  Eng- 
land to  learn  all  that  the  Austrians  would  communi- 
cate. In  1862  a committee  was  appointed  by  the 
British  Association  to  inquire  into  the  application 
of  the  new  explosive  to  warlike  purposes.  This 
committee  consisted  of  three  chemists.  Dr.  Glad- 
stone, Professors  W.  A.  Miller  and  Frankland, 
and  six  mechanicians,  William  Fairbairn,  J.  Whit- 
worth, James  Nasmyth,  J.  Scott  Russell,  J.  An- 
derson, and  Sir  W.  G.  Armstrong.  In  the  following 
year,  at  the  Newcastle  meeting,  they  presented  a 
report,  from  which  we  take  some  of  the  information 
contained  in  this  article.  The  committee  had  the 
advantage  of  General  von  Lenk’s  attendance  and 
service,  he  hawng  been  allowed  to  come  and  give 
evidence  by  the  emperor  of  Austria. 

In  the  manufacture  of  gun-cotton  the  object  is  to 
produce  the  most  highly  nitrated  product,  and  General 
VON  Lenk  found  that,  in  order  to  insure  the  produc- 
tion of  this  compound,  it  was  necessary  to  adopt 
several  precautions,  the  most  important  of  which 
are  thus  specified. 

1.  The  cleansing  and  perfect  desiccation  of  the 
cotton  previomsly  to  its  immersion  in  the  mixed  acids. 

2.  The  employment  of  the  strongest  acids  pro- 
curable in  commerce. 
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3.  The  steeping  of  the  cotton  in  a fresh  strong 
mixture  of  acids  after  the  first  immersion  and  par- 
tial conversion  into  gun-cotton. 

4.  The  continuance  of  the  steeping  for  forty-eight 
hours. 

5.  The  thorough  purification  of  the  gun-cotton 
thus  produced  from  every  trace  of  free  acid,  by 
washing  the  product  in  a stream  of  water  for  several 
weeks  ; subsequently  a weak  solution  of  potash  may 
be  used,  but  this  is  not  essential. 

Full  details  of  all  the  processes  necessary  were 
given  by  General  von  Lenk.  He  also  supplied  the 
committee  with  much  information  as  to  the  proper- 
ties, powers,  and  modes  of  using  gun-cotton.  One  of 
the  features  of  his  system  as  carried  out  at  Hirten- 
berg,  was  the  washing  of  the  purified  gun-cotton  in 
a solution  of  soluble  glass  (silicate  of  soda).  The 
object  of  this  appears  to  have  been  twofold.  The 
stability  of  the  gun-cotton  was  decreased  by  the  pre- 
sence of  free  acids,  and  the  soluble  glass  would  neu- 
tralize any  traces  of  these,  which  had  not  been 
washed  away.  Moreover,  during  a subsequent  ex- 
posure to  the  air,  the  remaining  silicate  was  decom- 
posed by  the  carbonic  acid  of  the  air,  with  the 
formation  of  carbonate  of  soda.  The  latter  was 
washed  out  by  water,  and  the  insoluble  silica  de- 
posited in  the  fibres  was  said  to  be  useful  in  effecting 
a retardation  of  the  combustion  of  the  gun-cotton. 
Professor  Abel,  however,  came  to  the  conclusion 
that  this  process  did  not  exert  any  practical  influence 
upon  the  properties  of  the  material,  the  only  result 
being  the  addition  to  the  mineral  constituents  of  a 
small  proportion  of  silicate  of  lime.  In  this  con- 
clusion he  agreed  with  three  German  chemists.  Pro- 
fessors Redtenbacher,  Schrotter,  and  Schneider, 
who  were  appointed  to  report  on  VON  Lenk’s  gun- 
cotton to  a German  committee  of  inquiry,  of  which 
Major  von  Fichtenstamm  was  president. 

That  Von  Lenk’s  process  really  gave  tri-nitro-cellu- 
lose  may  be  seen  from  the  following  analyses,  taken 
from  the  report  of  the  above-mentioned  German 
chemists : — 


In  100  parts. 

Calculated. 

Found. 

Carbon, 

24  3 

24-4 

23-9 

25-1 

Hydrogen, 

2-3 

2-7 

2-4 

3-0 

We  shall  not  enter  more  fully  into  the  details 
given  by  General  von  Lenk,  as  his  method  has  been 
somewhat  modified.  It  will  be  seen  from  the 
following  description  of  the  process  as  now  carried 
on,  how  far  the  various  points  in  his  statement  are 
now  attended  to. . 

It  should  be  stated  that  F.  A.  Abel,  by  the  per- 
mission of  the  Secretary  of  State  for  War,  joined 
the  British  Association  committee,  and  placed  at 
its  disposal  all  the  information  acquired  by  our 
government  from  the  Austrians,  and  from  Abel’s 
own  researches.  Not  long  after,  our  government 
appointed  a committee,  with  General  Sabine  as 
president,  to  make  experimental  inquiries,  and  a 
government  factory  was  commenced  at  Waltham 
Abbey.  In  the  article  on  Explosive’s  a short  account 
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is  given  of  tlie  manufacture  of  gun-cotton  as  it  was 

the  .agitation  of  the  water  being  further  promoted 

conducted  at  the  government  establishment,  but  the 

by  the  workman.  In  this  way  the  cotton  comes  in 

following  is  a detailed  description  of  tl.e  process 

contart  with  such  a large  quantity  of  w.ater  th.at 

and  machinery  adoj)ted  by  Messrs.  Pi;i:ntice  & Co., 

the  rise  of  temperature  is  inappreciable,  and  the 

of  Stowinarket.  The  references  are  to  the  two 

pyroxylin  becomes  almost  altogether  free  from  acids. 

Plates  lieade>l  “ E.\plosives,”  which  will  be  found  at 

But  to  perfect  tl.e  washing,  the  cotton  is  subjected 

the  l.'Cginning  of  this  volume. 

to  the  action  of  water  in  storing  tanks  for  one,  two. 

Clean  cotton  waste,  picked  as  free  as  possible 

or  three  weeks,  and  afterwards  boiled  in  large  vats 

from  foreign  matter,  is  brought  into  a uniform  and 

by  the  injection  of  steam.  By  this  latter  operation 

open  condition  by  being  passed  through  a carding 

the  less  stable  compounds  are  destroyed  and  ex- 

engine  shown  in  Plate  I.  The  rolls  thus  obtiiined 

tracted,  and  the  purified  gun-cotton  is  tr.ansferred 

are  dried  in  a triple  cylinder,  called  a drying 

to  the  beating  tank,  Plate  I.  This  is  a simple  con- 

tube.  The  cotton  is  placed  in  the  central  chamber. 

trivance  for  converting  the  cotton  into  pulp.  It  con- 

while  steam  circulating  in  the  surrounding  one 

sists  of  a drum  with  a large  number  of  closely  set 

keeps  the  whole  tube  at  a high  temperature.  I5y 

ridges  or  teeth  on  its  circumference,  while  under- 

means  of  a blower  attached  to  the  pipe  a blast  of 

neath  is  a fixed  ridge  which  nearly  touches  the 

air  euiters  the  ou'side  chamber  at  the  bottom,  and 

teeth  of  the  drum  as  the  latter  revolves.  Hence, 

heated  as  it  is  during  its  passage  to  the  toji,  is  led 

when  the  machine  is  working,  the  gun-cotton  is 

to  the  central  tube  and  forced  through  the  loose 

drawn  between  these  ridges  and  beaten  till  it  forms 

mass  of  the  cotton.  The  latter  is  in  this  way  rapidly 

an  emulsion  of  very  thin  consisteney. 

robbed  of  its  moisture,  and  when  completely  dried 

The  pulp  is  now  removed  from  the  tank  to  a 

is  ])laccd  in  large  tins  and  carefully  covered.  After 

“poacher”  (Plate  11.),  where  it  is  agitated  with 

standing  in  these  till  quite  cold,  the  cotton  is 

a larger  quantity  of  water  by  a wheel.  A 

weighed  out  in  quantities  of  1 lb.  each,  and  carried 

strainer  at  the  bottom  of  the  poacher  enables  the 

by  a boy  to  the  dii)i)ing  vessel,  Plate  I.  Here  each 

workman  to  draw  off  the  water  and  replace  it  by  a 

pan  is  charged  with  about  12  gallons  of  a mix- 

fresh  supply,  in  which  the  gun-cotton  is  washed 

ture  of  3 volumes  of  sulphuric  acid,  specific  gravity 

until  it  answers  the  heat  test,  which  the  chemist 

T84,  and  1 volume  of  the  strongest  nitric  acid,  the 

now  applies.  When  his  report  is  favourable,  the 

whole  being  kept  cool  during  the  action  by  currents 

pulp  is  transferred  to  the  vat  (Plate  II.),  .and 

of  cold  water,  which  circulate  round  the  vessel.  In 

mixed  with  a small  quantity  of  caustic  soda.  The 

this  mixture  the  cotton  is  dipped,  and  after  it  has 

further  processes  of  abstracting  the  water  and 

been  in  about  three  minutes,  the  workman  lifts  it 

moulding  the  pulp  into  given  weights  and  shapes 

on  to  a grating  just  above  the  acids.  Then,  with 

are  performed  in  hydraulic  presses  of  various  kinds. 

a movable  lever,  he  gently  squeezes  it  until,  roughly 

two  of  which  are  shown  on  Plate  II.  In  the 

speaking,  it  retains  about  ten  times  its  weight  of 

figure  on  Plate  11.  is  shown  the  cylinder  of  the  press 

the  liquid.  Thus  saturated  with  the  acids,  it  is 

and  also  the  ram.  Other  cylinders  are  movable 

allowed  to  remain  in  well-covered  earthenware  pets. 

round  a vertical  support,  and  have  a closely  per- 

Plate  I.,  for  twenty-four  hours;  the  pots  during  this 

for.ated  plate  fixed  on  their  bottom  ends.  The 

time  standing  in  a shallow  trough  containing  water. 

cylinder  being  brought  into  the  proper  position,  a 

to  keep  down  the  temperature.  The  chemical 

measured  quantity  of  the  pulp  is  poured  down 

change  in  the  cotton  is  now  complete,  and  the 

a pipe.  By  the  action  of  a suction  pump  connected 

further  processes  are  for  washing  and  pressing. 

with  a tap,  most  of  the  water  is  at  once  drawn 

First  the  large  excess  of  acid  is  driven  off  by  a 

off  through  the  perforated  bottom  of  the  cylinder. 

centrifugal  machine,  a circular  vessel  into  which 

The  latter  is  then  turned  round  to  the  position, 

the  contents  of  the  several  pots  can  be  emptied  at 

and  the  press  set  to  work.  In  a very  short  time 

once.  AVhen  charged,  the  central  part  (see  Plate  I.), 

the  gun-cotton  is  taken  out  in  the  form  of  a .slab 

whose  sile  is  perforated  by  a great  number  of  holes. 

or  cylinder.  These  are  further  pressed  in  a more 

is  made  to  revolve  at  such  a rapid  rate  that  the 

powerful  machine,  .also  shown  in  Plate  II.,  and 

liquid  acid  is  nearly  all  thrown  out.  This  waste 

afterw.ards  soaked  in  water  till  they  contain  about 

acid  is  caught  by  a jacket  surrounding  the  revolving 

2o  per  cent,  of  th.at  liquid. 

portion  of  the  machine,  and  collected  in  a receiver. 

Under  the  specification  of  Professor  Abel,  the 

On  leaving  the  centrifugal  imichine  the  gun-cotton 

gun-cotton  is  sometimes  granul.ated  by  the  following 

has  to  be  washed.  'Phis  operation  requires  great  care, 

process.  When  the  gun-cotton  in  the  poacher  has 

because  the  iicids  which  the  gun-cotton  yet  retains 

been  washed  sufficiently  to  pass  the  chemical  tests 

would  give  rise  to  a considerable  develojiment  of 

for  purity,  it  is  placed  in  a centrifugal  machine 

heat  if  mixed  slowly  with  water.  At  such  an  increased 

similar  to  that  used  for  the  purpose  of  extracting 

temperature  the  gun-cotton  would  be  decoin]}Osed, 

the  large  excess  of  acids  after  the  conversion  into 

or  “fired”  iis  it  is  technically  called.  At  Stow- 

gun-cotton  (see  Plate  I.).  In  this  machine  the  pulp 

market  .an  artifici.al  c.ascade  is  made  by  le.ading  a 

loses  water  till  it  contains  only  about  33  per.  cent.. 

stream  of  water  along  a trough  and  allowing  it  to 

and  is  reduced  to  a condition  more  or  less  fibrous. 

fall  from  a height  into  the  washing  vessel,  I’late  I. 

It  is  then  taken  to  the  granulating  room,  where  it  is 

'^riie  gun-cotton  is  thrown  on  the  falling  stre.am  and 

first  p.assed  through  sieves  or  perforations,  which 

is  immediately  carried  deep  down  into  the  vessel, 

break  up  the  mass,  and  to  some  extent  determine 

VOL.  11. 
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the  ultimate  size  of  the  granules.  The  material  is 

acid  of  specific  gravity  1'45,  which  product  weighs 

then  transferred  to  a revolving  drum,  like  a large 

only  four-fifths  of  the  original  gun-cotton.  Strong 

barrel  mounted  on  a horizontal  axis,  in  which  it  is 

sulphuric  acid  dissolves  it  with  difficulty;  and  if  the 

kept  revolving  for  about  a quarter  of  an  hour. 

solution  be  heated  to  a high  temperature,  it  gives  off 

Water  is  from  time  to  time  sprinkled  on  the  granules, 

carbonic  acid  and  nitric  oxide  without  turning  black. 

or  the  sides  of  the  drum  are  moistened,  to  assist  the 

Caustic  potash  also  dissolves  gun-cotton,  the  solu- 

hardening  action.  The  drum,  in  revolving,  carries 

tion  containing  nitrate  and  nitrite  of  potassium. 

the  granules  partially  round  with  it,  but  under  the 

Sulphate  of  iron  and  an  alcoholic  solution  of  sul- 

action  of  gravity  they  descend  after  reaching  a 

phydrate  of  potassium  convert  the  pyroxylin  into 

certain  point,  and  thus  are  caused  to  roll  over  one 

ordinary  cotton,  with  the  production  of  nitrate  of 

another.  The  speed  of  the  drum  decides  to  a great 

potassium  and  a little  ammonia  when  the  latter 

extent  the  rapidity  of  the  granulating  process.  The 

reagent  is  used. 

speed  should  be  just  such  that  the  material  is  carried 

Dry  gun-cotton  will  absorb  about  2 per  cent,  of 

by  the  drum  sufficiently  forward  on  the  surface  to 

moisture  from  the  air.  When  it  contains  more  than 

be  compelled  to  run  down  sharply.  On  the  other 

this  quantity  of  water,  it  will  on  being  exposed  for 

hand,  it  must  not  be  too  great,  as  none  of  the 

a sufficient  length  of  time  give  off  moisture  till  the 

granules  must  be  carried  round  by  the  centrifugal 

same  percentage  is  reached. 

force  of  the  drum.  On  removal  from  this  machine. 

Much  uncertainty  prevailed  for  a long  time  as 

the  completing  operation  is  the  removal  of  the  water. 

to  whether  gun-cotton  was  liable  to  spontaneous 

either  to  dryness  or  to  the  extent  desired.  For 

combustion  or  not.  On  the  one  hand,  it  was  known 

mining  purposes,  the  gun-cotton  is  packed  in  water- 

to  have  been  stored  in  Austria  for  twelve  years  with 

proof  cartridges  in  a state  containing  25  per  cent,  of 

no  trace  of  decomposition.  During  the  war  in  Italy 

water.  These  are  issued  to  the  mines,  and  are  used 

in  1859  some  of  the  gun-cotton  taken  there  was 

in  that  state,  the  firing  of  the  wet  material  being 

thrown  aside,  and  exposed  in  black  boxes  to  the  hot 

easily  accomplished  by  means  of  a three-quarter 

sun  for  many  years,  yet  it  was  found  unaltered. 

ounce  priming  charge  of  dry  gun-cotton,  fired  by  a 

On  the  other  hand,  it  was  admitted  by  the  three 

cap,  as  explained  afterwards. 

German  chemists  already  named.  Professors  Red- 

The  great  difference  between  the  process  of  manu- 

tenbacher,  Schrotter,  and  Schneider,  that  some 

facture  described  above,  and  that  of  Von  Lenk, 

varieties  of  gun-cotton,  inclosed  in  a glass  tube 

consists  in  the  introduction  of  the  pulping  operation 

with  a piece  of  litmus  paper,  often  manifested  an 

devised  by  Abel.  Two  important  ends  were  attained 

acid  reaction  at  ordinary  temperatures.  But  Pro- 

by  its  agency.  Firstly,  it  admits  of  very  searching 

fessor  Abel,  in  the  course  of  a long  and  valuable 

processes  of  purification  ; and  secondly,  it  admits  of 

series  of  researches,  showed  that  decomposition  was 

reliable  testing.  Before  its  introduction  the  testing 

due  to  impurity,  generally  resulting  in  the  process  of 

of  gun-cotton  could  not  be  reliably  performed  on 

manufacture,  from  the  action  of  the  acids  on  resinous 

some  tons  of  material  existing  in  the  form  of  yarn 

matter  in  the  imperfectly  washed  cotton,  and  de- 

or  cotton  waste,  but  of  which  no  intimate  mixture 

monstrated  the  fact  that  gun-cotton  is  a very  stable 

could  be  made.  When  the  same  material  is  beaten 

body. 

into  pulp  and  some  thousand  pounds  weight  stirred 

According  to  Baron  Von  Ebner,  tri-nitro-cellulose 

in  a vat  with  a large  quantity  of  water,  it  is  evident 

will  not  explode  below  a temperature  of  136°  C. 

that  a'  sample  drawn  from  the  vat  represents  the 

(277°  Fahr.)  ; but  several  other  experimenters  have 

Avhole.  The  pulping  process  therefore  not  only 

found  that  the  exploding  point  is  higher  tlian  this. 

secured  the  more  thorough  washing  of  the  gun-cot- 

especially  if  the  cotton  has  been  washed  in  soda. 

ton,  but  introduced  the  valuable  security  in  sampling 

Melsens  gives  180°  C. 

for  test,  which  had  previously  been  wanting. 

The  products  of  the  explosion  differ  very  much 

The  compressed  gun-cotton  is  finally  packed  in 

according  to  circumstances.  For  instance.  Lieutenant 

wooden  cases,  lined  with  gutta-percha  and  pitch. 

Von  Karolyi  found  the  following  to  be  the  per- 

From  the  conditions  of  the  manufacture  it  will  be 

centage  composition  of  the  resulting  gases  : — 

seen  that  water  has  no  injurious  effect  upon  it. 

By  Volume.  By  Weight. 

In  practice  it  is  found  that  100  parts  of  cleansed 

Carbnnic  oxide, 28-.'i.5  ....  28'92 

and  dry  cotton  fibre  furnish  about  175  parts  of  pure 

Cmbouic  acid 19’11  ....  30-t.S 

dry  gun-cotton,  the  theoretical  quantity  obtainable 

Marsh  gas 11-17  ....  G‘47 

being  183  parts. 

Nitrogen 8-56  ....  8-71 

Properties  of  Tri-mtro-celhilose. — Before  it  has  been 

Aqueous  vapour, 21  •99  ....  14-28 

reduced  to  pulp,  gun-cotton  has  the  same  appear- 
ance as  the  original  fibre,  but  it  is  harder  to  the 

98-15  98-40 

touch.  It  is  neutral  to  test  paper,  and  has  neither 

These  gases  were  the  result  of  an  experiment  per- 

taste  nor  smell.  It  mav  be  distinguished  from 

formed  in  the  Torricellian  vacuum  of  a glass  tube. 

ordinary  cotton  under  the  microscope,  as  it  does  not 

The  cotton  was  fired  by  sending  a current  of  elec- 

depolarize  light.  It  is  insoluble  in  water,  alcohol. 

tricity  through  a platinum  wire  fused  in  the  glass. 

ether,  and  glacial  acetic  acid.  Dilute  acids  and 

till  the  metal  became  sufficiently  hot.  In  a repeti- 

alkalies  have  no  action  upon  it ; but  a lower  sub- 

tion  of  the  experiment  with  a larger  quantity  of 

stitution  product  is  formed  by  the  action  of  nitric 

cotton — that  is,  when  the  pressure  caused  by  the 
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explosion  would  be  greater — it  was  found  that  the 
proportion  of  the  nitric  oxide  diminished,  while 
the  nitrogen  increased.  As  this  appeared  to  show 
that  the  deoxidation  of  the  nitrogen  was  brought 
about  by  greater  pressure,  Lieutenant  von  Karolyi 
performed  the  explosion  in  a vessel,  which  was  so 
arranged  as  to  give  way  just  when  the  full  power  of 
the  gases  produced  was  felt,  this  vessel  being  placed 
in  an  iron  globe  exhausted  of  air.  The  foKowing 
table  shows  the  composition  of  the  gases  obtained 
in  this  way  : — 

By  Volume.  By  Weight, 

Carbonic  oxide, 28-y5  ....  29  97 

Carbonic  acid, 20‘82  ....  33-86 

Marsh  gas, 7-24  ....  4-28 

Hydrogen, 3'16  ....  0’24 

Nitrogen, 12  07  ....  13'16 

Aqueous  vapour, 25'34  ....  lG-87 

98-18  98-38 

The  difference  between  these  numbers  and  100  Von 
Karolyi  reckoned  as  separated  carbon.  100  grains 
of  tlie  gun-cotton  yielded  about  325  cubic  inches  of 
gaseous  matter  at  ordinary  temperature,  supposing 
the  various  products  to  remain  in  the  condition 
of  gas.  It  will  be  observed  that  the  products  of 
explosion  contain  no  solid  substances. 

By  varying  the  conditions  of  pressure,  confine- 
ment, &c.,  under  which  the  combustion  took  place, 
Abel  succeeded  in  obtaining  a still  greater  diversity 
in  his  results.  In  these  experiments  the  resulting 
gases  were  more  complex  in  character  than  those 
obtained  by  Von  Karolyi,  and  generally  contained 
nitrous  acid,  nitric  oxide,  and  cyanogen.  As  one 
result  of  his  work,  Abel  produced  fuses  and  slow 
matches  of  gun-cotton,  in  which  the  time  occupied 
in  burning  could  be  accurately  regulated. 

Having  thus  stated  the  principal  properties  of 
gun-cotton,  we  proceed  to  give  some  information 
as  to  its  applications. 

From  the  time  of  its  discovery  by  Sciionbein, 
attempts  have  been  made  to  use  gun-cottou  in 
artillery,  but  with  varying  success.  When  a loose  mass 
of  gun-cotton  is  ignited  in  the  air  it  burns  rapidly 
away  without  any  explosive  effect ; but  if  the  igni- 
tion take  place  in  a closed  chamber,  the  gases  first 
produced  immediately  penetrate  the  mass  of  the 
cotton,  and  the  whole  is  instantaneously  decomposed. 
Now,  the  object  of  the  artillerist  is  to  produce  a 
force  that  shall  first  start  the  ball,  and  then  gradually 
increase  its  speed,  until  it  is  discharged  with  the 
required  velocity.  But  the  explosion  of  gun-cotton 
in  a gun  under  ordinary  circumstances  is  so  rapid 
tliat  the  weapon  feels  the  full  strain  before  the  ball 
moves,  and  thus  the  chance  of  bursting  is  much 
increased. 

Many  suggestions  have  been  made  to  overcome 
this  difficulty.  Baron  VON  Lenk  thought  he  had 
done  so,  and  declared  that  it  was  only  necessary  to 
give  the  gun-cotton  room  enough  in  order  to  obtain 
a slower  explosion.  For  small  arms  he  used  thread 
or  spun  yarn  gun-cotton,  woven  into  a web,  and 
enclosed  the  web  in  stiff  cylinders  of  pasteboard. 
For  larger  guns  the  yarn  was  wound  round  a bobbin, 

a hollow  tube  of  paper  or  wood.  The  object  of  this  is 
to  insure  in  all  cases  the  length  of  chamber  necessary 
in  the  gun  for  the  most  effective  explosion.  In  some 
cases  different  layers  of  the  explosive  were  separated 
by  layers  of  paper.  Baron  von  Lenk.  was  able  to 
claim  certain  advantages  for  his  gun-cotton  prepared 
in  this  way.  There  was  no  residue,  no  smoke,  and 
the  gun  was  not  heated  so  much.  It  was  shown 
experimentally  that  100  rounds  were  fired  with  a 
six-pounder  in  thirty-four  minutes,  the  gun  being 
raised  in  temperature  by  gun-cotton  to  only  122° 
Fahr.,  whilst  100  rounds  of  gun-powder  took  one 
hundred  minutes,  and  raised  the  temperature  to 
such  a degree  that  water  was  instantly  evaporated 
from  the  surface  of  the  gun.  180  rounds  were  fired 
with  gun-cotton  before  it  was  thought  dangerous  to 
proceed  with  the  experiment.  But  experience  has 
not  fulfilled  the  expectation  of  Von  Lenk,  and  since 
the  vast  improvement  in  the  manufacture  caused  by 
the  introduction  of  pulping,  the  efforts  to  produce 
an  explosive  which  can  be  used  in  guns  have  taken 
other  directions.  These,  and  the  present  relation 
of  gun-cotton  to  fire-arms,  are  summarized  in  the 
article  on  Explosiv'es. 

For  other  military  and  mining  purposes,  however, 
gun-cotton  is  very  efficacious.  Until  1872  it  was 
thought  necessary  to  confine  gun-cotton  in  some 
strong  vessel  before  its  full  power  could  be  de- 
veloped; but  in  that  year  Mr.  E.  0.  Brown,  of 
Woolwich,  showed  that  it  was  possible  to  produce 
the  most  violent  explosions  with  gun-cotton  while 
in  an  unconfined  and  even  wet  condition.  This 
discovery  consists  in  starting  an  initial  detonation, 
and  the  method  now  adopted  is  the  following: — 
The  wet  gun  - cotton  is  placed  in  the  position 
required,  and  a small  cylindrical  charge  of  dry 
compressed  gun-cotton  is  laid  in  contact  with  it. 
This  charge,  called  a “primer,”  is  provided  with  a 
hole  drilled  on  the  axis  of  the  cylinder,  into  which 
a detonator  is  fixed.  A detonator  is  simply  a per- 
cussion cap,  such  as  is  used  with  fire-arms,  made  a 
little  more  powerful.  It  is  one  quarter  of  an  inch 
in  diameter  by  one  and  an  eighth  inch  in  total 
length,  and  it  contains  five  times  the  weight  of 
fulminating  powder  common  to  ordinary  percussion 
caps.  Rather  less  than  one-half  of  the  total  length 
of  the  copper  tube  is  occupied  by  the  fulminate,  the 
remainder  being  reserved  for  a fuse.  The  fuse, 
generally  prepared  from  specially  made  gunpowder, 
having  been  ignited,  brings  about  the  detonation 
of  the  fulminate  ; and  the  violent  decomposition  of 
the  latter  suffices,  by  the  help  of  the  primer,  to 
explode  the  mass  of  wet  guu -cotton.  In  this  way 
explosions  of  very  great  violence  are  produced. 

The  value  of  the  above  discovery  lies  in  this — 
that  the  wet  gun-cotton  is  an  absolutely  uninflam- 
mable substance,  and  will  not  burn  at  all  till  it  has 
been  exposed  to  a high  temperature  for  a consider- 
able time.  Hence,  there  is  little  or  no  fear  of 
accident  under  any  ordinary  circumstances,  and  yet 
it  is  quite  easy  to  bring  about  explosion  by  the 
simple  means  described. 

Referring  to  the  uninflammability  of  this  wet  gun- 
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cottOD,  and  immunity  from  explosion  when  merely 
lighted  or  ignited,  the  committee  appointed  by  Mr. 
Cardwell  in  1871  for  the  purpose  of  considering 
and  reporting  upon  the  general  question  of  the 
manufacture,  storage,  and  use  of  gun-cotton,  affirmed 
that  their  experiments  “ conclusively  proved  that 
gun-cotton,  in  the  ordinary  damp  state  in  which  it 
is  stored,  and  to  the  extent  of  1 ton,  will  even  under 
the  most  trying  conditions  of  confinement  burn 
away  without  explosion  when  once  ignition  has 
been  established.” 

The  force  developed  by  the  explosion  of  gun- 
cotton is  much  greater  than  that  obtained  from  an 
equal  weight  of  gunpowder.  If  they  be  compared 
when  acting  in  a closed  chamber,  the  eruptive  power 
of  the  cotton  will  be  found  to  be  nearly  five  times 
that  of  the  powder.  In  an  unconfined  space  the 
difference  becomes  still  greater ; the  incisive  effect 
obtained  by  the  detonation  of  gun-cotton,  as  des- 
cribed, being  more  than  ten  times  that  of  an  equal 
weight  of  gunpowder.  It  is  therefore  evident  that 
much  saving  will  accrue  to  the  miner  by  the  use  of 
the  former  instead  of  the  latter.  Ilis  shot  holes 
may  be  drilled  of  only  one-half  the  usual  diameter, 
and  yet  be  able  to  do  the  same  work. 

When  duly  rammed  home,  granulated  gun-cotton 
assumes  a density  equal  to  about  50  lbs.  per  cubic 
foot,  or  0'4C3  oz.  per  cubic  inch.  The  approximate 
weight  of  wet  granulated  gun-cotton  that  a shot 
hole  of  a given  diameter  and  depth  will  contain, 
when  properly  charged,  may  be  calculated  from  the 
following  formulte : — 

•00035  D2  X L = W.  lb. 

•0056  U2  X L = W.  oz., 

in  which  D = diameter  of  hole  in  terms  of  eighths 
of  inches ; L = length  or  depth  of  exjilosive  (when 
rammed)  in  terms  of  inches ; W.  lb.  = weight  of 
granulated  wet  explosive  in  pounds ; W.  oz.  = weight 
of  granulated  wet  explosive  in  ounces. 

For  dry  gun-cotton  the  constants  are  respec- 
tively : — 

•00028  for  the  weight  in  pounds, 

•004-18  for  the  weight  in  ounces, 

and  for  gunpowder  weighing  62  lbs.  per  eubic  foot, 
or  0'574  ozs.  per  cubic  inch — 

•0004375  for  the  weight  in  pounds, 

■007  for  the  weight  in  ounces. 

Thus  a shot  chamber  1:|^  inch,  or  ten-eighths  of 
an  inch  in  diameter,  by  5‘9375,  or  5|-|  inches  in 
depth,  will  contain  of  wet  granulated  gun-cotton 
(10“  X 5‘9375  X -0056  = 3-325)  say  3j  ozs. 

It  will  have  been  noticed  that  there  is  a consider- 
able percentage  of  carbonic  oxide  in  the  gases  pro- 
duced by  the  explosion  of  gun-cotton.  The  well 
known  poisonous  nature  of  this  gas  being  considered, 
it  is  easy  to  see  that  in  driving  headings  in  tunnels 
and  mines,  and  in  sinking  shafts,  a certain  amount 
of  time  must  be  lost  after  each  explosion  in  waiting 
for  this  gas  to  diffuse  itself.  In  order  to  do  away 
with  this  inconvenience,  nitrated  gun-cotton  is 
sometimes  used.  This  is  produced  by  incorporating 


ordinary  pulp  with  saltpetre  or  nitrate  of  soda  in  the 
proportion  of  40  .parts  by  weight  of  one  of  these 
salts  to  each  quantity  of  pulp  capable  of  producing 
100  parts  of  gun-cotton,  weighed  in  the  dry  state. 
When  these  nitrated  compounds  are  exploded,  the 
products  of  combustion  furnish  but  little,  if  any, 
carbonic  oxide.  They  are  harder,  less  liable  to 
flake,  and  less  inflammable,  without  being  less  efficient 
than  ordinary  gun-cotton. 

It  is  sometimes  necessary  to  dry  small  quantities 
of  gun-eotton.  This  is  accomplished  in  the  open  air, 
the  apparatus  consisting  of  a tray  or  drawer  fitted  with 
a false  bottom,  made  of  perforated  sheet  copper,  upon 
which  the  charges  rest  during  the  operation  of  dry- 
ing. Over  the  tray  is  a shallow  reservoir  for  steam, 
and  this  again  is  covered  by  a sheet  of  iron  in  a 
curved  form,  to  protect  the  upper  surface  from  the 
cooling  effects  of  currents  of  air  and  showers  of  rain. 
The  gun-cotton  is  thus  dried  by  radiant  heat ; and 
as  the  temperature  of  the  steam  is  not  allowed  to  rise 
above  215°  Fahr.  (a  pressure  of  1 lb.  per  square 
inch  above  that  of  the  atmosphere),  no  difficulty  is 
experienced  or  danger  incurred  in  the  operation. 

Collodion. — It  has  already  been  stated  that  the 
product  of  the  action  of  sulphuric  and  nitric  acids 
on  cellulose  varies  with  the  proportion  of  water 
present.  We  have  hitherto  been  dealing  with  gun- 
cotton properly  so  called— namely,  that  produced  by 
the  strongest  acids.  The  other  compounds,  although 
not  adapted  for  use  as  explosives,  have  found  several 
useful  applications.  Their  value  dejicnds  mainly  on 
their  solubility  in  a mixture  of  ether  and  alcohol ; the 
collodion  of  the  photographer,  the  most  important 
of  them,  being  obtained  from  pyroxylin  b)’'  dissolving 
it  in  this  menstruum.  The  following  formulre  for 
the  production  of  this  soluble  pyroxylin  are  taken 
from  Hardwicke’s  “ Manual  of  Photography  : ” — 


(I.)  Stvoni  siiliiliiiric  acid, 6 fluid  ozs. 

Dried  nitre, 3J  ozs.  (avoir.). 

Water, 1 fluid  oz. 

Dest  bleached  and  dried  cotton  wool,  60  grains. 

(2.)  Sidjduiric  acid.  spec.  grav.  1 -845,. . . 18  fluid  ozs. 

Nitric  acid,  spec.  grav.  1 '457 6 “ 

Water 5|  “ 

Dried  cotton  wool, 300  grains. 

Other  formulm  are  given,  and  in  all  proce.sses 


several  precautions  are  necessary  to  insure  a good 
yield  of  soluble  pyroxylin. 

The  acids  and  water,  or  the  acid,  nitre,  and  water, 
are  mixed  first.  A considerable  amount  of  heat  is 
developed  in  this  process;  and  as  it  is  necessary  that 
the  conversion  should  be  conducted  at  a temperature 
near  140°  Fahr.,  the  mixture  is  allowed  to  cool  down 
to  that  point  before  proceeding.  If  the  temperature 
become  lower,  the  vessel  containing  the  mixture  is 
floated  on  warm  water  till  the  operation  is  completed, 
in  order  that  the  acids  may  be  at  the  right  tempera- 
ture throughout.  The  cotton,  in  tufts  .about  the 
size  of  a walnut,  is  thrown  info  the  acids,  .allowed  to 
remain  there  a short  time,  and  then  quickly  washed 
in  a l.arge  excess  of  water.  The  pyroxylin  obtained 
is  dissolved  in  a mixture  of  ether  and  alcohol,  the 
proportions  of  these  employed  depending  on  the 
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purpose  for  which  the  collodion  is  required.  For 
positives,  about  3 of  ether  to  1 uf  alcohol  is  used, 
48  grains  of  pyroxylin  being  dissolved  in  6 fluid 
ozs.  of  this  mixture.  For  negatives,  '2  of  ether  to  1 
of  alcohol  is  emj)loyed,  15  fluid  ozs.  of  the  mixture 
being  biken  to  dissolve  120  grains  of  pyroxylin. 

Besides  its  use  in  photography,  soluble  pyroxylin 
is  employed  for  the  production  of  an  artificial  skin 
to  wounds,  and  for  the  manufacture  of  small  bal- 
loons. For  the  latter  purpose  the  etherial  solution 
is  poured  into  a flask,  and  after  being  made  to  run 
all  round  the  inside,  is  drained  off.  The  remaining 
ether  is  then  blown  out  by  a current  of  air,  a thin 
film  of  pyroxylin  being  left  in  the  flask.  After  the 
edge  of  this  film  has  been  loosed  by  a knife,  the 
balloon  is  withdrawn  by  placing  a tube  in  the  neck 
and  abstracting  the  air. 

Soluble  pyroxylin  is  not  so  stable  as  gun-cotton, 
and  should  not  be  kept  in  large  quantities.  It  is 
best  preserved  in  a clean,  well-ventilated  place. 

GUNPOWDER. — Pouclre  a cumm,  French;  Schiess- 
piilrcr,  German. — A mixture  of  saltpetre  (potassium 
nitrate),  sulphur,  and  charcoal  in  variable  proportions. 

The  invention  of  gunpowder  formed  a grand  epoch 
in  the  world’s  history.  Tomlinson  ascribes  it  to 
B.\i:tiiold  Schwaktz,  a German  monk  and  alche- 
mist, and  the  date  of  the  discovery  is  supposed  to 
be  about  the  year  1320.  The  prior  claims  of  Roger 
B.\con,  whatever  they  be,  are  however  unquestion- 
able, as  this  substance  is  described  in  his  writings 
about  the  year  1270,  or  half  a century  before  the 
supposed  discovery  by  Schw'artz.  But  even  Bacon 
himself  has  as  little  title  to  the  invention  as  his 
imagined  rival ; nor,  indeed,  when  his  own  descrip- 
tion of  this  then  wonderful  compound  is  examined 
can  it  be  perceived  that  he  makes  any  claim  to  be 
the  discoverer.  On  the  contrary,  he  quotes  it  as  a 
well-known  substance  in  common  use  all  over  the 
world  for  making  squibs  for  the  amusement  of 
children — so  pertinacious  are  vulgar  errors.  Dutens 
attempts  to  show  that  the  claim,  which  certainly 
does  not  belong  to  Bacon,  is  removed  to  Magnus 
Gr.ecus,  whose  manuscript  he  quotes,  and  from 
which  he  presumes  Bacon  derives  his  knowledge 
of  the  invention ; although,  by  his  own  showing. 
Bacon  need  not  have  consulted  an  obscure  writing 
for  an  invention  of  general  notoriety.  In  the  same 
manuscript  are  contained  directions  for  making  a 
rocket,  which  are  such  as  to  prove  that  the  nature 
of  this  firework  was  thoroughly  understood.  It  is 
even  remarkable  that  he  recommends  the  charcoal 
of  willow  wood,  which  the  moderns  have  found  by 
experience  to  be  amongst  the  best  for  such  purposes. 

Thus  far  the  date  of  the  origin  of  gunpowder  has 
been  traced  not  only  beyond  Bacon,  but  beyond 
this  supposed  predecessor,  as  he  himself  professes  to 
be  a compiler,  not  an  author  of  the  “ Liber  Ignium,” 
as  he  denominates  his  treatise.  If,  in  attempting  to 
ascend  still  higher,  the  evidence  becomes  more  rare 
and  illegible,  there  are  still  insu|)erable  facts  to  prove 
that  its  antiquity  is  far  greater,  however  impossible 
it  may  be  to  approximate  to  the  date  of  the  in- 
vention, much  less  to  assign  that  which  ajipcars  to 

be  buried  amongst  the  obscurities  of  oriental  learn- 
ing. The  question  of  gunpowder  as  applied  to 
artillery  is  a separate  one;  but  there  is  abundant 
reason  to  believe  that  this  compound  was  not  only 
used  in  some  form  or  other  as  an  explosive  and 
combustible  substance,  but  that  it  was  applied  even 
to  military  purposes— it  may  be  in  the  shape  of 
rockets  or  other  fireworks,  which,  for  objects  of 
amusement  at  least,  have  been  familiar  to  the 
Chinese  beyond  all  record. 

The  earliest  date  to  which  a knowledge  of  gun- 
powder can  be  referred,  in  defect  of  a sufficiently 
remote  acquaintance  with  oriental  history,  is  355 
before  Christ,  although,  from  the  very  nature  of  this 
attestation,  it  follows  that  it  was  then  only  known 
to  the  Eastern  nations,  but  that  it  must  have  long 
been  so,  since  even  at  that  early  period  it  was 
applied  to  warlike  purposes.  In  the  code  of  Hindoo 
laws,  indeed,  where  it  is  mentioned,  it  is  referred  to 
an  era  which  oriental  antiquaries  have  considered 
as  coincident  with  the  time  of  Moses.  But  the 
evidence  to  which  more  particular  allusion  is  made 
is  found  in  a passage  of  the  “ Life  of  Apollonius 
Tyaiueus,”  by  Philostratus,  the  purport  of  which 
is  that  Alexander  w^as  unwilling  to  attack  the 
OxydraciE,  who  lived  between  the  llyphasis  and 
the  Ganges,  because  they  were  under  the  care  of 
the  gods,  and  overthrew  their  enemies  with  thunder 
and  lightning  which  they  shot  from  their  walls.  The 
same  account  is  given  of  the  repulses  experienced 
in  this  country  by  Hercules  and  Bacchus. 

Vitruvius  relates  that  Archi.medes,  in  the  de- 
fence of  Syracuse  (b.c.  212),  devised  an  engine 
which  threw  stones  with  a great  noise,  a description 
which  does  not  apply  to  any  of  the  mechanical 
artillery  of  the  ancients. 

Of  the  earliest  date  at  which  it  was  known  in 
China,  their  own  evidence  is  defective ; but  Uffano, 
an  Italian  author,  affirms  that  not  only  gunpowder, 
but  ordnance,  was  in  use  in  that  nation  in  the  year 
85,  and  that  in  his  day  cannon  were  remaining  from 
the  most  ancient  times  in  some  of  the  maritime 
provinces,  made  both  of  iron  and  of  brass. 

There  is  after  this  a long  blank ; and  the  first 
author  on  the  subject  is  an  Arabic  writer,  in  the 
Escurial  collection,  whose  work,  bearing  date  1249 
— about  twenty  years  before  the  date  of  Bacon’s 
narrative — is  translated  by  Casiri.  His  description 
is  such  that  it  may  apply  both  to  rockets  and  to 
shells. 

It  has  already  been  stated  that  gunpowder 
is  a composition  of  indefinite  quantities  of  sulphur, 
saltpetre,  and  charcoal.  From  time  to  time  various 
experiments  have  been  conducted  with  considerable 
care  for  the  sake  of  determining  the  most  conven- 
ient proportions  of  the  foregoing  substances;  and, 
singularly  enough,  people  have  in  almost  every 
instance  fallen  back  upon  the  recipes  given  by  the 
most  ancient  w-riters  upon  the  production  of  this 
article.  The  knowledge  that  powder  owes  its  ex- 
traordinary effects  to  the  sudden  transformation 
of  its  solid  constituents  into  permanent  gase.s,  the 
volume  of  which  is  enlarged  by  the  temperahire 
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resulting  from  the  chemical  action  producing  this 
cltange,  will  at  once  lead  to  the  conclusion  that  all 
matters  incapable  of  undergoing  such  a modification 
injure  or  depreciate,  in  proportion  to  their  quantity, 
the  quality  and  efficacy  of  the  product. 

Materials. — The  ingredients  for  the  manufacture 
of  gunpowder,  says  Captain  Smith,  late  assistant 
superintendent,  are  supplied  to  the  Royal  Factory 
at  Waltham  Abbey  in  the  rough  state,  and  are 
refined  and  prepared  for  use  there  ; but  in  many 
private  factories  it  is  the  custom  to  purchase  the 
saltpetre  and  sulphur  refined  and  ready  for  conver- 
sion into  gunpowder,  and  charcoal  ground  or  un- 
ground.  A manufacturer  who  refines  his  own 
saltpetre  and  sulphur,  and  burns  his  own  charcoal, 
has  means  of  insuring  the  purity  and  uniformity 
of  the  ingredients  which  he  makes  use  of,  far  superior 
to  that  of  any  system  of  testing,  however  careful. 
The  additional  security  against  accidents  in  the 
course  of  manufacture,  gained  by  careful  exclusion 
of  all  foreign  matters  from  the  ingredients  during  the 
process  of  refining,  is  of  even  greater  consequence. 

The  saltpetre  used  at  Waltham  Abbey  is  exclusively 
that  imported  from  India.  Various  descriptions  of 
artificial  saltpetre — that  is,  saltpetre  made  by  chemical 
processes,  generally  by  the  action  of  potassium 
chloride  on  sodium  nitrate  — have  been  tide  1 suc- 
cessfully ; but  as  there  is  no  economy  in  employing 
the  latter,  as  the  natural  salt  can  be  refined  by  a 
simple  process,  it  has  hitherto  been  preferred.  It 
comes  principally  from  Bengal  and  Oude.  In  these 
countries  it  occurs  as  a white  incrustation  on  the 
soil,  being  also  mixed  with  it  to  a considerable  depth. 
The  earth  is  scraped  up  and  boiled  with  water,  and 
the  solution,  after  being  concentrated  by  the  heat 
of  the  sun  and  evaporated  by  artificial  heat,  yields 
impure  cr\  stals  of  the  salt,  which  are  packed  in  bags 
of  course  sacking.  In  this  state  the  salt  is  known  as 
“ grough  saltpetre.” 

Before  the  salt  is  fit  to  be  used  for  powder  making 
the  impurities  must  be  eliminated.  The  amount  of 
impurity  present  is  reckoneil  per  112  lbs.,  and  in 
good  samples  does  not  amount  to  5 per  cent.,  and 
seldom  e.xceeds  10.  It  is  known  as  the  “ refraction  ’ 
of  the  nitre,  the  term  being  derived  from  the  old 
process  used  to  ascertain  it,  viz.,  by  fusing  a small 
portion  into  a cake  and  examining  the  fracture ; it 
has  nothing  to  do  with  the  optical  properties  of  the 
salt.  In  the  saltpetre  market  6 per  cent,  is  supposed 
to  be  the  standard  amount  of  impurity,  all  trans- 
actions taking  place  on  that  basis,  but  with  the 
understanding  that  if  the  amount  of  impurity  be 
greater,  a reduction  is  to  be  made  in  favour  of  the 
buyer,  and  vice  versa. 

The  following  is  a copy  of  three  analyses  of  speci- 
mens of  grough  saltpetre  : — 


Per  Cent. 

Per  Cent. 

Per  Cent. 

Moisture, 

1-60 

1-59 

...  1-74 

Sand, 

•10 

■21 

...  -25 

Sulphate  of  soila, . . . 

. . . . 

•78  . 

...  3-21 

Chloride  of  sodium,. 

1-00  .... 

•37  . 

•85 

Saltpetre, 

97-30  

97  05  . 

...  93-95 

The  process  now  generally  employed  for  removing 
these  impurities  is  a very  simple  and  effective  one. 


and  was  first  introduced  and  practised  in  France. — 
See  Potassium. 

The  principal  saline  impurity  in  saltpetre  is  sodium 
chloride — common  salt — which  has  a very  injurious 
action  on  gunpowder,  causing  it  to  absorb  moisture, 
whereby  its  power  is  soon  considerably  weakened. 
Saltpetre  containing  more  than  a 
chlorides  is  rejected  as  unfit  for  use. 

The  sulphur  used  at  Waltham  Abbey  is  imported 
from  Sicily.  The  finest  quality,  known  as  Sicara 
Ji7-sls,  is  alone  employed.  As  imported  the  sulphur 
contains  3 or  4 per  cent,  of  earthy  impurities,  having 
'already  undergone  a rough  purification  by  distilla- 
tion before  it  comes  into  the  merchant’s  hands.  It 
is  finally  and  carefully  purified  by  a second  distilla- 
tion. Many  private  factories  use  the  ordinary  roll 
sulphur  of  commerce,  which  is  simply  sulphur 
melted  and  east  into  moulds. 

Sul])hur  exists  in  several  distinct  conditions  or 
forms,  two  of  which  require  special  notice  when 
speaking  of  it  as  an  ingredient  of  gunpowder,  viz., 
the  soluble  or  electro-negative  form,  and  the  insoluble 
or  electro-positive.  Distilled  sulphur  consists  almost 
entirely  of  the  former;  sublimed  sulphur  contains  a 
large  proportion  of  the  latter.  Distilled  sulphur,  as 
used  in  the  manufacture  of  gunpowder,  consists  of 
masses  of  clear  yellow  crystals  in  the  form  of  rhom- 
bic octahedra,  and  is  readily  soluble  in  bisulphide  of 
carbon.  Sublimed  sulphur  (known  as  flowers  of 
sulphur)  is  a pale  yellow  powder,  composed  of  minute 
particles,  which  do  not  present  a crystalline  structure, 
but  which  are  merely  minute  granules  consisting  of 
insoluble  sulphur,  inclosing  a small  portion  of  the 
soluble  variety.  This  latter  form  of  sulphur  is  to  a 
great  e.xtent  insoluble  in  the  bisulphide. 

It  is  generally  stated  that  the  reason  flowers  of 
sulphur  cannot  be  used  for  powder-making  is  because, 
having  been  deposited  in  a chamber  containing  a 
considerable  amount  of  sulphurous  and  sulphuric 
acid,  they  are  always  found  to  present  a decided  acid 
reaction,  which  would  be  injurious  on  the  finished 
powder ; but  Professor  Bloxam  points  out  that  it  is 
much  more  likely  that  the  properties  of  the  electro- 
positive or  insoluble  sulphur,  of  which  they  are  in  a 
great  measure  composed,  may  exercise  an  injurious 
effect  on  the  action  of  gunpowder. 

Charcoal. — The  woods  from  which  charcoal  is  now 
manufactured  for  powder-making  appear  to  have 
been  in  use  from  a very  early  period.  Their  adop- 
tion was  no  doubt  decided  empirically,  but  it  is  not 
easy  even  now  to  determine  why  particular  woods 
are  better  adapted  for  charcoal  than  others.  It  is 
stated  that  as  early  as  1414  King  Henry  V ordered 
twenty  pipes  of  willow  charcoal  to  be  prepared  for 
employment  in  gunpowder-making. 

The  only  woods  now  used  in  the  Royal  Gun- 
powder Factory  are  the  ivillow,  the  alder,  and  what  is 
popularly  known  as  the  black  dogwood,  but  which  is 
really  the  alder  bucktliorn,  or  berry-bearing  alder 
{Rhanmus  Jramjuki).  Though  various  other  woods 
are  used  by  private  makers  for  coarse  blasting 
powder,  the  three  woods  named  are  generally  used 
both  at  home  and  abroad  for  the  best  gunpowders. 


GUNPOWDER. — Materials.  Charcoal. 


13.5 


1.  Willow. — ^The  particular  species  of  willow  which 
finds  most  favour  at  Waltham  Abbey  is  the  white 
Dutch  (Salix  alba).  This  is  one  of  the  softest  and 
lightest  of  English  woods.  It  is  of  very  rapid  growth, 
a section  of  the  wood  showing  wide  and  well-marked 
rings  of  annual  increase.  The  wood  is  nearly  white, 
and  has  a tolerably  large  circular  white  pith.  The 
more  rapidly  the  wood  has  been  grown  the  less  dense 
will  it  be,  and  the  better  for  powder-making  when 
converted  into  charcoal.  For  this  reason  wood 
grown  in  England  is  preferred  to  that  grown  abroad, 
the  foreign  wood,  both  alder  and  willow,  being 
found  to  be  closer  in  the  grain. 

2.  Alder. — The  common  alder  (Alnus  glutinosa), 
though  supposed  to  be  of  exactly  equal  merit  with 
the  willow,  is  considerably  harder  and  denser  in 
texture,  and  is  not  of  such  rapid  growth.  The 
colour  of  the  wood  is  reddish -yellow ; the  pith  is 
triangular  in  section,  resembling  in  shape  the  section 
of  a bayonet. 

3.  The  Black  Dogwood  (for  it  has  been  so  long 
known  to  powder  makers  by  this  name  that  it  may 
be  as  well  to  adhere  to  it)  is  a handsome  underwood 
of  very  slow  growth,  and  is  found  in  thickets  in 
many  parts  of  the  south  of  England,  and  in  Scot- 
land. The  name  dogwood  has  been  derived  from 
its  berries  resembling  those  of  some  of  the  dogwoods 
proper. 

Though  the  Ehamnus  ha.s  been  misnamed,  there  is 
no  confusion  about  the  wood  itself.  It  is  undoubt- 
edly the  llhamiim  fra>i</Hla,  which  has  found  such 
favour  with  powder-makers  both  at  home  and  abroad. 
Though  the  wood  is  found  in  many  parts  of  Great 
Britain,  the  main  source  of  supply  is  the  Continent. 
The  wood  is  dense  and  tough,  the  annual  rings  being 
very  close  together.  The  pith  is  circular  and  red- 
dish in  colour,  occasionally  bright  red.  This  colour 
is  preserved  even  after  the  charcoal  is  burned. 

Small  wood  of  about  ten  years’  growth  is  in  all 
cases  preferred  for  powder  making.  Alder  and 
willow  of  this  age  is  4 or  5 inches  in  diameter,  dog- 
wood about  1.  Great  stress  is  always  laid  on  every 
trace  of  bark  being  removed  before  conversion  of 
the  wood  into  charcoal.  The  wood  is  cut  in  the 
spring  when  the  sap  is  rising.  Wood  cut  later  m 
the  year,  or  in  winter,  is  perfectly  as  good ; but  the 
removal  of  the  bark  is  a much  more  difficult  matter. 
To  separate  it  the  wood  must  be  boiled,  or  if  that 
be  impracticable,  the  whole  of  the  bark  must  be 
shaved  off  with  a knife  or  spokeshave. 

The  temperature  at  which  the  charring  of  the 
wood  is  conducted,  and  its  uniformity,  are  of  the 
highest  importance  for  the  chemical  composition  of 
the  charcoal,  and  the  temperature  at  which  it  will 
ignite  is  undoubtedly  affected  by  the  temperature  at 
which  it  has  been  charred.  Charcoal  prepared  at  a 
low  temperature  is  softer,  more  inflammable,  and 
contains  more  gaseous  elements  than  ch.arcoal  pre- 
pared at  a greater  heat,  and  the  gunpowders  made 
from  these  chareoals  would  be  similarly  affected.  It 
is  hopeless,  therefore,  to  attempt  to  obtain  uniform 
results  in  manufacturing  powder  unless  means  be 
taken  to  insure  uniformity  in  the  preparation  of 


charcoal.  At  most  foreign  gunpowder  manufac- 
tories pyrometers  to  aseertain  the  temperature  of 
the  cylinders  are  in  use;  but  in  England  the  pro- 
cess is  intrusted  to  the  experience  and  careful  watch- 
ing of  the  foreman.  Charcoal,  if  properly  made, 
should  be  jet  black  in  colour;  its  fracture  should 
show  a clear,  velvet-like  surface,  and  it  should  be 
light  and  sonorous  when  dropped  on  a hard  surface. 
Underburnt  charcoal,  that  is,  charcoal  prepared  at 
a very  low  temperature,  is  at  once  known  by  its 
reddish-brown  colour,  overburnt  charcoal  by  its 
hardness  and  density.  Two  considerations,  there- 
fore, must  not  be  overlooked  in  choosing  a proper 
charcoal — namely,  the  nature  of  the  wood,  and  the 
manner  in  which  the  carbonization  of  the  same  is 
conducted ; and  each  demands  the  utmost  circum- 
spection in  the  manufacturer  who  is  desirous  of 
producing  an  article  which  will  yield  the  greatest 
possible  amount  of  force,  and  combine  at  the  same 
time  the  quality  of  inflaming  readily,  as  well  as  that 
of  leaving  the  least  quantity  of  residuary  matter  after 
its  ignition. 

Underburnt  charcoal  has  found  favour  amongst 
private  makers  in  this  country  and  in  France  for 
some  small-arm  powders.  It  certainly  renders  the 
powder  more  inflammable,  and  consequently  quicker ; 
but  it  has  the  disadvantage  of  being  more  hygroscopic 
than  denser  charcoal.  The  powder  is  therefore  more 
liable  to  suffer  damage  from  damp.  Some  experi- 
ments made  at  Waltham  Abbey  with  two  field-gun 
powders,  in  all  respects  identical  except  the  burning 
of  the  charcoal,  showed  that  that  made  with  under- 
burnt charcoal  gave  60  feet  more  velocity  to  a 12 
lbs.  shot  than  that  made  with  the  ordinary  black 
charcoal. 

The  following  analyses  of  charcoals  made  at  the 
Royal  Gunpowder  Factory  show  that  they  do  not 
vary  much  in  chemical  construction  or  physical 


qualities : — 

Ash. 

Cai'bon. 

Hydrogen. 

Oxygen, 
witii  trace  of 

Per  Cent. 

Per  Cent. 

Per  Cent. 

N itrogen. 
Per  Cent. 

Alder 

87-00 

2-97 

9-78 

VV'illow, 

Dogwood,  . .., 

2-02 

85-82 

2-88 

9-28 

1-71 

83-80 

3-28 

11-21 

The  charcoals  from  three  different  specimens  of 
gunpowder  (L.G.,  R.L.G.,  and  Pellet)  manu- 
factured at  Waltham  Abbey  in  different  years,  when 
analyzed  showed  a very  close  agreement  in  com- 
position. 

Oxygen, 

Ash.  Carbon.  Hydrogen  with  trace  of 
Nitrogen. 

Per  Cent.  Per  Cent.  Per  Cent.  Per  Cent. 

b.G 1-61  8.5-79  2-84  9-76 

R.L.G., 2-02  85-82  2-88  9-28 

Pellet 2-14  85-80  2 96  9-1 

The  average  densities  of  the  different  charcoals  are 
given  by  Captain  Sjhtu  as  follows  : — 

Per  Cent. 


Alder 1-37 

Willow, 1-39 

Dogwood, 1-30 


Two  points  are  observable  in  the  charcoal  of  dogwood, 
namely,  the  low  density  and  the  amount  of  gases  it 


136  GUNPOAVDER. — Materials.  Charcoal. 


contains.  It  is  probably  due  to  these  two  circum- 
stances that  its  combustion  is  more  rapid. 

The  woods  now  used  in  most  gunpowder  factories 
were  probably  selected  centuries  ago  from  actual 
experiment,  being  found  to  make  stronger  powder 
than  any  others.  Even  in  the  time  of  Magnus 
Gr.'ECUS,  as  already  mentioned  in  the  preceding 
historical  notice,  the  charcoal  of  willow-wood  was 
preferred,  and  experience  has  fully  proved  that  the 
charcoal  of  the  soft  woods  always  produces  the  best 
results.  The  hard  woods  are  invariably  rejected. 

AA^ood  which  contains  carbonate  of  potassium  or 
other  deliquescent  salts  is  unfit  for  the  purpose,  and 
for  obvious  causes.  This  is  the  case  in  the  oak,  elm, 
fir,  and  other  trees.  But  there  is  another  reason  for 
the  badness  of  these  kinds  of  charcoal,  which  is  not 
so  obvious,  although  it  is  evidently  connected  with 
their  hardness.  It  appears  to  depend  on  the  small 
proportion  of  hydrogen  combined  with  the  carbon 
in  these  charcoals,  compared  to  that  which  exists  in 
the  produce  of  the  softer  woods.  Even  these  can 
be  reduced  to  the  same  state  by  subjecting  them  to 
higher  temperatures.  Thus  the  hydrogen  is  dissi- 
pated, the  charcoal  becoming  so  hard  as  to  scratch 
steel ; in  which  case,  however  obtained,  it  is  unfit 
for  gunpowder. 

To  test  the  quality  of  charcoal  J.  Louis  Proust 
uses  the  following  simple  means : — He  makes  a 
mixture  of  12  grains  of  the  charcoal  and  62  of 
nitrate  of  potassium  by  careful  grinding  in  a mortar, 
and  then  introduces  it  on  a small  tray  into  a copper 
tube  2^  inches  in  length  by  3 lines  in  diameter  ; he 
primes  on  the  top  of  this  with  a little  fowling  powder, 
and  when  this  is  done,  the  lower  part  of  the  tube  is 
fitted  in  a dish  of  cork,  or  other  light  material,  which 
is  floated  on  the  surface  of  water.  It  is  evident  from 
these  arrangements,  analogous  as  they  are  to  those 
under  which  the  powder  is  inflamed,  that  the  mixture 
which  burns  the  more  readily  is  that  which  is  most 
suited  to  the  manufacture.  By  experiments  conducted 
in  this  way,  and  with  all  the  precautions  available 
under  the  circumstances,  Proust  obtained  the 
following  results: — 


Mixture  of  sixty-two 
grains  of  Saltpetre  and 
twelve  of  Charcoal. 

L hemp  or  beiup  busk, . 
stalks  of  asphodel, . . . 

Time  of  the 
Combust  iou 
in  Seconds. 

. . . 10  .... 

. ..  10  

...  12  

Weight  of 
Besidue  iu 
Grains. 

....  12 

20 

13  

21 

...  17  

30 

...  20  

24 

...  21  

27 

...  23  

...  25  

38 

...  26  

36 

. . . 29  

33 

...  55  

43 

...  50  

45 

sugar, 

. ..  70  

. . . . 48 

AA’hen  submitted  to  the  same  operation,  he  found 
that  the  charcoal  produced  from  starch,  wheat,  rice, 
gall-nuts,  indigo,  gluten,  gelatin,  albumen,  blood,  and 
skin,  and,  in  fact,  those  derived  from  all  animal 
matters,  would  not  undergo  combustion. 

From  the  foregoing  table  it  is  evident  that  those 
which  precede  the  charcoal  from  hazelwood  rise  in 


the  scale  of  superior  fitness,  whilst  those  beneath  the 
latter  evidently  descend,  and  are  not  well  adapted 
for  the  manufacture. 

Other  experiments  upon  the  same  subject,  found- 
ing the  comparison  of  the  different  charcoals  upon 
the  volume  of  gas  which  they  yielded  when  ignited 
with  saltpetre,  have  been  conducted  by  French  and 
British  chemists,  and  the  results  are  tabulated  below. 
In  each  case  the  proportions  used  by  the  former  were 
60  grains  of  nitrate  of  potas.sium  to  12  of  charcoal ; but 
in  the  latter  the  calculations  are  made  to  correspond 


with  the  same  standard ; — 

CharcoaL 

Projxirtion  of  Gas 
iu  Cubic  Inches. 

62  

Residue 
iu  Graius. 

. . . 12 

62  

. . . 20 

ii 

64  

. ..  20 

it 

pea  stalks, 

62  

...  21 

u 

66  

. . . 28 

41 

66  

. . . 30 

<4 

66  

44 

66  

...  33 

44 

54  

...  44 

.54  

. . . 45 

44 

filbert, 

....  72  

...  30 

Much  of  the  interest  which  might  otherwise  be 
taken  in  the  foregoing  results  of  tlie  French  chemists 
is  lost,  on  account  of  the  subjects  being  not  likely 
ever  to  enter  practically,  at  least  to  any  extent,  into 
the  manufacture  umler  consideration.  Below  are 
given  results  arrived  at  in  England,  by  operating 
upon  the  more  frequently  occurring  woods : — 

Proportion  of  Gas. 


Filbert, 72 

Oak, 6 1 -03 

Mahogany, eS 

Elm 02 

Willow — Salix  alha, 70-78 

Alder, 74-73 

Dogwood — lilifimiius franguia, 80-82-84 

Oak  bark 58 

Animal  charcoal, 50-40-42-40 

Coke, 52-48 

Lamp-black, 54-52 

Oak  charcoal  overheated 54-56 

Willow  charcoal  overheated, 59-04-06 


Tomlinson  attributes  much  of  the  difference  in  the 
latter  table  to  the  method  in  which  the  charcoal  is 
prepared,  rather  than  to  the  substance  itself,  since  he 
considers  that  to  overheat  the  matter  in  its  carboniza- 
tion is  injurious  to  its  power  of  combustion.  This  is 
evidenced  by  the  results  which  the  modified  charcoal 
from  oak  and  willow  afforded ; and,  in  fact,  several 
researches  have  led  to  the  acknowledgment  of  the 
same  fact.  Vtolette  has  shown  that  the  most  com- 
bustible charcoal  loses  this  quality  in  proportion  as 
the  heat  applied  in  the  carbonization  is  raised,  till 
ultimately,  when  the  charring  is  made  at  the  fusing 
point  of  platinum,  the  product  obtained  is  so  incom- 
bustible as  to  be  ignited  with  difficulty  even  when 
the  heat  is  2282°.  During  his  researches  upon  the 
carbonization  of  wood  and  the  application  of  charcoal, 
he  examined  with  considerable  skill  and  acuteness  the 
various  products  which  most  of  the  ordinary  woods 
afford  by  charring,  in  reference  to  their  combusti- 
bility in  air,  and  the  temperature  of  their  ignition 
according  to  the  heat  applied  in  their  manufacture, 
and  also  with  regard  to  the  same  kind  of  charcoal 
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when  subjected  to  an  increasing  heat  in  close  vessels  ; 
the  temperature  at  which  charcoals  decompose  nitrate 
of  potassium,  as  well  wlien  they  are  the  result  of  a 
standard  degree  of  heat,  as  when  this  degree  has 
been  varied  in  their  manufacture.  To  these  researches 
he  has  coupled  the  estimation  of  the  necessary  heat 
required  for  sulphur  to  decompose  the  saltpetre,  and 
that  at  which  it  burns  in  air,  and  many  others ; 
such  as  the  thermometric  degree  at  which  powder  is 
ignited,  the  several  mixtures  used  for  the  manu- 
facture of  powder  with  regard  to  the  amount  of 
their  constituents,  &c.,  to  which  reference  will  be 
made  in  their  respective  places.  As  the  suscepti- 
bility of  charcoal  taking  fire  is  a subject  which,  to 
those  who  are  under  the  necessity  of  storing  it  for 
some  time  in  magazines,  is  highly  interesting,  it  may 
be  well  to  lay  before  tlie  reader  the  procedure  of 
ViOLETTE,  for  the  estimation  of  the  degree  of  heat  at 
which  charcoals  enter  spontaneously  into  combustion. 

lie  adopted  an  apparatus  similar  to  Fig.  1,  in 
which  a is  a small  flat  plate-iron  basin,  floating  upon 
a bath  of  tin  or  pewter,  b,  which  is  heated  by  a 
fire.  'I’he  pieces  of  charcoal,  prepared  in  pellets 
O'Ol  inch  in  length  and  O’OOl  in  thickness,  were 

SERIES  A. 


placed  symmetrically  in  the  basin,  a,  and  the  fire 
urged,  thus  increasing  the  heat  of  the  tin  bath,  and 
consequently  that  of 
the  small  iron  basin  !• 

containing  the  cylin- 
ders of  charcoal.  The 
order  of  their  inflam- 
mability was  noted  as 
each,  in  succession, 
gave  indications  of 
combustion  by  a lumin- 
ous point  appearing 
upon  the  circumfer- 
ence of  the  superior 
section,  and  which 
quickly  enveloped  the  whole  surface,  and  resulted 
in  leaving  only  the  ash.  In  the  following  table, 
the  series  in  the  column  A show  the  order  of  the 
spontaneous  ignition  of  the  materials  which  had 
been  thoroughly  charred,  whilst  those  in  B repre- 
sent the  order  with  reference  to  brown  charcoals, 
or  such  as  retained  a portion  of  their  constitu- 
ents, and  therefore  had  only  been  but  imperfectly 
made : — 

SERIFS  B. 


The  Order  of  the  Teiui>erature  of  the 

I^uitioii  of  ChturcoaL  Carbonization  of  Ciiaruoal. 


Fahr. 

Fahr. 

1 

500°  ) 
518  1 

2 

270° 

3 

280 

536  y 
— 5.54 

4 

290 

7 

300 

— 572  J 

— 590  i 

— 608  1 

y 

; 310 

10  

320 

It  

330 

- 626 
— 644  ; 

] 2 

340 

13  

3,50 

— 662  1 

21  

432 

— 819  J 

— 1873-6  ) 

22  

23  

— 2372  ^ 

24  

1500 

— 278-2  j 

The  Order  of  the  Temperature  of  tlie 

le'nitiou  of  Charcoal.  Carboulzatiou  of  Cliavcoal. 

Fahr.  Fahr. 


u « 

2.W°  — 482° 


r 5 
I 

1- 
1 la 

I in 
117 
I 18 
ly 
(20 


2.10  — 44G 
240  — 404 
220  — 428 
210  — 410 
190  — 374 
170  — 338 
200  — 392 
1 80  — 3.56 
too  — 320 


From  the  above,  it  m.ay  be  inferred  that  charcoal, 
prepared  at  5U0°  Fahr.,  is  the  most  liable  to  undergo 
spontaneous  combustion.  It  is  remarkable  that  tlie 
phenomena  observed  with  regard  to  the  brown  or 
torrefied  woods  in  the  second  column,  was  that  their 
complete  carbonization  was  effected  (as  indicated  by 
the  quantities  of  fumes  which  were  disengaged  from 
them)  before  they  entered  into  ignition  ; id  est,  they 
were  converted  into  a charcoal  such  as  that  prepared 
at  f)00°  Fahr.  As  soon  as  this  condition  was  attained, 
they  underwent  spontaneous  ignition.  In  the  second 
place,  it  is  easy  to  see  that  the  inflammability  of  the 
charcoals  decreases  in  proportion  as  the  temperature 
of  their  preparation  is  more  elevated.  To  make  the 
examination  more  definite  than  the  comparative  but 
necessarily  indeterminato  one  above  mentioned,  the 
following  process  was  followed : — A porcelain  crucible 
was  selected,  and  about  60  grammes  of  saltpetre 
fused  in  it.  The  bulb  of  a mercurial  thermometer 
immersed  in  it  showed  that  the  melting  occurred  at 
644°  Fahr.  Gradually  pieces  of  the  most  inflammable 
charcoal,  such  as  those  prepared  at  500°,  were  pro- 
jected into  the  molten  mass,  and  the  crucible  quickly 
inclosed  to  prevent  cooling  by  radi.ation  ; on  taking 
YOU  It. 


the  cover  off,  the  particles  of  charcoal  were  observed 
to  be  undergoing  several  commotions,  but  without 
taking  fire,  notwithstanding  that,  by  increasing  the 
heat  only  1-8°,  the  matter  burned.  Hence  it  may 
be  stilted,  that  charcoal  obtiiined  at  500°  ignites 
spontaneously  at  645-8°  or  646°.  On  increasing  the 
temperature  of  the  crucible  and  nitrate  of  potassium  by 
regular  increments  of  heat,  it  was  found  that  char- 
coals prepared  at  temperatures  from — 

Fahr.  Fahr.  Fahr. 

500°  to  536°  ignited  at  680° 

536  to  662  “ at  698 

On  raising  the  heat  a little  above  698°,  the  char- 
coal resulting  at  819°  ignited,  but  the  other  kinds, 
produced  at  a higher  heat,  still  remained  witiiout 
entering  into  combustion.  When  the  thermometer 
ceased  to  indicate  truly  any  higher  heat,  the  bath 
had  to  be  changed  for  one  of  pewter  or  tin.  Having 
introduced  the  more  incombustible  charcoals,  on 
gently  raising  the  temperature  with  a charcoal  fire 
till  near  the  point  of  redness,  they  then  began  to  show 
the  first  signs  of  combustion. 

In  the  annexed  table  the  results  are  tabulated;— 
18 
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260° 

— 

500° 

340°  — 

680° 

270 

z= 

SIS'] 

280 

= 

536 

>•  340 

to 

360  — 

680 

to  698 

290 

= 

554 

300 

— 

572] 

310 

— 

590 

320 

— 

608 

330 

— 

626 

!■  360 

to 

370  — 

698 

to  716 

340 

— 

644 

350 

— 

662 

432 

— 

819 

1023 

— 

1873- 

3 1 

1250 

1300 

— 

2282 

2372 

Uoo 

to 

800  — 

112  to  1472 

1500 

2732 

Charcoals 

made] 

at  teiii])eratures 
which  fuse  Ilia- 

ll250 

- 2280 

tiiium. 

J 

ViOLETTE  further  examined  several  varieties  of 
charcoal,  all  of  which  were  prepared  at  572°  by  both 
the  foregoing  methods  ; they  inflamed  between  680° 
and  716°,  but  in  no  case  did  they  take  fire  at  a lower 
heat  than  680°.  He  observed  that  the  charcoals 
from  light  woods  generally  ignited  a little  before  the 
product  from  the  harder  kinds,  with  the  exception 
of  one,  which  is  remarkable,  namely,  the  charred 
product  of  the  fungoid  excrescence  of  the  willow  tree 
(agaric  de  sank).  The  latter  was  observed  to  take 
fire  in  one  instance  at  a temperature  so  low  as  672°, 
and  in  every  experiment  at  608°  Hence  it  is  the 
most  inflammable  of  all  species  of  charcoal ; and  as 
the  above-named  investigator  remarks,  had  it  been 
prepared  at  500°  instead  of  at  572°,  doubtless  its 
spontaneous  combustion  would  take  place  at  a lower 
temperature  than  even  that  given.  It  may  well  be 
inquired  to  what  may  this  peculiarity  be  attributed ; 
and  doubtless,  as  Violette  suggests,  the  organic 
molecular  state  of  the  substance  might  exercise  some 
influence  whereby  its  rapid  ignition  is  uiduced. 

To  sum  up  these  results,  it  will  be  seen — 

1 . That  the  ignition  of  the  most  inflammable  of  all 
wood  charcoals  (agaric  de  mule)  takes  place  at  572°. 

2.  That  the  charcoals  from  different  kinds  of  wood, 
when  prepared  at  a constant  heat  of  572°,  spontane- 
ously ignite  between  698°  and  734°,  according  to  the 
nature  of  the  wood  producing  them  ; but  that  the 
product  from  the  lighter  burns  quicker  than  that  of 
the  denser  woods. 

3.  That  charcoals  from  the  same  wood,  but  pre- 
pared at  increasing  temperatures,  spontaneously 
undergo  combustion  at  very  unequal  degrees  of 
heat,  as  already  shown. 

After  attentively  considering  these  results,  very 
little  doubt  will  remain  as  to  the  best  means  of  car- 
bonizing the  wood.  To  a certainty  the  temperature 
of  the  charcoal,  as  prepared  by  most  of  the  methods 
indicated  under  the  charring  of  wood,  and  also 
under  AcetIC  Acid,  exceeds  the  limits  laid  down 
by  Vioi.ette;  and  therefore  it  follows  that  evi- 
dently the  choice  should  be  decided  in  favour  of 
that  method  which  furnishes  the  charcoal  at  the 
lowest  degree  of  heat.  There  are  three  methods  in 
ordinary  use  by  which  the  charcoal  for  the  powder 
manufacturer  is  prepared,  namely,  the  pit,  the  fur- 
nace, and  the  closed  retort.  When  pits  are 
selected,  they  are  made  smaller  than  those  described 


in  the  foregoing  articles,  and  the  walls  and  sides, 
together  with  the  apertures  for  the  introduction  of 
air,  are  constructed  with  more  care ; the  wood  is 
also  arranged  in  them  with  greater  caution,  and  the 
combustion  watched  so  that  during  the  operation 
the  whole  may  be  completely  acted  upon,  and  no 
half-burned  material  left.  In  the  general  particulars, 
however,  no  difference  exists  between  the  methods 
already  alluded  to  and  this,  so  that  it  will  be  need- 
less to  repeat  the  description.  The  product  amounts 
to  16  or  17  per  cent,  of  the  wood.  If  the  carboniza- 
tion is  effected  in  furnaces,  the  quantity  of  the  pro- 
duct will  not  be  so  large ; besides  the  consumption 
of  fuel  will  be  greater  than  in  the  preceding  case.  In 
England,  however,  the  charcoal  obtained  by  the  dis- 
tillatory process  in  closed  retorts  is  always  preferred. 

The  wood  is  now  converted  into  charcoal  by  heating 
it  in  iron  cylinders,  and  the  combustible  gases  pass 
underneath  the  cylinders  of  an  adjoining  set,  and 
constitute  the  greatest  part  of  the  fuel.  In  the 
cylinder  house  of  Messrs.  John  Hall  and  Sons  the 
gases  are  so  thoroughly  economized  by  the  method 
which  they  have  originated  that,  whereas  in  1869,  1 
cwt.  of  coal  was  required  for  every  burning,  at  the 
present  time  (1877)  fifty  burnings  can  be  effected 
with  56  lbs.  of  coal.  The  amount  of  charcoal  is 
generally  20  per  cent,  of  the  wood  employed.  After 
the  charcoal  is  taken  from  the  cylinders,  it  is  placed 
in  iron  coolers  provided  with  tightly-fitting  lids,  and 
allowed  to  stand  for  twenty-four  hours,  by  which 
time  it  is  quite  cold,  and  it  is  then  shot  into  store 
bins.  A.  F.  Hargreaves  has  found  by  experiment 
that  charcoal  ground  within  two  days  of  carboniza- 
tion absorbs  mechanically  within  its  pores  a large 
quantity  of  oxygen  from  the  atmosphere ; now  as  the 
condensation  of  all  gases  liberates  heat,  and  char- 
coal being  a bad  conductor,  the  heat  cannot  escape  : 
this  becomes  a source  of  danger.  The  maximum 
amount  of  oxygen  (about  6'9  per  cent.)  is  absorbed 
within  the  first  two  weeks,  and  after  this  no  change 
takes  place  beyond  those  due  to  atmospheric  agencies. 

Good  charcoal  should  submit  to  three  tests.  It 
ought  to  act  as  little  as  possible  mechanically,  even 
on  copper  ; no  salts  should  be  extracted  from  it  by 
treating  it  with  boiling  distilled  water  , and  it  ought 
to  give  out  no  smoke  when  heated.  The  latter  test 
is  indicative  of  its  being  thoroughly  burned. 

Before  entering  upon  the  description  of  the  pro- 
cess for  compounding  the  substances  which  constitute 
gunpowder,  it  may  be  well  to  give  a few_  additional 
facts  relative  to  the  circumstances  which  affect  the 
mutual  decomposition  of  those  bodies  as  they  exist 
in  this  article,  and  render  the  phenomena  of  its  ex- 
plosion more  easy  of  comprehension.  Already  some 
experiments  of  Proust  have  been  adduced,  which 
elicit  comparative  data  of  the  explosiveness  of  certain 
varieties  of  charcoal  when  mixed  intimately  with 
saltpetre ; but  they  do  not  afford  any  real  knowledge 
as  to  the  degree  of  heat  required  to  bring  about 
such  a metamorphosis,  although  they  indicate  that 
some  kinds  of  charcoal  form  more  inflammable  mix- 
tures with  nitrate  of  potassa  than  others.  The 
investigation  of  Violette  upon  the  temperature  at 
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■which  charcoal  decomposes  this  agent  is  much  more 
definite,  and  consequently  interesting.  He  found 
that  the  degree  of  lieat  which  occasions  the  com- 
bustion of  charcoal  in  the  air  is  much  lower  than 
what  is  necessary  to  cause  the  carbonaceous  matter 
to  decompose  the  oxidizing  agent  which  is  incor- 
porated with  it  in  the  powder.  To  determine  this, 
he  proceeded  thus : — In  a small  porcelain  crucible, 
heated  by  a lamp,  which  allowed  the  temperature 
to  be  easily  regulated,  potassium  nitrate  was  melted 
and  maintained  at  680°  Fahr.,  being  the  degree  at 
which  the  charcoals  burned  in  the  air.  Into  tliis 
bath  a small  cylinder  of  charcoal  appended  to  a 
platinum  wire  or  plass  rod  was  plunged,  so  that  it  was 
all  submerged  ; although  numerous  bubbles  of  gas 
were  disengaged,  yet  tlie  carbonaceous  mass  did  not 
take  fire  at  this  temperature.  By  raising  the  heat 
gradually  to  716°,  and  trying  the  experiment  at  this 
stage,  the  effect  was  still  negative,  but  ultimately  it 
deflagrated  after  the  bath  had  been  raised  to  a higher 
degree  of  heat.  The  fusion  of  lead  and  zinc  showed 
the  therinometric  effect  to  be  above  680° ; but  it 
being  incapable  of  melting  antimony,  it  was  evident 
that  the  heat  had  not  reached  819°,  tlie  fusing  point 
of  the  latter  metal.  It  may  be  concluded  therefore 
that  all  charcoals  prepared  between  500°  and  under 
to  819°  decompose  potassium  nitrate  at  752°,  but 
that  sucli  as  are  obtained  between  1832°  and  2732° 
are  not  affected  at  the  preceding  nor  at  much  higher 
heats,  since  they  do  not  even  burn  upon  the  surface 
of  the  bath. 

The  same  chemist  determined  the  degree  of  heat 
at  which  sulphur  decomposes  potessiuin  nitrate  in 
an  equally  ingenious  way.  He  found  that  when 
sulphur  was  thrown  upon  the  surface  of  the  bath  of 
fused  salt,  raised  to  the  temperature  of  680°  Fahr.,  it 
floated  about,  melted,  and  inflamed ; the  combina- 
tion, however,  was  with  the  oxygen  of  the  air,  and 
none  of  the  saltpetre  had  been  acted  upon.  A similar 
result  was  arrived  at  when  the  bath  was  at  752°,  or 
even  a few  degrees  higher;  but  when  it  had  attained 
819°,  the  fusing  point  of  antimony,  deflagration 
occurred  by  the  decomposition  of  the  potassium  salt, 
and  the  evolution  of  a brilliant  white  light  and  a 
considerable  quantity  of  gases.  In  the  latter  ex- 
periments it  was  necessary  that  the  sulphur,  like  the 
charcoal  in  the  last-mentioned  examinations,  should 
be  immersed  in  the  fluid  bath.  To  do  this  Violette 
had  a platinum  crucible  about  the  size  of  a pea  con- 
structed, and  to  this  he  appended  a platinum  wire, 
which  might  serve  as  a holder  to  it  when 
Fie-  2.  immersed,  mouth-under,  in  the  bath. 

"When  0‘1  grain  of  sulphur  was  melted 
in  this  tiny  vessel,  and  plunged  into  the 
bath  in  the  manner  shown  in  the  an- 
Ie  the  effect  was  observed 

with  considerable  accuracy.  Until  the 
reached  the  decomposing 
degree,  the  sulphur  was  observed  to 
ascend  in  bubbles  of  colourless  vapour 
through  the  transparent  bath,  and  burst 
into  a beautiful  blue  flame.  As  soon  as  the  inflam- 
mation of  the  sulphur  commenced  within  the  fused 

saltpetre,  the  white  light  traversed  the  whole  mass 
with  the  effect  already  detailed. 

It  was  also  observed  that  by  sprinkling  a little 
sulphur  upon  charcoal  thrown  upon  the  surface  of 
the  heated  bath,  ignition  took  place  under  the  degree 
at  which  the  most  combustible  charcoal  kindles,  per 
se.  This  occurs  on  account  of  the  heat  developed 
by  the  combustion  of  the  sulphur  at  480°,  and  which 
brings  the  charcoal  to  the  sbite  of  redness,  and  con- 
sequently at  which,  when  air  is  supplied,  it  rapidly 
inflames. 

Proportions  of  the  Ingredients. — The  progress 
of  improvement  in  determining  the  proportions  of 
the  constituents  of  gunpowder  has  been  very  gradual. 
In  this  country  a long  period  elapsed  before  the 
present  state  of  perfection  was  attained ; but  this 
cannot  well  be  wondered  at,  when  one  takes  into 
consideration  the  ignorance  which  existed  even  up 
to  the  commencement  of  the  present  century,  not 
oidy  with  regard  to  the  theoretical  laws  of  science, 
but  also  in  respect  of  the  properties  of  bodies  purely 
chemical. 

Such  compounds  as  saltpetre,  sulphur,  and  char- 
coal in  equal  proportions  were  scarcely  fit  for  squibs, 
much.less  for  the  purpose  of  projecting  shot.  Again, 
one  finds  such  mixtures  as  saltpetre  12  parts,  with  3 
each  of  charcoal  and  sulphur ; 27  of  nitrate  of  pot- 
assium to  3 of  each  of  the  other  ingredients;  saltpetre 
48,  sulphur  7,  and  charcoal  3 parts  ; 'with  many 
others  which  now -a- days  appear  equally  ridicu- 
lous. At  no  very  distant  period,  the  French  com- 
positions were,  saltpetre  50,  sulphur  16,  charcoal  34 
parts ; saltpetre  67,  sulphur  13,  charcoal  20 ; and 
again,  saltpetre  84,  sulphur  8,  and  charcoal  8 parts. 

Baptista  Porta  was  one  of  the  first  who  endea- 
voured to  ascertain  the  best  relative  quantities  of 
the  constituents,  and  his  proportions,  obtained  in 
the  year  1515,  approached  very  nearly  those  now 
employed  in  France.  The  deductions  of  Guytcn 
Morveau,  Beaume,  Chaptal,  Proust,  and  Rif- 
FAULT,  are  represented  below: — 

Dumas  gives  the  proportions,  saltpetre  75,  sulphur 
12‘5,  and  charcoal  12'5,  as  the  most  ancient  known, 
and  states,  that  however  these  proportions  have 
been  deviated  from,  either  from  pressing  circum- 
stances of  time  or  place,  the  powder  manufacturer 
had  in  the  end  to  fall  back  upon  the  above  mixture 
as  offering  the  best  composition. 

In  most  continental  countries  at  the  present  day 
these  proportions  prevail  with  but  little  variation. 
In  England  the  proportions  are  somewhat  different, 
there  being  more  charcoal  and  less  sulphur.  The 
proportions  are  saltpetre  75,  sulphur  10,  and  char- 
coal 15.  These  proportions  are  rigidly  adhered  to 
in  powders  of  all  descriptions,  whether  for  war  pur- 
poses or  for  sporting  and  blasting  powders.  Some 
deviations  are  occasionally  made,  no  doubt,  for  in- 
ferior powders  where  economy  in  manufacture  is 
sought;  and  these  will  generally  be  found  to  consist 
of  a diminution  of  the  quantity  of  saltpetre,  which  is 
the  most  expensive  ingredient,  ■w'ith  a corresponding 
augmentation  in  the  quantity  of  sulphur  or  char- 
coal. It  is  important,  however,  that  powder  to  be 
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used  for  sporting  or  war  purposes  should  have  no 
material  addition  to  the  quantity  of  sulphur  it  con- 
tains, as  an  excess  of  this  ingredient  will  be  found 
to  result  in  an  attack  on  the  metal  of  the  piece, 
causing  corrosion  of  the  bore.  Sulphur  appears  to 
play  a very  important  part  in  the  decomposition  of 
the  saltpetre,  but  its  action  has  never  been  fully 
explained.  It  not  only  facilitates  the  decomposition 
by  its  ready  inflammability,  but  it  appears  to  be 
more  accommodating  in  its  action  than  charcoal.  It 
forms  two  compounds,  potassium  sulphate  and  pot- 
assium sulphide,  and  no  doubt  this  double  action  is 
of  use  in  the  explosion  of  gunpowder.  With  the 
continental  proportions  of  ingredients  little  or  no 
potassium  sulphide  is  found  in  the  products  of  de- 
composition ; but  with  the  English  proportions  it 
exists  in  considerable  quantity,  and  it  can  readily  be 
imagined  that  where  an  excess  of  sulphur  exists,  it 
will  seek  to  combine  with  the  metal  of  the  piece 
from  which  it  is  fired  in  one  or  other  of  the  two 
forms  in  which  it  is  capable  of  combining.  Various 
formulas  have  been  attempted  to  account  for  the 
chemical  action  of  gunpowder  during  explosion,  but 
they  are  all  to  a great  extent  hypothetical,  and  it  has 
been  found  very  difficult  to  reconcile  theory  with 
the  results  obtained  in  practice.  The  affinity  of 
charcoal  for  oxygen,  so  as  to  form  either  carbonic 
acid  (CO ,)  or  carbonic  oxide  (CO)  is  the  key  to  the 
process,  and  it  has  been  usual  to  take  the  weight  of 
charcoal  as  representing  the  same  weight  of  carbon. 
I lydrogen  being  pi-csent,  and  taking  up  much  oxygen 
from  the  nitrate  of  potassium  during  the  explosion  of 
the  powder,  accounts  for  this.  Indeed,  were  it  not 
for  this  excess  of  hydrogen  which  makes  up  for  the 
assumed  amount  of  carbon  in  the  charcoal,  it  would 
be  difficult  to  reduce  the  quantities  of  real  matter  in 
the  substances  within  the  expression  of  a simple  for- 
mula. Analyses  show  that  the  quantity  of  carbon  in 
the  charcoals  which  are  usually  incorporated,  varies 
from  68  to  90  per  cent.,  and  it  is  evident  that  when 
numerical  quantities  of  the  ingredients  are  veiy 
strictly  adhered  to,  serious  differences  occur  in  the 
quality  of  the  article,  according  as  the  charcoal  is 
more  or  less  rich  in  carbon.  To  adhere,  therefore, 
to  the  strict  proportions  indicated  by  the  numbers 
laid  down,  and  which  assume  that  the  materials  are 
pure,  it  becomes  absolutely  necessary  to  determine 
the  amount  of  carbon  in  the  charcoal,  and  regulate 
the  quantity  according  to  such  an  estimation:  other- 
wise it  is  not  at  all  surprising  that  two  powders 
prepared  exactly  according  to  any  given  recipe,  but 
with  different  materials  of  unknown  qualities,  should 
have  very  unequal  effect  when  exploded. 

The  chief  qualities  which  a good  gunpowder  ought 
to  possess,  are  ready  inflammability,  complete  decom- 
position of  its  constituents,  the  production  of  the 
largest  possible  volume  of  elastic  gases,  and  finally, 
that  of  affording  only  the  smallest  possible  amount 
of  residue,  and  even  that  should  be  of  such  a nature 
as  not  to  injure  the  gun. 

To  ascertain  how  far  powders  prepared  from 
variable  quantities  of  maferials  of  the  same  centesimal 
composition  differ  in  their  balistic  effect,  Violette 

prepared  a number  of  samples  of  fowling  powder, 
each  weighing  about  kilos.  (44  pounds),  and  sub- 
mitted them  to  the  test.  The  following  are  the 
results : — 

Amount  of  Speed  of  the 

Percentage  Composition  of  Materials.  Carbon  in  one  Ball  by  the 
/ ■ » humlred  Parts  Balistic  Pen- 

J*o.  Saltpetre.  Sulphur.  Charcoal.  of  Charcoal.  duluiu. 

1.  78  10  12  68  3.57 

2.  72  y 19  68  350 

3.  72  10  18  68  355 

4.  71  10  19  68  361 

5.  71  11  18  68  363 

6.  71  9 20  68  370 

7.  71  11  18  85  337 

In  this  table  No.  1 is  the  regular  proportion,  and 
the  speed  of  the  ball  with  such,  supposing  all  the 
powder  to  be  consumed,  would  be,  according  to  the 
usual  rule,  3n0  metres.  It  is  surprising  to  observe 
that  No.  6 in  the  above  collection,  in  which  the 
saltpetre  is  diminished  by  8 parts,  and  the  sulphur 
by  1,  and  the  charcoal  increased  by  8,  is  a superior 
powder  to  No.  1.  No.  5 also  constitutes  a very  good 
powder,  but  its  quality  would  be  considerably  deter- 
iorated by  using,  instead  of  the  charcoal  containing 
only  68  per  cent,  of  carbon,  one  yielding  85  per  cent., 
as  shown  in  the  last.  This  forms  a striking  example 
of  the  way  in  which  an  inequality  in  the  percentage 
of  carbon  in  the  powder  affects  it. 

liiJiamniabUity  of  Powder. — From  what  has  been 
stated  in  the  preceding  pages  relative  to  tlie  degrees 
of  heat  required  to  decompose  the  constituents  of 
powder,  a good  inference  may  be  drawn  as  to  the 
degree  of  heat  at  which  powder  will  take  fire. 

However,  if  a small  quantity  of  powder  be  slowly 
heated,  and  the  temperature  be  gradually  raised,  it 
will  be  observed  that  the  sulphur,  which  is  the  most 
inflammable  constituent,  will  begin  to  burn  with  a 
bluish  flame  at  482°  Fahr.,  or  thereabouts;  and  the  heat 
developed  in  this  partial  combustion  brings  the  other 
constituents  into  that  state  at  which  the  potassium 
nitrate  is  decomposed  by  the  charcoal,  whilst  the 
remainder  of  the  sulphur  adds  to  the  effect  by  com- 
bining with  the  metal  of  the  oxidizing  agent,  thus — 

2KNO3  + S -1-  3C  = K.3S  + 2N  -t-  3GO2. 

The  actual  products  are  much  more  complicated  ; 
in  place  of  potassium  sulphide,  the  actual  residue 
consists  mainly  of  potassium  sulphate ; and  inasmuch 
as  this  is  the  case  whether  the  powder  be  burnt  in 
the  air  or  in  closed  vessels,  or  even  in  vacuo,  the 
formation  of  the  sulphate  is  independent  of  atmos- 
pheric oxidation. 

To  ascertain  whether  the  powders,  as  usually 
manufactured,  actually  do  ignite  at  the  burning  point 
of  sulphur,  Violette  made  some  examinations  by 
placing  portions  of  the  powder  to  be  tested  on  the 
surface  of  a bath  of  tin,  in  which  the  bulb  of  a 
thermometer  was  immersed,  the  whole  being  heated 
by  a small  lamj):  the  following  results  were  obtained — 

Temperature  which 
produced  Defljvip'.'ition. 

No.  Species  of  Powder.  Pttwder  in  Pulverized 

Augular  tirains.  Powder. 

1.  Blasting  powder, 518°  509° 

2.  War  “ 528-5  ....  510-5 

3.  Si'orting  “ fine, 536  ....  514-8 

4.  do.  “ extra-fine, .. . 608  ..  . 518  0 
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Of  these  No.  1 was  made  with  black  charcoal,  and 
No.  4 with  brown  or  torrefied  charcoal,  the  inflam- 
mability of  which  takes  place  at  a much  lower  degree 
of  heat  than  the  first ; still  it  is  a matter  of  some 
surprise  to  find  that  the  former,  in  the  shape  of 
powder,  burns  at  a lower  heat,  excepting  the  varia- 
tion in  the  quantity  of  sulphur  present  in  them  may 
influence  the  deflagration.  This  element  is  present 
in  the  four  samples  in  the  following  ratio,  namely, 
20,  12'5,  10,  and  9 per  cent. ; the  most  combustible 
of  the  powders  having  the  largest  amount  of  sulphur, 
which  of  .all  the  elements  is  the  most  ready  to  enter 
into  ignition.  It  may  likewise  be  remarked  th,at  the 
size  of  the  grain  influences  in  some  me.asure  the 
temperature  at  which  the  powder  burns. 

Balixtic  or  Propulsive  Ejjcct  of  Gunpowder. — In  the 
explosion  of  gunpowder,  according  to  Bloxam,  the 
oxygen  of  the  nitre  converts  the  carbon  of  the  char- 
cofil  chiefly  into  carbonic  acid,  part  of  which  assumes 
the  gjiseous  state,  whilst  the  remainder  combines 
with  the  potash  of  the  nitre  to  form  carbonate  of 
potash.  The  gre.ater  part  of  the  sulphur  is  converted 
into  sulphuric  acid,  which  forms  potassium  sulphate. 
The  chief  part  of  the  nitrogen  contained  in  the  nitre 
is  evolved  in  the  uncombined  state.  The  rough 
chemical  account  of  the  explosion  of  gunpowder, 
therefore,  is  that  the  mixture  of  nitre,  sulphur,  and 
ch.arco.al  is  resolved  into  a mixture  of  potassium 
carbonate,  potassium  sulphate,  carbonic  acid,  and 
nitrogen — the  two  Last  being  gases,  the  elastic  force 
of  which,  when  exp.anded  by  the  he.at  of  the  com- 
bustion, accounts  for  the  mechanical  effects  of  the 
explosion. 

Some  of  the  most  recent  experiments  upon  the 
explosion  of  gunpowder  have  been  made  under  con- 
ditions very  similar  to  those  which  occur  in  practice, 
the  powder  having  been  confined  in  a thin  iron  case, 
and  suspended  in  the  centre  of  a strong  iron  globe 
exhausted  of  air,  in  which  the  powder  was  fired  by 
electricity,  so  that  the  g;iseous  and  solid  products  of 
the  explosion  remained  within  the  globe,  and  could 
be  submitted  to  analysis.  Two  samples  of  powder 
were  thus  examined  ; but  their  composition  differed 
from  th.at  of  English  powder,  as  will  be  seen  by  the 
following  table ; — 

I.  II. 

Per  Cent.  Per  Cent. 

Nitre... 73‘78  ..  77'l.'i 

^nl]lhu^, 12-80  ...  8 63 

Charcoal,  viz  , carhon, 10-88  ....  11-78 

“ hydrogen, -38  ....  -4-2 

“ o.xygen, 1-82  ...  1-79 

“ ash, '31  . . , -28 

About  510  grains  of  powder  were  exploded  in  each 
experiment.  The  gases  contained  in  100  cubic 
inches  were : — 

I.  II. 

Per  Cent.  Per  Cent. 

Nitrogen, 37 -.68 3.‘>-33 

Carbonic  acid. 42-74  ....  48  90 

Carbonic  oxide, 10-19  ....  5-18 

Hydrogen 593  ....  6-90 

Snli>hnrctted  hydrogen, -86  ...  -67 

Marsh  gas 2-70  3-02 

The  products  of  explosion  furnished  by  100  grains 
of  each  powder  were — j 

I.  II. 

Per  Cent.  Per  Cent. 

Potassiiiin  sulphate, 36  95  ....  3617 

Potassium  carbniiale, 19  40  20  78 

Potassium  thiosulphate  (hypo- 
sulphite)  2-85 1-77 

Potassium  suliihide, -11  ....  0 00 

Ammonium  sesquicarhouate, 2-68  ....  2-66 

Charcoal, 2-67  ....  2-60 

Sulphur, 4-69  ....  1-16 

Nitrogen, 9-77  ....  10-06 

Carbonic  acid 17-39  ....  2179 

Carboidc  oxide, 2-64  ....  1-47 

Hydrogen, -11  ....  -14 

Sulphuretted  hydrogen, "27  ..  . ‘23 

Marsh  gas, -40  . . . '49 

The  simplest  formula  which  can  be  constructed  from 
the  above  numerical  data  is  as  follows : — 

UKNO3  -b  4S  -b  12C  = 4K2SO4  -b 
3K2CO3  -b  8CO2  -b  CO  -b  14N. 

From  this  Bloxaji  calculates  that  1 cubic  inch 
of  gunpowder  will  when  exploded  evolve  207  cubic 
inches  of  gas  at  60°  Fahr. ; but  that  the  tem- 
perature will  be  5328°  Fahr.  at  the  moment  of 
explosion,  and  the  207  cubic  inches  will  become 
2808  cubic  inches  by  expansion  at  this  temperature. 
The  resulting  pressure  will  be  2308  atmospheres,  or 
34,620  lbs.,  or  15J  tons  upon  the  square  inch. 

The  method  of  calculating  the  pressure  of  fired 
gunpowder  from  the  products  of  explosion  and  the 
temperature  has  received  very  much  attention  ; but 
the  conclusions  drawn  by  very  able  men  have  not 
been  very  consistent  with  e.ach  other,  or  with  the 
well-known  force  of  gunpowiler. 

About  the  middle  of  last  century  Robins  found 
that  the  gaseous  products  would  occupy  244  times 
the  bulk  of  the  powder  at  the  temperature  and 
pressure  of  the  atmosphere  ; but  at  the  temperature 
of  the  extremest  degree  of  reil-hot  iron,  his  assumed 
temperature  of  exploded  gunpowder,  they  would 
have  expanded  to  1000  volumes,  and  the  pressure 
when  confined  to  the  space  occupied  by  the  powder 
would  be  1000  atmospheres,  or  67  tons  per  square 
inch 

Gay-Lussac  obtained  450  volumes  of  gas,  and 
estimating  the  temperature  at  1000°  C.,  deduced  a 
pre.ssure  of  2137  atmospheres  (14'3  tons). 

PiOBETiT  accepted  Gay-Lussac’s  determination  of 
the  quantity  of  gas  produced,  but  estimated  the 
temperature  at  2400°  C.,  and  thus  deduced  a pressure 
of  between  4000  and  5000  atmospheres  for  the 
permanent  gases  alone.  Counting  the  other  pro- 
ducts, which  at  this  temperature  he  considered 
would  be  in  a state  of  vapour  at  a high  tension,  he 
estimated  the  total  pressure  at  9600  atmospheres 
(64  tons).  He  considered  that  there  were  two  dis- 
tinct periods  during  the  explosion  of  powder  in  a 
gun — one  c'.ur  ng  which  the  solid  products  are  in  a 
state  of  vapour  and  add  their  tensions  to  those  of 
the  permanent  gases,  and  another  afterwards,  when 
these  products  have  condensed  and  the  permanent 
gases  alone  act.  This,  he  thinks,  may  account  for 
the  anomalies  in  the  effects  produced  in  the  action 
of  gunpowder. 

Bun.sen  and  Sciiischkoff  obtained  193-1  volumes 
of  gas,  the  production  of  which  was  attended  by 
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the  development  of  619'5  units  of  heat;  and  from 
this,  taken  in  conjunction  with  the  known  capacities 
of  heat  of  the  products,  they  concluded  that  the 
temperature  of  the  flame  of  powder,  exploded  in 
a closed  space  so  that  the  gases  cannot  freely  ex- 
pand, is  3340°  C.  They  deny  that  the  solid  products 
are  in  a state  of  vapour  at  this  temperature,  and 
conclude  that  the  pressure  can  never  reach  4500 
atmospheres,  or  30  tons. 

Professor  Abel  considers  that  the  conclusions  to 
which  Bunsen  and  Schischkoff  have  been  led  by 
their  elaborate  investigation  of  the  products  of 
decomposition  of  gunpowder  are,  in  the  most  im- 
portant respects,  so  greatly  at  variance  with  the 
views  hitherto  adopted  respecting  the  general  nature 
of  the  chemical  changes  involved  in  the  explosion 
of  gunpowder,  and  consequently  with  reference  to 
the  several  conditions  which  influence  the  degree 
of  foree  exerted  by  the  explosion,  that  all  who  are 
interested  in  the  considerations  embraced  in  the 
research  of  these  chemists  will  be  inclined  to  scru- 
tinize closely  the  means  by  which  they  have  arrived 
at  their  results,  before  accepting  them  as  represent- 
ing correctly  the  effects  obtained  by  the  employment 
of  gunpowder  in  practice. 


Major  Morgan,  the  present  assistant  superinten- 
dent of  the  Royal  Gunpowder  Factory,  considers 
that  all  these  determinations  must  be  received  with 
caution,  and  checked  by  the  results  obtained  by 
actual  experiment.  He  says  that  the  explosive  force 
of  gunpowder  has  been  calculated  from  the  products 
of  combustion,  on  the  assumption  that  certain  laws 
hold  good ; but  that  it  must  be  borne  in  mind  that 
these  laws  have  been  verified  only  within  certain 
limits  of  pressure  and  temperature,  and  when  we 
come  to  such  very  high  pressures  and  temperatures 
as  are  met  with  in  the  explosion  of  gunpowder,  any 
conclusions  founded  on  them  must  be  received  with 
circumspection.  He  is  of  opinion  that  the  solid 
products  are  undoubtedly  in  a state  of  vapour  at  the 
time  of  explosion,  and  quotes  Professor  Bloxam 
as  well  as  Piobert  and  Ru.mfoi:d  in  support  of  this 
view.  The  following  formula  he  considers  may 
possibly  represent  the  actual  state  of  decomposition 
before  the  elements  have  entered  into  a second 
state  of  combination. 

I2KNO3  + 20G  + 5S  = 20CO  + 5SOj  + CK„0  + 12N. 

The  method  of  calculating  the  amount  of  gas  pro- 
duced, with  the  temperature  and  resulting  pressure, 
is  as  follows ; — 


Constituents. 

Units  of  Heat 
evolved. 

Products. 

Volumes  of  46’6 
Cubic  Inches. 

Weight  in 
Grains. 

Specific  Heat. 

Units  of  Heat  re- 
quired to  raise 
C. 

20c. 

595.440 

20c  0. 

40 

560 

•174 

97-44 

5'. 

552,000 

5S0.3 

10 

320 

•It 

35-2 

I2KNO3.  1 

/ 12N. 

12 

168 

•174 

29-232 

\ GK2O. 

564 

•174 

98-136 

Total, 

947,440 

62 

1612 

260 

Thus  1612  grains  of  powder  produce  2889'2  cubic 
inches  of  gas  at  0°  C.,  and  1 atmosphere  pressure ; 
and  consequently  1 cubic  inch,  or  240  grains,  will 
produce  430  cubic  inches  of  gas  at  the  same  temper- 
ature and  pressure.  The  temperature  of  the  pio- 
ducts  occupying  430  times  the  powder  space  vdll 
be  = 3644°  C. ; and  the  pressure,  supposing  the 
solid  potash  to  occupy  one-third  and  the  gases  two- 
thirds  of  the  powder  space,  will  be  = # X 430 
(1  + -00366  X 3644)  = 9250  atmospheres,  or  62 
tons  per  square  inch. 

This  is  by  no  means  the  highest  pressure  which 
may  be  arrived  at,  seeing  that  the  products  may  be 
still  further  decomposed ; for  it  is  well  known  that 
at  a high  temperature  carbonic  oxide  will  reduce 
potash,  and  the  tendency  of  potassium  to  pass  into 
vapour  is  well  known.  It  is  possible,  therefore, 
that  in  the  presence  of  carbonic  oxide,  and  at  such 
a temperature,  the  elasticity  of  the  two  vapours  of 
potassium  and  oxygen  may  be  sufficient  to  cause 
decomposition,  and  thus  we  shoxdd  have  all  the 
products  in  the  state  of  vapour  with  a corresponding 
augmentation  of  pressure. 

Another  consideration  in  favour  of  a possible  high 
pressure,  is  the  limit  to  which  the  laws  applicable 
to  gases  can  be  carried.  At  some  point  the  liquid 
form  would  be  assumed.  It  is  true,  as  in  the  case 


of  carbonic  acid,  that  it  is  impossible  to  liquefy 
gases  when  the  temperature  is  very  high ; but 
the  pressure  may  approach  the  law  of  liquid 
pressure,  which  we  know  increases  with  extreme 
rapidity. 

It  is  necessary  to  adopt  some  such  reasoning  as 
the  above,  in  order  to  harmonize  the  pressures  cal- 
culated with  those  which  have  lately  been  obtained 
by  actual  experiment. 

Count  Rumford  was  the  first  who  attempted  to 
obtain  the  pressure  of  gunpowder  by  actual  experi- 
ment. Not  being  able  to  obtain  any  material  strong 
enough  to  confine  it  when  exploded  in  its  own 
space,  he  measured  the  pressure  when  exploded  in 
closed  spaces  bearing  various  relations  to  the  bulk 
of  the  charge.  He  made  use  of  a little  gun  which 
had  no  vent,  and  inclosed  the  muzzle  by  a hemi- 
sphere which  was  weighted  till  the  whole  force 
of  the  generated  elastic  fluid  was  just  able  to 
lift  it,  and  which  in  that  case  counterbalanced, 
and  consequently  measured  its  elastic  force.  The 
charge  was  fired  by  heating  the  walls  of  a long 
narrow  chamber  at  the  base  of  the  charge.  If 
quite  filled  with  powder,  the  capacity  of  the 
gun  was  '2b^  grains.  The  following  table  gives 
the  actual  pressures  measured  and  corrected  by 
Rujiford  : — 
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Charge  In 
Omiud. 

Ratio  of  Charge 
to 

Pressures  in  Tons  per  Square  Inch. 

Measured. 

Calculated. 

1 

•039 

0-5 

0-5 

•j 

•078 

1-2 

1-1 

3 

•117 

1-5 

1-8 

4 

•156 

2-5 

2-6 

5 

•195 

3-7 

3-6 

(j 

•2;14 

4-6 

4-8 

7 

•273 

5-4 

6-2 

8 

•312 

7-8 

7-8 

9 

•351 

10-3 

9-8 

10 

•390 

12-6 

12-1 

11 

•429 

14  8 

14-9 

12 

•468 

171 

181 

13 

•5U7 

21-9 

22-0 

14 

•546 

26-7 

26-5 

15 

•580 

31-5 

31-9 

16 

•624 

47  3 

38-2 

17 

■663 

45-6 

18 

•702 

73-2 

54-3 

19 

•741 

64-5 

20 

•780 

76  5 

25i 

1- 

194-5 

Rodm.xn  endeavoured  to  measure  the  pressure  of 
gunpowder  as  it  actually  existed  in  the  bore  of  the 


The  points  most  worthy  of  note  in  these  results 
are  the  very  m.arked  increase  in  the  pressure  of  gas 
as  the  diameter  of  the  bore  increases,  and  that  the 
indications  of  pressure  are  greater  at  .oC,  70,  and  8t 
inches  th.an  at  42  inches,  especially  in  the  9-inch  and 
11 -inch  guns.  The  former  Rodman  accounted  for 
by  the  greater  heat  developed  in  a large  than  in  a 
small  charge.  I'lie  increase  of  pressure  towards  the 
muzzle,  he  believes  to  be  due  to  the  more  violent 
and  sudden  contraction  in  the  thin  than  in  the  thick 
part  of  the  gun.  For  in  the  thick  part  of  the  gun 
the  pressure  is  much  less  rapidly  developed,  aud 
subsides  much  more  gradually,  the  contained  gas 
forming  an  elastic  cushion  which  would,  if  the  bore 
were  long  enough,  allow  this  part  of  the  gun  to 
return  from  its  chained  to  its  free  condition  without 
any  vibration  at  all;  while  in  the  model  used  in 
these  experiments  the  pressure  is  almost  instantan- 
eously developed  and  as  suddenly  subsides  in  the 
chase  of  the  gun.  So  that  while  the  indenting  piston 
is  on  its  way  outward,  it  is  suddenly  met  by  the 
returning  specimen,  which  is  drawn  in  along  with 
the  housing  by  the  contraction  of  the  gun,  with  such 
violence  as  to  amount  in  effect  to  a smart  blow  of 
the  indenting  tool  against  the  specimen.  Close 
examination  showed  a number  of  marks  or  cuts  of 
the  indenting  tool  on  the  specimen  in  this  part  of 
the  gun,  caused  by  the  tool  not  striking  in  the  same 
place  at  each  vibration  of  the  gun. 

He  also  tried  the  effects  of  varying  the  size  of 
grains  of  powder  with  the  following  results : — 
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gun.  One  method  adopted  by  him  was  to  swing 
the  gun  as  a pendulum,  and  trace  the  curve  it  made 
on  a revolving  cylinder  as  it  recoiled.  He  thus 
calculated  that  during  the  first  fourth  of  the  time 
the  shot  took  to  traverse  the  length  of  the  bore,  the 
mean  pressure  was  8 tons  ; during  the  first  sixteenth 
of  the  same  time,  it  was  16  tons;  and  during  the 
initial  stages  of  motion  it  was  22  tons  per  square 
inch. 

Another  method  he  adopted  was  by  inserting 
pistons  at  various  points  of  the  bore,  and  causing 
these  pistons  to  act  on  an  indenting  tool,  which  was 
thus  forced  into  a piece  of  copper.  These  he  called 
pressure  gauges. 

He  tried  what  effect  varying  the  size  of  the 
bore  had  on  the  pressure,  with  the  following 
results : — 

The  following  table  shows  the  velocity  of  the  shot 
in  feet  per  second  and  the  pressure  of  gas  per 
square  inch  (in  tons)  due  to  equal  columns  of  powder 
behind  equal  columns  of  metal,  when  fired  in  guns 
of  different  diameters  of  bore,  each  result  being  a 
mean  of  ten  fires : — 


The  table  b low  shows  the  velocities  of  shot  and 
pressure  of  gas  due  to  the  equal  charges  of  powder 
of  tlie  same  composition,  and  differing  only  in  size 
of  grain : each  result  being  the  mean  of  five  fires  with 
the  11-inch  gun,  the  same  shot  being  used  in  all  the 
fires — 


Diameter 

of 

Weight 

of 

Weight 

of 

Initial 

Velocity. 

Pressure  of  Gas 
in  Tons. 

Grain. 

Charge. 

Shot. 

At 

Bottom. 

Inches. 

Lbs. 

Lbs. 

F.S. 

At  14". 

At  28". 

■6 

12-67 

180-3 

933 

9-5 

4-6 

3-6 

•5 

(4 

(( 

932 

9-5 

5-0 

3-3 

•4 

(( 

it 

881 

11-4 

4-8 

3-2 

•3 

t( 

a 

890 

15-8 

4-8 

3-0 

•3 

“ 

it 

912 

29-4 

6-6 

3-7 

The  last  result  shows  a pressure  considerably 
greater  than  those  preceding  it,  and  is  accounted  for 
by  the  powder  being  of  less  density.  These  experi- 
ments led  the  way  to  a great  improvement  being 
made  in  the  manufacture  of  powder  for  war  purposes 
where  large  charges  have  to  be  used.  As  the  size  of 
ordnance  increases  the  strain  of  the  gun  increases  to 
a very  great  extent,  and  unless  some  means  had  been 
discovered  of  moderating  the  violence  of  combustion 
of  gunpowder  in  Large  charges,  it  would  be  impossible 
to  make  guns  sufficiently  strong  to  withstand  the 
explosive  effects.  Experiment,  however,  shows  that 
it  lies  in  our  power  to  vary  the  rate  of  combustion  of 
gunpowder,  and  in  this  gunpowder  differs  very  much 
from  many  of  the  substances  which  have  been  sought 


Diameter 
of  Bore. 

Inches. 

Windage. 

Inches. 

Weight  of 
Charge. 

Lbs. 

Weight  of 
Shot. 

Lbs. 

Velocity. 

F.S. 

Pressure  at  Different  Distances  from  Bottom  of  Bore. 

At  bottom. 

At  14". 

At  28". 

At  42". 

At  56". 

At  70". 

At  84". 

7 

•07 

513 

74-44 

904 

16-3 

7-1 

3-7 

2-9 

3-1 

3-6 

3 0 

9 

09 

8-48 

124-42 

8^8 

30-0 

9-4 

7-9 

6-7 

13-1 

9-4 

10-2 

11 

•11 

12-67 

186  03 

927 

38-7 

131 

12-4 

10-0 

12-7 

15-1 

11-2 
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to  be  used  instead  of  it.  In  gun-cotton  the  insta- 
bility which  renders  explosion  possible  is  brought 
about  by  chemical  action,  so  that  atom  finds  atom 
in  closest  proximity  ready  for  combination  if  only 
sufficient  temperature  be  attained.  In  gunpowder, 
on  the  contrary,  the  instability  is  produced  by 
mechanical  mixture,  and  on  a minute  scale  the  par- 
ticles of  charcoal  are  burned  like  coals  in  a fire.  With 
gunpowder  in  its  rude  state,  the  difficulty  was  to  get 
the  particles  close  enough  together  to  make  the  com- 
bustion sufficiently  rapid ; and  it  was  not  until  the 
importance  of  thorough  incorporation  was  under- 
stood that  any  real  progress  was  made  in  rendering 
it  a destructive  agent.  Even  with  thorough  incor- 
poration it  was  necessary  to  provide  for  the  rapid 
ignition  of  the  various  particles,  for  the  combustion 
could  not  travel  with  sufficient  rapidity  through  the 
entire  mass.  To  make  the  action  energetic  enough 
it  was  necessary,  as  it  were,  to  light  the  fire  in  a great 
many  places.  Granulation  effects  this  by  allowing 
the  flame  from  onepoint  of  ignition  to  spread  through- 
out the  charge  and  ignite  all  the  grains  very  nearly 
instantaneously.  Thus  the  action  depends  on  the 
rapidity  of  ignition  of  the  grains,  and  the  rate  of 
combustion  of  each  grain.  The  rapidity  of  ignition 
of  the  grains  depends  on  the  size  of  the  spaces  between 
the  grains,  and  the  rapidity  of  combustion  on  the 
smallness  of  the  grains  themselves ; but  as  these  are 
opposed  to  one  another,  we  can  readily  see  that  with 
some  size  of  grain  which  is  most  favourable  to  both 
requirements  the  combustion  of  the  whole  charge 
■will  be  most  rapid.  Small  grains  burn  rapidly,  but 
the  spaces  between  them  being  also  small,  the  ignition 
in  large  charges  will  not  be  so  rapid.  Large  grains 
burn  slowly,  but  will  admit  of  rapid  ignition.  The 
shape  of  the  grain  is  another  element,  but  one  of 
still  more  importance  is  the  density ; for  if  the  grain 
be  porous,  the  flame  will  not  only  pass  between  the 
grains  but  will  also  penetrate  into  their  mass.  The 
most  rapid  combustion  therefore  will  be  obtained  by 
combining  a certain  size  and  shape  of  grain  with  a 
certain  density,  and  if  the  combustion  is  to  be 
moderated  the  size  of  the  grain  must  not  only  be 
increased  but  so  must  the  density,  especially  in  large 
charges  where  the  pressure  is  very  great. 

The  objects  to  be  attained  in  regulating  the  size 
and  density  of  the  grains  of  gunpowder  to  be  used 
in  ordnance,  are  the  greatest  possible  velocity  of  tlie 
projectile,  and  the  least  strain  on  the  gun.  These 
cannot  be  obtained  by  one  set  of  conditions  for 
all  natures  of  ordnance.  A small  projectile  moves 
quickly,  and  relieves  the  strain  in  a much  greater 
ratio.  A heavy  projectile  not  only  moves  slowly, 
but  even  a considerable  motion  does  not  relieve  the 
strain  in  a proportionate  manner,  because  the  column 
of  powder  is  longer  in  a large  than  in  a small  gun. 
With  small-arms,  therefore,  small  grains  and  low 
densities  are  required,  but  large  grains  and  high 
densities  with  large  guns.  Owing  to  the  effect  of 
heat  and  pressure  in  accelerating  the  combustion,  it 
cannot  be  determined  a priori  what  size  or  density 
of  grain  will  suit  any  particular  gun.  These  can 
only  be  determined  practically  from  the  pressures 


produced  in  the  guns  themselves.  Following  in 
the  foo  steps  of  Rodman,  the  question  of  the  most 
suitable  powder  for  ordnance  has  been  taken  up  by 
many  European  governments ; and  a committee  on 
explosives,  under  the  presidency  of  Colonel  Young- 
nuSBAND,  R.A.,  F.R.S.,  superintendent  of  the  Royal 
Gunpowder  Factory,  AValtham  Abbey,  has  had  the 
subject  under  consideration  in  England  for  some 
years. 

The  following  pressures  and  initial  velocities  have 
been  obtained  by  them  in  firing  a 18U  lbs.  shot  from 
an  8-inch  gun  : — 


Nature  of  Powder. 

Charge. 

Lbs. 

Initial 

Velouit^. 

F.S. 

Maximum 

Pressure. 

Tons. 

R.L  G., 

30 

1324 

29'8 

32 

1306 

20-5 

30 

1338 

17-4 

PeMile.  No.  5,  ^ 

35 

1374 

15-4 

Density,  1-78,  ) 

With  the  10-inch  gun  firing  a 400  lbs.  projectile 
the  prineijial  average  results  in  various  series  of  six 
rounds  each,  are  shown  in  the  following  abstract, 
the  pressure  given  being  the  highest  as  indicated  by 
the  crusher  gauge,  an  instrument  somewhat  similar 
to  Rodman’s  pressure  gauge. 


Nature  of  Powder. 

Density. 

Charge. 

Lbs. 

Velocity. 

F.S. 

Pressure. 

Tons. 

( 1-712 

60 

1318 

51 

R.L.G., 

< 1-7.53 

60 

1321 

48 

(l  67 

60 

1313 

53 

Russian  prismatic 

1-66 

(61 
1 68 

133.5 

1425 

19 

29 

Ritter  piismatic, 

1-66 

(61 
1 70 

1349 

1416 

24 

1-732 

70 

1474 

29 

l-7.-<2 

70 

1432 

21 

Pebble, 

1-732 

60 

1359 

21 

1-78-2 

60 

1298 

15 

Pellet 

1-677 

64 

1364 

25 

R.L.G.,  or  Rife  Lanje  Grain^  which  was  the  powder 
in  use  with  heavy  guns,  is  shown  by  these  results  to 
be  very  unsuitable  in  large  charges.  AVith  Pehhie 
powder  more  than  ICO  feet  additional  initial  velocity 
can  be  obtained,  while  the  pressure  is  reduced  to 
less  than  half.  Pebble  powder  has  in  consequence 
been  introduced  as  the  powder  for  all  heavy  guns 
above  a certain  calibre,  the  R.L.G.  being  reserved 
for  the  Smaller  kinds,  and  for  field-guns.  It  was 
found,  however,  when  a 35-ton  gun  of  1T6  inches 
bore,  and  firing  a 700  lbs.  shot  was  made,  that  pebble 
powder  was  not  suitable  for  such  heavy  ordnance. 
The  following  are  the  results  of  proof  with  this  gun : — 


Charge. 

Lbs. 

Velocity. 

F.S. 

Pressure. 

Tons. 

75 

1163 

17 

100 

1237 

25-4 

no 

1303 

31-8 

120 

1364 

46-4 

130 

1348 

63-7 

These  results  led  the  committee  to  the  conclusion 
that  a new  powder  must  be  sought  for  guns  of  this 
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weight,  and  they  still  have  the  matter  under  con- 
sideration. 

MANUFACTURE. — llie  merely  mechanical  part 
of  the  manufacture  of  gunpowder  is  essentially  the 
same  in  principle,  and  differs  only  to  an  immaterial 
extent  in  detail,  whether  in  the  various  gunpowder 
mills  in  Great  Rritain,  or  in  those  of  her  continental 
neiglibour.s.  The  writer  of  this  article  will  trace  the 
method  of  manufacturing  gunpowder  as  it  is  em- 
ployed at  the  Government  Mills,  Waltham  Abbey, 
and  is  so  well  described  in  Captain  Smith’s  hand- 
book of  the  manufacture  and  proof  of  gunpowder. 

Refore  the  ingredients  can  be  mixed,  they  must  be 
reduced  to  a powder  sufficiently  fine  for  the  purpose. 
It  is  true  that  some  manufacturers  do  not  pulverize 
or  mix  their  ingredients  at  all,  but  simply  weigh  out 
as  inueh  of  each  as  is  required  in  lumps  and  frag- 
ments, and  throw  them  on  the  bed  of  the  incorpo- 
rating mill.  But  this  clearly  involves  a loss  of  time, 
as  the  action  of  the  incorporating  mill  must  be  at 
first  merely  that  of  grinding  and  bringing  the  three 
ingi  edients  into  a just  position,  before  any  incorpora- 
tion, properly  so  called,  can  be  effected.  It  is 
important  to  bear  clearly  in  mind  the  meaning  of 
the  terms  mixinri  and  incorporating  as  they  are 
used  by  gunpowder-makers.  Though  gunpowder  is 
really  only  a mixture,  very  intimate  no  doubt,  of  the 
three  ingredients,  and  not  a new  chemical  substance 
formed  out  of  them,  yet  by  mixing  is  understood 
only  the  stirring  together  for  a few  minutes  of  the 
saltpetre,  sulphur,  and  charcoal  to  get  them  properly 
distributed  amongst  each  other ; and  by  incorporat- 
ing, the  long-continued  trituration  and  grinding 
which  the  mixture  undergoes  under  heavy  edge 
runners,  by  which  a mass  of  the  ingredients  becomes 
transformed  from  a mere  mixture  of  three  different 
substances  into  gunpowder.  A preliminary  mixing, 
such  as  is  employed  at  Waltham  Abbey  and  most 
other  gunpowder  works,  mag  be  dispensed  with ; 
incorporation,  whether  performed  by  pestle  and 
mortar,  in  the  stamping  mill,  or  under  edge  runners, 
never. 

The  saltpetre  is  used  moist,  as  it  comes  from  the 
refinery,  containing  usually  from  3 to  6 per  cent,  of 
moisture.  The  sulphur,  after  being  ground  under 
edge  runners,  is  sifted  through  a slope  reel  covered 
with  32-mesh  wire. 

The  charcoal,  after  being  carefully  hand  picked  to 
guard  against  the  introduction  of  any  fragments  of 
foreign  matter  and  underburnt  knots  of  wood,  is 
ground  in  a mill  resembling  a coffee-mill  in  action. 
It  is  most  important  that  before  grinding  the  char- 
coal after  being  burnt,  it  should  be  allowed  to  stand 
for  ten  days  or  a fortnight;  for  when  ground  fresh 
after  burning,  the  finely-powdered  charcoal  absorbs 
and  condenses  oxygen  so  rapidly  as  to  generate 
enough  heat  in  so  bad  a conductor  as  to  cause  spon- 
taneous combustion.  Instances  of  fires  in  gunpowder 
factories  from  this  cause  are  on  record,  fresh  ground 
charcoal  having  been  left  overnight  in  wooden  bins 
or  covered  boxes. 

The  relative  proportions  of  the  three  ingredients 
are  weighed  out  in  quantities  of  50  lbs. — that  is  to 
voi,.  II. 


say,  37-^  saltpetre  (-f  the  extra  weight  for  the 
moisture),  7^  charcoal,  and  5 sulphur — and  trans- 
ferred to  the  mixing  machine,  which  consists  of  a 
gun-metal  cylinder  (phosphor  bronze  is  now  used  in 
some  mills),  traversed  in  its  centre  by  an  octagonal 
shaft  provided  with  several  fan -like  arms.  Both  the 
shaft  and  cylinder  are  kept  in  motion,  but  in  different 
directions.  This  latter  arrangement  so  facilitates  the 
commingling  that  the  homogeneous  powder  is  ready 
for  removal  in  from  five  to  ten  minutes,  when  it  is 
transferred  to  bags,  which  are  pressed,  and  the 
mouths  of  which  are  firmly  secured,  in  order  to  pre- 
vent the  disunion  or  separation  of  the  ingredients 
in  the  order  of  their  density  during  the  transport  to 
the  incorporating  mill.  It  is  evident  that  if  the 
charges  were  too  lightly  packed,  the  ingredients 
would  be  liable  to  be  separated  in  a greater  or  less 
degree,  the  saltpetre  finding  its  way  to  the  bottom, 
while  the  sulphur  and  charcoal  would  form  layers 
above — the  latter,  from  its  light,  pulverulent  state, 
escaping  in  the  form  of  du.st  between  the  fibres  of 
the  cloth  of  which  the  bag  is  formed.  In  this  state, 
though  not  so  easily  ignited  and  slower  in  burning 
than  gunpowder,  it  is  explosive,  more  especially  in 
large  quantities.  The  difference  in  effects  may  be 
well  illustrated  by  flashing  a small  quantity  of 
powder  and  an  equal  amount  of  green  charge  on 
thick  plates  of  glass.  The  former  will  flash  off, 
leaving  no  residue,  and  doing  the  glass  no  injury ; 
the  latter  will  puff  off  slowly,  and  shiver  the  glass 
to  pieces  from  the  longer  time  the  heat  is  applied  to 
it,  and  will  leave  the  fragments  coated  with  particles 
of  half-decomposed  saltpetre  and  sulphur. 

The  next  process  is  the  incorporation,  which  is 
unquestionably  the  most  important  of  all  the  opera- 
tions in  the  manufacture  of  gunpowder.  Upon 
the  thorough  and  effectual  incorporation  which  it 
receives  depends  mainly  the  excellence  of  English 
powder,  which  is  allowed  to  surpass  that  of  all  other 
nations  in  strength.  Great  attention  is  paid  to  the 
process  in  this  couuti-y,  not  only  for  military,  but 
for  sporting  purposes,  and  the  most  powerful  mills 
are  always  used.  It  has  been  carried  to  the  highest 
pitch  of  excellence : some  of  the  finer  sporting 
powders  made  in  this  country  are  saiil  to  be  incor- 
porated for  twelve  hours.  A chemist  wdio  has  to  unite 
two  or  more  powdered  substances  as  closely  as 
possible  places  them  in  a mortar,  and  works  them 
round  with  the  pestle  for  a length  of  time,  trusting 
more  to  the  rubbing  and  twi.sting  action  of  the  pestle 
than  to  stamping.  The  gunpowder-maker  endeavours 
to  imitate  this  rolling  and  grinding  together  on  a 
large  scale ; and  finds  by  experience  that  the  most 
effectual  way  to  do  so  is  to  grind  the  materials 
together  under  heavy  edge-runners  of  stone  or  iron, 
which  by  their  motion,  a compound  of  rolling  and 
twisting,  soon  works  them  into  a homogeneous  mass. 
The  old  stamping  mills,  in  which  the  ingredients 
were  subjected  to  long-continued  stamping  under 
pestles  working  in  small  mortars,  have  been  out  of 
use  for  many  j’ears  in  this  country,  though  they 
are  still  employed  in  France  and  in  other  continental 
countries.  The  action  of  such  mills  has  very  little 
It) 


146 


GUNPOWDER.— Mill. 


incorporating  effect,  and  is,  moreover,  attended  with 
even  more  risk  than  the  mills  used  in  this  country. 
The  same  remark  applies  to  the  moulins  a tonneaux, 
in  which  a partial  incorporation  is  effected  by  placing 
the  material  in  a revolving  barrel  or  drum,  along 
with  some  large  metal  or  wooden  balls.  Such  mills 
are  much  used  abroad  for  pulverizing  the  ingredients, 
and  occasionally  for  incorporation  ; but  the  fact  is 
now  generally  admitted  that  the  most  effectual  and 
speedy  incorporation  can  be  obtained  with  mills  of 
the  description  now  universal  in  England,  and  their 
employment  is  becoming  general  on  the  Continent. 

The  incorporating  mill  consists  of  a pair  of  large 
heavy  edge-runners,  A A (see  Fig.  3),  of  iron  or 
stone,  weighing  about  4 tons  each,  which  revolve  on 
a strong  circular  bed,  B B,  of  the  same  material.  The 
faces  of  the  runners  are  nearly  flat,  with  a slight 
bevel  towards  the  edge.  The  runners  are  connected 


together  by  a powerful  spindle,  C C,  of  wrought  iron, 
which  rests  in  brass  bushes  placed  in  the  cross- 
head, D,  so  as  to  allow  the  spindle  and  runners  to 
rise  and  fall  according  to  the  thickness  or  thinness 
of  the  layer  of  material  on  the  bed.  The  spindle  is 
placed  on  the  cross-head,  so  as  to  bring  one  runner 
nearer  to  it  than  the  other,  and  therefore  to  cause 
them  to  describe  different  paths  when  in  motion. 
The  cross-head  is  fixed  on  a vertical  shaft,  E,  on 
which  is  fixed,  underneath  the  flooring  of  the  mill,  a 
wheel,  F,  driven  by  a friction  clutch,  G,  and  pinion, 
II,  on  the  driving  shaft,  K,  which  passes  under  the 
whole  group  of  mills.  By  this  arrangement  the 
whole  of  the  machinery  is  kept  undeiueath  and  out 
of  reach  of  damage  from  exiilo.sion.  The  cross- 
head is  fitted  with  a bracket  on  each  side  to  carry  a 
plough,  or  wedge-shaped  piece  of  wood  shod  with  felt 
and  leather,  which  travels  round  on  the  bed  immedi- 


ately in  front  of  the  runners,  and  thus  keeps  the 
composition  from  working  away  from  them.  The 
bed  has  a curb  or  edge  round  the  outside  and  inside 
of  the  circular  path  described  by  the  runners,  that 
on  the  outside,  m,  being  formed  by  a sloping  rim  or 
casing  fixed  all  round  the  bed,  that  on  the  inside, 
L,  by  the  circular  base  of  the  cheese,  0,  or  conical 
socket,  down  which  the  vertical  shaft  of  the  cross- 
head passes.  Both  the  outside  and  inside  curbs  have 
gun-metal  rings  round  them  for  the  plough  to  work 
against. 

The  charge  (either  a green  charge  from  the  mixing 
house,  or  a dust  charge  from  the  dusting  house  or 
granulating  house),  having  been  previously  carefully 
sifted,  is  thrown  upon  the  bed  of  the  mill,  carefully 
raked  so  as  to  form  a bed  of  uniform  thickness,  and 
watered  with  about  2 pints  of  distilled  water  to 
insure  the  intimate  cohesion  of  the  particles.  The 
runners  are  then  moved  round  a quarter  revolution, 
and  the  piece  of  the  mill  cake  left  under  the  runners 
from  the  former  charge  is  broken  up  and  distributed 
over  the  fresh  charge.  The  runners  are  then  started 
at  a speed  of  about  eight  revolutions  a minute. 
More  water  is  added  from  time  to  time,  the  amount 
depending  very  much  on  the  state  of  the  weathei’. 
From  2 to  3 pints  are  generally  found  to  be  sufficient 
in  very  damp  weather,  but  as  many  as  8 or  10  are 
necessary  on  very  bright  days.  The  process  is  con- 
tinued for  a green  charge  about  three  hours  for 
common  powder,  and  as  much  as  eight  hours  for 
powder  for  small  arms. 

Gunpowder  leaves  the  incorporating  mill  partly 
in  the  state  of  soft  cake,  and  partly  dust.  The  cake 
may  be  broken  up  into  gr.ains,  as  is  done  in  many 
countries,  but  such  grain  is  too  soft  to  stand  much 
handling  or  transport  without  crumbling  to  dust. 
To  insure  uniformity  and  good  keeping  qualities, 
powder  must  be  converted  into  firm  grains.  The 
corning  or  graining  of  gunpowder  has  been  recognized 
as  one  of  the  most  important  features  in  the  manu- 
facture from  a very  early  period.  The  earlier 
makers  probably  damped  the  incorporated  materials 
till  they  acquired  a certain  consistence,  and  then 
forced  the  mass  through  sieves,  thus  forming  granu- 
lar fragments,  which  were  afterwards  hardened  by 
drying.  Strange  though  it  may  appear,  powder  is 
made  in  this  fashion  in  some  out  of  the  way  places 
in  England  at  the  present  day.  Tliere  is  no  difficulty 
in  forming  good  hard  grains  in  the  manner  des- 
cribed, but  a little  reflection  will  show  th.at  it  is  at 
the  sacrifice  of  the  incorporation  which  has  been 
previously  effected.  The  moisture  added  partly 
dissolves  the  saltpetre,  which  in  diying  forms  a hard 
external  surface  to  the  grains. 

The  only  perfect  way  of  converting  gunpowder 
into  serviceable  grains  without  in  any  degree  what- 
ever interfering  with  the  perfect  incorporation  of 
the  ingredients,  is  first  to  compress  the  soft  material 
into  hard  masses  by  pressure  alone,  and  then  to 
crush  or  cut  up  these  masses  into  the  description  of 
gram  required.  The  object  of  pressing,  then,  is 
to  convert  the  soft  dusty  mass  of  incorporated  in- 
gredients, now  gunpowder,  into  hard  cakes  of  tlie 
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particular  density  which  is  found  to  give  the  best 
results  when  the  powder  is  finished ; when  once  the 
cakes  are  formed,  they  can  be  subsequently  broken 
up  by  various  contrivances  into  grains  of  any  size, 
all  of  which  will  have  an  uniform  density  and  hard- 
ness, and  which  can  be  freed  from  dust,  and  glazed 
and  polished  so  as  to  bear  handling  and  transport 
without  breaking  or  crumbling. 

Gunpowder  is  generally  pressed  in  layers  between 
plates  of  gun -metal,  or  copper,  in  an  hydraulic 
press,  though  screw  presses  are  still  in  use  in  many 
factories.  The  thickness  of  the  cakes  depends  on 
the  nature  of  the  powder  to  be  produced,  that  for 
fine  grain  is  about  three-eighths  of  an  inch  in  thick- 
ness. In  order  that  the  powder  may  be  conveniently 
and  uniformly  arranged  for  pressing,  it  must  undergo 
a preliminary  process  of  hreaklug  duion.  This  is  done 
by  passing  the  mill-cake  through  a macliine  which 
consists  of  two  pairs  of  gun-metal  grooved  rollers, 
tlie  first  pair  being  rather  more  widely  set  than  the 
second,  and  one  roller  of  each  pair  works  in  a 
sliding  bearing,  and  is  held  at  a proper  distance 
from  the  other  by  a weighted  lever.  This  arrange- 
ment admits  of  each  pair  opening  out  a little  if  too 
large  a quantity  of  the  cake  is  drawn  in  between 
them. 

It  is  a matter  of  considerable  difficulty  to  insure 
uniformity  of  results  in  pressing  powder.  It  is  of 
the  highest  importance  that  the  density  obtained 
should  be  uniform,  because  the  qualities  and  ex- 
plosive effects  are  materially  affected  by  compara- 
tively slight  variations  in  density.  A difference  of 
•05  in  the  density  of  the  charges  may  affect  the 
initial  velocity  of  a 12-lb.  shot,  fired  with  a 1-lb. 
charge,  to  the  extent  of  about  50  feet  a second ; and 
yet  no  difference  between  the  two  powders  may  be 
perceptible,  and  they  may  be  undistinguishable  from 
each  other  by  any  ordinary  test. 

The  density  of  powder  is  taken  in  the  mercury 
densimeter,  by  putting  a given  weight  of  powder 
in  a glass  globe  and  filling  up  the  remainder  of  the 
globe  with  mercury.  A comparison  of  the  weight 
of  the  globe  thus  filled  with  the  weight  when  com- 
pletely filled  with  mercury,  gives  the  means  of 
calculating  the  density.  In  order  that  the  e.\peri- 
ment  may  be  accurately  made,  the  air  must  be 
exhausted  before  the  mercury  is  allowed  to  enter, 
otherwise  bubbles  of  air  would  adhere  to  the  powder 
and  interfere  with  the  correctness  of  the  result. 

There  are  two  ways  in  practice  of  obtaining  the 
proper  density  in  the  press-box.  The  first  is  by 
the  gauge  attached  to  the  pump,  which  shows  at 
any  moment  the  actual  pressure  per  square  foot 
and  square  inch  on  the  cylinder  of  the  press.  The 
other  is  by  observing  the  effect  of  the  pressure 
applied ; that  is  to  say,  the  extent  to  which  the 
contents  of  the  box  have  been  compressed,  as  shown 
by  the  distance  to  which  tlie  block  has  been  forced 
into  the  press-box.  If  equal  pressure  had  equal 
effeets  on  gunpowder  mccal,  there  would  be  no 
difficulty  in  obtaining  any  particular  density,  for  the 
escape- valve  of  the  hydraulic  press  could  always  be 
arranged  so  as  to  stop  the  action  of  the  press  when 


a certain  pressure  has  been  reached.  The  meal, 
however,  possesses  varying  degrees  of  elasticity  and 
resistance  to  pressure,  depending  to  a great  extent 
on  the  moisture  it  contains,  and  the  state  of  the 
atmosphere  at  the  time.  A pressure  of  70  tons  per 
square  foot  may  therefore  be  applied  to  the  contents 
of  the  press-box,  and  the  press  cake,  when  dried 
and  examined  in  the  densimeter,  may  show  a density 
of  1-74.  The  next  pressing  made,  as  far  as  can  be 
judged,  under  exactly  the  same  circumstances,  may 
have  a density  as  low  as  1'64,  in  consequence  of  the 
elasticity  of  the  meal  refusing  to  yield  to  compres- 
sion. The  safest  rule  to  go  by  is  therefore  the 
distance,  and  in  practice  this  method  is  found  to 
give  the  best  results. 

It  is  found  in  practice  at  the  Royal  Gunpowder 
Factory  that  though  absolute  uniformity  cannot  be 
guaranteed  in  pressing,  very  tolerably  close  results 
can  be  obtained  by  mixing  the  powder  during  manu- 
facture according  to  the  different  densities,  as  shown 
by  the  densimeter.  Thus,  if  R.L.G.  be  in  hand  and 
the  density  fixed  be  l’(J7,  a mixture  of  two  powders 
which  are  estimated  to  produce  respectively  when 
finished  1-64  and  1-70  will  be  found  to  give  the 
required  density. 

The  great  importance  of  density  has  been  already 
mentioned.  It  has  received  the  greatest  attention 
of  late  years  in  the  manufacture  of  gunpowder  in 
this  country.  An  example  may  be  given  of  the 
effects  produced  in  the  same  gun  under  the  same 
conditions  except  density.  The  Committee  on  Ex- 
plosives, firing  70  lbs.  charges  in  a 10-inch  gun  with 
a projectile  weighing  400  lbs.,  obhiined  the  follow- 
ing results : — 

Pebble  Powder,  Velocity  at  400  yards 

of  density,  from  the  muzzle. 

F.  S. 

1-84  1288 


Were  such  discordant  velocities  allowed  to  exist 
in  the  same  gun  in  practice,  it  would  be  impossible 
to  produce  results  in  proportion  to  the  accuracy  of 
practice  which  is  attained  with  the  arms  of  precision 
of  the  present  day.  We  accordingly  find  that  all 
powders  manufactured  are  required  to  be  of  a certain 
standard  as  regards  density  and  velocity. 

Density  plays  another  important  part  in  powders 
used  for  small  arms.  It  has  been  found  that  powders 
of  low  densities  are  apt  to  foul  the  rifles,  while 
powders  of  high  density  are  free  from  this  defect. 

The  next  process  in  the  manufacture  of  gunpowder 
is  the  granulation,  or  breaking  the  press-cake,  after 
it  has  been  made  of  the  required  density,  into  grains 
of  the  size  and  form  calculated  to  give  the  best 
results  in  practice.  The  powder  used  with  heavy 
guns  is  called  “ pebble  powder,”  on  account  of  the 
size  and  shape  of  the  grains.  Each  grain  is  as  nearly 
as  possible  a cube  five-eighths  of  an  inch  in  length 
of  side,  but  having  the  edges  and  corners  rounded 
off  to  prevent  as  much  as  possible  its  breaking  up 
into  dust  in  transport.  To  obtain  these  cubes  an 
ingenious  machine  has  been  contrived  at  the  Royal 
Gunpowder  Factory,  which  cuts  up  the  press-cakes. 
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which  are  five-eighths  of  an  inch  thick,  first  into  strips 
16  inches  long  and  five-eighths  of  an  inch  square  in 
section.  These  strips  are  again  cut  up  in  the  same 
machine  into  little  cubes.  Smaller  grain  powders 
are  made  by  being  broken  up  from  press-cake  in  a 
machine  of  a different  character.  The  press-cake  is 
about  five-eighths  of  an  inch  in  thickness,  and  is  first 
passed  through  a pair  of  rollers  at  the  top  of  the 
machine,  wliich  are  furnished  with  large  teeth.  The 
broken  powder  falls  on  a sieve  of  a mesh  regulated 
to  the  size  of  the  powder.  This  sieve  is  kept  in  a 
constant  state  of  jolting,  so  as  to  cause  the  finer 
grains  to  pass  through,  and  allow  the  larger  grains 
to  pass  on  to  a second  pair  of  rollers,  which  breaks 
them  up  smaller.  The  same  process  is  repeated 
through  a second,  third,  and  fourth  pair  of  rollers. 
A long  screen  of  a finer  mesh  passes  underneath  the 
whole,  which  takes  out  the  dust  and  finer  grains. 
The  grains  of  the  required  size  pass  into  boxes 
running  on  wheels  and  rails. 

The  following  are  the  different  sizes  of  the  smaller 
grain  powders  in  use  in  Her  Majesty’s  service  : — 

1.  L.G.  (or  large  grain)  ; size,  8 to  16  mesh. 

2.  F.G.  (or  fine  grain)  ; size,  16  to  86  mesh. 

3.  R.L.G.  (rifle  large  grain) ; size,  4 to  8 mesh  ; 
density,  1-68. 

4.  R.F.G.  (rifle  fine  grain)  ; size,  12  to  20  mesh  ; 
density,  1’6. 

6.  R.F.G.^  (for  Martini-Henry  rifle)  ; size,  12  to 
20  mesh  ; density,  1'735. 

In  the  trade,  sporting  powders  are  distinguished 
by  numbers,  thus — - 


No.  1, 40  to  72  mesh. 

No.  2, 28  to  40  “ 

No.  3, 24  to  28  “ 

No.  4 20  to  24  “ 

No.  5 17  to  20  “ 

No.  6, 14  to  17  “ 


Blasting  powders  vary  very  much  in  size  of  grain. 
Some  are  as  large  as  from  2 to  4 mesh,  and  others 
as  fine  as  from  20  to  36  mesh. 

The  granulated  powder  as  it  comes  from  the 
machine  contains  amongst  it  a large  quantity  of  dust. 
This  is  formed  by  the  crushing  action  of  the  granu- 
lating machine,  and  the  grain  in  this  condition  is 
not  to  be  made  use  of  as  powder,  being  rough  and 
porous  on  the  surface,  and  very  angular  in  shape. 
The  presence  of  a large  quantity  of  fine  dust  would 
not  only  render  it  most  inconvenient  to  handle  in 
magazines  or  elsewhere,  but  would  also  render  it  more 
liable  to  absorb  moisture  and  to  deteriorate.  A 
rough,  unpolished  angular  grain  would  very  speedily 
rub  down  into  dust  if  subjected  to  much  shaking  in 
transport.  The  object  of  the  gunpowder-maker  is 
therefore  first  of  all  to  free  the  granulated  powder 
from  all  traces  of  dust,  and  secondly  to  polish  or  give 
a surface  to  the  grains  themselves,  to  enable  them  to 
bear  a great  deal  of  friction  without  deterioration. 

Powder  is  freed  from  dust  by  placing  it  in  revolv- 
ing jTc/.s’  covered  with  cloth  or  wire  mesh  of  various 
degrees  of  fineness,  through  which  the  dus^'  escapes. 
It  is  (/lazed  by  causing  the  grains  to  rub  against  each 
other  in  revolving  wooden  barrels  or  churns.  The 
extent  to  which  the  operations  of  dusting  and  glaz- 


ing can  be  carried,  and  the  nature  of  the  appliances 
used,  depend  on  the  density,  hardness,  and  size  of 
grain  of  the  powder  operated  on.  A large- grained, 
dense,  and  hard  powder  will  bear  a great  deal  of 
knocking  about  in  the  reels  without  becoming  dis- 
integrated and  forming  fresh  dust ; and  will,  more- 
over, bear  a great  deal  of  friction  in  the  glazing 
barrels,  acquiring  speedily  a high  degree  of  polish. 
But  the  case  is  quite  different  if  a small-grained  soft 
powder  of  low  density  be  operated  on.  In  the  latter 
ease  the  dusting  must  be  carefully  conducted,  or 
the  process  will  develop  as  much  fresh  dust  as  it 
removes ; and  the  amount  of  friction  the  grains 
will  bear  in  glazing  without  simply  rubbing  away  to 
nothing  must  be  likewise  carefully  regulated. 

It  is  found  in  practice  that  powder  may  be  divided 
into  two  classes,  each  of  which  requires  different 
treatment  in  dusting  and  glazing — ^namely,  the  cannon 
poirder  of  all  classes,  made  with  alder  or  willow 
charcoal ; and  the  xmall  arm  powder  of  all  classes, 
made  with  dogwood  charcoal.  The  former  class  of 
powder  is  not  only  pressed  to  a higher  density,  but 
is  made  of  a larger  size  of  grain  ; the  latter  is  gener- 
ally of  lower  density,  and  of  much  smaller  size. 

There  are  two  classes  of  dusting  reels  in  use — the 
slope  and  the  horizontal.  Slope  reels  are  used  for 
fine  grain  powder,  which  passes  through  in  a con- 
tinuous stream,  but  does  not  remain  in  the  reels  in 
large  quantities  at  any  one  time,  so  as  to  crush  up 
the  grain  unnece.ssarily.  Horizontal  reels  are  used 
for  larger  grained  and  denser  powders,  where  larger 
quantities  may  be  put  in  at  a time. 

The  following  table  may  be  taken  as  a specimen 
of  the  processes  through  which  the  powders  go 
at  the  Royal  Gunpowder  Factory  after  leaving  the 
granulating  machine  up  to  the  time  of  finishing  and 
packing  in  barrels  : — 


R.L.G. 

R.F.G. 

1st  Dusting, 

In  a horizontal  reel 
covered  with  24- 
mesh  canvas,  mak- 
ing 40  revolutions 
a minute  for  half- 
an-hour. 

Run  through  a slope 
reel  covered  with 
24  - mesh  canvas, 
making  about  40 
revolutions  a min- 
ute. 

Glazing, 

In  wooden  barrels 
making  34  revolu- 
tions a minute  for 
40  minutes,  with 
^ oz.  graphite  per 
100  lbs. 

In  wooden  barrels 
making  34  revolu- 
tions a minute  for 
five  and  a half 
hours. 

2nd  Dusting, 

In  a horizontal  reel 
covered  with  24- 
mesh  canvas,  mak- 
ing 40  revolutions 
a minute  for  half- 
an-hour. 

Run  through  a slope 
reel  covered  wiih 
28 -mesh  canvas, 
making  about  40  re- 
volutions a minute. 

Stoving, 

Same  for  both. 

3rd  Dusting, 
or  Finishing, 

Not  required. 

In  a horizontal  reel 
covered  with  28- 
mesh  canvas,  mak- 
ing about  45  revol  u- 
tions  a minute  for 
twenty-two  hoars. 
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The  powder  is  dried  in  large  chambers  heated  by 
steam  pipes,  and  is  spread  out  on  trays  which  contain 
about  16  lbs.  each.  It  is  thus  exposed  to  a tempera- 
ture of  about  125"  Fahr.  for  24  hours.  Pebble 
powder  requires  a longer  time  and  a higher  tempera- 
ture for  its  efficient  drying,  on  account  of  its  larger 
grain  and  greater  density. 

When  finished,  gunpowder  is  packed  in  barrels 
contiiining  100  lbs.  each.  Pebble  powder,  owing  to 
its  greater  density  and  compactness,  is  packed  in 
barrels  of  125  lbs. 

Before  being  passed  into  the  service,  all  powder 
undergoes  a rigid  examination  and  proof,  which  has 
for  its  object  to  ascertain — 

1.  If  the  powder  have  a proper  colour  to  the  eye, 
a jiroper  amount  of  glaze,  a sufficiently  hard  and 
cris[i  texture,  and  if  it  be  free  from  dust  and  perfectly 
clean. 

2.  If  it  be  properly  incorporated. 

3.  If  the  grains  be  of  the  proper  size  and  shape, 
and  if  the  different  size  of  grains  present  be  in  the 
proper  proportion. 

4.  If  the  powder  be  of  the  proper  density. 

5.  If  the  action  of  the  powder  when  fired  be 
uniform,  and  up  to  a fixed  standard. 

6.  If  it  contain  the  proper  proportion  of  the 
ingredients. 

7.  If  it  possess  a sufficient  power  to  withstand  the 
absorption  of  moisture. 

No.  5 is  considered  the  most  important  point,  in 
order  that  the  practice  obtained  on  service  may  be 
always  relied  on.  Within  the  last  few  years  a rigid 
proof  has  been  established  in  the  arm  with  which 
the  powder  is  to  be  used.  Thus  R.F.G.  is  proved 
in  the  Snider  Enfield  rifle  ; R.F.G.%  in  the  Martini- 
Henry  rifle;  K.L.G.,  in  a 9-pounder  field  gun  ; and 
pebble,  in  an  8-inch  rifled  gun. 

The  velocities  obtained  are  as  follows : — 

K.F.G., 1270  f.s. 

K.F.G.2, 1310  “ 

K.L.G. 1410  “ 

Pebble, 1450  “ 

Properties. — Good  powder,  according  to  Abel 
and  Bloxa.\i,  should  be  perfectly  uniform  in  tex- 
ture ; light  specks  or  glittering  points  indicate  an 
incomplete  mixture.  The  grains  should  be  suffi- 
ciently hard  not  to  be  easily  crushed  between  the 
fingers,  and  not  to  soil  these  or  a piece  of  paper  by 
mere  contact.  Gunpowder  should  burn  rapidly, 
leaving  only  a eery  sliyht  residue.  If  inflamed  upon 
white  paper,  it  should  blacken  it  but  slightly,  and 
should  on  no  account  set  fire  to  it.  Powder  is 
inflamed  by  any  burning  substance,  by  an  electric 
spark,  by  red-hot  metal,  or  by  violent  concussion. 
It  does  not  ignite,  how’ever.  by  exposure  to  a tem- 
perature below  rednes.o.  If  subjected  in  an  atmo- 
sphere of  hydrogen  or  carbonic  acid  to  a gradmd 
increase  of  temperature,  the  sulphur  may  be  com- 
pletely separated,  subliming  upon  the  cool  portion 
of  the  vessel. 

It  has  been  proved  that  powder  may  be  inflamed, 
not  only  by  the  concussion  of  hard  bodies,  but  by 
that  of  comparatively  soft  ones,  provided  it  be 


sufficiently  powerful.  Experiment  has  shown  that 
powder  placed  upon  L ad,  or  even  upon  wood,  may 
be  ignited  by  the  shock  of  a leaden  bullet  fired  at  it. 

No  doubt  the  inflammability  of  a powder  is  greatly 
influenced  by  its  physical  state.  A fine-grain  powder 
will  burn  much  more  rapidly  than  powder  of  a larger 
grain.  The  greater  the  density,  the  more  gradual 
is  its  combustion.  Angular  powder  will  burn  more 
speedily  than  the  round-grained,  and  the  inflamma- 
bility  of  powder  is  not  only  retarded  by  the  presence 
of  moisture,  but  also  by  the  glazing. 

Powder  in  which  the  theoretical  proportions  are 
exact,  and  in  the  manufacture  of  which  a veiy  in- 
flammable charcoal  has  been  used,  the  ingredients 
having  been  mixed  without  the  application  of  very 
great  pre.ssure,  will  uiidei’go,  when  ignited,  an  almost 
instantaneous  decomposition.  Such  a composition, 
in  many  respects,  resembles  the  fulminates ; the  strain 
which  it  exerts  upon  the  fire-arm  is  far  too  powerful ; 
hence  it  is  not  so  generally  applicable  as  a more  gra- 
dually disintegrating  mixture. 

Gunpowder  always  attracts  more  or  less  moisture, 
since  charcoal,  however  dense,  absorbs  humidity 
from  the  air ; though,  of  course,  the  hygroscopic 
property  of  powder  is  considerably  increased  by  the 
use  of  porous  charcoal  in  its  manufacture,  or  by  the 
presence  of  any  considerable  quantity  of  powder-dust. 

I Powder,  manufactured  with  perfectly  pure  saltpetre, 
is  found,  if  preserved  in  dry  stores,  to  absorb  about 
0-5  per  cent,  of  moisture ; the  amount  naturally  in- 
creases considerably  if  it  is  kept  in  a damp  situation. 
Fine -grain  powder  is  generally  found  to  absorb 
I moisture  more  rapidly  than  the  large-grained. 

The  amount  of  ash  left  upon  the  ignition  of  gun- 
powder varies  according  to  the  purity  of  its  ingredi- 
ents, the  proportions  employed,  and, more  particularly, 
the  nature  of  the  charcoal  used.  Its  gradual  accumu- 
lation in  a fire-arm  is  a source  of  great  inconvenience, 
since  it  soon  renders  it  foul  and  difficult  to  charge, 
thus  limiting  the  number  of  rounds  that  can  be  fired 
in  rapid  succession,  without  cleaning  out  the  instru- 
ment. This  fouling,  as  it  is  termed,  is  avoided  to 
some  extent  by  the  use  of  a small  quantity  of  some 
fatty  substance,  which  lubricates  the  barrel,  and  by 
preventing  the  adhesion  of  the  ash  promotes  its  ex- 
pulsion by  the  gases  as  they  make  their  escape. 

Bi.shop  affirms  that  gunpowder  explodes  exactly 
at  the  temperature  of  600°  Fahr.  When  expo.sed  to  a 
heat  of  500°,  its  nature  becomes  totally  changed  ; not 
only  is  the  whole  of  the  moisture  expelled,  but  the 
saltpetre  and  sulphur  are  reduced  to  the  fluid  state. 
The  powder  on  cooling  is  found  to  have  changed 
from  blackish-grey  to  an  intense  black;  the  grain 
has  become  extremely  indurated,  and  by  exposure 
even  to  very  moist  air,  it  then  suffers  no  alteration 
by  imbibing  moisture. 

Analysis.  —The  following  is  the  ordinary  method 
of  analysing  gunpowder  : — 

The  water  is  first  estimated  by  submitting  a small 
portion,  say  3 or  4 grammes  of  the  sample  to  be  ex- 
amined, to  a temperature  of  140°  Fahr.  in  a dessicator 
until  it  ceases  to  lose  weight.  Some  chemists  pre- 
fer placing  a known  quantity  over  sulphuric  aciil  in 
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vacuo,  but  this  method  takes  much  more  time,  and 
the  former  is  sufficiently  accurate  for  all  ordinary 
purposes.  The  loss  after  drying  shows  the  amount 
of  moisture  in  the  sample,  from  which  the  per- 
centage may  be  readily  calculated. 

It  may  be  as  well  to  remark  here  that  the 
quantity  of  water  should  be  a mere  trace,  if  any. 
If  it  is  found  to  contain  several  per  cent,  of  water, 
it  may  be  rendered  again  perfectly  good  by  careful 
desiccation. 

The  next  step  is  the  determination  of  the  nitrate 
of  potash,  which  is  effected  by  boiling  the  powder 
in  which  the  humidity  has  been  determined  in  about 
six  times  its  weight  of  water  ; the  residuum  is  then 
carefully  collected  on  a tared  filter,  washed  with 
tepid  water  until  a few  drops  of  the  filtrate  when 
evaporated  upon  platinum  foil  give  no  residue  ; the 
insoluble  matter  upon  the  filter  being  then  desic- 
cated at  212°,  and  weighed,  the  loss  will  indicate  the 
amount  of  nitrate  of  potash.  The  saltpetre  may 
also  be  determined  by  evaporating  to  dryness  the 
filtrate  obtained  as  above,  fusing  tlie  residuum  at  a 
low  temperature,  and  then  ascertaining  its  weight. 
Both  these  methods  may  be  employed,  the  one  thus 
furnishing  a check  upon  the  other. 

The  nitrate  may  also  be  estimated  with  sufficient 
accuracy  for  ordinary  purposes  by  means  of  a hydro- 
meter, so  constructed  as  to  indicate  the  percentage 
of  saltpetre  when  floated  in  water  containing  a known 
quantity  of  gunpowder  in  solution. 

Should  the  saltpetre  contain  chloride  of  sodium, 
as  it  ordinarily  does,  the  amount  of  it  may  be 
determined  as  follows : — The  dry  and  weighed 
residuum,  procured  as  just  described,  is  redissolved 
in  water,  and  a little  nitric  acid  and  a weak  solution 
of  nitrate  of  silver  added,  when,  if  chlorides  are 
present,  a curdy  precipitate  of  chloride  of  silver 
occurs ; this  is  collected  on  a filter,  well  washed, 
dried,  fused  with  great  care  in  a porcelain  crucible, 
and  weighed.  One  gramme  of  the  chloride  of  silver 
represents  '407  chloride  of  sodium,  or  '247  of 
chlorine. 

The  amount  of  sulphur  and  carbon,  respectively, 
may  be  ascertained  by  various  methods. 

One  of  these,  devised  by  Gay-Lussac,  consists  in 
igniting  in  a platinum  crucible  a known  quantity — 
say  1 gramme — of  the  gunpowder,  with  the  same 
weight  of  potassium  carbonate  and  of  potassium 
nitrate,  and  four  times  the  quantity  of  common 
salt ; by  this  means  the  sulphur  is  oxidized  into 
sulphuric  acid,  and  may  be  determined  as  under : — 
The  fused  mass,  which  should  be  perfectly  white,  is 
dissolved  in  water,  and  acidified  by  means  of  hydro- 
chloric acid.  The  solution  is  next  filtered,  and 
chloride  of  barium  added  so  long  as  a deposit  is 
occasioned.  After  some  time,  when  the  precipitate 
has  subsided,  the  whole  is  filtered,  and  the  barium 
sulphate  washed  with  hot  water,  until  sulphuric 
acid  causes  no  turbidness  in  a portion  of  the  wash- 
ings. The  precipitate  is  next  dried,  and  then,  as 
much  of  it  as  is  possible  being  detached  from  the 
filter  paper,  the  latter  is  burned  in  a platinum  cru- 
cible until  the  whole  of  its  carbonaceous  matter  is 


destroyed;  the  precipitate  is  then  introduced,  heated 
to  redness,  and  weighed. 

Or  oxidize  1 gramme  of  the  powder  in  a small 
flask  with  a concentrated  solution  of  potassium  pei‘- 
manganate,  adding  the  latter  from  time  to  time  till 
the  violet  colour  remains.  Add  hydrochloric  acid, 
heat  till  evolution  of  chlorine  ceases,  dilute,  and 
precipitate  the  sulphuric  acid  with  barium  chloride 
as  before  (Fresenius). 

Some  chemists  digest  the  residue  of  sulphur  and 
carbon,  after  extraction  of  potassium  nitrate,  with  a 
mixture  of  sulphide  of  carbon  and  ether.  The  sul- 
phur enters  into  solution,  leaving  the  carbon  behind; 
the  latter  is  then  washed  with  sulphide  of  carbon 
and  ether,  dried  and  W’eighed,  the  sulphur  being 
determined  by  difference ; or,  the  solution  may  be 
evapora;ed  to  dryness,  and  the  sulphur  directly 
determined. 

The  percentage  of  moisture,  nitrate  of  potassium, 
and  sulphur  being  calculated,  the  difference  indi- 
cates the  amount  of  carbon. 

Fresenius  recommends  determination  of  the  char- 
coal by  digesting  a weighed  portion  of  the  powder 
repeatedly  with  ammonium  sulphide  till  all  the 
sulphur  is  dissolved,  collecting  the  charcoal  on  a 
filter,  and  drying  it  at  212°  Fahr.,  after  washing  with 
ammonium  sulphide  and  distilled  water. 

GUTTA-PERCHA. — This  substance  is  the  concrete 
juice  of  the  Isonandra  Percha  or  Taban  Tree  {Isoii- 
andra  (jutta,  Hookjir),  growing  abundantly  in  Sin- 
gapore, Borneo,  and  other  islands  of  the  Eastern 


rie.  1. 


Archipelago.  The  tree  belongs  to  the  natural  order 
Sapotacex,  sub -class  CoroUiJiorx,  and  attains  a 
growth  of  from  2 to  3 feet  in  diameter,  with  a height 
of  from  60  to  70  feet.  The  trunk  is  straight,  the 
leaves  alternate,  their  upper  surface  of  a pale  green, 
and  their  under  covered  with  a close,  short,  reddish- 
brown  hair.  The  flowers  are  axillary,  from  one  to 
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three  in  the  axils,  supported  on  short  curved  pedi- 
cels, and  are  numerous  along  the  extremities  of  the 
branches.  Idie  wood  is  described  by  Hooker  as 
peculiarly  soft,  fibrous,  and  spongy,  pale-coloured, 
and  traversed  by  longitudinal  receptacles  of  reser- 
voirs filled  with  the  gum,  forming  ebony-black  lines. 
Fig.  1 is  a portion  of  a branch  of  tlie  gutta-percha 
tree,  exhibiting  also  the  leaves,  flowers,  and  fruit. 

The  tree  flourishes  most  luxuriantly  on  alluvial 
tracts  of  land  lying  at  the  base  of  hills,  where  the 
peculiar  character  of  the  soil  and  comparatively 
sheltered  position  appear  to  favour  its  growth.  On 
the  first  introduction  of  gutta-percha  into  commerce, 
the  tree  was  so  plentiful  in  some  places  that  it 
formed  the  greater  part  of  the  jungle ; but  it  has 
since  become  much  scarcer,  ii>  consequence  of  the 
wholesale  felling  of  the  trees  which  was  practised,  in 
the  first  instance,  by  the  Malayan  natives. 

Historical  Notice. — Gutta-percha  appears  to  have 
been  introduced  as  an  article  of  curiosity  into  Europe 
some  time  prior  to  its  receiving  any  useful  com- 
mercial applications.  It  was  first  known  in  England 
in  the  days  of  Trauescant,  a native  of  Holland,  who 
came  to  reside  in  this  country  during  the  reign  of 
Charles  I.  It  also  appears  to  have  been  frequently 
brought  from  China  and  other  parts  of  the  East  in 
the  form  of  sticks,  whips,  and  other  trifling  articles. 
The  merit  of  its  first  introduction  into  Europe  for 
purposes  of  practical  utility  is  divided  between 
William  Montgomerie,  a Scotchman,  who  was  for 
some  years  assistant-surgeon  to  the  Residency  at 
Singapore,  on  the  Malay  peninsula,  and  Sir  Joze 
d’Almeida,  who  had  for  many  years  been  resident 
in  the  same  settlement.  This  last-named  gentleman 
came  over  to  England  in  the  beginning  of  the  year 
1843,  bringing  several  s.amples  of  the  gutta-percha 
with  him  ; and,  among  other  channels  of  communi- 
cation with  the  scientific  world,  had  the  honour  of 
presenting  specimens  to  the  Royal  Asiatic  Society, 
for  which  he  received  their  letter  of  acknowledgment 
and  thanks.  On  the  whole,  however,  the  merit  of 
priority  of  discovery  seems  by  general  assent  to  be 
assigned  to  Montgomerie,  who  in  point  of  fact  was 
not  only  the  first  European  who  discovered  the  value 
of  the  product,  but  the  first  who  exerted  himself 
actively  and  successfully  to  bring  it  into  general  use. 
Before  the  attention  of  this  gentleman  was  directed 
to  it,  it  was  not  only  quite  unknown  to  Europeans 
in  general,  but  was  known  as  an  article  of  value 
only  to  a few  of  the  inhabitants  even  of  those 
localities  in  which  it  was  produced,  and  was  applied 
by  the  natives  to  very  trifling  purposes  ; being  chiefly 
employed  to  make  handles  for  puraiif/s  or  wood- 
choppers,  as  a substitute  for  wood  or  buffalo-horn. 

The  valuable  qualities  of  the  substance  were  no 
sooner  publicly  announced  than  it  came  into  general 
demand.  Its  singular  adaptation  for  an  infinite 
variety  of  purposes  was  quickly  recognized,  and  an 
extensive  trade  in  it  sprang  up  almost  immediately. 
In  the  year  1844,  previous  to  which  even  its  name 
was  unknown  to  European  commerce,  2 ewts.  of 
gutta-percha  were  shipped  experimentally  from 
Si.igapore.  In  1846  the  exportation  of  it  from 


that  port  rose  to  169  piculs,  a picul  being  equiva- 
lent to  133‘3  lbs.  ; in  1846,  to  5364  piculs  ; in  1847, 
to  9296;  and  in  1848,  to  12,000.  The  whole  of 
this  was  sent  to  England,  with  the  exception  of  15 
piculs  to  Mauritius,  470  to  the  Continent  of  Europe, 
and  922  to  the  United  States. 

The  knowledge  of  the  increasing  value  of  the 
material  stirring  the  avidity  of  the  gatherers  spread 
from  Singapore,  northward  as  far  as  Penang,  south- 
ward along  the  east  coast  of  Sumatra  to  Java,  east- 
ward to  Borneo,  where  it  was  found  not  only  at 
Sarawak,  but  also  at  Brune  and  Pontianak  on  the 
west  coast,  and  at  Reti  and  Passir  on  the  east.  This 
eager  demand  for  the  valuable  gum,  animated  by  the 
thirst  for  immediate  gain,  was  productive  of  a.reck- 
less  destruction  of  the  trees  which  produced  it, 
which  in  place  of  being  simply  tapped,  as  in  the  case 
of  caoutchouc,  were  felled  to  the  ground,  stripped  of 
their  bark,  and  the  milky  juice  collected.  Not  more 
than  20  or  30  lbs.  could  be  procured  in  this  way 
from  each  tree,  and  in  the  course  of  little  over  three 
years  as  many  as  270,000  trees  had  been  thus  de- 
stroyed. Fortunately  for  the  continued  supply  of 
gutta-percha,  an  English  company  embarked  a large 
capital  in  promoting  the  tapping  instead  of  felling  of 
the  trees,  and  thus  prevented  an  otherwise  inevitable 
failure  in  the  supply  of  the  material. 

Extraction  and  Impissation  o)  the  Jidce. — The  sap 
which  contains  the  gutta-percha  circulates  between 
the  bark  and  the  body  of  the  tree,  in  vessels  the 
course  of  which  is  well  marked  by  black  longitudinal 
lines  upon  the  wood.  The  juice  is  obtained  either 
by  felling  the  tree  at  once,  close  to  the  root,  and 
cutting  rings  in  the  bark  at  a distance  of  from  12  to 
18  inches  apart,  or  by  simply  cutting  notches  here 
and  there  in  the  living  tree  in  its  natural  state,  in 
which  case  judicious  treatment  will  insure  a yield 
from  the  same  tree  for  many  consecutive  years 
without  apparent  injury.  In  either  case  the  milky 
sap  which  exudes  is  collected  in  the  shells  of  cocoa 
nuts,  the  spathes  of  palm  leaves,  or  similar  recep- 
tacles, where  it  coagulates  shortly  after  being  col- 
leeted.  It  is,  however,  stated  by  Dr.  Oxley,  that 
the  coagulation  has  to  be  subsequently  effected  by 
the  natives  by  boiling  the  liquid,  so  as  to  drive  off 
the  aqueous  portion.  The  necessity  for  this  heating 
of  the  juice  doubtless  only  occurs  when  its  coUec- 
tion  is  comparatively  rapid,  as  is  the  case  when  the 
sap  is  obtained  by  felling  the  trees;  where,  how- 
ever, simple  tapping  is  resorted  to,  the  exudation  of 
the  sap  and  its  collection  is  no  doubt  slower,  and  a 
partial  evaporation  occurs  sufficient  to  insure  its 
subsequent  coagulation  spontaneously.  The  juice 
before  becoming  completely  solidified  is  kneaded  by 
the  natives  into  compact  oblong  masses,  from  7 to 
12  inches  in  length  by  4 or  5 in  thickness.  Gutta- 
percha arrives  now  into  this  country  in  the  form  of 
small  slightly -flattened  cakes,  which  are  generally 
either  round  or  square.  There  are  three  distinct 
qualities  recognized.  The  purest  is  of  a yellowish 
colour  and  fibrous  nature  ; the  second  quality  much 
resembles  the  first  in  character,  but  is  not  quite  so 
tough,  and  of  a slightly  reddish  colour;  while  the 
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third  variety  is  friable,  slightly  sticky,  and  of  a 
whitish  colour;  this  last  quality  is  generally  covered 
over  with  the  better  class  material. 

Plitjxical  and  Chemical  Charucteriitticx. — Gutta- 
percha in  a pure  state  is  nearly  white,  but  in  the 
condition  in  which  it  occurs  in  commerce,  after 
having  been  treated  for  the  separation  of  mechanical 
impurities,  is  of  a reddish-brown  hue.  At  ordinary 
temperatures  it  is  a tough,  inelastic  substance,  pos- 
sessing about  as  much  tenacity  as  thick  leather,  but 
with  rather  less  flexibility;  heated  to  about  50°  C.  it 
softens,  and  at  temperatures  of  about  70°  becomes 
plastic  and  capable  of  being  moulded  into  any 
required  shape,  which  it  retains  on  cooling:  at  a 
slightly  higher  temperature  its  ductility  is  such  that 
it  may  be  drawn  into  thread  or  extended  to  thin 
sheets  with  the  greatest  facility.  It  is  this  property 
of  gutta-percha,  of  becoming  plastic  and  ductile 
under  the  influence  of  a moderate  heat,  that  renders 
it  so  admirably  adapted  to  such  a variety  of  com- 
mercial purposes,  while  the  faithful  reproduction  of 
tlie  most  minute  details  of  a mould  have  rendered  it 
of  especial  value  for  modelling  and  electrotyping. 
At  a temperature  of  116°  C.  gutta  percha  melts  to  a 
transparent  liquid,  and  the  heat  being  raised  to  a 
still  higher  degree,  the  liquid  boils  and  decomposes, 
yielding  an  oily  distillate,  which  is  at  first  nearly 
colouiless,  but  towards  the  end  of  the  distillation 
acquires  a brownish -orange  hue.  Gutta-percha 
which  has  once  been  overheated  does  not  regain  its 
original  properties  on  being  cooled  to  ordinary  tem- 
peratures, but  remains  as  a sticky,  adhesive  mass. 
This  may  be  well  observed  by  setting  fire  to  a strip, 
when  it  burns  with  a bright  flame,  similar  to  that  of 
sealing-wax,  at  the  same  time  emitting  sparks  and 
di’opping  a black  adhesive  residuum.  The  specific 
gravity  of  the  commercial  article  is  about  0'975, 
being  slightly  lighter  than  water;  but  the  density 
somewhat  varies  with  the  conditions  of  the  material, 
being  greatest  in  those  specimens  that  have  been 
rolled  into  sheets  by  the  pressure  of  heavy  rollers. 
The  varations  in  density  are  no  doubt  mainly  due  to 
a natural  porosity,  which  it  is  stated  may  be  well 
seen  by  examining  a thin  film  which  has  been  ob- 
tained by  the  evaporation  of  the  solution  of  the 
material  in  carbon  disulphide  under  the  microscope, 
when  numerous  small  holes  or  cavities  will  be  ob- 
served. It  is^due  to  this  porosity  that  gutta-percha 
appears  to  possess  a less  density  than  that  of  water, 
for  if  strips  of  the  material  are  stretched  under 
strong  pressure,  and  immediately  cut  into  pieces 
under  water,  the  fragments  fall  to  the  bottom  of 
the  liquid ; it  also  becomes  specifically  heavier  by 
simple  long-continued  exposure  to  air,  but  this  is 
no  doubt  due  to  the  increased  density  of  the  oxida- 
tion products  then  formed.  The  porosity  of  gutta- 
percha is  said  to  be  the  principal  drawback  to 
its  more  extensive  employment  for  the  construction 
of  bottles  and  other  vessels  for  holding  fluids.  It 
is  curious,  however,  that  after  having  been  forcibly 
stretched  the  porosity  is  considerably  diminished 
and  a fibrous  texture  developed ; and  it  will  then 
support  without  fracture  the  action  of  a force  equal 


to  double  that  required  for  its  elongation  in  the  first 
instance ; but  although  becoming  stronger  by  this 
treatment  in  the  direction  of  elongation,  it  becomes 
at  the  same  time  less  able  to  support  any  transverse 
strain. 

Gutta-percha  is  a bad  conductor  of  both  heat  and 
electricity.  It  becomes  negatively  electric  when 
rubbed,  and  in  the  dry  state  is  equal  to  shellac  as  an 
insulator ; it  is  this  last  property  which  renders  it  so 
extensively  employed  for  the  insulation  of  submarine 
and  subterraneous  telegraph  wires,  for  which  pur- 
pose it  was  first  proposed  by  Faraday  in  1847. 

Common  gutta-percha  is  completely  insoluble  in 
water,  and  is  not  acted  on  by  any  sort  of  saline  solu- 
tion, fermented  liquors,  dilute  acids,  or  strong  alkalies. 
Concentrated  nitric  and  sulphuric  acids,  however, 
attack  it,  the  former  with  comparative  rapidity,  the 
action  being  accompanied  with  effervescence,  and  the 
evolution  of  red  fumes  of  nitrous  acid ; the  gutta  is 
eventually  disintegrated  and  acquires  a brownish-red 
colour,  becoming  doughy  and  subsequently  solidi- 
fying to  a friable  mass.  Sulphuric  acid  acts  on  it 
somewhatmore  gradually,  but  eventually  disintegrates 
it,  becoming  itself,  at  the  same  time,  decomposed 
with  evolution  of  sulphurous  acid.  Strong  hydro- 
chloric and  dilute  hydrofluoric  acids  are  stated  by 
Miller  to  be  without  action  on  gutta-percha;  but 
Payen  states  that  the  former  acid,  in  its  concentrated 
condition,  has  a certiiin  slow  action  ending  in  con- 
verting the  material  into  a brown  brittle  mass, 
soluble  in  alcohol  and  benzol.  Chloroform  and  carbon 
disulphide  appear  to  be  the  best  solvents  for  gutta- 
percha; the  solution  takes  place  with  facility  in  the 
cold,  and  is  unaccompanied  with  the  preliminary 
swelling  of  the  material  which  always  takes  place 
when  caoutchouc  is  similarly  treated. 

By  frequent  solution,  filtration,  and  evaporation, 
gutta  - percha  may  be  obtained  almost  wliite  ; in 
this  condition  it  is  considerably  more  flexible  than 
the  material  in  its  crude  state,  and  in  its  physical 
appearance  much  resembles  white  wax,  with  the 
exception  of  being  more  transparent.  Benzol,  oil  of 
turpentine,  and  coal-tar  naphtha  also  dissolve  gutta- 
percha with  the  aid  of  heat,  but  on  cooling  the  solu- 
tions become  more  or  less  gelatinous,  and  the  addition 
of  alcohol  precipitates  the  material  in  a pure  form ; 
olive  oil  is  likewise  a partial  solvent  with  the  aid 
of  heat.  The  change  which  gutta-percha  undergoes 
when  exposed  to  air  and  light,  and  which  is  familiarly 
termed  “ perishing,”  has  been  the  main  drawback  to 
its  more  extensive  utilization  for  a number  of  pur- 
poses for  which  it  is  in  all  other  respects  admirably 
fitted.  When  exposed  to  the  direct  action  of  solar 
heat  it  experiences  a sort  of  doughy  fusion,  but 
when  placed  in  situations  where  it  is  subjected  to 
ordinary  conditions  of  light  and  air  it  gradually 
changes  from  the  exterior  to  the  centre,  exhaling  a 
peculiar  acrid  odour,  and  becoming  eventually  trans- 
formed into  a hard  brittle  mass.  This  change  is 
evidently  due  to  oxidation,  as  a chemical  examination 
of  the  altered  material  proves. 

The  results  of  Payen’s  experiments  on  the  chemical 
constitution  of  gutta-percha  show  it  to  be  composed 
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of  three  distinct  principles,  which  were  termed  by 
him  “gutta,”  “albane,”  and  “fluavile.”  Gutta  is 
insoluble  in  alcohol  whether  cold  or  boiling ; albane 
dissolves  in  boiling  alcohol,  but  is  not  soluble  in  the 
cold  liquid ; while  fluavile  is  soluble  in  cold  alcohol. 
1’aven  treated  tlie  gutta-percha  in  thin  sheets  with 
boiling  alcohol,  which  dissolved  out  the  albane  iind 
fluavile,  leaving  the  pure  gutta  behind.  On  cooling 
the  solution  thus  obtained  and  allowing  it  to  stand 
for  some  time,  the  albane  crystallized  out,  while  the 
evaporation  of  the  residua!  liquid  gave  the  fluavile. 
The  average  percentage  composition  thus  obtained 
was  as  follows : — 

Gutta, 78  to  82 

Allianc, IG  to  14 

Fluavile, 6 to  4 

100  100 

The  pure  gutta  resembles  ordinary  gutta-percha 
in  its  appearance  and  characteristics,  with  the  e.\cep- 
tion  of  being  slightly  more  flexible  at  ordinary 
temperatures.  Albane  is  a white  pulverulent  mass, 
soluble  in  oil  of  turpentine,  benzol,  carbon  disul- 
phide, ether,  chloroform,  and  boiling  alcohol ; it 
begins  to  melt  at  100°,  is  perfectly  fluid  at  between 
176°  and  180°,  and  contracts  strongly  on  cooling. 
Fluavile  is  yellow  and  resinous,  dissolving  in  the 
same  solvents  as  albane,  but  differing  by  its  solubility 
in  cold  alcohol ; it  becomes  pasty  at  50°,  and  com- 
pletely liquefies  at  from  100°  to  110°,  and  at  higher 
temperatures  boils  and  decompose.?. 

According  to  the  more  recent  researches  of 
OUDE.MANS  (Rep.  Chem.  app.  1,  455)  and  of  Baum- 
HAUER  (J.  pr.  Chemie,  Ixxviii.  277)  it  appears  that 
the  true  view  of  the  composition  of  ordinary  gutta- 
percha is  that  of  regarding  it  as  a mixture  of  a pure 
hydrocarbon,  gutta,  isomeric  with  oil  of  turpentine, 
Cifllljg,  with  oxidation  products  (CjqIIii,)20,  and 
CjqI1|,(0,  representing  the  albane  and  fluavile  of 
Tayen.  Other  oxidation  products  are  also  present 
in  minor  quantities,  among  which  may  be  included 
formic  acid.  This  view  of  the  composition  of  com- 
mercial gutta-percha  is  corroborated  by  the  experi- 
ments of  C.  Greville  IV^iLLiAMS,  who  obtained  from 
the  destructive  distillation  of  the  material  products 
resembling  those  obtiiined  under  similar  conditions 
from  caoutchouc,  and  mostly  polymeric  hydrocarbons, 
isoprene,  CjIIg,  caoutchin,  and  hevene,  also 

probably  polpneric  with  the  two  others.  The 
caoutchin  forms  about  20  per  cent,  of  the  crude 
distillate,  and  the  isoprene  about  5 per  cent.  The 
special  circumstfince,  however,  bearing  on  the  con- 
stitution of  the  original  material,  was  that,  besides  the 
hydrocarbon  substances  already  named,  the  aqueous 
distillate  which  was  at  the  same  time  obtained, 
instead  of  being  alkaline,  as  in  the  case  of  the  des- 
tructive distillation  of  caoutchouc,  was  strongly  acid, 
from  the  presence  of  a volatile  organic  acid,  apparently 
one  of  the  lower  members  of  the  series,  C^II^uO.^. 

Miller’s  researches  (Chem.  Soc.  J.  (2)  iii.  273) 
assigned  the  formula  C.^glljo  to  pure  gutta,  which 
would  correspond  to  a percentage  composition  of 
carbon  88  99  and  hydrogen  llTl.  He  found  ordin- 
vou  II. 
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ary  gutta-percha  to  have  the  following  percentage 
composition ; — 

Hydrorarbou,  Resin.  Woody  fibre.  Water.  Ash. 

7a-70  15-10  2 18  2-5  0-52  = 100 

There  is  but  little  doubt  that  this  resin,  regarded 
as  an  oxidation  product  derived  from  the  pure  gutta, 
is  formed  at  the  time  the  juice  is  being  withdrawn  from 
the  trees ; a more  careful  method  of  collection  would 
probably  yield  a purer  article  containing  a larger 
percentage  of  gutta  and  correspondingly  diminished 
amount  of  oxidation  products.  The  so  called 
“perishing”  of  gutta  percha  is  evidently  a slow 
oxidation  process,  by  which  the  percentage  of  gutta 
is  reduced  gradatim,  and  by  which  it  is  simultan- 
eously transformed  into  resinous  products  containing 
oxygen.  This  change,  as  has  already  been  remarked, 
occurs  with  more  or  less  rapidity  when  gutta-percha 
is  simultaneously  exposed  to  air  and  light ; but  under 
circumstances  where  these  conditions  are  absent  the 
material  may  be  preserved  for  almost  an  indefinite 
period  without  appreciable  change.  It  is  for  this 
reason  that  gutta-jiercha  continues  to  be  of  such 
immense  service  in  coating  metallic  wires  for  pur- 
poses of  insulation,  as  for  instance,  in  the  construction 
of  submarine  telegraphic  cables.  The  changes  which 
gutta-percha  experiences  on  exposure  to  air  have 
been  studied  by  Hoffman,  who  found  the  altered 
material  to  consist  of  a brown  fragile  mass  from 
which  cold  alcohol  extracted  a brittle  substance 
having  a percentage  composition  of  carbon  62-8, 
hydrogen  9‘6,  and  oxygen  27-9.  By  the  further 
action  of  boiling  alcohol  a substance  of  similar 
physical  characteristics  was  procured,  having  a com- 
position of  carbon  67'7,  hydrogen  lO'l,  and  oxygen 
22-2.  The  residue  from  these  operations  consisted 
of  unaltered  gutta,  which  has  been  already  seen  to 
be  composed  of  carbon  88'99  and  hydrogen  11-11. 

PuriJicatioH  of  the  Crude  Gvlta-percha,  and  Uses  oj 
the  Purified  Material. — The  blocks  of  crude  gutta- 
percha, in  the  condition  in  which  they  airive  in 
this  country,  contain  many  foreign  substances  ad- 
ventitiously and  designedly  introduced,  which  it  is 
necessary  to  eliminate  before  the  material  can  be 
applied  to  any  useful  commercial  purpose.  The 
impurities  alluded  to  are  chiefly  mechanical,  and 
consist  mainly  of  sand,  earthy  matter,  and  fragments 
of  wood,  bark,  leaves,  &c.  The  exact  method  of 
removing  these  impurities  differs  somewhat  accord- 
ing to  the  use  to  which  the  finished  product  is  to  be 
applied,  and  it  must  therefore  be  understood  that  the 
following  description  is  only  a general  account, 
which  may  in  practice  be  slightly  varied,  as  occasion 
requires. 

The  first  step  towards  the  purification  consists  either 
in  cutting  the  crude  blocks  into  slices  by  a machine 
not  unlike  a large  chaff-cutter,  or  in  reducing  them 
to  coarse  powder  by  a suitable  rasping  machine. 
The  usual  method,  however,  is  that  of  slicing;  and 
this  is  accomplished  by  a machine  which  was  de- 
vised by  Charles  Hancock  and  patented  by  him 
in  1847.  This  machine  is  a large  solid  vertical 
disc  of  iron,  armed  on  one  side  with  sharp  knife- 
20 
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edges,  and  revolving  at  the  rate  of  200  turns  per 
minute  against  the  extremity  of  a sloping  iron  table. 

The  block  of  gutta- 
perchabeingbrough  t 
to  the  edge  of  the 
table,  is  rapidly 
caught  by  the  knives 
and  literally  reduced 
to  shavings,  which 
fall  into  a receptacle 
beneath.  Fig.  2 is  a 
side  elevation  of  this 
machine,  and  Fig.  3 
a front  elevation  of 
the  disc,  with  part 
of  the  frame.  The 
revolving  disc,  B, 
is  a circular  iron  plate,  of  about  5 feet  diameter,  into 
three  slots  in  which  are  inserted  three  radial  knives, 
h,  //,  U\  in  a similar  manner  to  the  iron  of  an 
ordinary  plane  or  spoke-shave.  Supported  by  the 
frame,  a f,  is  the  shaft,  D,  to  one  end  of  which  the 


Fig.  3. 


plate,  B,  is  attached,  and  to  the  other  the  strap- 
pulleys,  E,  by  one  of  which  motion  is  communi- 
cated to  the  shaft  from  a steam  engine  of  considerable 
power.  F is  an  inclined  shoot,  down  which  the 
lumps  of  the  crude  material  are  dropped  against 
the  knives  of  the  revolving  disc,  and  are  thus  cut 
into  .slices,  the  thickness  of  which  depends  upon  the 
degree  of  projection  given  to  the  knives.  In  the 
figure  the  knives  are  represented  as  being  straight, 
but  Hancock  states  in  his  specification  that  in 
cases  where  the  crude  material  is  of  an  unusually 
hard  or  intractable  nature,  the  knives  used  may  be 
advantageously  of  a curved  or  reaping-hook  form,  in 
order  to  make  their  action  more  gradual.  In  the 
cutting  process,  the  knives  often  suffer  considerable 
injury  from  the  stones  and  other  intractable  sub- 
stances introduced  as  adulterants  by  the  Malayan 
natives. 

Having  been  reduced  to  shavings,  or  rasped  to  a 
coarse  powder,  the  next  process  to  which  the  gutta- 
percha is  subjected  is  that  of  cleansing  it  from  a 
greater  part  of  the  extraneous  matter  which  is 
present.  There  are  two  methods  of  effecting  this. 
In  the  original  patent  of  C.  Hancock,  before 


alluded  to,  the  method  of  treatment  was  to  subject 
the  slicings  of  gutta-percha  to  the  action  of  a series 
of  “tearing”  wheels  placed  over  tanks  of  cold  water; 
the  finely  divided  fragments  of  raw  material  then 
fell  into  the  cold  water,  where  the  comparatively 
pure  gutta-percha  floated  and  the  earthy  impurities 
which  it  previously  contained  fell  to  the  bottom. 
The  floating  material  was  caught  by  an  endless  band 
revolving  over  two  rollers,  and  by  wdiich  it  was  taken 
to  a second  tearing  wheel ; the  same  operation  being 
in  all  repeated  some  three  or  four  times.  Finally, 
the  purified  gutta  - percha  was  carried  between  a 
series  of  small  rollers,  and  subsequently  on  its  issue 
from  the  water  it  was  caught  by  a pair  of  larger 
rollers,  from  which  it  emerged  as  a consolidated 
sheet.  The  process  most  generally  followed  appears 
to  consist  in  throwing  the  shavings  or  raspings  of 
the  raw  material  into  a tank  of  water,  into  wdiich 
the  waste  steam  from  the  boilers  is  conducted 
in  order  to  heat  it  to  the  boiling  point.  This 
process  softens  the  gutta-percha  into  a fluid  mass, 
and  by  the  agitation  of  the  boiling  the  grosser  im- 
purities separate  and  fall  to  the  bottom.  The  greater 
part  of  the  foreign  matter  having  been  thus  elimin- 
ated, the  partially  purified  material  is  collected  into 
one  mass  and  carried  to  “ tl)e  teaser.”  This  is  a sort 
of  large  ch’cular  box,  containing  a cylinder  or  drum 
covered  with  rows  of  bent  jagged  teeth,  and  which 
revolves  at  the  rate  of  about  800  turns  per  minute. 
The  mass  of  the  gum  is  thus  rapidly  torn  into  shreds, 
which  fall  into  a tank  of  water  placed  beneath,  where 
the  pure  material  floats  on  the  surface,  and  the 
heavier  impurities  disengaged  by  the  action  of  the 
teaser  fall  to  the  bottom.  The  purified  gutta-percha 
has  now  a crisp,  fresh-looking  appearance,  and  is 
ready  for  the  next  operation  ; which  consists  in  work- 
ing and  kneading  it  into  a homogeneous  mass,  in 
order  to  secure  uniformity  of  composition  and 
expel  the  air  and  water  which  have  been  mtroduced 
in  the  preceding  operations.  For  this  purpose  the 
material  is  once  more  subjected  to  the  operation  of 
boiling,  by  which  it  becomes  united  into  a single 
mass,  which  is  then  transferred  to  the  “ kneader  ” or 
“ masticator,”  which  is  a strong  circular  iron  box 
of  the  required  dimensions  containing  a revolving 
cylinder,  either  armed  with  cogs  or  pins  on  its 
surface  or  having  a deeply  corrugated  or  fluted 
surface.  The  cylinder  and  its  containing  box  are 
both  constructed  of  cast  iron,  and  are  heated  by 
means  of  steam.  (A  diagram  of  this  machine  will  be 
found  in  the  article  India  Rubber.)  The  gutta- 
percha when  introduced  is  by  the  heating  action  of 
the  steam  retained  in  a soft  condition,  and  being 
carried  round  by  the  revolving  cylinder  is  forcibly 
squeezed  against  the  sides  of  the  box,  and  by  the 
action  of  the  projecting  pins  or  cogs  all  air  bubbles 
are  expelled,  and  the  whole  brought  to  the  state  of 
a perfectly  homogeneous  mass,  without  a particle 
of  water  in  its  composition. 

Nickels  in  1856  introduced  a somewhat  different 
form  of  masticator,  represented  in  Fig.  4,  which  is 
considered  very  effective  in  its  action.  Li  this 
machine  there  are  two  rollers,  with  screws  on  their 
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surface  in  place  of  teeth  or  projections ; the  rollers  ^ 
work  parallel  with  a small  space  between,  and  the 
threads  of  the  screw  rollers  are  notched,  the  notches 
being  made  preferably  in  a diagonal  direction. 

After  being  subjected  to  the  masticating  process, 
the  gutta-percha  is  sufficiently  pure  for  being  applied 
to  most  ordinary  purposes.  Where,  however,  it  is 
required  of  a still  higher  degree  of  purity,  as,  for 
instance,  in  its  application  to  covering  telegraph 
wires  for  submarine  cables,  or  for  the  manufacture 
of  the  fine  sheets  known  as  gutta-percha  tissue,  the 
material  is  subjected  to  a process  of  straining  by 
being  forced  in  the  melted  condition  through  sieves 
of  wire-gauze,  hydraulic  or  steam  pressure  being 
used  for  the  purpose.  After  this  straining,  a further 
mastication  is  practised,  in  order  to  expel  the  last 
traces  of  water  and  render  the  material  perfectly 
uniform,  when,  on  the  completion  of  the  process, 
the  gutta-percha  is  in  its  highest  state  of  commercial 
purity. 

The  necessity  for  straining  gutta-percha  in  order 


Fig.  4. 


to  completely  purify  it  may  not  be  at  first  apparent; 
but  it  must  be  remembered  that  many  of  the  im- 
purities originally  present  consist  of  eouiparatively 
light  substances  (fragments  of  bark,  wood,  &c.), 
which  in  the  ordinary  purifying  processes  float  on 
the  surface  of  the  water  with  the  gutta-percha  itself, 
only  the  heavier  foreign  substances,  such  as  sand, 
&c.,  becoming  eliminated  by  falling  to  the  bottom 
of  the  tanks.  These  lighter  impurities  are  scarcely 
in  any  degree  eliminated  by  the  various  teasing  and 
masticating  processes,  being  only  more  or  less  com- 
minuted and  mixed  to  a greater  or  less  degree  with 
the  gutta-percha ; and  it  is  not  until  the  hatter  is 
subjected  to  the  straining  process  that  the  eomplete 
purification  of  the  material  can  be  said  to  be  effected. 
At  the  same  time,  the  impurities  alluded  to  do  not 
in  any  degree  interfere  with  the  more  ordinary  use- 
ful purposes  to  which  guttca-percha  is  applied,  and  it 
is  therefore  only  in  comparatively  extreme  cases  that 
this  last  stage  of  purification  has  to  be  gone  tlirough. 

lioUiw]  the  Piirifieil  Gutta-percha  into  Sheets. — The 
conversion  of  the  purified  material  into  sheets  is  the 
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^ first  step  necessary  for  its  subsequent  manufacture 
into  a groat  variety  of  articles  of  different  kinds. 

For  this  purpose,  the  kneaded  mass,  fresh  from 
the  masticator,  and  consequently  still  in  a warm 
plastic  condition,  is  carried  to  the  rolling  machine 
represented  in  Fig.  5.  This  apparatus  is  similar 
to  that  employed  in  paper-mills,  the  gutta-percha, 
like  the  soft  paper,  passing  on  an  endless  band  be- 
tween steel  cylinders  placed  at  the  requisite  distances 
apart,  according  to  the  thickness  of  the  sheet  required. 
By  means  of  screws  the  cylinders  can  readily  be 
adjusted  to  produce  with  equal  ease  the  stoutest 
driving  band,  or  the  thinnest  gutta-percha  tissue,  so 
successfully  employed  as  a substitute  for  oiled  silk, 
hydropathic  bandages,  &c.  After  passing  between 
the  rollers  in  a soft  and  impressible  state,  the  sheet 
performs  a long  journey  on  the  endless  band,  in  the 
course  of  which  it  gradually  cools  and  hardens,  and 
finally  appears  at  the  other  end  a smooth,  firm,  flat 
sheet,  which  admits  of  being  received  and  wound  on 
a drum  till  the  requisite  length  has  been  worked  off. 


Fig.  6. 


If,  however,  the  sheet  be  too  thick  to  cool  sufficiently 
by  merely  travelling  the  prescribed  distance,  it  is 
ventilated  as  it  passes  along  by  a series  of  fans  like 
those  of  a winnowing  machine. 

Dividing  into  Ribands  and  Cord.  — When  the 
material  is  required  to  be  in  bands  or  strips,  it  is 
generally  cut  into  that  form,  while  being  rolled  into 
sheets,  by  a series  of  knives  so  placed  as  to  divide 
the  sheet  while  yet  plastic  into  any  number  of  bands 
of  the  required  width,  just  before  quitting  the  roll- 
ing machine.  The  knives  are  set  upright  in  a frame, 
edge  foremost,  at  the  requisite  distances  from  each 
other,  and  without  interrupting  the  progress  of  the 
sheet,  they  slice  it  into  bands,  which,  as  before,  are 
made  to  travel  till  they  cool,  and  are  then  wound 
upon  a drum. 

In  1847  an  ingenious  machine  was  patented  by 
Charles  Hancock  for  cutting  gutta-percha  into 
narrow  ribands,  and  manufacturing  it  into  thread  or 
cord  of  any  required  shape.  A front  elevation  of 
as  much  of  this  machine  as  is  necessary  to  undei’- 


156 


GUTTA-PERCHA.— Manufacture. 


stand  its  construction,  is  given  in  Fig.  6,  in  which 
B C are  two  grooved  rollers,  made  of  steel  or  iron, 
and  mounted  in  suitable  framework.  The  grooves 
of  each  roller  are  semicircular,  so  that  when  the 
grooves  of  one  roller  are  brought  opposite  to  those 
of  the  other,  they  form  together  a series  of  circular 
holes,  as  shown  in  the  figure,  at  the  line  of  contact 
between  the  two  rollers.  The  under  roller  is  flanged 
at  both  ends,  and  the  two  ends  of  the  upper  roller 
are  made  to  fit  inside  of  these  flanges,  in  order  to 
keep  the  cutting  edges  from  shifting  or  being  damaged. 
From  the  prime  mover,  motion  is  communicated 
to  the  wheel.  A,  on  the  shaft  of  the  roller  B, 
and  thence  through  the  wheels  D and  E,  to  the 
roller  C.  To  cut  thin  sheets  of  gutta  percha  with 
this  machine  into  narrow  strips  or  ribands,  the  ma- 
terial is  passed  through  it  cold,  and  only  the  cutting 
edges  are  brought  into  operation.  To  make  round 
thread  or  cord  by  means  of  it,  a sheet  of  gutta- 


percha, of  a thickness  equal  to  the  diameter  of  the 
holes  formed  by  the  grooves  of  the  rollers,  is  passed 
through  it  at  a temperature  of  about  200°,  by  sup- 
plying the  material  from  a feeding  chamber,  heated 
to  that  degree  by  steam  or  otherwise ; and  the  threads 
or  cords,  after  passing  between  the  rollers,  are  re- 
ceived in  a tank  of  cold  water,  from  which  they  are 
wound  on  reels  or  drums,  conveniently  placed  for 
the  purpose.  Or,  by  another  method,  the  gutta- 
percha is  employed  in  a plastic  state,  and  passed 
towards  the  machine  under  a gauge,  after  the  man- 
ner employed  in  the  caoutchouc  manufacture. 

Should  it  be  desired  to  produce  cord  of  a semi- 
circular section,  the  lower  grooved  roller  is  replaced 
by  a plain  roller ; or  should  cord  of  a form  neither 
circular  nor  semicircular,  but  square,  triangular, 
hexagonal,  or  of  any  other  angular  form,  be  required, 
two  cylinders  are  employed,  grooved  in  such  a man- 
ner as  to  produce  the  desired  shape. 

Cord  and  thread  are  likewise  manufactured  by 


means  of  a stamp,  bearing  a number  of  close  parallel 
sharp  edges,  which  are  brought  down  upon  a sheet 
of  gutta-percha,  so  as  to  cut  it  nearly  through  in  a 
series  of  corresponding  parallel  lines.  The  narrow 
slips  are  then  severally  torn  off,  and  polished  up  by 
hand  for  use. 

Cuttinfi,  Shaping,  and  MonkUng.  — Besides  the 
operations  above  mentioned,  the  gutta-percha,  when 
formed  into  sheets,  admits  of  an  infinite  variety  of 
applications.  Softened  by  boiling  water  or  steam,  it 
may  be  shaped  into  any  required  form  by  the  hand, 
the  knife,  the  mould,  and  the  press. 

In  making  shoe  soles,  a dozen  of  stout  bands  are 
placed  under  the  action  of  a cutter,  which  divides 
them  into  rectangular  pieces  of  the  required  size, 
which  are  afterwards  cut,  en  masse,  into  the  required 
shape  by  means  of  a sharp-edged  frame.  By  means 
of  revolving  tables,  bearing  inverted  iron  moulds  of 
various  shapes,  all  kinds  of  moulded  articles,  such  as 
buckets,  bowls,  bottles,  mariners’  hats,  &c.,  are  made, 
in  much  the  same  way  as  clay  articles  are  fashioned 
on  a potter’s  wheel.  Many  other  articles  used  for- 
merly to  be  made  from  gutta-percha,  which  the 
increased  price  of  the  material  now  precludes.  In 
any  stamping  or  moulding  process  the  sheets  are  cut 
into  pieces  of  the  desired  size,  and  each  piece  then 
sufficiently  wanned  to  take  the  impress  of  the  dye ; 
the  impressions  are  wonderfully  sharp  when  properly 
executed,  the  most  minute  details  being  reproduced 
with  perfect  fidelity. 

An  ingenious  method  of  moulding  was  patented 
by  Charles  Goodyear  in  1855.  A cylinder  or 
barrel,  fitted  with  a closely-fitting  piston,  and  having 
screw  mechanism  by  which  the  piston  can  be  forced 
slowly  and  strongly  down,  is  filled  with  purified 
gutta-percha.  The  cylinder  is  steam-jacketed,  so  as 
to  keep  the  material  in  a plastic  condition.  At  the 
base  of  the  cylinder  is  a nozzle  or  orifice  which  can 
be  connected  at  pleasure  with  any  desired  mould. 
The  moulds  are  made  in  two  pieces,  held  together 
with  bolts  or  nuts,  and  having  on  t’.ieir  interior 
surface  tlie  configuration  for  producing  the  article 
desired,  and  each  mould  has  two  or  more  entrances 
suitably  situated,  the  larger  of  which  is  used  for  the 
entry  of  the  gutta-percha,  and  the  smaller  for  the 
exit  of  the  air.  The  moulding  of  articles  by  this 
metliod  is  extremely  simple,  the  mould  being  simply 
connected  with  the  outlet  of  the  cylinder  containing 
the  gutta-percha,  and  pressure  being  applied  to  the 
piston  by  means  of  the  screw  arrangement,  the 
plastic  and  semifluid  materiixl  is  forced  into  the 
mould,  eventually  making  its  appearance  at  the  air 
outlets.  The  pressure  is  then  stopped,  the  mould 
cookd,  if  desired,  by  immersion  in  cold  water,  and 
the  article  removed. 

Gutta-percha  Tubing. — On  the  introduction  of  the 
gutta-percha  manufacture,  one  of  the  first  uses  to 
which  the  new  material  was  applied  was  for  making 
tubes  for  every  variety  of  purpose.  The  insolubility 
of  the  material  and  its  indifference  to  the  action  of 
most  chemical  reagents  were  properties  which  would 
render  it  invaluable  for  a great  variety  of  purposes, 
but  unfortunately  the  ‘“perishing”  of  the  gutta- 
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percha  has  very  much  prevented  its  more  extensive 
adoption  for  tlie  special  applications  named.  The 
comparatively  enduring  nature  of  vulcanized  caout- 
chouc,  its  greater  pliability,  elasticity,  and  it§ 
power  of  resisting  moderate  temperatures  without 
softening,  have  led  to  the  extensive  employment  of 
this  material  in  the  construction  of  tubing  for 
different  purposes  in  place  of  gutta-percha. 

It  Will,  however,  be  interesting  to  here  describe 
the  inode  adopted  in  the  manufacture  of.  tubing  of 
gutta-percha.  For  this  purpose  an  apparatus  is  em- 
ployed similar  in  principle  to  that  mentioned  when 
speaking  of  Goodyear's  patent  for  moulding,  and  in 
which  masses  of  the  soft  purified  material  fresh 
from  the  masticator  are  placed  in  a steam-jacketed 
cylinder  provided  with  a piston.  The  softened 
material  is  forced  by  the  piston  through  the  cylinder, 
which  terminates  in  a mould,  that  consists  of  a solid 
circular  piece  of  metal  set  within  an  iron  tube,  the 
annular  space  between  the  two  regulating  the  thick- 
ness of  the  tubing.  The  gutta-percha  thus  leaves 
the  mould  in  a tubular  shape,  and  in  its  soft  con- 
dition would  rapidly  collapse  unless  some  precau- 
tions were  adopted  of  preserving  its  shape  until  it 
has  become  cooled  and  rigid.  In  order  to  accomplish 
this,  the  tubing  on  its  exit  from  the  mould  passes 
into  a trough  of  water  about  50  feet  in  length,  along 
which  it  travels,  being  finally  wound  on  to  a drum  at 
the  other  end.  The  water  by  filling  the  tube  is  thus 
made  to  exert  an  equal  pressure  on  the  interior  and 
exterior  surfaces,  and  to  at  the  same  time  exert  a 
cooling  action  by  which  the  form  of  the  tube  is 
rendered  permanent.  The  cylinder  which  supplies 
softened  material  is  so  constructed  as  to  admit  of 
fresh  introductions  of  gutta-percha  without  stopping 
the  manufacturing  process;  a tube  of  1000  feet  in 
length  has  thus  been  manufactured  without  a s ngle 
break. 

Coating  Telegraph  iriVes. — At  the  present  time  this 
application  is,  without  doubt,  the  most  important  of 
all  the  uses  to  which  gutta-percha  is  applied.  Much 
might  be  written  in  the  way  of  speculation  on  the 
probable  retardation  which  modern  civilization  w'ould 
have  suffered  but  for  the  introduction  of  such  a 
substance  as  gutta-percha ; which,  by  its  very  high 
insulating  power,  its  imperviousness  to  water,  and  its 
unchangeable  nature  under  certain  conditions,  seems 
the  material  par  excellence,  and  fitted  above  all  others 
for  this  special  application.  It  was  especially  re- 
markable that  the  commercial  utility  of  gutta-percha 
was  being  recognized  almost  contemporaneously  with 
the  introduction  of  those  magnificent  projects  by 
which  the  earth  was,  to  quote  the  graphic  expression 
of  an  eminent  writer,  “ being  girdled  by  wires  of 
living  intelligence.”  Faraday  was  the  first  who 
proposed  the  employment  of  gutta-percha  for  insula- 
ting purposes,  pointing  out  that  for  this  purpose  it 
was  fully  equal  to  shellac,  but  that  owing  to  its 
physical  characteristics  of  toughness  and  flexibility 
it  possessed  many  advantages  over  the  more  brittle 
material.  It  was  some  time  before  the  conditions 
necessary  for  preserving  gutta-percha  in  its  unaltered 
condition  were  understood,  and  several  failures  were 

due  to  this  cause.  Out  of  a length  of  700  miles  of 
covered  wire  sent  some  time  back  to  India,  about 
500  miles  had  become  perfectly  useless  on  its  arrival, 
owing  to  the  covering  material  having  become  brittle 
and  resinous — having,  in  short,  perished.  This  is 
now  obviated  by  keeping  the  cables  after  manu- 
facture in  tanks  of  water,  it  having  been  found  from 
experience  that  under  these  conditions,  and  with 
exclusion  of  light,  gutta-percha  is  practically  un- 
changeable. 

Telegraph  wires  are  coated  with  gutta-percha  by 
a method  exactly  the  same  in  principle  to  that  em- 
jdoyed  in  the  manufacture  of  tubing.  The  machinery 
now  in  use  at  such  places  as  the  works  of  Siemens 
Brothers  is  more  perfect  than  that  previously  used, 
and  of  a slightly  different  description,  but  the 
principle  is  the  same. 

The  central  conducting  wire  of  the  cable  of  1857 
was  “ a strand  ” made  up  of  seven  of  the  purest  copper 
wires  of  the  gauge  known  in  the  trade  as  No.  22  ; 
it  was  about  one-sixteenth  of  an  inch  in  diameter, 
and  was  formed  of  one  straightly  drawn  wire  with 
six  others  twisted  round  it.  This  strand  received 
a coating  of  three  separate  layers  of  refined  gutta- 
percha, biinging  up  the  total  diameter  to  about 
three-eighths  of  an  inch.  The  gutta-percha  employed 
for  this  work  was  prepared  with  the  greatest  care, 
the  crude  material  being  subjected  to  repeated  rasp- 
ings, boilings,  and  tearings,  and  being  finally  forced, 
at  the  temperature  of  boiling  water,  through  sieves 
of  wire  gauze  attached  to  the  bottom  of  hollow  ver- 
tical cylinders,  and  afterwards  receiving  a final 
mastication  to  expel  the  last  traces  of  water  and 
render  the  mass  perfectly  compact  and  homogeneous. 
The  purified  guttawas  then  introduced  into  horizontal 
cylinders,  and  through  these,  which  were  heated  by 
steam  to  keep  the  material  in  a uniformly  soft  and 
plastic  state,  it  was  squeezed  by  means  of  screw 
pistons  worked  down  slowly  and  resistlessly  by 
machinery.  Under  this  pressure  the  gutta-percha 
emerged,  as  in  tube  moulding,  through  a die,  which 
received  the  termination  of  two  cylinders  and  which 
at  the  same  time  had  the  strand  of  copper  wire 
moving  along  through  its  centre,  instead  of  being 
stationary  like  the  mandril  in  tube  moulding.  The 
strands  were  drawn  forward  between  the  cylinder  and 
through  the  die  by  a revolving  drum.  They  entered 
the  die  in  the  form  of  bright  copper  wire,  and  issued 
from  it  like  brown  cord  of  gutta  percha.  Six  of 
these  strands  were  coated  together,  ranging  along 
side  by  side ; and  this  operation  was  repeated  a 
seeond  and  third  time,  to  produce  what  is  termed 
“the  core”  of  the  cable. 

In  the  modern  methods  of  coating  cables  pure 
gutta-percha,  prepared  by  the  greatest  care,  is  em- 
ployed ; and  besides  this,  various  insulating  com- 
pounds are  used.  The  wire  before  being  covered 
with  the  pure  material  is  generally  run  through  a 
compound  of  Stockliolm  tar,  gutta-percha,  .and  resin, 
heated  until  in  a sufficiently  fluid  condition  for  the 
purpose.  'I'he  gutta-percha  used  for  the  pure  coat- 
ings is  prepared  in  the  w.ay  .alre.ady  named,  by  being 
rasped,  ticked  (the  technical  term  for  the  proce.ss 
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of  tearing  into  shreds ),  masticated,  and  finally 
strained  through  wire  gauze ; the  latter  operation 
being  sometimes  repeated  as  often  as  a dozen  times, 
the  material  being  eventually  rolled  into  slabs  and 
stored.  These  slabs,  when  reqired  for  use,  are 
softened  in  hot  water  and  re-masticated. 

The  following  table  will  give  an  idea  of  the  com- 
parative quantities  by  weight  of  gutta-percha  and 
metal  in  coated  wires  of  different  gauges  and  di- 
ameters : — 


WEIGHTS  OP  COPPER  AND  GUTTA-PERCHA.  SILVERTOWN 
TABLE,  PER  NAUT  OF  2029  VARUS. 


Gauge. 

Diameter. 

Copper. 

Gutta  Percha. 

1 

•310 

Lbs. 

1773*4 

Lbs. 

192*7 

2 

•280 

1434-7 

155-9 

3 

•260 

1246-5 

135  4 

4 

•240 

1058-4 

115-0 

5 

•220 

893-7 

97-0 

6 

•200 

729-1 

79-2 

7 

•187 

635-0 

69-0 

8 

•166 

493  9 

53-6 

9 

•158 

440-8 

48-5 

10 

•137 

329-2 

35  7 

11 

•125 

282  2 

30-6 

12 

•109 

211-6 

23-0 

13 

•095 

164-6 

17-8 

14 

•083 

117  6 

12-7 

1.5 

•072 

94-0 

10-2 

16 

•065 

70-5 

7-6 

17 

•0,56 

47-0 

5-1 

18 

•049 

42-3 

4-6 

19 

•042 

30-5 

3-3 

20 

•035 

21-1 

2 3 

Vvlcanizalion  of  Gutta-percha. — This  is  effected  in 
exactly  the  same  way  and  with  the  same  materials 
as  in  the  case  of  caoutchouc  ; but  as  the  vulcaniza- 
tion of  gutta-percha  is  in  very  limited  use  now.  if 
indeed  it  is  ever  practised,  the  methods  of  treatment 
and  processes  employed  will  be  fully  described  under 
the  article  on  India  Rubber,  to  which  the  reader  is 
referred  for  further  information  on  this  branch  of 
the  subject. 

Bleaching  of  Gutta-percha.— The  perfectly  white 
material  used  for  teeth  stopping,  and  sold  for  that 
purpose  in  small  square  pieces,  is  prepared  by  a 
process  patented  in  1859,  and  knowui  as  Cattell’s 
method.  In  Cattell’s  patent  the  principle  by 
which  the  decolorization  and  purification  of  the 
crude  material  is  effected  is  that  of  dissolving  the 
gutta-percha  in  its  state  of  ordinary  commercial 
purity  in  some  suitable  solvent,  and  then  effecting 
the  separation  of  the  pure  gutta,  leaving  the 
colouring  matters  with  which  it  is  mixed  behind  in 
solution.  This  is  effected  in  two  ways.  The  first 
method  consists  in  cooling  the  solution  of  the 
material  (preferably  in  benzol)  to  a temperature  of 
about  0°  C.,  the  freezing  point  of  water,  when 
congelation  takes  place.  The  mass  is  then  either 
subjected  to  pressure  or  submitted  to  centrifugal 
force  ; in  either  case  the  residt  is  the  expulsion  of 
the  liquid  solution,  carrying  with  it  the  colouring 
matters  originally  present,  while  the  comparatively 
pure  and  colourless  gutta  is  left  behind  as  a solid 
mass.  The  other  method  of  treating  the  solution 


consists  in  the  addition  thereto  of  some  liquid 
soluble  in  the  solvent  first  used,  but  which  does  not 
dissolve  gutta-percha.  If  the  original  material  is 
dissolved  in  turpentine  or  resin  spirit,  the  addition 
of  pyroxylic  spirit,  fusel  oil,  or  alcohol  will  cause 
the  precipitation  of  the  purified  gutta.  If  the  latter 
is  not  obtained  sufficiently  free  from  colour  by  the 
first  operation,  the  solution  and  subsequent  conge- 
lation or  precipitation  is  repeated  until  the  desired 
result  is  arrived  at. 

Another  method  by  which  pure  white  gutta  has 
been  prepared  consists  in  adding  3 parts  of  ether  to 
a solution  of  gutta-percha  in  chloroform,  and  expos- 
ing the  whole  to  a temperature  below  15°  C.  for 
some  time,  when  the  gutta  is  precipitated  as  a white 
powder.  If  a solution  of  this  is  spread  on  to  a sheet 
of  glass,  a beautifully  white  film  is  found,  resembling 
kid-glove  leather,  and  becoming  transparent  on  the 
application  of  heat.  These  films  are  stated  to  have 
been  used  for  the  manufacture  of  the  finest  kinds  of 
artificial  flowers.  In  1853  a patent  was  taken  out 
by  Normandy  for  the  decolorization  of  gutta-percha 
by  filtering  its  solution  in  carbon  disulphide  through 
animal  charcoal.  The  liquid  thus  obtained  was 
proposed  by  the  patentee  for  the  manufacture  of 
thin  sheets  or  of  small  balloons  and  similar  articles 
by  a somewhat  novel  method.  A sufficient  quantity 
of  the  solution  was  poured  into  a vessel  of  glass 
having  the  desired  shape,  which  was  then  turned 
about  so  as  to  bring  the  liquid  into  contact  with 
every  portion  of  the  internal  surface ; the  excess  of 
liquid  was  then  drained  off,  and  the  vessel  suspended 
mouth  downwards.  The  vapour  of  the  carbon  disul- 
phide being  extremely  heavy,  rapidly  made  its  escape, 
and  the  film  of  gutta-percha  became  dryer  and  dryer, 
eventually  shrinking  slightly,  and  thus  becoming 
disconnected  from  the  sides  of  the  vessel,  when  it 
could  be  withdrawn.  Thin  sheets  of  the  gutta- 
percha were  proposed  to  be  made  by  pouring  the 
solution  in  a cylindrical  bottle,  subsequently  extract- 
ing the  film  of  material,  and  after  cutting  off  the 
top  and  bottom  portions,  severing  the  cylinder 
longitudinally,  when  it  could  be  opened  out  into  a 
sheet.  The  thickness  of  the  membranes  formed 
depended  obviously  on  the  viscidity  of  the  original 
solution. 

I Compounds  of  Gutta-percha. — Besides  the 

various  patents  which  have  been  taken  out  from 
time  to  time  for  the  vulcanization  of  gutta-percha 
and  caoutchouc  (a  list  of  the  more  important  of  which 
will  be  found  at  the  end  of  the  article  India  Rubber), 
there  have  been  a large  number  of  patents  for 
mixtures  of  gutta-percha,  of  caoutchouc,  or  of  mix- 
tures of  the  two  with  various  mineral  and  vegetable 
substances,  either  with  a view  of  extending  the 
utility  of  the  materials  or  of  cheapening  the  produc- 
tion of  the  manufactured  articles. 

” As  an  example  of  these  various  patents,  which  are 
exceedingly  numerous,  we  give  a short  description 
of  the  four  following : — T.  Forster,  October,  1847; 
A.  Lorimer,  July,  1848;  P.  A.  Godefroy,  June, 
1855;  and  C.  Goodyear,  August,  1856.  In  the 
first  of  these  patents,  that  of  Forster,  he  claims  the 
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mixing  of  gutta-perdia  with  animal  charcoal,  bone 
cliarcoal,  ground  whalebone,  “ hydrate  of  sulphur,” 
ground  bones,  horns,  hoofs,  &c.  The  mixture  was 
subsequently  scented  with  fragrant  essential  oils, 
musk,  tonquin  beans,  orris  root,  or  gum  benzoin, 
and  the  compound  applied  to  the  manufacture  of  all 
sorts  of  ornamental  articles.  Lorimer’s  patent  con- 
sisted in  the  admixture  of  gutta-percha  (or  caoutchouc) 
with  burned  cl.ay,  burned  flint,  broken  articles  of 
porc(‘lain  or  earthenware,  marble,  Portland,  Cornish, 
or  other  stones,  all  crushed  and  sifted,  also  with  the 
oxides  of  zinc  and  copper,  and  the  hydrate  and 
oxalate  of  lime.  'The  mixture,  after  manufacture, 
was  applied  to  a variety  of  purposes,  of  which  one  of 
the  jirincipal  was  the  soles  for  boots  and  shoes,  for 
which  purpose  as  much  as  jtossible  of  the  foreign 
ingredients  were  introduced.  Godefroy’s  patent 
comsisted  in  mixing  finely-ground  cocoa-nut  shells 
with  gutta-]iercha,  by  which  many  advantages  were 
presumed  to  be  secured.  Lastly,  the  patent  of 
Goodyear  was  for  the  combination  of  gutta-percha 
with  asphalt  or  pitch,  the  two  substances  being 
united  by  being  melted  and  stirred  under  boiling 
water.  'The  compound  thus  produced  could  be 
vulcanized  in  the  ordinary  way,  with  or  without  the 
previous  introduction  of  caoutchouc.  In  November, 

1 8.54.  a patent  was  granted  to  Henri  Jules  Duvivikr 
and  Henri  Ciiaudet  for  a method  of  treating  gutta- 
percha with  the  chloride,  bromide,  iodide,  or  fluoride 
of  sulphur,  or  with  the  corresponding  compounds  of 
phosj)horus,  boron,  silicon,  and  arsenic,  or  the  bi- 
chlorides of  tin  or  antimony.  Of  all  these  the 
chloride  of  sulphur  was  preferred,  so  that  the  patent 
was  really  similar  to  that  obtained  by  Parkes  (see 
India  Rubber).  'The  statements,  however,  made 
by  the  pjitentees  with  reference  to  the  properties  of 
different  mixtures  of  gutta-percha  and  chloride  of 
sulphur  are  interesting. 

1.  Ry  mixing  only  2 per  cent,  of  chloride  of  sul- 
phur, or  only  15  per  cent,  of  the  other  substances, 
with  the  sirupy  solution  of  gutba-percha,  a compound 
is  obtained  which  does  not  materially  differ  from 
gutta-percha  in  its  properties. 

2.  When  more  than  2 per  cent,  of  chloride  of  sul- 
phur is  employed,  the  compound  can  be  extended 
when  heated  to  100°  or  120°  Fahr.,  and  it  remains  ex- 
tended when  cooled,  butretakesitaoriginal  form  when 
again  heated ; and  at  about  212°  Fahr.  it  agglutinates. 

3.  When  5 per  cent,  of  chloride  of  sulphur  is  added, 
the  compound  only  differs  from  that  just  described 
in  being  less  softened  by  heat,  and  in  being  slightly 
elastic  when  cold. 

4.  When  10  per  cent,  of  chloride  of  sulphur  is 
added,  the  properties  of  the  gutta-percha  are  quite 
changed,  and  the  compound  is  unaltered  by  a tem- 
perature of  212°  Fahr. 

5.  When  above  15  per  cent,  of  chloride  of  sulphur 
is  added,  the  compound  becomes  horny  and  harder 
as  the  quantity  of  chloride  of  sulphur  increases. 

'Tlie  most  interesting  and  important  patent  in 
connection  with  the  manufacture  of  gutta-percha  is 
the  original  patent  of  Hancock  (Charles),  dated 
10th  August,  1847.  j 

I Suhtitutes  for  Gutta-percha.  — Several  patents  for 
the  preparation  of  various  substitutes  for  gutta- 
percha have  been  granted  at  different  times;  but 
the  so-called  “substitutes”  have  generally  been 
simply  mixtures  of  gutta-percha  with  resin,  pitch, 
coal-tar,  and  other  substances.  Of  the  hoim  fide 
\ substitutes  for  gutta-percha  the  gum  called  “Balata” 
appears  to  be  in  every  way  the  best.  This  substance 
is  obtained  from  the  milky  juice  of  the  Sapotn 
Mnlkri,"  or  bullet  tree,  belonging  to  the  natural 
order  Sapotaccse.  It  grows  in  Demerara.  Some  of 
the  gum  was  submitted  by  Sir  William  Holmes 
to  Charles  Hancock,  who  reported  very  favour- 
ably of  it.  'The  Ahitonia  scholards,  growing  in 
Ceylon,  is  also  stated  to  yield  a species  of  gutta- 
percha. 

Adulterations. — It  has  been  seen,  when  giving  a 
short  epitome  of  two  or  three  of  the  patents  for 
compounds  of  gutta-percha,  that  a very  large  quan- 
tity of  extraneous  substances  are  mixed  with  the 
pure  material,  in  order  to  form  compounds  for  dif- 
ferent purposes.  It  would  be  scarcely  just  to  term 
these  admixtures  adulterations,  unless  the  compounds 
produced  were  subsequently  intended  to  be  sold 
under  representation  of  being  the  pure  material,  in 
which  case  all  additions  of  foreign  substances  would 
come  strictly  under  the  head  of  adulterations.  'The 
adventitious  materials  found  in  the  crude  gutta- 
percha are  likewise  scarcely  to  be  classed  iu  toto  as 
adulterations,  although  there  is  no  doubt  that  the 
natives  who  collect  tlie  material  are  not  very  par- 
ticular as  to  a few  stones  or  fragments  of  bark,  more 
or  less,  finding  their  way  into  the  gutta-percha. 
'There  is,  however,  a genuine  adulteration  frequently 
practised  by  the  admixture  of  gums  of  an  inferior 
character  with  the  gutta-percha  proper.  'The  chief 
adulterant  appears  to  be  the  juice  of  the  Getah  Maki- 
hedya,  imported  from  Palembang,  and  used  for  the 
purpose  named  by  the  Chinese.  By  this  admixture 
various  sorts  of  gutta-percha  are  obtained  differing 
considerably  in  price.  M.  Adriani  has  examined  a 
sample  of  the  “ Getah”  imported  from  Palembang. 
It  appeared  to  be  an  inspissated  milky  juice,  and 
was  imported  in  the  form  of  plates  of  about  an  inch 
in  thickness,  of  a greyish  colour,  somewhat  clammy 
to  the  touch,  and  brittle  when  dried.  Wlien  cut,  it 
was  found  a dirty  white  colour,  and  contained  many 
impurities.  Like  gutta-percha,  it  was  dissolved  by 
chloroform.  The  vessel  in  which  it  was  contained 
emitted,  on  being  opened,  a disagreeable  acid  smell. 
'Treated  like  gutta-percha,  and  purified  by  hot  water, 
it  was  much  darker  than  the  raw  substance,  and 
often  quite  black ; the  smell  was  equally  offensive, 
and  its  consistency  similar  to  that  of  wax  or  glaziers’ 
putty.  The  gutta-percha  adulterated  with  the  getah 
was  of  a loose  texture,  of  a more  greyish  colour,  and 
of  a smell  different  from  that  of  genuine  gutta.  In 
warm  water  the  getah  became  soft  and  sticky ; 
treated  with  boiling  water,  it  formed  a neutral  milky 
liquid,  M'hich  was  precipitated  by  alcohol.  When 
boiled  with  alcohol  it  became  glutinous,  the  alcohol 
extriicting  a white  fat,  resembling  wax  and  resin  ; 
ether  extracted  also  resin.  Being  dissolved  in  chlo- 
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reform  aud  filtered,  a black  colouring  substance 
remained  behind,  which  could  not  be  dissolved  by 
the  usual  solvents,  and  was  burnt  without  leaving  a 
residue.  It  appeared  to  be  nothing  else  but  soot. 
The  getah  melts  at  170°  Fahr.,  and  becomes  decom- 
posed only  at  a much  higher  temperature,  when 
dark-coloured  oils  are  distilled  off. 

Skitiaticx. — The  following  table  shows  the  quantities 
of  gutta-percha  imported  into  this  country  in  1871 
and  1872,  with  the  countries  from  which  it  came. 


Qutin- 

Value, 

Quan- 

Value, 

titles. 

1871. 

titles. 

1872. 

Cwts. 

£ 

Cwts. 

£ 

From  Holland, 

1,498 

10,749 

5,202 

51,432 

“ France, 

346 

3.377 

621 

5,416 

“ Egyiit, 

778 

6,601 

9,814 

69,745 

“ Madagascar, 

“ British  India I 

“ Bengal  <fc  Burmah,  j" 

482 

4,700 

2,892 

31,000 

“ China, 

1.068 

11,031 

1,660 

18,951 

“ Straits  Settlements, 

21,227 

153,999 

23,487 

225,789 

“ Other  countries, .. . 

812 

8,880 

921 

7,622 

26,211 

199,337 

45,597 

399,9.55 

The  price  of  gutta-percha  in  1854  was  £4  5.s.  2d. 
per  ton ; in  1862  it  had  risen  to  £10  12s.  8d.  The 
present  price  (1877)  charged  for  the  pure  manu- 
factured article  by  the  Gutta-percha  Company  is 
about  6s.  per  lb. 

HEAT. — There  are  two  theories  of  heat,  the  ma- 
terial theory  and  the  dijiiamical,  or  mechanical  theory. 
For  a long  time  the  material  theory  had  the  greater 
number  of  adherents.  Within  certain  limits  it 
involved  conceptions  of  a very  simple  kind,  and 
this  simplicity  secured  its  general  acceptance.  The 
material  theory  supposes  heat  to  be  a kind  of 
matter — a subtle  fluid  stored  up  in  the  interatomic 
spaces  of  bodies.  The  dynamical  theory,  or  as  it  is 
sometimes  called,  the  mechanical  theory  of  heat, 
discards  the  idea  of  materiality  as  applied  to  heat. 
The  supporters  of  this  theory  do  not  believe  heat  to 
be  matter,  but  an  accident  or  condition  of  matter; 
namely,  a motion  of  its  ultimate  particles.  Bacon 
held  a view  of  this  kind,  and  Locke  stated  a similar 
view  with  singular  felicity.  “ Heat,”  he  sa^’s,  “ is  a 
very  brisk  agitation  of  the  insensible  parts  of  the 
object,  which  produces  in  us  that  sensation  from 
whence  we  denominate  the  object  hot ; so  that 
what  in  our  sensation  is  heat,  in  tlie  object  is  nothing 
but  motion.” 

The  first  to  raise  the  idea  of  the  equivalence 
between  heat  and  mechanical  energy,  and  of  the 
mutual  convertibility  of  natural  powers  generally, 
was  Dr.  INIayeh  of  Heilbronn  in  Germany.  But  to 
Dr.  Joule  of  Manchester  belongs  the  honour  of 
being  the  first  to  give  a decisive  demonstration  of 
the  dynamical  theory.  His  experiments  extended 
from  1843  to  1849;  and  the  result  of  them  was,  that 
however  temperatures  might  differ  in  consequence 
of  the  different  capacities  for  heat  of  the  substances 
employed,  the  absolute  amount  of  heat  generated  by 
the  same  expenditure  of  power  was  in  all  eases  the 
same. 

In  this  way  he  proved  that  the  quantity  of  heat 


necessary  to  raise  1 lb.  of  water  1°  Fahr.  in  tem- 
perature is  equal  to  that  generated  by  772  lbs. 
falling  1 foot,  conversely  the  heat  would  raise  772 
lbs.  1 foot.  Hence  the  term  foot-pound  has  been 
introduced,  and  the  quantity  of  heat  necessary  to 
raise  the  temperature  of  a pound  of  water  1°  Fahr. 
being  taken  as  a standard,  772  foot-pounds  consti- 
tute what  is  called  the  mechanical  equivalent  of  heat. 
If  the  degrees  be  centigrade,  1390  foot-pounds  con- 
stitute the  equivalent.  (Tyndall,  “ Heat  as  a Mode 
of  Motion.”) 

Heats  of  Cojietnation. — In  all  chemical  changes, 
when  the  atoms  or  molecules  are  drawn  together 
by  their  affinities,  a certain  amount  of  moving 
power  is  developed,  which  takes  the  form  of  heat; 
and  when  they  are  separated  again  under  the  action 
of  some  superior  force,  an  equal  amount  of  force  is 
expended,  and  heat  disappears.  As  every  chemical 
reaction  consists  in  such  combinations  and  decom- 
positions, tlie  determination  of  the  thermal  effect 
becomes  a complex  problem  in  the  mechanical  theory 
of  heat.  The  amount  of  heat  set  free,  or  absorbed, 
bears  always  a definite  relation  to  the  amount  of 
mechanical  or  chemical  energy,  and  thus  affords  a 
measure  of  the  forces  in  action.  The  general  prin- 
ciple on  which  tlie  results  of  chemical  combustion  are 
based  appears  to  be,  that  whenever  a system  of  bodies 
undergoes  chemical  or  physical  changes  and  alters  its 
condition,  the  quantity  of  heat  evolved  depends  on 
the  initial  and  final  states,  and  is  not  affected  by  the 
nature  or  succession  of  the  various  intermediate 
changes,  provided,  of  course,  no  external  mechanical 
effects  have  been  produced. 

Heat  is  evolved  in  the  combination  of  certain 
ponderable  substances,  as  when  oxygen  and  chlorine 
combine  with  the  metals  or  other  combustible  bodies ; 
or  when  bromine,  iodine,  sulphur,  and  phosphorus 
combine  with  certain  of  the  metals ; or  in  the  com- 
bination of  acids  with  bases,  or  of  the  stronger  acids 
and  bases  with  water.  The  amount  of  heat  given 
out  by  each  element  on  entering  into  combination  is 
definite,  and  bears  a specific  relation  to  its  combin- 
ing number.  Thus  1 gram,  of  hydrogen  burned  in 
oxygen  always  give  out  heat  enough  to  melt  315'2 
grams,  of  ice;  31  grams,  of  phosphorus  burnt  to 
P.jOj,  1576  grams,  of  ice;  12  grams,  carbon,  700 
grams,  of  ice. 

It  is  rare  for  chemical  combinations  to  occur 
without  some  alteration  in  the  physical  condition  of 
the  bodies.  Molecular  changes  are  nearly  always 
attended  witli  an  evolution  or  an  absorption  of  heat. 
Cliange  of  state  from  the  solid  to  the  liquid,  or  from 
the  liquid  to  the  gaseous  condition,  is  accompanied  by 
the  absorption  of  a definite  amount  of  heat,  while 
there  is  evolution  of  heat  when  the  change  is  in  the 
inverse  direction.  The  following  examples  will  show 
the  effects  of  alteration  in  bulk  and  physical  state. 
Two  volumes  of  earbonic  oxide  combine  with  1 
volume  of  oxygen  to  form  2 volumes  of  carbonic 
anhydride.  The  heat  emitted  is  due  to  chemical 
action  and  partly  to  condensation.  On  the  other 
hand,  absorption  of  heat  will  occur  when  solid  carbon 
combines  directly  with  oxygen  to  form  carbonic 
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anhydride,  and  the  heat  of  combustion  obtained  will 
be  less  than  that  due  to  the  chemical  action.  To  find 
the  heat  developed  in  such  a combination  it  would 
be  necessary  to  estimate  the  amount  of  heat  rendered 
sensible,  and  to  know  the  total  amount  of  molecular 
energy  in  the  carbon,  in  the  oxygen,  and  in  the  car- 
bonic anhydride  formed,  as  the  heat  produced  by 
chemical  action  is  equal  to  the  molecular  energy  of 
the  compound  minus  the  molecular  energy  of  both 
constituents  (B.  Stewart).  But  there  are  no  certain 
means  of  directly  estimating  these  energies,  and  we 
arc  therefore  compelled  to  combine  a certain  quantity 
of  carbon  in  a definite  molecular  condition  and  at  a 
definite  temperature,  with  oxygen,  also  at  a definite 
temperature  and  pressure,  and  to  ascertain  by  calor- 
imetry the  amount  of  heat  evolved.  We  shall  here 
refer  to  two  other  cases.  In  the  formation  of  water 
by  the  combustion  of  hydrogen — 1st.,  the  two  gases 
unite ; 2nd.,  they  condense  in  the  relation  of  3 to  2 to 
constitute  vapour  of  water ; 3rd.,  this  vapour  passes 
into  tlie  liquid  condition.  These  three  actions  develop 
in  turn  a certain  amount  of  heat,  and  the  heat 
measured  is  the  sum.  Again,  when  sulphur  combines 
with  carbon  we  may  say — 1st.,  that  the  two  solids 
pass  into  the  gaseous  state,  which  causes  an  absorp- 
tion of  he.at ; 2nd.,  that  they  combine,  which  causes 
an  evolution  of  heat;  3rd.,  that  the  sulphide  formed 
returns  to  the  solid  condition,  thus  liberating  its 
latent  heat.  The  thermal  units  obtained  are  conse- 
quently only  the  difference  between  these  inverse 
actions. 

The  most  natural  hypothesis,  in  explanation  of 
these  phenomena,  is  that  the  total  heat  disengaged 
or  absorbed  during  a combination  is  equal  to  the 
algebraic  sum  of  the  heats  that  would  be  individually 
disengaged  or  absorbed  by  each  of  the  changes  which 
occur  during  the  process,  if  they  were  successive  and 
independent.  And  with  respect  to  the  same  thermal 
phenomena  of  chemical  action,  the  most  general 
result  may  be  held  to  be  that  the  evolution  or 
absorption  of  heat  in  any  reaction  depends  upon  the 
relative  stability  of  the  system  before  and  after  that 
reaction  (Odling).  The  passage  from  a less  stable 
to  a more  stable  arrangement  of  atoms  is  always 
attended  with  evolution  of  heat,  whether  the  change 
be  one  of  combination,  as  of  phosphorus  with  oxygen, 
or  of  decomposition,  as  in  the  explosion  of  nitro- 
glycerin or  gun-cotton.  This  change  from  a state  of 
unstable  chemical  equilibrium  into  a stable  chemical 
equilibrium  may  be  compared  to  the  falling  of  a weight 
to  the  ground  when  its  support  is  removed.  As  the 
one  is  attended  with  a certain  expenditure  of  actual 
motion,  so  is  the  other  with  an  expenditure  of  heat, 
which  is  interstitial  motion.  In  attaining  chemical 
equilibrium  the  elements  have  formed  simple  com- 
binations. Just  as  in  raising  the  weight  again  a 
certain  amount  of  force  must  be  expended,  so  also 
in  separating  the  elements  thus  combined,  we  must 
exert  a direct  chemical  action,  and  expend  a certain 
amount  of  heat  or  its  equivalent  of  some  other  force. 
In  their  free  state  the  elements  possess  a potential 
energy  which  they  lose  in  combining,  and  which 
must  be  restored  to  them  when  they  are  separated 
voi,.  n. 


again.  For  every  2 grams,  of  hydrogen  that  unite 
with  16  grams,  of  oxygen  to  form  water,  there  are 
evolved  about  68  thermal  units,  this  unit  being  the 
quantity  of  heat  required  to  raise  1 kilo,  of  water 
1°  C.  To  separate  the  hydrogen  again  the  same 
number  of  units  must  be  restored.  Zinc  when 
burnt  in  the  air  or  in  oxygen  evolves  86  units  of 
heat  for  every  equivalent  (65)  in  grams,  which  com- 
bines with  an  equivalent  in  grams.  (16)  of  oxygen. 
When  dissolved  in  acidulated  water  it  is  oxidized  at 
the  expense  of  the  hydrogen,  which  escapes  as  gas, 
the  separation  of  which  involves  the  expenditure  of 
68  thermal  units.  The  oxidation  of  65  grams,  of 
zinc  in  water  is  86  — 68  = 18,  and  is  therefore 
only  attended  with  an  evolution  of  18  thermal  units, 
the  remaining  68  constituting  the  potential  energy 
of  the  eseaping  hydrogen. 

Heat  Evolved  during  Decomposition,  or  Chemical 
Combinations  Attended  with  Absorption  of  Heat. — In 
the  process  of  oxidation  heat  is  generally  evolved ; 
but  it  is  probable  that  oxygenated  combinations, 
obtained  by  indirect  methods,  may  be  accompanied 
by  an  absorption  of  heat.  Thenard  remarked  that 
the  decomposition  of  hydric  peroxide  is  attended 
with  the  evolution  of  heat.  Favre  and  Silbermann 
state  that  in  this  ease  1 gram,  of  oxygen  in  being  set 
free  produces  1303  thermal  units.  In  the  combina- 
tion of  the  additional  atom  of  oxygen  with  the 
moleeule  of  water  it  is  therefore  probable  that  heat 
is  absorbed,  1 gram,  of  oxygen  absorbing  1303  units. 
The  protoxide  of  nitrogen  also,  on  being  decomposed, 
disengages  heat.  Dulong  found  that  when  carbon, 
carbonic  oxide,  or  hydrogen  is  burnt  in  nitrous 
oxide,  the  evolution  of  heat  is  greater  than  when 
the  combination  occurs  in  oxygen.  Favre  and 
Silbermann  calculated  the  amount  of  heat  thus 
evolved  in  the  decomposition  of  nitrous  oxide  by 
burning  in  it  a given  weight  of  earbon.  The  total 
heat  produced  was  the  sum  of  that  due  to  the  com- 
bustion of  the  carbon,  and  of  that  which  proceeded 
from  the  separation  of  the  constituents  of  the  nitrous 
oxide.  The  former  being  known,  the  latter  could 
readily  be  caleulated.  For  each  gram,  of  oxygen 
set  free  1090'5  units  are  given  out.  Consequently 
1090-5  units  should  be  absorbed  in  the  eombination 
of  1 gram,  of  oxygen  with  nitrogen. 

In  the  formation  of  all  the  nitrogen  oxides  there 
is  an  iibsoi-ption  of  heat,  whieh  is  greater  with  the 
dioxide  than  the  monoxide,  and  gets  gradually  less 
for  the  remaining  three.  Their  formation  being 
attended  by  an  ab.sorption  of  heat,  their  decom- 
position will  necessarily  lead  to  an  evolution  of  heat. 
These  oxides  therefore  are  never  formed  by  direct 
combination,  some  external  agency  being  required 
to  cause  the  gases  to  unite.  Any  nitrate  aecordingly, 
on  acconntof  containing  an  oxycouipound  of  nitrogen, 
will  evolve  heat  when  it  is  decomposed ; and  this 
partly  explains  the  force  possessed  by  gunpowder 
and  other  explosives,  where  part  of  the  energy  is 
due  to  the  heating  of  the  gases  produced.  KNO^. 
evolves  92,800  units,  and  NaNOj  85,600  units  on 
being  decomposed. 

Evolution  of  heat  also  occurs  in  the  decomposi- 
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tion  of  the  oxides  of  chlorine,  the  iodide  and  chloride 
of  nitrogen,  trinitro-glycerin,  &c.  The  elements  in 
these  bodies  are  probably  present  in  some  form  in 
which  they  retain  a large  share  of  their  heat,  ready, 
however,  to  be  evolved  when  more  intimate  chemical 
union  occurs. 

We  may  assume  therefore  that  the  reversal  of  a 
given  chemical  action  gives  rise  to  a thermal  effect 
equal  and  opposite  to  that  of  the  original  chemical 
action,  and  that  the  same  amount  of  heat  is  absorbed 
in  the  separation  of  two  bodies  as  is  generated  in 
their  combination. 

Heat  Developed  or  Absorbed  in  Change  of  Physical 
Structure. — As  a general  rule,  the  passage  of  a solid 
body  from  one  modification  into  another  is  attended 
with  thermal  changes,  there  being  usually  a develop- 
ment of  heat  in  the  transition  from  the  vitreous  into 
the  crystalline  condition.  Soft  vitreous  sulphur,  one 
of  the  allotropic  forms  of  sulphur,  if  heated  gradu- 
ally to  93°  C.,  suddenly  rises  to  110°,  and  then 
assumes  the  crystalline  form.  One  equivalent  of  ordi- 
nary sulphur,  in  being  transformed  into  the  modifica- 
tion insoluble  in  CSg,  developes  6204  units  ; and 
when  vitreous  sulphur  changes  into  the  same  form 
7608  units  are  developed  (Favre).  The  black 
glassy  allotrope  of  selenium,  if  heated  gradually  to 
97°,  suddenly  rises  in  temperature  to  220°,  and  in 
this  state  presents  a granular  instead  of  a crystalline 
fracture.  The  conversion  again  of  common  phos- 
phorus into  the  red  variety  is  attended  by  an  evolu- 
tion of  heat,  1 equivalent  developing  28,246  units 
(Favre). 

In  the  following  brief  summary  a series  of  results 
are  given,  showing  the  occurrence  of  thermal  changes 
in  other  alterations  of  structure: — i.e.  the  conversion 
of  prismatic  into  octohedral  sulphur  develops  (for  1 
gram.)  2300  units  (Mitscherlich)  ; of  insoluble 
(in  CS2,  bisulphide  of  carbon)  sulphur,  from  flowers 
of  sulphur  into  octohedral,  2700  units  ; dissolved 
octohedral  sulphur  changing  into  insoluble  sulplmr, 
12,800  units.  On  the  other  hand,  there  is  an 
absorption  of  heat  when  amorphous  soluble  sulphur 
becomes  octohedral  (2600  units  for  1 gram.),  ,and 
when  octohedral  sulphur  dissolves  in  CS2  (12,800 
units,  Berthelot). 

Thermal  Changes  Attending  Combustions  in 
Oxygen  Gas. — The  determination  of  the  heat  pro- 
duced by  combustion  has  occupied  the  attention  of 
some  of  the  mostdistinguished  chemists,  as  Lavoisier, 
Laplace,  Rumford,  Crawford,  Dalton,  Davy, 
Dulong,  and  Despretz.  Prior,  however,  to  the 
posthumous  publication  of  Dulong’s  valuable  re- 
searches, the  results  obtained  were  of  little  scientific 
value.  liAVOisiER  calculated  the  heat  of  combustion 
from  the  quantity  of  ice  melted  in  his  calorimeter 
when  given  weights  of  the  bodies  were  burnt  in  it ; 
but  neither  his  experiments  nor  those  of  Laplace 
on  the  same  subject  have  any  claim  to  scientific 
accuracy,  although  Lavoisier’s  experiments  on  the 
heat  of  combustion  of  charcoal  are  deserving  of 
special  reference,  as  his  results  with  very  imperfect 
apparatus  agree  closely  with  those  obtained  by 
subsequent  observers.  By  the  investigations  of 

Despretz,  and  more  especially  of  Andrews,  our 
knowledge  of  the  heats  of  combination  has  attained 
its  present  condition.  The  names  of  Grassi,  Hess, 
Abria,  Favre,  Silbermann,  Thomsen,  and  Berthe- 
lot must  also  be  mentioned  as  having  contributed 
largely  to  this  result. 

General  Methods  Employed  in  Determining  these 
Thennal  Changes. — Rumford  made  use  of  a calori- 
meter, consisting  of  a thin  copper  box  filled  with 
water,  and  containing  a serpentine  tube  with  both 
its  ends  open  to  the  air,  through  which  the  heated 
products  of  combustion  circulated.  Despretz  per- 
fected this  apparatus.  He  caused  the  body  to  burn 
in  a large  platinum  crucible,  which  received  a con- 
stant supply  of  oxygen  gas,  the  formed  products 
escaping  also  by  a serpentine  tube.  The  whole 
apparatus  was  plunged  in  a calorimeter  full  of  water, 
which  absorbed  the  heat.  About  the  same  time 
Dulong  was  engaged  on  this  subject,  and  his  appa- 
ratus consisted  of  a combustion  chamber  supplied 
with  oxygen,  and  plunged  in  a vessel  of  water.  The 
combustion  products  passed  through  a worm,  and 
were  collected  in  a gasometer  to  be  measured  and 
analyzed. 

Andrews’  experiments,  which  were  performed 
with  unusual  accuracy,  were  made  as  follows,  when 
the  bodies  to  be  combined  and  the  products  were 
gaseous : — The  purified  gases  were  first  introduced 
in  their  combining  proportions  into  a vessel  of  thin 
sheet  copper,  which  was  so  connected  with  a voltaic 
battery  that,  when  the  circuit  was  completed,  a fine 
platinum  wire  in  the  gas  through  which  the  current 
passed  was  heated  to  whiteness,  and  the  mixed  gases 
thus  exploded.  This  copper  vessel  was  placed  in 
one  of  large  capacity,  containing  a known  quantity 
of  water,  and  this  latter  was  suspended  in  a cylinder 
with  a movable  eover  at  each  end.  The  whole  was 
finally  inclosed  in  an  outer  cylindrical  vessel,  so 
arranged  as  to  admit  of  rotation  around  a horizontal 
axis.  The  initial  temperature  was  taken  by  a very 
delicate  thermometer  after  the  apparatus  had  been 
rotated  for  some  time,  so  as  to  bring  all  its  parts  to 
a uniform  temperature.  The  gases  were  then  ex- 
ploded, and  the  a|)paratus  rotated  for  thirty -five 
seconds  to  establish  an  equilibrium  of  temperature. 
The  temperature  was  now  taken,  and  it  was  again 
taken  after  a further  rotation  of  the  apparatus  for 
thirty-five  seconds  to  ascertain  the  cooling  effect  of 
radiation.  The  calorific  capacity  of  the  apparatus 
being  known,  the  heat  of  explosion  could  readily  be 
calculated. 

When  solid  bodies  were  burned  in  oxygen  the 
apparatus  was  somewhat  different;  but  the  princiide 
was  the  same.  The  combustion  was  effected  in  a 
copper  vessel  of  about  4 litres  capacity  filled  with 
oxygen ; and  the  body  to  be  burned  was  placed  upon 
a small  platinum  dish  in  the  interior.  Ignition  of 
the  body  was  effected  by  a voltaic  current,  but  in 
some  instances  minute  pieces  of  phosphorus  of  known 
weight  were  used  to  kindle  the  body.  This  vessel 
was  immersed  in  a known  quantity  of  water,  pro- 
tected from  radiation  by  a number  of  surrounding 
envelopes.  When  chlorine  was  used  instead  of 
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oxygen  the  body  was  inclosed  in  a thin  glass  cap- 
sule that  was  broken  by  agitation  when  required. 

Favre  and  Silbermann  employed  a gilt  brass 
vessel  for  combustions,  which  was  placed  in  a sil- 
vered-copper  calorimeter  of  2 litres  capacity.  The 
latter  was  protected  from  radiation  by  an  outer  ves- 
sel lined  with  swansdown,  which  was  in  turn  inclosed 
in  a double  envelope  filled  with  water.  The  dried 
oxygen  was  conveyed  through  a tube  into  the  com- 
bustion chamber,  and  the  superfluous  oxygen  and 
the  products  of  combustion  were  made  to  pass  through 
a copper  coil  immersed  in  the  water  of  the  calori- 
meter, so  as  to  be  completely  cooled  to  the  tempera- 
ture of  the  surrounding  medium.  Solid  bodies  were 
kindled  by  introducing  pieces  of  burning  charcoal ; 
liquids  were  burnt  upon  asbestos  wicks ; and  gases 
were  introduced  through  a burning  jet.  The  weight 
of  the  substance  burned  was  generally  ascertained  by 
weighing  the  products  of  combustion. 

Hydrogen  and  Oxygen. — Taking  the  mean  of  the 
numbers  obtained  by  Andrews  in  his  experiments, 
we  deduce  for  the  heat  produced  during  the  com- 
bination of — 


1 litre  hydrogen  with  oxygen, 3036  units. 

1 litre  oxygen  with  hydrogen, 6072  “ 

1 gram,  oxygen  with  hydrogen, 4226  “ 

1 gram,  hydrogen  with  oxygen, 33,808  •* 


The  unit  here  employed  is  the  same  as  that  adopted 
by  Dulong,  being  the  amount  of  heat  required  to 
raise  1 gram,  of  water  through  1°  C.  The  mean  of 
Dulong’s  experiments  gave  3107  units  for  the  heat 
produced  by  the  combustion  of  1 litre  of  hydrogen 
gas.  As  the  heat  obtained  in  the  union  of  hydrogen 
and  oxygen  is  partly  due  to  the  condensation  of  the 
vapour  formed,  a correction  must  be  applied.  As- 
suming the  latent  heat  of  steam  at  20°  to  be  611 
units,  the  heat  evolved  by  the  condensation  of  1T25 
gram,  steam  will  be  687,  which,  taken  from  4226, 
leaves  3539  for  the  true  heat  due  to  the  chemical 
combination  of  1 gram,  oxygen  with  hydrogen  (An- 
drews). The  following  numbers  may  be  added  to 
those  given  in  the  table,  as  indicating  the  number  of 
grammes  of  water  raised  1°  C.  by  the  combustion  of 
1 gram,  of  oxygen  with  hydrogen — 2578  (Despretz), 
2()72  (Lavoisier),  3000  (Dalton),  4349  (Hess), 
4500  (Crawford),  4333  (Grassi). 

Kieciil  has  measured  the  heat  generated  during 
the  combustion  of  hydrogen,  or  its  equivalent,  the 
quantity  absorbed  when  1 gram,  of  hydrogen  is  pro- 
duced by  the  decomposition  of  water,  by  comparing 
the  heat  evolved  by  an  electric  current  in  a volta- 
meter, during  the  decomposition  of  a known  weight 
of  water,  with  that  generated  at  the  same  time  by  the 
same  current  in  passing  through  a wire  whose  resist- 
ance is  equal  to  that  of  the  voltameter.  He  gives  it 
as  33,653  units.  Thomsen  assigns  the  number  of 
units  as  34,034. 

Of  all  substances,  hydrogen  possesses  by  far  the 
greatest  heat  of  combustion.  This  accounts  for  the 
intense  heating  effects  which  can  be  obtained  with 
the  oxyliydrogen  blow-pipe. 

Carlion  and  Oxygen. — The  heat  evolved  during 
the  combustion  of  1 gram,  of  carbon  amounts  to 


7678  units.  Correcting  for  the  carbonic  oxide 
formed,  7900  may  be  taken  as  representing  the 
quantity  of  heat  disengaged  during  the  conversion 
into  COj  (Andrews).  Dulong  gives  7288,  Grassi 
7714,  and  Lavoisier  7237  units. 

Influence  of  Diniorjddsm. — According  to  Favre  and 
Silbermann,  the  development  of  heat  is  considerably 
affected  by  the  physical  state  of  the  carbon,  as  is 
seen  from  the  following  table  : — 


Density. 

Specific  Heat.  Feat  Units, 

Diamond, 

3-55  .. 

..  -147  ....  7770 

Graphite, 

2-2  . . 

..  -201  7796 

Wood  charcoal, 

•3  .. 

. -241  ....  8080 

The  same  thing  is  seen  in  the 

case  of  sulphur  and 

phosphorus. 

Density. 

Specific  Heat.  Heat  Units. 

Octohedral  sulphur. 
Prismatic  “ 

2-05  .. 

. -177  ...  22-20 

1-98  .. 

. -184 2264 

Viscous  “ 

, , 

. — ....  2-2.58 

Ked  phosphorus,... 
Vitreous,  “ .... 

2-1  .. 

. -170 6070 

— .• 

. -188  ....  .5953 

Carbon  may  be  supposed  to  exist  in  a negative  or 
passive  condition,  requiring  the  expenditure  of  a 
certain  force  to  bring  it  into  a chemically  active  state 
before  combination  occurs. 

As  a further  illustration  of  the  influence  of  the 
physical  condition,  it  may  be  stated  that  when  the 
product  of  combustion  is  a solid,  the  heat  is  more 
than  that  due  to  the  chemical  action — for  example, 
as  when  phosphorus  is  oxidized  to  P<,Oj.  A difference 
between  the  specific  heat  of  the  compound  and  of 
its  constituents  may  also  occasion  an  elevation  or 
depression  of  temperature. 

Equal  weights  of  the  same  substances,  therefore, 
when  in  different  allotropic  conditions,  evolve 
different  amounts  of  heat  during  combustion  ; the 
modification-  possessing  the  least  density  and  the 
highest  specific  heat  evolving  the  most  heat  on 
combustion  (Favre  and  Silbermann). 

Another  difficulty  in  the  case  of  carbon  is  due  to 
the  production  of  a little  carbonic  oxide  in  the  com- 
bustion. Consequently  it  is  necessary  to  add  to  the 
heat  collected  by  the  calorimeter  what  would  be 
obtained  by  burning  the  carbonic  oxide  that  is  formed. 

Carbonic  Oxide  and  Oxygen.  — One  litre  carbonic 
oxide  evolves  in  its  combustion  3057  thermal  units ; 
1 litre  oxygen  with  carbonic  oxide,  6114  ; 1 gram, 
oxygen  with  carbonic  oxide,  4255;  and  1 gram, 
carbonic  oxide  with  oxygen,  2431  units  (Andrews). 

As  28  parts  by  weight  of  the  gas  contain  only  12 
parts  by  weight  of  carbon,  1 p>art  of  carbon  or  car- 
bonic oxide  must  therefore  evolve  5607  thermal 
units  on  taking  up  the  additional  oxygen  to  form 
carbonic  acid.  Deducting  this  from  7900  (7900  — 
5607  = 2293),  the  difference  (2293)  indicates  the 
amount  of  heat  evolved  by  1 part  by  weight  of 
carbon  in  burning  to  form  carbonic  oxide.  Accord- 
ingly, in  a furnace  in  which  carbonic  oxide  is  one  of 
tlie  products  of  combustion  there  is  great  waste  of 
energy ; for,  as  the  above  calculation  shows,  fuel  in 
burning  to  carbonic  oxide  gives  out  less  than  one- 
third  of  its  total  heat  of  combustion  (Andrews). 

Oxygen  with  Solid  or  Fluid  Bodies.  — Iron,  tin, 
protoxide  of  tin,  antimony,  and  phosphorus,  in  their 
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ordinary  physical  states,  evolve  nearly  the  same 
amount  of  heat  as  carbonic  oxide,  hydrogen,  and 
cyanogen,  in  combining  with  an  equal  volume  of 
oxygen.  But  the  agreement  disappears  in  great 
part  if  we  apply  corrections  for  the  heat  due  to  the 
changes  of  physical  state  which  occur  in  some  of  the 
reactions.  Carbon  stands  about  midway  between 
these  and  the  following  class  of  bodies  : — sulphur, 
copper,  and  the  protoxide  of  copper,  which  disen- 
gage in  their  combination  a little  more  than  half 
that  evolved  by  the  first  class.  A much  larger 
amount  of  heat  is  evolved  by  zinc,  and  a still  larger 
quantity  by  potassium. 

In  the  reduction  of  oxide  of  iron  by  hydrogen  no 
perceptible  evolution  of  heat  occurs,  while  in  a 
similar  reduction  of  oxide  of  copper  there  is  ignition. 
The  explanation  is  simple.  Hydrogen  gas,  in  com- 
bining with  oxygen,  gives  out  nearly  the  same 
quantity  of  heat  as  iron ; the  separation  of  the 
iron  from  the  oxygen  accordingly  expends  as  much 
heat  as  is  evolved  by  the  combination  of  the  hydro- 
gen and  oxygen.  On  the  other  hand,  the  heat  of 
combination  of  oxygen  and  hydrogen  is  twice  as 
great  as  that  of  oxygen  and  copper. 

Combustion  of  Compounds. — In  general  the  heat 
disengaged  by  the  combustion  of  a compound  is  less 
than  that  emitted  by  the  combustion  of  its  con- 
stituents if  they  were  free.  In  fact,  at  the  moment 
of  their  combination  the  constituent  elements  have 
disengaged  jt  C heat,  which  they  recover  again  on 
becoming  free  immediately  before  combustion;  they 
then  burn  and  disengage  the  same  number  of  units, 
K,  as  if  they  were  burnt  separately.  The  heat  of 
combustion  of  the  compound  will  therefore  be 
K — (+  C),  and  will  be  greater  or  less  than  that 
of  its  elements  according  as  (+  C)  is  negative  or 
positive.  Take  olefiant  gas  and  alcohol  as  examples. 

Heat  of  Combustion. 

Of  Compound.  Differenoa. 

Olefiant  gas,. . . :i8.p7-8  11848-8  + 9-0 

Alcohol, 7183-6  7-2U2-3  — 28-7 

In  organic  chemistry  there  are  compounds  (hydro- 
carbons and  compound  ethers)  which  have  a similar 
percentage  composition,  but  differ  in  the  number  of 
atoms  contained  in  their  molecules — that  is,  they  are 
formed  by  the  same  elements  united  in  equal  pro- 
portions but  differently  condensed.  Now,  among 
these  so-called  po/ymm'c  compounds  the  greater  their 
condensation  the  greater  was  the  amount  of  heat 
they  disengaged  in  being  formed,  and  the  less  accord- 
ingly ought  they  to  produce  by  their  combustion. 
This  is  demonstrated  in  the  following  table  (Fav^re 
and  Silber.mann)  : — 

ISOMERIC  COMPOUNDS. 

Heat  Units. 


Olefiant  gas,  (CH.,).2, 11,858 

Amylene,  (Cll.Jg, 11,498 

Paramylene,  (OlT)io' 11,303 

Ceteiie,  (tUbdiB 11,055 

Metamyleiie,{CH2)2o, 10,928 


The  above  bodies  differ  in  composition  by  a mul- 
tiple of  CH2,  and  are  called  honwlopous.  With  each 
addition  of  CH2  the  heat  developed  by  the  combus- 


tion of  each  gram,  of  substance  diminishes ; but  as 
Berthelot  has  pointed  out,  the  heat  disengaged  by 
the  molecule  for  each  addition  of  CH,  augments  by 
about  155  thermal  units. 

Certain  simple  bodies  can  exist  under  different 
physical  conditions.  Sulphur  and  phosphorus  are 
examples.  When  they  pass  from  the  ordinary  state 
to  the  allotropic  they  absorb  heat,  and  in  return- 
ing to  their  ordinary  condition  they  disengage  this. 
There  exist  also  compound  bodies  having  the  same 
elements,  and  containing  the  same  number  of  atoms 
in  their  molecules,  but  differently  arranged ; that  is, 
their  chemical  composition  is  identical,  and  there  is 
the  same  degree  of  condensation  of  their  elements, 
but  their  properties  are  different.  Their  heats  of 
combustion  are  also  different ; so  we  must  conclude 
that  their  elements  in  combining  had  disengaged  or 
absorbed  unequal  quantities  of  heat.  The  difference 
then  between  two  isomeric  bodies  as  to  their  thermal 
heat  is  as  absolute  as  it  is  between  a simple  body  in 
its  allotropic  forms. 

METAMERIC  BODIES. 

Empiric  Fonnula.  Thermal  Units. 

Acetic  acid,  H,C2H.j05 I C2II4O2  ....  3505 

Methylene  formiate,  (JHj.CHOj,.  ) ....  4197 

Propionic  acid,  H.CjHgtij, I CglljOj  ....  4670 

Formic  etlier,  CjHj.CHOj V ....  5'279 

Methyl  acetate,  . j .5344 

Butyric  acid,  H,C4H702 IC4H8O2  ....  5647 

Acetic  ether,  CjHj,  U.2H3O3 j ....  6'293 

Frankland  has  determined  the  heat  of  combus- 
tion of  vtirious  articles  of  food  by  burning  them 
under  water  with  potassium  chlorate,  and  subtract- 
ing the  heat  due  to  the  decomposition  of  the  chlorate 
from  the  total  obtained. 

If  a few  grains  of  ferric  oxide  be  dropped  into  an 
ounce  or  two  of  fused  potassic  chlorate  which  is  slowly 
disengaging  oxygen,  the  evolution  of  gas  immediately 
proceeds  with  great  violence,  and  the  mixture  becomes 
red  hot,  although  the  external  application  of  heat  be 
discontinued.  The  ferric  oxide  remains  unaltered. 
It  is  thus  obvious  that  potassic  chlorate  in  being 
deconq^osed  furnishes  more  heat  than  that  which 
is  necessary  to  gasify  the  oxygen  which  it  evolves. 
The  amount  of  heat  thus  evolved  by  the  quantity  of 
potassic  chlorate  (9-75  grams.),  mixed  with  1 gram, 
of  the  substance  burnt  in  each  of  the  following 
determinations,  was  effected  by  the  use  of  two  cop- 
per tubes,  the  one  placed  within  the  other.  The 
interior  tube  was  charged  with  a known  weight  of 
potassic  chlorate  and  ferric  oxide,  whilst  the  space 
between  the  tubes  was  filled  with  a mixture  of 
chlorate  and  spermaceti,  whose  calorific  value  was 
known.  The  heat  generated  during  the  combustion 
of  the  latter  mixture  in  a calorimeter  effected  the 
complete  decomposition  of  the  chlorate  in  the  in- 
terior cylinder. 

HEAT  DISENGAGED  BV  1 GRAM. 


Muscle  of  beef, 5103 

Purified  albumen, 4998 

Fat  of  beef. 9069 

Hippuric  acid, .5383 

Uric  acid, 2614 

Urea, 2206 
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HEAT  DEVELOPED  DURINO  COMBU3TIOS  IN  OXYGEN. 


Substance  Burned. 

Heat  unite— 
Grams,  of  Water 
raised  1®  C.  by  1 
Gram,  of  each 
Substance. 

Grams,  of  Water 
raised  1®  C.  by 
comliiuatiou  of  1 
Gram,  of  0. 

Calorific  Equivalent. 

Grams,  of  Water 
raised  C.  for  6 
Grams.  (1  £q.)  of  0. 

Compound  formed. 

Observer. 

Hydrogen, 

34,462 

4307 

34,462 

H^O 

Favre  & Silbermann. 

• ( 

33,808 

4226 

33,808 

Andrews. 

(( 

34,743 

4343 

34,743 

<i 

Dulong. 

Carbon, 

8,080 

3030 

24,240 

CO., 

Favre  & Silbermann. 

t< 

7,900 

2962 

23,096 

ii 

Andrews. 

u 

7,912 

2967 

23,736 

Despretz. 

Sulphur, 

2,220 

2220 

17,760 

so. 

Favre  & Silbermann. 

it 

2,307 

2307 

18,4.56 

Andrews. 

t< 

2,601 

2601 

20,808 

ii 

Dulong. 

Fbosphorus, 

5.747 

4509 

36,072 

P205 

Andrews. 

**  

5,669 

4394 

35,148 

Abria. 

Zinc, 

1,301 

5285 

42,282 

ZnO 

Andrews. 

ii 

1,298 

,5273 

42,185 

Dulong. 

Iron, 

1,576 

4134 

33,072 

46304 

Andrews. 

“ 

1,702 

4340 

34,720 

Dulong. 

Cobalt, 

1,080 

3995 

31,960 

(?) 

Nickel, 

1,006 

3723 

29,784 

NiO 

it 

Tin, 

1,233 

4545 

36,360 

SnO, 

it 

**  

1,144 

4230 

33,519 

Andrews. 

Antimony, 

961 

5875 

47,000 

Sh.,04 

Dulong. 

Copper, 

602 

2394 

19,152 

CuO 

Andrews. 

632 

2512 

20,096 

ii 

Dulong. 

Carbonic  oxide, 

2,634 

4603 

36,876 

CO, 

ii 

“ 

2,431 

4258 

34,034 

ii 

Andrews. 

ii 

2,403 

4205 

33.042 

Favre  & Silbermann. 

Stannous  oxide, 

534 

4473 

35,784 

SnO, 

Dulong. 

“ 

521 

4349 

34,792 

Andrews. 

Cupreous  oxide, 

2.56 

2288 

18.304 

CuO 

244 

2185 

17.480 

ii 

Dulong. 

Cyanogen, 

5,195 

4221 

33.768 

— 

Marsh  gas, 

13,063 

3266 

26,128 



Favre  & Silbermann. 

ii 

13,185 

3296 

26.368 

— 

Dulong. 

ii 

13,108 

3277 

26.216 



Andrews. 

Olefiant  gas, 

11,942 

3483 

27.804 

— 

“ 

11,858 

3458 

27,664 



Favre  & Silbermann. 

12.030 

3514 

28,112 

— 

Dulong. 

Alcohol 

6.909 

3511 

26,488 



ii 

6,8.50 

3282 

26,256 



Andrews. 

«i 

7,183 

3442 

27..536 



Favre  & Silbermann. 

Ether, 

9.027 

3480 

27,, 840 



Olive  oil, 

9.862 

— 

— 

— 

Dulong. 

Oil  of  turpentine 

10,852 

3294 

26,352 

— 

Favre  & Silbermann. 

Carbonic  disulphide, 

3,401 

2692 

21,536 

— 

“ 

Combustion. — 'fhe  great  mass  of  the  atmosphere 
whicli  surrounds  the  globe  consists  of  oxygen  and 
nitrogen,  mixed  in  the  proportion,  by  volume,  of 
20‘96  parts  of  oxygen  to  79'04  of  nitrogen,  and  by 
weight,  of  23'185  parts  oxygen  to  76'815  nitrogen. 
The  air  always  contains  in  addition  variable  quan- 
tities of  aqueous  vapour,  carbonic  anhydride,  and 
ammonia.  Nitrogen  is  very  inert  in  its  properties, 
and  acts  simply  as  a diluent  of  the  more  active  oxygen. 
The  affinities  of  oxygen  are  very  great,  as  it  tends  to 
enter  into  combination  with  nearly  every  other  ele- 
mentary substance,  and  with  many  compounds  not 
already  Siiturated  with  oxygen.  Under  certain  con- 
ditions wood,  coal,  petroleum,  sulphur,  phosphorus, 
and  such  bodies  will  unite  with  it  and  give  rise  to  the 
evolution  of  light  and  heat.  This  process  is  called 
combustion,  and  the  bodies  with  which  the  oxygen 
combines  are  called  combustibles.  All  ordinary  cases 
of  combustion  consist  in  this  active  process  of  oxidation. 

In  its  usual  acceptation  the  word  combustion 
indicates  the  combination  of  a body  with  the  oxygen 
of  the  air,  a combination  that  is  attended  by  a dis- 
engagement of  heat  and  often  of  light.  But  in  a 
more  general  sense  it  designates  every  direct  com- 
bination tliat  occurs  with  sufficient  energy  to  give 


rise  to  analogous  phenomena ; as  the  combustion  of 
coi>per  in  vapour  of  sulphur,  or  of  finely  divided 
antimony  in  chlorine  gas.  Besides  the  cases  of 
combustion  where  the  burning  body  obtains  its 
oxygen  from  wilhout,  it  may^  also  occur  between  the 
atoms  of  a mixture  or  chemic.al  compound,  as  when 
gunpowder  or  nitro-glycerin  is  exploded ; such  may 
be  called  cases  of  internal  combustion. 

As  types  of  our  ordinary  combustibles  let  us 
take  hydrogen,  charcoal,  benzol,  and  alcohol,  and 
study  the  reactions  when  these  bodies  are  burnt; 
a,  2H,  -t-  Ojj  = 2H2O ; that  is,  2 volumes  of  H 
gas,  and  1 volume  of  0 gas  combine  to  form  2 
volumes  of  aqueous  vapour.  /3,  C + O2  = COg; 
carbon  with  oxygen  forms  carbonic  anhydride. 
y,  2CqH|3  + I5O2  z=  I2CO2  + 6H2O ; benzol  with 
oxygen  yields  carbonic  anhydride  and  water. 
h,  0.211^0  -I-  3O2  = 2CO2  + 3H2O ; alcohol  also 
yields  the  same  compounds  as  the  last  when  burnt. 
In  the  burning  of  carbon  a given  volume  of  oxygen 
gas  yields  its  own  volume  of  carbonic  anhydride. 

When  a body  burns,  the  molecules  of  oxygen  in 
the  surrounding  atmosphere  rush  upon  it  with 
immense  velocity,  in  obedience  to  the  powerful 
attractive  force  of  affinity.  At  the  moment  of 


166 


HEAT. — Combustion. 


chemical  action  their  motion  is  suddenly  arrested, 
and  their  moving  power  is  diffused  among  the  sur- 
rounding molecules,  showing  itself  in  the  phenomena 
of  heat  and  light.  There  is  here  an  actual  conversion 
of  the  force  of  motion  into  the  forces  of  heat  and  light. 

The  quantity  of  heat  evolved  varies  with  the  nature 
of  the  combustible.  The  table  below  gives  the  calorific 
power — that  is,  the  heat  evolved  by  1 kilog.  burnt  in 
oxygen  gas — of  a number  of  ordinary  combustibles : — 
(favke  and  silbekmann). 

Hydrogen, .34,462 

Marsh  gas 13,063 

Olefiant  gas lI,8o8 

Ether 9,027 

Alcohol, 7,184 

Sulphur 2,221 

Wood  charcoal, 8,080 

Carbonic  o.\ide, 2,400 

Dry  wood, (about)  3.654 

Bituminous  coal, 7,500 

When  the  composition  of  a fuel  is  known,  its 
calorific  power  may  be  calculated  approximately.  A 
pure  hydrocarbon,  like  benzol,  contains  no  oxygen, 
but  this  element  is  present  in  most  ordinary  fuels. 
The  heat  of  perfect  combustion  of  one  of  these  fuels 
is  equal  to  that  which  would  be  given  out  by  the 
combustion  of  all  the  carbon,  and  of  so  much  of  the 
hydrogen  as  is  in  excess  of  that  required  to  combine 
with  the  oxygen  that  is  present  to  form  water.  To 
get  the  available  heat  we  must  deduct  the  amount  of 
heat  required  to  convert  into  steam — 1st.,  the  water 
formed  by  this  union  of  the  oxygen  present  with  the 
hydrogen  ; 2nd.,  that  formed  by  the  combination  of 
the  atmospheric  oxygen  with  the  rest  of  the  hydrogen 
in  the  body ; and  3rd.,  any  hygroscopic  water  that 
may  be  there.  Suppose  we  calculate  the  calorific 
power  of  air-dnied  wood,  whose  composition  is 
C =:  400,  H = 48,  O = 328,  N and  ash  = 24,  hygro- 
scopic water  rz=  200.  We  then  find : — 

Quantity  of  H in  combination  with  0, 41 

“ available  as  fuel, 7 

“ H.^O  formed  by  burning  48  parts  H,  432 

Hygroscopic  water, 200 

Total  quantity  of  water  evaporated, 632 

Units  of  Heat. 

400  grams.  C yield, 3,232 

7 “ H “ 241 

3,473 

Deduct  amount  of  heat  required  to  convert!  qqn 
632  grams.  H2O  into  vapour J 

Calorific  power  of  air-dried  wood  = 3,134 

(COOKE). 

Heat  is  supposed  to  be  due  to  the  motion  of  the 
molecules  of  bodies,  and  the  greater  the  moving 
power  of  the  molecules  the  higher  the  temperature. 
Whatever  may  be  their  size  or  weight,  we  assume 
that  they  must  all  have  at  the  same  temperature  the 
same  moving  power.  But  as  the  molecule  of  hydro- 
gen is  so  much  lighter  than  that,  say,  of  carbonic 
anhydride,  it  must  move  much  faster  to  produce  the 
same  effect.  Let  m be  the  mass  of  the  molecule, 
and  V its  velocity  at  any  given  temperature  ; then 
the  moving  power  will  be  = With  the  in- 

crease in  temperature  there  is  an  increase  in  the 
moving  power  of  all  the  molecules,  and  the  sum  of 


all  these  moving  powers  represents  the  amount  of 
heat  the  body  contains — that  is,  S-^/aV^  But  to 
measure  quantity  of  heat,  an  arbitrary  standard,  the 
thermal  unit,  in  other  words,  the  amount  of  heat 
required  to  raise  the  temperature  of  a kilogram,  of 
pure  water  from  0°  to  1°  C.,  is  employed,  and  this 
unit  represents  an  amount  of  moving  power  that  can 
raise  423  kilograms,  through  one  metre.  The  burn- 
ing of  a kilogram,  of  charcoal  produces  an  amount  of 
heat  equivalent  to  7900  X 423  = 3,346,700  kilo- 
grammetres  of  work.  The  steam-engine  is  a machine 
for  converting  this  energy  of  heat  into  the  energy  of 
motion,  but  even  in  the  best  engines  not  much  more 
than  one-twentieth  the  energy  of  the  fuel  is  utilized. 
One  of  the  great  problems  of  the  age  is  to  find  an 
engine  that  will  effect  this  transformation  with  the 
greatest  economy  of  power. 

To  cause  a combustible  body  to  burn,  it  must  be 
heated  to  a particular  temperature,  and  maintained 
at  that  temperature.  Increased  temperature  merely 
meaning  an  increased  velocity  of  molecular  motion, 
a requisite  molecular  momentum  must  be  attained  to 
bring  the  atoms  of  0 near  enough  to  unite  with  the 
combustible.  This,  the  so-called  point  of  ignition, 
is  tolerably  constant  for  each  substance,  but  varies 
greatly  with  different  bodies,  some  kindling  below  the 
boiling  point  of  water,  and  other.®  requiring  a white 
heat.  To  continue  burning,  the  body  must  be  main- 
tained at  the  temperature  of  ignition,  for  if  cooled 
below  this  it  goes  out.  AVhen  the  proce.ss  is  once 
started  the  heat  developed  by  the  chemical  union  is 
sufficient  to  maintain  the  temperature  of  the  adjacent 
mass  at  the  ignition  point. 

To  effect  the  complete  ignition  of  a body,  and 
thus  obtain  its  maximum  effect,  a definite  amount  of 
air  is  required.  Let  us  calculate  the  weight  needed 
to  burn,  say,  a kilogram,  of  coal.  By  the  formula 
CO,  it  is  seen  that  12  parts  by  weight  of  carbon 
require  32  parts  by  weight  of  oxygen,  that  is, 
2§  times  its  weight  of  oxygen.  Air  contains  23 
parts  per  cent,  by  weight  of  oxygen,  therefore 
23  : 100  : : 2^  : 11'56 ; whence  11‘56  kilogtams.  of 
air  are  needed.  Coals  usually  contain  some  un- 
burnt hydrogen,  so  more  oxygen  than  this  is  neces- 
sary. Accordingly,  we  must  allow  at  least  12  kilos. ; 
1 cubic  metre  of  air  at  15°  C.  weighs  1'293  kilos. ; 
therefore  12  kilos  of  air  will  occupy  about  9J  cubic 
metres,  so  1 kilo,  of  coal  needs  about  9J  cubic  metres 
of  air  to  burn  it  completely. 

The  calorific  inteiisily  of  fuel  must  be  distinguished 
from  its  calorific  power.  The  total  quantity  of  heat 
developed  by  the  combustion  of  a body  is  its  calori- 
fic power,  and.  is  not  materially  influenced  by  the 
rapidity  of  the  process ; if  the  combination  is  slow 
the  heat  may  be  dissipated  rapidly,  and  a high  tem- 
perature not  attained.  Now  by  calorific  intensity 
is  meant  the  maximum  temperature  developed,  and 
the  temperature  of  a burning  fuel  will  mainly  depend 
on  the  rapidity  with  which  the  heat  is  developed  as 
compared  with  the  rapidity  of  its  dissipation.  Tlie 
calorific  intensity  can  be  calculated  from  the  calorific 
power  and  the  specific  heats  of  the  products  of 
combustion.  Let  c = calorific  power:  w,  w',  w", 
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&c.,  = weights  of  combustion  products ; and  s,  s',  s", 
&c.,  their  specific  heats.  Then — 
c 

T = 

ws  + w's'  + v/'s" 

The  calorific  intensity  of  all  combustibles  is  much 
less  when  burnt  in  the  atmosphere  than  in  oxygen, 
that  is,  it  is  reduced  by  the  presence  of  nitrogen, 
and  the  active  energies  of  oxygen  are  kept  within 
certain  limits.  Briefly  it  may  be  stated,  that  the 
quantity  of  heat  evolved  by  the  same  chemical 
action,  whether  rapid  or  slow,  is  invariable ; tliat 
the  temperature  or  intensity  of  heat  is  variable, 
being  dependent  upon  the  rapidity  of  the  action, 
and  upon  the  amount  and  kind  of  matter  heated ; 
and  that  there  is  correlative  increase  in  rapidity  of 
action  with  increase  of  temperature.  When  the 
action  is  very  slow  the  heat  is  dissipated  as  fast  as  it 
is  generated,  and  no  light  and  comparatively  slight 
elevation  of  temperature  is  produced:  this  slow 
combustion  is  termed  eremacausis,  of  which  a good 
example  is  seen  in  the  production  of  animal  heat. 
The  processes  of  combustion  di£fer  from  other  ex- 
amples of  synthesis  chiefly  in  the  union  of  the  atoms 
being  attended  with  an  extraordinary  development 
of  energy.  The  intensity  of  the  effect  we  have  seen 
depends  on  the  rapidity  of  the  combustion,  the 
energy  manifesting  itself  as  heat,  and  also  as  light, 
when  non-volatile  solid  particles  are  present. 

Reference  may  here  be  made  to  the  influence  of 
dihithni  and  pressure  on  the  inflammability  of  yaseons 
7iiixtures.  Considerable  dilution  of  an  inflammable 
mixture  with  one  of  its  constituents  may  hinder 
completely  its  explosion.  One  volume  hydrogen  gas 
mixed  with  2 to  9 volumes  oxygen  will  combine  and 
give  rise  to  the  same  amount  of  condensation  ; but 
above  this  limit  the  condensation  diminishes  rapidly 
until  we  arrive  at  16  volumes  oxygen,  when  it  ceases 
entirely.  The  same  thing  happens  if  we  add  the  hydro- 
gen in  excess.  The  fire-damp  (CH^)  is  exploded  by 
the  contact  of  a flame  when  it  is  present  in  the  propor- 
tion of  6 to  8 per  cent,  in  the  air  of  mines.  The 
explosion  becomes  still  more  powerful  when  it  forms 
15  per  cent,  of  the  air  ; but  when  it  rises  to  25  per 
cent,  explosion  will  no  longer  occur. 

Under  the  pressure  of  several  atmospheres  candles 
burn  with  brighter  flame,  and  it  is  possible  to  lower 
the  temperature  of  ignition  by  compressing  the 
gas  in  which  a body  is  burning.  The  inflammability 
of  most  detonating  mixtures  by  the  electric  spark 
decreases  with  the  pressure  : thus,  a detonating 
mixture  reduced  to  one-eighteenth  of  its  ordinary 
density  will  not  explode  if  a spark  be  passed  through 
it.  A jet  of  hydrogen  will  burn  in  air  one-fourth  its 
usual  density,  but  will  be  extinguished  if  the  density 
be  still  further  reduced  to  one-sixth  or  one-eighth. 
And  so  with  other  bodies  ; but  there  is  considerable 
difference  among  them  in  this  respect,  for  sulphur 
will  continue  to  burn  if  the  air  be  rarefied  fifteen 
times,  and  phosphorus,  if  it  be  reduced  to  sixty  times 
its  normal  density.  Some  of  the  so-called  catalytic 
actions  may  be  explained  by  supposing  that  on  the 
extended  surface  of  such  bodies  as  spongy  platinum, 
which  manifest  a catidytic  action,  oxygen  gas  is 


strongly  compressed,  if  not  liquefied,  and  that  the 
reactions  are  effected  under  this  pressure. 

High  temperatures,  as  we  have  seen,  appear  to 
favour  chemical  actions,  while  low  temperatures 
retard  them.  Oxygen  and  hydrogen  are  without 
action  on  each  other  in  the  cold ; liquefied  ammonia 
at  — 65°  C.  will  not  unite  with  strong  sulphuric 
acid ; and  iodine  and  phosphorus  will  not  combine 
below  freezing  point. 

'Theory  of  Combustion. — The  theory  of  combustion, 
known  as  the  phlogiston  theory,  was  first  advanced 
in  1682  by  Becher,  and  was  afterwards  elaborated 
by  Stahl.  The  principle  of  fire,  according  to  this 
theory,  is  everywhere  diffused,  but  enters  unequally 
into  the  composition  of  bodies,  combustible  bodies 
being  rich  in  phlogiston,  and  losing  it  when  they  are 
burned.  That  this  theory  is  not  absurd  is  seen  from 
the  fact  that  it  contained  the  germs  of  the  modern 
doctrine  of  conservation  of  energy.  A combustible 
body  does  actually  lose  something  in  burning : 
phlogistic  chemists  called  it  phlogiston,  modern 
chemists  call  it  energy.  It  loses  the  power  of  emitting 
a certain  quantity  of  heat — that  is,  a certain  amount 
of  potential  energy.  Stahl  clearly  saw  that  the 
chief  characteristic  of  burning  was  the  development 
of  energy,  though  he  did  not  comprehend  its  real 
essence;  but  he  recognized  it  as  a fundamental 
principle  of  nature.  The  chemical  change  occurring 
in  the  process  was  discovered  by  Lavoisier.  He 
ignored,  however,  the  more  important  phenomenon, 
and  was  wrong  in  attributing  to  oxygen  alone,  and  to 
its  reduction  of  volume,  the  heat  disengaged  in  com- 
bustion. Davy  and  Berzelius  attributed  the  heat 
and  light  evolved  in  combustion  to  the  combination 
of  the  opposite  electricities  supposed  to  reside  in  the 
atoms  of  the  combining  bodies.  The  combination 
of  the  atoms  is  now  regarded  as  due  to  the  force 
of  affinity.  The  metal  and  the  oxygen  before  com- 
bining are  endowed  with  a certain  quantity  of  energy, 
which  they  partly  lose  as  heat  in  their  union.  As 
in  a raised  weight  there  is  a certain  amount  of  energy 
of  position  equal  to  the  force  expended  in  raising  it, 
so  in  free  carbon  or  free  oxygen  there  is  also  a 
definite  amount  of  potential  energy  stored  up,  ready 
to  be  given  out  under  favourable  conditions.  In 
carbonic  acid  these  elements  are  united  by  chemical 
affinity.  To  rend  them  asunder  an  expenditure  of 
some  other  force  is  required.  In  a leaf,  under  the 
agency  and  at  the  expense  of  the  sun’s  rays,  this 
forcing  asunder  is  accomplished ; and  it  is  the 
energy  of  these  rays  which  is  transformed  into  the 
potential  energy,  or  energy  of  position,  represented 
by  the  chemical  separation  of  the  oxygen  and  car- 
bon. The  free  carbon  and  oxygen  then  become 
forms  of  potential  energy,  and  when  they  recom- 
bine this  energy  will  be  given  out  again  in  the  form 
of  heat. 

To  recapitulate : Stahl  believed  heat  to  be  due 
to  the  emission  of  phlogiston ; Lavoisier,  to  the 
liberation  of  the  caloric  combined  with  the  gas ; 
Berzelius,  to  a neutralization  of  electric  fluids ; 
modern  chemists,  to  a transformation  of  energy — 
chemical  energy  changed  into  its  equivalent  of  heat. 
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The  several  theories  may  be  represented  thus ; — 

Stahl’s  : Metallic  oxide  and  phlogiston  , , 

. — u'etalhc  oxide  + 


Lavoisier’s  ; 


Metal  + 


metal 

oxygen  and  caloric  , 

. , = metallic  oxide 

+ free  caloric. 

oxygen  gas 

Theory  of  Energy  : /metal  and » t 

\7)i  energy/  ^ /i 

/oxygen  and\  | \ 

\ n energy  / J .f™  + ” — 

\external  energy./ 


,dj  1 

^...-.gy/  ^ /oxygen  and\ 

_j_  /oxygen  and\  | \ p energy  / 


The  theory  of  combustion  is  but  an  application  of 
the  principle  of  conservation  of  energy  to  chemical 
energy,  the  general  equations  being  the  following: — 

Elements  combining  and  possessed  of  m chemical 
or  physical  energy  = the  reaction  products  possess- 
ing m + 71  chemical  or  physical  energy  "+  n external 
energy  in  any  form  whatever. 

Combustions  in  Chlorine  Gas. — Almost  the 
only  direct  experiments  that  have  been  made  on  this 
subject  are  those  of  Andrews.  Abria,  however, 
made  a series  of  experiments  on  the  combustion  of 
hydrogen  and  phosphorus  in  chlorine.  Favre  and 
Silbermann’s  numbers  have  been  deduced  from 
reactions  in  the  humid  way,  and  not  by  burning  the 
metals  in  chlorine. 

The  experimental  difficulties,  especially  in  the 
case  of  the  combination  of  potassium  with  chlorine, 
are  very  great ; but  by  employing  a brass  instead  of 
a glass  vessel  to  contain  the  chlorine,  Andrews  suc- 
ceeded in  obtaining  accurate  results.  By  inspecting 
the  table  given  below,  it  will  be  seen  that  the  quan- 
tities of  heat  evolved  during  the  combination  of 
different  metals  with  chlorine  are  very  different, 
varying  from  13,008  to  3114  units  for  each  equivalent 
of  chlorine.  But  by  comparing  them  with  the  num- 
bers given  in  the  preceding  table,  a general  resem- 
blance will  be  noticed  between  the  amounts  of  heat 
obtained  during  the  combustion  of  the  same  metal 
in  oxygen  ami  in  chlorine.  This  particularly  applies 
to  iron,  tin,  and  antimony.  In  the  case  of  zinc  there 
is  less  agreement  (6300  with  Cl,  5366  with  0) ; and 
copper  gives  out  nearly  twice  as  much  heat  with 
chlorine  as  with  oxygen  ; while  phosphorus  gives 
less  heat  with  chlorine  than  with  oxygen. 


Comparing  the  heat  disengaged  when  the  bodies 
combine  with  the  same  volume  of  chlorine,  it  will  be 
found  that  potassium  disengages  twice  as  much  heat 
as  zinc,  and  nearly  four  times  as  much  as  tin,  anti- 
mony, or  copper.  Andrews  obtained,  by  causing 
the  same  bodies  to  react  upon  one  another  in  the 
moist  way,  results  agreeing  very  closely  with  those 
obtained  by  direct  combustion. 

Thomsen  gives  as  the  heat  of  combustion  of  H in  Cl 
22,000  thermal  units,  Abria’s  number  being  24,087. 

Combination  of  Cya/wfjen  with  Chlori/ie,  ^-c. — The 
combination  of  cyanogen  with  chlorine  yields  a large 
quantity  of  heat,  less  or  none  with  bromine,  while 
with  iodine  there  is  always  an  absorption  of  heat. 

Combinations  of  Bromine  and  Iodine. — The  heat 
disengaged  by  the  same  body  in  combination  with 
chlorine  is  greater  than  that  with  bromine,  and  still 
greater  than  that  with  iodine.  The  calorimetric 
order  is  also  the  same  as  that  of  affinity.  The 
greater  evolution  of  heat  in  the  case  of  chlorine  is 
partly  due  to  its  being  in  a gaseous  state  before 
combination.  Favre  and  Silblrmann  have  com- 
pared these  bodies  in  analogous  conditions,  and  by 
dissolving  them  in  enough  water,  so  that  there  is  no 
evolution  of  heat  when  more  is  added,  have  experi- 
mented with  the  solution  so  formed  in  their  mer- 
curial calorimeter.  The  numbers  they  thus  obtain 
lead  them  to  believe  that  the  quantities  of  heat 
disengaged  by  each  metal  in  uniting  with  the  same 
metalloid  differ  by  a constant  quantity  for  each 
metal  quite  independent  of  the  metalloid ; for  ex- 
ample, an  atom  of  iodine  in  uniting  with  different 
metals  will  disengage  the  same  constant  quantity  of 
heat  less  than  an  atom  of  chlorine  or  a half  atom  of 
oxygen  in  uniting  with  the  same  metals.  Suppose 
we  arrange  the  metalloids  in  one  group,  and  tlie 
metals  in  another  in  the  same  line,  and  take  Cl  as  the 
starting  point.  Let  Br  be  at  a distance  from  this 
equal  to  11-6,  O at  20-8,  I at  24-9,  Cu  at  34-5,  H at 
40-1,  K at  97,  tfec.  The  distance  between  any  two 
points  in  the  two  groups  will  then  indicate  the 
amount  of  heat  disengaged  when  the  metal  at  the 
one  point  combines  with  the  metalloid  at  the 
other. 
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Elements. 

Grams,  of  H 0 
raised  1®  C.  by 
combination  of  1 
Gram,  of  Substance. 

Grams,  of  Water 
raised  1®  C.  by  com- 
bination of  1 Gram. 
Chlonue. 

Grams,  of  Water 
raised  V C.  by  com- 
bination of  1 Eq. 
(35'5  Grams.  Cl). 

Compound. 

Observer. 

Hydrogen, 

24,087 

678 

24,087 

HCl 

Abria. 

23,783 

670 

23,783 

46 

Favre  & Silbermann. 

Phosphorus, 

3,422  (?) 

607 

21,548 

PCIx  (?) 
KCl 

Andrews. 

Potassium, 

2,655 

2943 

104,476 

44 

Zinc, 

Iron, 

1,529 

1427 

50,658  . 

ZnUIj 

44 

1,745 

921 

32,695 

h'ejUlj 

(( 

Tin 

1,079 

897 

31,722 

SnClj 

44 

Antimony, 

707 

860 

30,401 

ShCl3 

44 

Arsenicum 

994 

7o4 

24,992 

ASCI3 

Copper, 

961 

859 

30,494 

CuCij 

«4 

Mercury, 

Bromine. 

(?) 

822 

29,181 

(?) 

Zinc, 

1,269 

508 

40,640 

ZnBr.j 

Andrews. 

Iron, 

Iodine. 

1,277 

298 

23,833 

EejBrg 

44 

Zinc, 

819 

209 

26,617 

Znl« 

Andrews. 

Iron, 

463 

63 

8,046 

Foafg 

44 

HEAT. — Thermal  Changes  Accompanying  Solution. 
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Indirect  MethodsoJ Ei<timating  Calorific  Equicakntn. — 
On  the  assumption  that  the  calorinielr’c  effect  of  a 
given  chemical  change  can  be  calculated  if  we  know 
the  effects  of  all  the  other  changes  that  occur  simul- 
taneously, Dr.  Woods  suggested  that  the  quantity 
of  heat  evolved  in  reactions  might  be  ascertained 
indirectly,  and  that  thus  the  difficulties  experienced 
in  effecting  direct  and  complete  combustions  of  the 
metals  in  O,  Cl,  Br,  I,  or  S might  be  avoided. 

This  indirect  method,  which  is  only  an  application 
of  the  principle  of  the  conservation  of  energy  to 
chemical  reactions,  has  been  made  use  of  by  Favre 
and  SiLBERMANN,  and  especially  by  Berthelot,  in 
determining  heat  equivalents,  many  of  which  it 
would  be  impossible  to  ascertain  otherwise. 

In  the  solution  of  a metal  by  an  acid,  or  in  the 
precipitation  of  one  metal  by  another  from  one  of 
its  salts,  heat  is  evolved.  Take  the  solution  of  zinc 
in  dilute  sulphuric  acid.  Several  chemical  processes 
occur,  some  attended  with  evolution,  and  some  with 
absorption  of  heat.  Heat  is  evolved — 1st.,  by  the  com- 
bination of  the  oxygen  and  zinc  (Zn  -1-0  = ZnO),  let 
it  = a; ; and  2nd.,  by  the  solution  of  the  zinc  oxide 
thus  formed  (ZnO  -|-  2110,802  = Z11O2SO2  -t-  H,) 
= a.  On  the  other  hand,  heat  is  absorbed  by  the 
separation  from  oxygen  of  an  amount  of  hydrogen 
equivalent  to  the  zinc  dissolved ; = 6.  a and  b are 
known  from  previous  experiments.  Let  T be  the 
number  of  thermal  units  indicated  by  the  calorimeter. 
Then  a;  = T — a + b.  In  the  solution  of  1 gram,  of 
zinc  T = 567‘9  thermal  units ; a = 335’54  units ; 

ij  1ACAOO  / 34,462  = calor.  eq.  of  H 

and  b = 1060-39  units  ' — ^ 


/_  34,462 1 
32-5  = ( 


: Chem.  eq.  of  Zii> 
llierefore  a:  = 567-9  — 335-54  -f  1060-39  = 1292-75. 
This  approaches  very  closely  to  the  number  obtained 
by  direct  experiment,  1301  (Andrews),  1298 
(Dulong). 


HEAT  DISENOAOED  BY  OXYGEN  AND  CHLOHINE  COMBINA- 
TIONS, &C..  CALCULATED  ON  THIS  INDIUECT  METHOD; 
FOB  1 GUAM.  OP  SUBSTANCE. 


I.— (Favre  and  Silbermann)  1 Eq.  0 taken  = 8. 


Oxidea. 

Chlorides. 

Bromides. 

Iodides. 

Sulphides. 

H . 

. 

34,462 

23.783  . 

. l»3r> 

-3606 

..  2741 

K . 

— 

2.5S2  . 

. 2307  .. 

1967 

..  1167 

Na  . 

, 

— 

4.1-24  . 

, 





Zn  . 

1,302 

I,.543  . 

, 



.!  642 

Fe  . 

1,351 

1,773  . 

, 



..  634 

Cu  . 

, 

689 

929  . 

. 



..  288 

Pb  . 

267 

, . 

432  . 

. 316  !! 

224 

92 

-A-g  • 

66 

322  . 

. 237 

172 

52 

II.- 

—(Thomsen,  Berthelot, 

&c.). 

UniU 

Unlti 

II 

-t- 

Br 

= 

8.440 

S -f  O.J  -p  Aq 

= 78,770 

II 

-H 

I 

= 

— 6,036 

S -P  O3  -t-  A<i 

= 142,404 

+ 

S 

= 

4..512 

NO.,  -p  0 -p  H,Aq 

= 51,080 

N 

+ 

B3 

= 

26.707 

CO  -p  0 

= 66,810 

C 

+ 

B4 

= 

20,414 

NjOj  -p  O3 

-P  Aq 

= 72,940 

Thomsen,  from  a comparison  of  the  quantities  of 
heat  evolved  in  a large  series  of  chemical  reactions, 
is  led  to  the  conclusion  that  these  are  all  multiples  of 
a common  constant  of  affinity,  which  is  about  18,000 
heat  units.  As(N202.03.Aq)  = 4X  18,235=72,940). 

VOL.  II. 


III.— (Ditte). 


For  1 Gram. 

For  1 Equivalent. 

Mg  

6130-5  .... 

73,566 

Zn  

13.57-6  .... 

......  44,122 

In  

1044-6  .... 

39  486 

Cd  

271-1  .... 

15,182 

Thermal  Changes  Accompanying  Solution. — 
These  have  been  made  the  subject  of  inquiry  by 
Gay-Lussac, Thomsen,  Karsten,  Chodnew,  Graham, 
Andrews,  Favre,  Silbermann,  and  Berthelot. 
The  soluble  sulphates,  nitrates,  and  chlorides  have 
been  the  salts  chiefly  examined,  and  the  solvents 
pure  water  and  saline  and  acid  solutions.  The 
results  may  be  thus  expressed  (Andrews)  : — 

“ 1.  The  solution  of  a crystallized  salt  in  water  is 
always  accompanied  by  an  absorption  of  heat. 

“ 2.  If  equal  weights  of  the  same  salt  be  dissolved 
in  succession  in  the  same  liquid,  the  heat  absorbed 
will  be  less  on  each  new  addition  of  salt. 

“ 3.  The  heat  absorbed  by  the  solution  of  a salt 
in  water,  holding  other  salts  dissolved,  is  generally 
less  than  that  absorbed  by  its  solution  in  pure  water. 

“ 4.  The  heat  absorbed  by  the  solution  of  a salt 
in  the  dilute  mineral  acids  is  generally  greater  than 
that  absorbed  by  its  solution  in  water.” 

With  anhydrous  salts,  however,  the  results  are 
different.  If  it  be  one  which  crystallizes,  it  will  first 
combine  with  its  ordinary  equivalent  of  water  of 
crystallization.  There  will  therefore  be  heat  arising 
from  the  union  of  the  anhydrous  salt  with  water, 
and  heat  absorbed  by  its  subsequent  solution.  In  a 
few  cases  there  is  evolution  of  heat.  This  is  pro- 
bably due  to  the  preliminary  formation  of  a sohd 
hydrate.  Heat  is  also  given  out  during  the  deposi- 
tion of  a solid  from  a super- saturated  solution. 
According  to  Graham’s  experiments  the  sulphates 
of  water,  copper,  and  manganese  disengage  the  same 
quantity  of  lieat  in  combining  with  the  first  atom  of 
water;  and  equal  quantities  are  disengaged  by  the 
sulphates  of  magnesia  and  zinc  in  their  complete 
hydration.  But  no  simple  relation  among  the 
different  sulphates,  &c.,  has  yet  been  discovered. 

For  1 gram,  of  salt  dis.solved  the  following  units 
indicate  the  amount  of  heat  absorbed  (Favre  and 
Silbermann)  ; — 


Sulphate  ot  potassium, 35-3 

“ sodium, 43-1 

“ zinc,, 14'8 

Ferrous  sulphate, 12-1 

Sulphate  of  aluminium  and  potassium,. ..  23  1 

Chloride  of  sodium, 8-9 

Nitrate  of  potassium, 70-5 

“ sodium, 45-5 

Phosphate  of  sodium,. ,52-3 

Carbonate  of  sodium, 52-7 

Oxalic  acid, 67-0 


With  regard  to  the  thermal  effects  accompanying 
the  dilution  of  solutions,  Marignac  finds  that  the 
addition  of  water  to  the  solution  of  a single  salt 
produces  a rise  or  fall  of  temperature,  which  does 
not  exceed  0-2°  C.  for  one-tenth  solutions,  the  one- 
fourth  of  this  for  dilution  to  one-twentieth,  and  only 
the  one-sixteenth  for  dilution  to  one-fortieth.  The 
mixture  of  the  solutions  of  two  salts,  which  do  not 
act  on  each  other,  generally  produces  less  alteration 
22 
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of  temperature  than  the  simple  dilution  of  these 
solutions  : development  of  heat  takes  place  where 
the  bases  are  the  same,  and  absorption  where  they 
are  capable  of  forming  a double  Sidt.  ^Iaeignac 
therefore  regards  the  principle  of  thermoneutrality — 
double  decomposition  of  neutral  salts  without  change 
of  temperature — as  being  incorrect. 

Heat  Developed  in  the  Combination  of  Acids 
WITH  Water. — Hess  was  the  first  to  attempt  to 
reduce  to  definite  laws  the  quantities  of  heat  dis- 
engaged in  the  formation  of  the  hydrates  of  sulphuric 
acid.  The  subject  has  been  subsequently  investi- 
gated by  Graham,  Abria,  and  Favre  and  Silber- 
JL\NN,  with  somewhat  different  results. 

According  to  Hess,  there  exists  a simple  relation 
among  the  numbers  which  express  the  quantities 
of  heat  set  free  in  the  formation  of  the  successive 
hydrates  of  sulphuric  acid.  Designating  the  heat 
disengaged  in  the  combination  of  SOgHgO  with  HgO 
by  2a,  the  heat  set  free  in  the  formation  of  the  other 
hydrates  will  be — 


Hess. 

Favre,  Silbermann, 
aud  QuaiUard. 

SO:,  + H,0, 

....  6a  . . 

..  6a 

S0.,H.,0  + H.,0,  . 

. 2a 

....  2a  . . 

..  2a 

.S032H,,0  + 

H.,0, 

. a 

....  a . . 

. -93a 

SO.,3H.,0  4- 

H,0, 

. a 

....  -5a  . . 

•53a 

a = 46-94  (Hess)  ; 

a = 

39’33  (Abria). 

The  general  result  of  Favre,  Silbermann,  and 
Qxiaillard’s  experiments  is  that  when  40  molecules 
of  water  in  grams,  are  added  to  1 molecule  of  acid, 
17,612  heat  units  are  evolved;  and  that  a given 
quantity  of  water  when  added  to  sulphuric  acid 
evolves  the  same  amount  of  heat  whether  it  is 
added  at  once  or  by  successive  additions,  there  being 
less  heat  developed  in  proportion  to  the  previous 
excess  of  water  added.  Pfaundler’s  results  agree 
closely  with  those  of  the  above  three  observers. 
Thomsen  gives  17,248  units  as  the  heat  evolved  by 
adding  an  excess  of  water  to  a molecule  of  sulphuric 
acid,  and  7560  units  as  the  heat  evolved  by  nitric 
acid  under  similar  conditions.  As  with  sulphuric 
acid,  the  heat  evolved  diminishes  with  successive 
additions  of  water,  but  less  rapidly  at  first. 
Andrews,  however,  states  that  a slight  fall  of  tem- 
perature occurs  when  dilute  nitric  acid  is  mixed 
with  water.  An  absorption  of  heat  also  takes  place 
when  water  is  added  to  acetic  acid ; but  when  the 
water  exceeds  half  the  weight  of-  the  acid  a develop- 
ment of  heat  commences,  and  continues  to  increase 
until  more  than  5 molecules  of  water  have  been 
added  to  each  molecule  of  acid.  The  same  thing 
occurs  when  alcohol  is  added  to  acetic  acid. 

AVdien  a (/as  is  absorbed  by  water  there  is  a con- 
siderable evolution  of  heat.  This  may  be  in  part  due 
to  the  latent  heat  of  gaseity  given  out  by  the  gas  in 
its  change  of  state.  Hydrochloric  acid  gas  evolves 
449-6,  sulphurous  acid  120-4,  and  ammonia  514-3 
thermal  units  for  each  gram,  of  gas  dissolved  in 
water.  When  400  molecules  of  water  are  present 
to  each  molecule  of  hydrochloric  acid,  17,814  heat 
units  are  evolved  (Thomsen). 

Solution  of  Metals  in  Nitric  Acid. — When  this 
occurs  the  oxidation  is  the  principal  cause  of  the 


heat  produced.  Other  causes  of  thermal  change 
exist  in  the  combination  of  the  oxide  with  the  acid, 
in  the  separation  of  the  elements  of  a portion  of  the 
acid  during  the  solution,  and  in  the  condensation  of 
the  oxygen  gas  during  the  combustion.  When  the 
solution  occurs  in  nitro-muriatic  acid  about  one- 
seventh  less  heat  is  produced.  One  equivalent  Cu 
disengages  2578  units  ; 1 equivalent  Zn,  5857  units 
(Andrews).  The  reduction  of  N^,0-  to  N2O3  causes 
an  absorption  of  36,400  units  (Thomsen). 

Heat  Developed  During  the  Combination  of 
Acids  and  Gases. — The  chief  workers  in  this  field 
have  been  Hess,  Andrews,  Graham,  Favre,  Silber- 
mann, Berthelot,  and  Thomsen.  The  experiments 
of  Hess  illustrate  the  general  principle  that  in  the 
formation  of  a chemical  compound  the  heat  developed 
is  a constant  quantity,  being  the  same  in  amount 
whether  the  combination  takes  place  directly  at  one 
time,  or  indirectly  at  repeated  times.  He  concluded, 
however,  that  the  same  acid  in  combining  with 
equivalents  of  different  bases  produced  the  same 
quantity  of  heat ; a conclusion  at  direct  variance 
to  that  arrived  at  by  Andrews,  and  now  generally 
accepted,  that  the  heat  developed  during  the  union 
of  acids  and  bases  is  determined  by  the  base  and  not 
by  the  acid. 

The  following  is  an  outline  of  the  method  pursued 
by  Andrews  in  some  of  his  latest  experiments. 
The  solutions  were  taken  in  so  dilute  a state  that 
the  heat  disengaged  never  exceeded  3°-6  C.  A 
standard  solution  of  sulphuric  acid  was  most  care- 
fully prepared,  and  the  strength  of  the  alkaline 
solutions  adjusted  by  its  means.  The  same  solution 
of  each  alkali  was  employed  in  all  the  experiments, 
and  the  quantity  used  in  each  experiment  determined 
by  weighing.  “ The  acid  solution  was  of  such  a 
strength  that  after  being  mixed  with  the  alkali  an 
excess  of  2 or  3 per  cent,  of  acid  was  present.  The 
alkaline  solution  was  contained  in  a light  glass  vessel, 
in  which  a large  platinum  crucible  holding  the  acid 
was  carefully  floated.  By  giving  a rapid  rotation  by 
means  of  a light  stirrer  to  the  acid  solution  in  the 
platinum  crucible  a perfect  equilibrium  of  tempera- 
ture was  soon  established  between  the  two  liquids. 
The  initial  temperature  of  the  solutions  was  usually 
about  l°-5  below  that  of  the  air,  and  the  final  tem- 
perature of  the  mixture  about  l°-5  above  it.  As  the 
heat  disengaged  in  the  combination  raised  the  liquid 
almost  instantly  to  the  maximum  temperature,  the 
whole  correction  required  was  for  cooling.  The  first 
temperature  was  read  one  minute  after  the  addition 
of  the  acid  to  the  alkaline  solution,  the  mixture  being 
stirred  during  the  whole  of  that  time.’’ 

To  measure  the  heat  given  off  in  chemical  reac- 
tions Favre  and  Silbermann  employ  a kind  of 
monster  thermometer,  the  reservoir  of  which  is 
made  of  iron,  and  contains  a number  of  cylindrical 
openings,  fitted  with  tubes  of  glass  or  platinum, 
in  which  the  chemical  reaction  takes  place.  First 
the  one  substance  is  introduced  and  then  the  other. 
The  heat  developed  in  the  combination  expands 
the  mercury  filling  the  reservoir,  and  the  mercurial 
column  moves  along  the  graduated  tube  constitu- 
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ting  the  stem  of  the  instrument.  By  means  of 
a screw  the  volume  of  mercury  in  the  reservoir  can 
be  altered.  By  adjusting  this  screw  the  mercury 
is  made  to  stand  at  the  zero  point  of  the  instrument 
before  an  experiment  is  to  be  made.  The  instru- 
ment is  graduated  by  experimenting  with  known 
weights  of  hot  water.  Although  this  apparatus  is 
very  convenient,  yet,  on  account  of  the  many  errors 
to  which  it  is  liable,  for  accurate  experimentation  it 
is  comparatively  worthless. 

The  method  of  operating  pursued  by  Andrews  is 
far  more  accurate,  and  as  a consequence  his  results 
have  met  with  universal  acceptation. 

Andrews  deduces  the  following  conclusions  from 
his  experiments : — 

1.  The  heat  developed  in  the  union  of  acids  and 
bases  is  determined  by  the  base  and  not  by  the 
acid,  an  equivalent  of  the  same  base,  combined  with 
different  acids,  producing  nearly  the  same  quantity 
of  heat. 

2.  An  equivalent  of  the  same  acid,  combined 
with  different  bases,  produces  different  quantities 
of  heat. 

3.  When  a neutral  salt  is  converted  into  an  acid 
salt  by  combining  with  one  or  more  equivalents  of 
acid,  no  disengagement  of  heat  occurs. 

4.  When  a double  salt  is  formed  by  the  union  of 
two  neutral  salts,  no  disengagement  of  heat  occurs. 

5.  When  a neutral  salt  is  converted  into  a basic 
salt,  the  combination  is  accompanied  by  the  disen- 
gagement of  heat. 

6.  When  one  and  the  same  base  displaces  another 
from  any  of  its  neutral  combinations,  the  heat 
evolved  or  absorbed  is  always  the  same,  whatever 
the  acid  element  may  be. 

7.  As  some  of  tlie  bases  (potash,  soda,  baryta, 
and  strontia)  form  an  isothermal  group,  such  bases 
will  develop  the  same,  or  nearly  the  same,  heat  in 
combining  with  an  acid,  and  no  heat  will  be  de- 
veloped during  their  mutual  displacements. 

For  the  first  law  to  hold  good  the  acid  must  have 
the  power  of  neutralizing  the  alkaline  reaction  o' 
the  base,  so  that  the  acid  and  base  when  brought 
into  contact  may  form  a neutral  solution.  Hydro- 
cyanic, carbonic,  and  arsenious  acids  which  fail  to 
fulfil  these  conditions,  do  not  disengage  the  normal 
amount  of  heat  when  mi.xed. 

These  laws  are  not  intended  to  embrace  the 
thermal  changes  which  occur  dui-ing  the  conversion 
of  fin  anhydrous  acid  and  base  into  a crystalline 
compound.  The  step®  by  which  such  a conversion 
is  effected  are  generally  very  complicated,  and  in- 
volve successive  combinations  and  decompositions. 
Andrews  found  that  sulphuric  acid  developed  about 
one-eighth  more  heat,  and  a group  of  acids,  com- 
prising the  tartfiric,  citric,  and  succinic  acids,  about 
one-thirtieth  less  heat,  than  the  most  of  the  other 
acids.  .(HI  the  other  acids  develop  nearly  the  same 
amount  of  heat  in  combining  with  the  same  base, 
the  greatest  divergences  from  the  mean  being  very 
slight,  and  within  the  limits  of  the  errors  of  experi- 
ment. Favre  and  Sii.bermann  have  inferred  from 
their  experiments  that  the  following  organic  acids — 


the  oxalic,  formic,  valeric,  and  citric  — disengage 
sensibly  the  same  quantity  of  heat,  but  less  in 
amount  than  that  given  by  such  mineral  acids  as 
nitric  and  hydrochloric.  Andrews  admits  no  such 
distinction  between  mineral  and  organic  acids,  inas- 
much as  he  finds  that  oxalic  acid  disengages  at  least 
as  much  heat  in  combining  with  bases  as  the  strong 
mineral  acids,  nitric  find  hydrochloric,  &c.  It  ac- 
tually disengages  a little  more  heat  than  either  of 
these  acids  when  it  combines  with  potash,  soda,  or 
ammonia.  As  to  its  thermal  action  oxalic  acid 
stands  in  the  same  rank  as  the  phosphoric,  nitric, 
arsenic,  hydrochloric,  hydriodic,  boracic  acids,  &c. 
The  bases,  on  the  contrary,  differ  altogether  in 
thermal  power.  Thus,  equivalents  of  the  oxides  of 
magnesium  and  of  silver  give  out  4°T  and  l°-8  of 
heat  respectively  in  combining  with  nitric  acid,  the 
former  oxide  having  therefore  2*3  times  the  thermal 
power  of  the  latter.  Neutralizing  power  has  no 
apparent  influence  on  the  result,  as  oxide  of  silver, 
which  forms  salts  neutral  to  test  paper  with  the 
strongest  acids,  is  one  of  the  feeblest  bases  if  meas- 
ured by  its  thermal  power. 

When  solutions  of  two  neutral  salts  are  mixed, 
and  a precipitate  formed  by  the  double  decomposi- 
tion, there  is  always  a slight  disengagement  of  heat, 
perfectly  definite  in  amount,  which  appears  to  be 
chiefly  connected  with  the  latent  heat  of  the  precipi- 
tate, and  not  to  the  change  of  state  of  its  components ; 
and  the  heat  disengaged  is  greater  when  the  preci- 
pitate contains  water  of  crystallization.  But  not- 
withstanding the  heat  due  to  the  formation  of  the 
precipitates,  a diminution  of  temperature  occurs  when 
potash  is  substituted  for  lime  or  magnesia.  In  the 
conversion  of  the  neutral  sulphate  of  potash  into 
the  acid  salt  there  is  exceptionally  a slight  fall  of 
temperature ; and  in  the  change  of  the  ordinary 
phosphates  and  arseniates  into  super-salts,  as  might 
have  been  expected  from  their  alkaline  reaction, 
there  is  a disengagement  of  heat,  about  one-seventh 
of  that  liberated  in  the  formation  of  the  salts 
themselves.  If  tribasic  phosphoric  acid  or  arsenic 
acid  is  added  in  fractional  portions  to  a solution  of 
potash  till  the  subsalts  are  formed,  the  heat  given 
out  on  each  addition  of  acid  corresponds  to  the 
amount  of  acid  added  ; but  after  this  point  has  been 
reached,  the  disengagement  of  heat  follows  a different 
law.  The  pyrophosphoric  acid,  however,  behaves  as 
an  ordinary  acid,  equal  increments  of  heat  being 
evolved  for  equal  increments  of  acid  till  the  pjwo- 
phosphate  is  formed. 

In  his  seventh  conclusion  Andrews  anticipates 
Thomsen  of  Copenhagen. 

The  following  table  gives  Andrews’  results  re- 
duced to  the  same  units  as  those  employed  by  Favre, 
Silbermann,  and  Thomsen.  The  absolute  amoimt 
of  heat  obtained  by  Thojisen  is  much  less  than  that 
obtained  by  Andrews  ; for  example,  in  the  combin- 
ation of  soda  with  nitric  acid  the  number  given  by 
Thomsen  is  as  much  below  Andrews’  number  as 
Favre  and  Silbermann’s  is  above  it.  A.  is  for 
Andrews,  F.  & S.  for  Favre  and  Silbermann,  and 
T.  for  Thomsen. 
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Potash. 

Soda. 

Ammonia. 

A. 

F.  & S. 

A. 

F.  &S. 

T. 

A. 

F.  * S. 

Sulphuric, 

16,701 

16,083 

16,580 

15,810 

15,689 

14,710 

14,690 

Nitric, 

14,800 

15,510 

14,480 

15,283 

13,617 

12,683 

13,676 

Hydrochloric, 

14,940 

15,656 

14,744 

15,128 

13,740 

12,964 

13,536 

Oxalic, 

15.124 

14,156 

15,032 

13,752 

13,088 

— 

Acetic, 

13,805 

13,973 

14,000 

13,600 

12,316 

12,649 

Tartaric, 

13,508 

13,425 

13,400 

13,651 

11,744 

Some  of  Thomsen’s  results  are  contained  in  the 
following  tables,  where  is  given  the  quantity  of  heat 
in  hundreds  of  gram,  degrees,  produced  by  1 mole- 
cule of  each  of  the  acids  or  alkalies  upon  a molecules 
of  the  alkali  or  acid  respectively : — 


1 Molecule  of  Acid 

1 Molecule  of  Sodium 

with  a Molecules  of 
Sodium  Hydrate. 

Hydrate  with  a Molecules 
of  Acid. 

1 a 

2 a 

ia 

Ja 

1 a 

2 a 

1.  Monobasic  acids — 

Hydrochloric,  .... 

68-5 

137 

137 

— 

68-5 

137 

137 

Hydrobromic, 

68-5 

137 

137 

— 

68-5 

137 

137 

Hydriodic 

68 

137 

137 

— 

68-5 

137 

136 

Hydrocyanic, 

14 

28 

27 

— 

14 

28 

28 

Nitric, 

68 

137 

137 

— 

68 

137 

136 

Metaphosphoric,  . . 

71 

144 

— 

— 

— 

144 

142 

Acetic, 

66 

132 

132 

— 

66 

132 

132 

2.  Dibasic  acids — 

Sulphuric, 

71 

146 

310 

78 

155 

146 

142 

Sulphurous, 

— 

1.59 

290 

73 

145 

1.59 

— 

Carbonic, 

— 

110 

202 

51 

101 

110 

— 

Chromic, 

— 

131 

247 

63 

124 

131 

Silicic, 

32 

43 

52 

13-5 

26 

43 

65 

Oxalic, 

69 

138 

283 

71 

141 

138 

138 

Tartaric, 

— 

124 

253 

— 

127 

124 



3.  Tribasic  acids— 

Citric, 

— 

124 

250 

— 

125 

121 



Orthophosphoric, .. 

73 

148 

271 

— 

135 

148 

147 

Arsenic, 

74 

150 

276 

— 

138 

150 

147 

4.  Tetrabasic  acid — 

Pyrophosphoric, . . 

— 

144 

286 

132 

143 

144 

— 

Thomsen  draws  these  conclusions : — 1.  When  1 
molecule  of  an  acid  acts  upon  a solution  of  sodium 
hydrate,  the  heat  evolved  is  nearly  proportional  to 
the  quantity  of  soda  until  this  amounts  to  1,  2,  or 
more  molecules,  according  to  the  basicity  of  the  acid. 

2.  When  1 molecule  of  sodium  hydrate  acts  upon 

an  acid,  the  heat  evolved  is  nearly  proportional  to 
the  quantity  of  acid  until  this  amounts  to  or 

1 molecule,  according  to  the  basicity  of  the  acid. 

3.  With  well-marked  acids  an  excess  of  the  acid 
or  alkali  produces  very  slight  thermal  effects. 

Boric,  orthophosphoric,  and  arsenic  acids  are 
exceptions  to  the  above  conclusions. 

Bekthelot  regards  ii-eak  acids  as  being  charac- 
terized by  imperfect  combination,  and  by  the  division 
of  the  base  of  a salt  between  the  aci  1 and  the  water. 
Strong  acids  and  bases,  on  the  other  hand,  form 
neutral  stable  salts,  such  as  the  sulphate  or  chloride 
of  sodium,  which  are  not  modified  by  excess  of 
base  or  decomposed  by  water.  When  a weak  acid 
combines  with  a strong  base,  such  as  ammonia, 
neutral  salts  are  formed,  which  are  partially  decom- 
posed by  water.  According  to  Berthelot.  the 
mixing  of  two  neutral  stable  salts  is  always  accom- 
panied with  a slight  evolution  or  absorption  of  heat, 
in  which  Marignac  agrees  with  him.  Such  salts  as 
the  sulphides  of  the  alkalies  are  completely  decom- 
posed by  water  into  sulphydrates  and  free  alkali. 
In  these  double  decompositions  the  most  stable 


compound  is  always  formed  in  largest  quantity. 
Berthelot  has  also  examined  the  thermal  effects 
produced  in  double  decompositions  without  secondary 
products,  as  in  the  decomposition  of  the  chlorides 
of  acid  radicles  by  water  and  alkalies.  The  decom- 
position of  1 equivalent  (78-5  grams.)  acetyl  chloride 
by  water  gave  23,300  heat  units.  Deducting  from 
this  the  heat  of  solution  of  1 equivalent  each  of 
hydrochloric  acid  gas  and  glacial  acetic  acid,  we 
obtain  5500  units  as  the  heat  due  to  the  reaction. 
The  decomposition  of  acetyl  bromide  w,as  equal  to 
18,000,  and  of  acetyl  iodide,  to  1800  units. 

Thermal  F.  Jects  of  the  Combination  of  Alcohoh  with 
Bases. — The  reaction  of  glycerin  upon  the  alka- 
lies produces  about  the  one-fortieth  part  of  the 
heat  evolved  by  the  combination  of  an  acid  with  a 
base.  The  heat  increases  with  the  number  of 
equivalents  of  glycerin  added,  but  not  proportion- 
ally ; and  it  diminishes  as  the  dilution  becomes 
greater.  When  alcohols  combine  with  acids  or 
bases  the  amount  of  combination  appears  to  depend 
upon  the  quantity  of  water  present.  The  alcoholic 
acids  in  combining  with  bases  show  their  acid 
character  by  the  evolution  of  a quantity  of  heat 
proportional  to  the  quantity  of  base  added,  and  in- 
dependent of  the  amount  of  water  present,  and  their 
alcoholic  character  by  the  rapid  diminution  of  the 
thermal  effects  on  dilution  with  water  (Berthelot). 

Heat  Disengaged  During  Metallic  Substitu- 
tions.— When  a neutral  solution  of  any  salt,  say  of 
the  black  oxide  of  copper,  as  the  sulphate,  chloride, 
or  acetate,  is  precipitated  by  metallic  zinc,  the  final 
result  is  the  substitution  of  an  atom  of  zinc  for  an 
atom  of  copper  in  the  solution,  and  the  precipitation 
of  an  atom  of  copper.  Andrews  establishes  as  the 
result  of  his  investigations  the  general  principle  that 
when  an  equivalent  of  a metal  A displaces  an  equiva- 
lent of  another  metal  B from  a solution  of  any  of 
its  salts,  the  heat  developed  is  with  the  same  metals 
constantly  the  same  whatever  be  the  nature  of  the 
salt,  provided  that  in  all  the  salts  B is  in  the  same 
state  of  oxidation.  Andrews’  general  method  was 
to  mix  a known  weight  of  the  finely-divided  metal  with 
the  salt  to  be  decomposed,  having  the  metal  in  excess, 
and  to  note  carefully  the  increase  of  temperature. 

TABLE  OP  HEAT  EVOLVED  IN  METALLIC  SUBSTITUTIONS 

(anukews). 

One  Equivalent 
Precipitated  MetaL 


Salts  of  copper  and  zinc, 3435° 

“ “ and  iron, 2342° 

“ “ and  lead, 1061° 

“ silver  and  zinc, 5747° 

“ “ and  copper, 2176° 

“ lead  and  zinc, 2357° 

“ platinum  and  zinc 1108.5° 

“ mercury  and  zinc 4166° 


1 

I 


4 


M 
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We  have  thus  a means  of  arranging  these  metals, 
beginning  with  the  one  that  evolves  most  heat  when 
used  to  displace  the  metal  at  the  other  extremity  of 
the  series. 

1.  Zinc.  I 5.  Mercury. 

2.  Iron.  I 6.  Silver. 

3.  Leiid.  I 7.  Platinum. 

4.  Cojjper.  | 

This  is  exactly  the  electro-chemical  order  of  the 
metals. 

Andrews  also  deduces  the  following  conclusion : — 
“ If  three  metals,  A,  B,  C,  be  so  related  that  A is 
capable  of  displacing  B and  C from  their  combina- 
tions, and  also  B capable  of  displacing  C ; then  the 
heat  developed  in  the  substitution  of  A for  C will 
be  equal  to  that  developed  in  the  substitution  of  A 
for  B,  added  to  that  developed  in  the  substitution  of 
B for  C ; and  a similar  rule  may  be  applied  to  any 
number  of  metals  similarly  related.”  Thus — 


1 equivalent  lead  displaced  liy  zinc, 2357° 

1 equivalent  copper,  by  lead, 10(il° 


3418° 

Experiment  gives  instead  3435°,  which  corre- 
sponds closely  with  the  theoretical  number.  So  also 
an  equivalent  of  mercury  displaced  by  zinc  should 
give  731  units  of  heat ; of  platinum  displaced  by 
copper,  7650  units ; by  mercury,  6919  units,  &c. 
“ Compare  this  with  the  fact  that  the  electro-motive 
force  between  A and  C is  equal  to  that  between  A 
and  B,  plus  that  between  B and  C ; and  we  are  led 
to  imagine  that  the  electro-motive  fonei  which  are 
really  due  to  conbict  of  dissimilar  bodies  are  also 
the  very  forces  which  cause  heat  when  chemical 
combination  ensues,  potential  energy  being  then 
converted  into  kinetic  energy  by  the  rushing  to- 
gether of  the  particles  under  the  attracting  forces  ” 
(Stewart). 

Specific  Heat.  — The  temperature  of  a body 
affords  no  indication  of  the  actual  quantity  of  heat 
it  contains,  as  equal  bulks  of  different  kinds  of 
matter  contain  different  amounts  of  heat.  Bodies 
require  various  quantities  of  heat  to  r.aise  their  tem- 
peratures equally,  and  diseng.age  unequal  quantities 
in  cooling  through  the  same  number  of  degrees. 
This  different  capacity  for  heat  is  called  specific  heat. 

If  a litre  of  water  at  100°  C.  is  mixed  with  a litre  at 
40°  C.,  the  resulting  temperature  will  be  the  mean  of 
the  two,  70°  C. ; but  if  a litre  of  mercury  at  100°  C. 
be  added  to  the  litre  of  water  at  40°  C.,  the  tempera- 
ture of  the  mixture  will  be  60°  C.  The  mercury 
therefore  gives  up  less  heat  than  a corresponding 
volume  of  water,  and  accordingly  is  said  to  have  a 
less  capacity  for  heat.  If  equal  weights  instead  of 
equal  volumes  be  mixed,  the  difference  in  capacity 
will  be  made  more  evident.  Mix  a kilo,  of  mercury 
at  20°  C.,  with  an  equal  weight  of  water  at  54°  C., 
and  the  resulting  temperature  will  be  53°  C. ; the 
1°  of  temperature  that  the  water  has  lost  has  been 
sufficient  to  raise  the  kilo,  of  mercury  through  33°. 

The  quantity  of  heat  which  it  is  necessary  to 
supply  to  a unit  weight  of  substance  to  raise  its 
temperature  from  t°  to  t + 1°,  is  called  its  specific 


heat  at  t° ; and  water  being  taken  as  the  standard  of 
comparison,  the  specific  heat  of  a body  is  said  to  be 
the  quantity  of  heat  required  to  raise  it  1°  C.  (from 
0°  to  1°  C.),  as  compared  with  the  amount  required 
to  raise  an  equal  weight  of  water  1°  C.  Maxwell 
defines  it  to  be  the  ratio  of  tlie  quantity  of  heat 
required  to  raise  the  body  1°  to  the  quantity  required 
to  raise  an  equal  weight  of  water  1°. 

The  numbers  obtained  by  experiment  as  the 
specific  heats  of  bodies  must  be  corrected  for  all  the 
heat  not  employed  in  raising  the  temperature  of  the 
body,  but  used  up  in  internal  and  external  work 
during  the  process.  Every  change  of  constitution, 
chemical,  physical,  or  mechanical,  causes  an  absorp- 
tion or  evolution  of  heat,  as  the  case  may  be.  The 
true  specific  heats  are  only  approached  in  the 
determination  of  tlie  specific  capacity  of  the  perfect 
gases  at  constant  volume,  as  there  is  then  no  external 
work  done,  and  the  internal  work  is  very  slight. 

Methods  for  Determining  Specific  Heat. — 
There  are  three  general  methods  employed  for 
determining  the  specific  heat  of  a body — 1st.,  the 
method  by  mixture ; 2nd.,  the  method  by  cooling ; 
and  3rd.,  the  method  by  fusion  of  ice. 

I.  The  Method  by  Mixture. — This  name  is  given 
to  all  the  processes  where  the  heat  that  escapes  from 
one  body  is  measured  by  the  rise  in  temperature 
it  occasions  in  tlie  body  into  which  it  passes. 

A body  of  known  weight,  le,  is  raised  to  T°,  and 
then  immersed  in  a quantity  of  water,  W,  at  t°  con- 
tained in  a calorimeter.  In  the  water  is  fixed  a 
very  sensitive  thermometer.  The  body  parts  with 
its  heat  to  the  water,  which  is  warmed  from  t°  to  its 
maximum  temperature,  d,  the  body  cooling  at  the 
same  time  from  T to  d.  The  body  loses  w x (T  — ^), 
and  the  water  gains  W (^  — t).  Therefore 

W (0  — t)  = wz(T  — e) 

__  w (e  — t) 

“ — a;  (T  — 9) 

But  heat  is  also  gained  by  the  calorimeter,  by  the 
glass  and  mercury  of  the  thermometer,  and  by 
the  agitator;  and  if  the  body  is  provided  with  an 
envelope  it  also  will  furnish  part  of  the  heat  given 
out.  The  equation  would  therefore  have  to  be 
written  so  as  to  express  that  the  quantity  of  heat 
given  up  by  the  body  and  its  envelope,  if  it  have 
one,  is  equal  to  that  gained  by  the  water,  the  calori- 
meter, the  thermometer,  and  the  rod.  To  find  x 
we  must  know  the  specific  heats  of  all  these. 

Let  W = weight  of  body,  T = its  initial  tem- 
perature, X = its  specific  heat ; m — weight  of 
envelope,  a = its  specific  heat ; W'  = weight  of 
water  in  calorimeter,  w = weight  of  calorimeter, 
c = its  specific  heat ; w',  w",  w'"  = weights  respect- 
ively of  glass  of  thermometer,  mercury,  and  rod,  and 
c',  c",  c'"  = their  specific  heats.  Then — 

W X (T  — 9)  + m a (T  — 9)  = 

(V\"  wc  w'c'  + w"c"  -1-  w"'c"')  (9  — t) 

whence — 

(W'  -I-  wc  + w'c'  -t-  w"c"+  w"'c"')  (9  — t) — ma  (T  — 9) 

® — \v ‘(T^j 
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In  addition  to  these  corrections  the  loss  of  heat  by  turbing  influences  of  radiation,  unequal  conducting 
radiation  during  the  experiment  must  be  taken  into  power,  &c. 

account.  Rumford  introduced  a method  of  com-  | III.  Method  hy  Fusion  of  Ice. — Wilcke  was  the  first 
pensation  which  consisted  in  lowering  the  initial  to  employ  the  melting  of  snow  in  the  determination 
temperature  of  the  calorimeter  as  many  degrees  be-  of  the  heat  given  out  by  bodies  in  cooling.  Black 
low  that  of  the  surrounding  air  as  tlie  final  tempera-  | used  a calorimeter  made  of  a block  of  ice.  In  this 
ture  is  above  it.  | he  cut  a cavity,  and  fitted  it  with  an  ice  cover. 

Kopp  makes  use  of  a thin  glass  tube,  into  which  j AVhen  the  cavity  was  carefully  dried  and  covered, 
heintroducesthebody  whose  specific  heat  is  required,  it  remained  dry,  as  the  external  heat  was  arrested 
The  tube  and  its  contents  are  heated  in  a mercurial  by  its  walls.  The  substance  whose  specific  heat 
bath  at  or  about  50°  C. ; they  are  then  transferred  was  required  was  then  heated  to  T degrees,  and 
at  once  to  a small  calorimeter  containing  a known  projected  into  the  cavity.  At  the  end  of  some  time 
weight  of  cold  water,  and  the  rise  of  temperature  the  body  was  cooled  to  zero.  The  ice  melted  was 
determined.  The  calorific  effect  of  the  tube  itself  carefully  wiped  up  with  a weighed  piece  of  linen, 
is  ascertained  by  a separate  experiment.  Deducting  1 and  its  increase  in  weight  gave  the  weight  of  the 
this  from  the  preceding  result  the  data  are  obtained  ice  melted.  Let  W be  the  weight  of  the  body  ; x, 
for  calculating  the  specific  heat  of  the  body.  its  specific  heat ; w,  the  weight  of  ice  melted.  In 

If  the  body  is  solid  it  is  reduced  to  fragments,  cooling  the  body  has  lost  W a:  T heat,  and  the  ice 
and  placed  in  the  tube  with  naphtha,  or  some  liquid  melted  has  gained  w 79'25  ; therefore  W a;  T = 
that  will  not  dissolve  it.  As  before,  the  correction  w 79‘25  (79'25  = the  latent  heat  of  water), 
for  the  tube  and  naphtha  must  be  determined  by  a Lapla.ce  and  Lavoisier  adopted  the  same  method, 

separate  experiment.  but  they  replaced  the  block  of  ice  by  an  apparatus 

The  method  by  mixture  is  due  to  Black  ; it  was  consisting  of  three  vessels,  one  within  another.  The 
practised  by  Dulong  and  Petit,  and  perfected  by  innermost  vessel,  made  of  thin  sheet  copper,  held 
PouiLLET,  Neumann,  Regnault,  and  Kupp.  the  heated  body.  The  second  vessel  surrounded 

U.  Method  by  Cooling. — This  method  was  em-  this,  and  the  space  between  was  filled  by  broken 
ployed  by  Mayer,  Boekmann,  Dulong  and  Petit,  ice.  The  melted  ice  was  allowed  to  trickle  through 
Hermann,  De  la  Fiive  and  Marcet,  &c.  Those  a drainer  into  a receiver  placed  beneath.  The  third 
bodies  that  possess  the  greatest  capacity  for  heat  vessel  entirely  surrounded  the  last,  all  the  interven- 
are  the  slowest  in  cooling,  and  it  is  upon  this  prin-  ing  space  being  filled  with  ice,  so  that  it  acted  as  an 
ciple  that  the  method  depends.  Equal  weights  of  ice  jacket,  and  prevented  any  external  heat  from 
the  different  bodies,  whose  specific  heats  are  re-  entering  the  ice  contained  in  the  second  vessel, 
quired,  are  allowed  to  cool  down  through  a definite  which  was  the  calorimeter  proper.  The  heated 
number  of  degrees  (as  from  100°  C.  to  15°  C.)  under  body  was  placed  in  the  innermost  vessel,  and  parted 
the  same  conditions  as  an  equal  weight  of  water.  | with  its  heat  to  the  ice  in  the  middle  vessel;  and  by 
The  heated  substance  is  placed  in  a thin  copper  | measuring  the  water  produced  by  the  melting  of 
vessel  whose  outer  surface  is  blackened.  A larger  , the  ice,  the  heat  that  escaped  was  estimated.  It  is 
copper  vessel  surrounds  this,  and  is  itself  fixed  in  a impossible,  however,  with  this  apparatus  to  deter- 
bath  of  water  kept  at  a constant  temperature,  mine  accurately  the  amount  of  ice  melted,  on  account 
Taking  the  time  required  by  the  water  in  cooling  as  of  the  water  adhering  to  the  fragments  of  ice,  &c. 
the  unit  of  comparison,  a series  of  numbers  will  be  | In  Bunsen’s  calorimeter  the  quantity  of  ice  melted 
obtained,  representing  approximately  the  specific  is  estimated  by  the  contraction  which  the  volume  of 
heats  of  the  bodies,  by  comparing  the  time  occupied  , the  whole  undergoes,  as  a given  weight  of  ice  at  0° 
by  each  in  cooling  with  the  time  occupied  by  the  ! occupies  a larger  volume  than  the  same  weight  of 
water.  v/ater  at  0°  C.  Sir  J.  Herschel  had  previously 

The  thermal  value  of  radiation  at  any  tempera-  suggested  the  same  method, 
ture  is  expressed  by  Dulong  and  Petit  in  this  iV.  Additional  Methods. — Gases  inclosed  in  a mano- 

form — meter  and  exposed  to  the  same  source  of  heat  require 

Rz=mae,  different  times  to  expand  to  the  same  volume.  De 

LA  Rive  and  Marcet  made  use  of  this  as  a method 
R = total  loss  of  heat  in  unit  of  time  by  radiation  | for  determining  the  specific  heat  of  gases, 
from  unit  of  area  at  temperature  ^ in  centigrade  | Another  method  consists  in  causing  the  gases  to 
degrees ; m — a.  constant  depending  on  the  sub-  blow  into  an  organ  pipe,  and  determining  the  pitch 
stance  and  the  nature  of  its  surface;  a is  a numerical  of  the  note  thus  produced.  But  this  method  is  not 
quantity  = 1-0077.  practicable  at  high  temperatures. 

If  the  body  is  placed  in  a perfectly  exhausted  j Specific  Heats  of  Solids,  Liquids,  and  Gases. — 
vessel  of  a temperature  <,  the  heat  radiated  and  In  his  determinations  of  the  specific  heat  of  solids, 
absorbed  (r)  will  be  = m a' ; making  the  actual  loss  Regnault  used  the  method  by  cooling,  and  reduced 
of  heat  R — r — ma'^  — m nh  the  substance  to  a fine  powder.  He  found  that  the 

The  method  by  cooling  offers  the  advantage  of  specific  heat  of  the  same  substance  in  the  solid  state 
being  simple  in  practice ; but  it  has  the  inconveni-  depends  to  some  degree  on  the  mechanical  treatment 
ence  of  being  very  indirect.  It  is  more  accurate  for  it  has  received. 

liquids  than  solids,  as  with  solids  there  are  the  dis-  The  specific  heats  of  solid  organic  bodies  are  very 

HEAT. — Specific  Heat. 


difficult  to  measure.  Those  of  organic  liquids  can 
be  determined  much  more  easily  by  the  method  of 
cooling.  As  they  vary  so  much  with  the  tempera- 
ture. it  is  impossible  to  formulate  any  law  of  general 
application. 

Pictet  deduces  a relation  between  the  latent  and 
specific  heats  of  a liquid,  the  latent  heat  always  being 
a multiple  of  the  specific  heat.  Reference  may  here 
be  made  to  the  relationship  he  has  shown  to  exist 
between  the  latent  heats  of  liquids  at  the  same 
pressure,  and  referred  to  a uniform  temperature, 
and  their  molecular  weights;  the  product  of  the 
latent  heat  and  the  molecular  weight  being  constant, 
as  is  also  the  product  of  the  molecular  weight  and 
the  difference  between  the  latent  heats  at  any  two 
temperatures. 

The  determination  of  the  specific  heat  of  a gas 
involves  great  difficulty.  The  gas  must  be  inclosed 
in  a vessel,  and  as  the  density  of  the  gas  is  so  slight, 
its  specific  heat  forms  but  a small  part  of  the  total 
heat  capacity  of  the  apparatus.  Till  Eegnault’s 
time  the  numbers  obtained  were  very  inaccurate. 
His  great  experimental  skill  alone  enabled  him  to 
obtain  trustworthy  results.  The  plan  adopted  by 
him  was  a modification  of  that  already  used  by 
Delaroche  and  Berard.  The  gas  was  first  con- 
densed in  a strong  receiver,  and  a known  weight 
allowed  to  escape  in  a continuous  stream,  with  a 
constant  velocity  and  at  a constant  pressure,  through 
a spiral  tube  fixed  in  a vessel  of  hot  oil,  maintained 
at  a regular  temperature.  The  heated  gas  was  next 
passed  through  a calorimeter  containing  a certain 
weight  of  water  at  a known  temperature.  In  this 
way  large  quantities  of  gas  were  experimented  on. 
From  the  rise  in  temperature  of  the  water  the  specific 
heats  for  equal  weights  of  the  different  gases  can  be 
calculated ; and  by  multiplying  the  numbers  for 
equal  weights  by  the  specific  gravities  of  the  re- 
spective gases,  the  specific  heats  are  obtained  for 
equal  rolumea.  For  air  Regnault  obtained  a specific 
heat  = 0'2.379  ; but  Rankine,  by  applying  thermo- 
dynamic principles  '^o  facts  previously  known,  had 
already  estimated  it  as  = 0’2378,  showing  a very 
close  agreement  with  Regnault's  result  obtained  by 
direct  experiment. 

The  specific  heat  of  a gas  is  the  same  at  all  pressures 
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and  temperatures,  and  all  simple  gases  have  nearly 
the  same  thermal  capacity  for  unit  volume.  The 
volume  of  a gas  will  increase  in  arithmetical  pro- 
gression if  equal  quantities  of  heat  be  successively 
added  to  it.  The  specific  heats  of  the  simple  incon- 
densible gases  for  equal  volumes  are  nearly  the 
same,  but  for  equal  weights  there  is  considerable 
difference.  Hydrogen  has  the  highest  specific  heat 
of  all  known  substances,  its  co-efficient  being  3‘'.U9 
if  the  comparison  be  for  equal  weights. 

On  page  882,  vol.  I.,  will  be  found  a short  table 
giving  the  specific  and  atomic  heats  of  the  more 
important  elementary  bodies. 

The  comparison  of  these  specific  heats  shows  that 
there  is  not  the  same  regularity  among  the  metalloids 
as  among  the  metals ; antimony,  selenium,  solid 
bromine,  solid  iodine,  sulphur,  and  phosphorus 
giving  products  nearest  approaching  the  mean  of 
the  metals,  6-4,  while  silicon,  boron,  and  cs.rbon 
exhibit  the  widest  divergence. 

SPECIFIC  HEATS  OF  OASES  AND  VAPOURS  (AFTER  REGNAUI.T). 


For  Equal  Volumes. 


For 

Equal  Weights. 


/0-2374 

\0“2389  (Wiedemann) 
0-24U.T 

0-2374 

0-2175 

0-2368 

0-2438 

0-23.')9 

3-4090 

0-2964 

0-1210 

Bromine, 

0-3040 

JO-3447 

(0-3014  (Wiedemann) 
0-2406 

0-0555 

0-2262 

Nitric  oxide, 

0-2317 

J 0-2370 

(0-2346  (Wiedemann) 
J 0-3307 

(0-298.5  (Wiedemann) 
0-4122 
(0-2996 

0-2450 

Carbonic  anhydride,. . . 
Carbonic  disulphide, . . 

0-20246 

0-1569 

0-5083 

Marsh  gas, 

(0-2952  (Wiedemann) 
0-3277 

0-5929 

0-4160 

0-4040 

Sulphurous  anhydride, 
Hydrochloric  acid,  ... . 
Sulphuretted  hydrogen 
Water, 

0-3414 

0-2333 

0-2857 

0-2989 

0-1553 

0-1852 

0-2432 

0-4805 

Alcohol, 

0-7171 

0-4.534 

Ether, 

1-2266 

0-4796 

0-6461 

0-1567 

1-0114 

0-3754 

Acetone, 

0-8244 

0-4125 

Spirits  of  turpentine, .. 

2-3776 

0-5061 

SPECIFIC  HEATS  OF  l.IQUIDS  AND  VAPOURS  COMPARED  (AFTER  REGNAULT). 


Liquid. 

Gaseous. 

Specidc  Heat. 

Temperature  C. 

Specific  Heat. 

Temi>erature  C. 

Between 

Between 

Water,  II.^O 

1 -0000 

11°  and  100° 

0-4805 

128°  and  220° 

Bromine,  Br.j, 

J 0-1060 
(0-1129 

— 29°  “ 11°-) 
13°  “ 58°/ 

0-0555 

83°  “ 228° 

Alcohol,  C.jHgO, 

J 0-.505  ■) 
(0-7694  ]■ 

— 20°  “ 80° 

0-4534 

106°  “ 220° 

Ether,  CjIIj^O, 

JO-5113  ) 
( 0-5467  f 

0 

eo 

0 

CO 

1 

0-4797 

70°  “ 228° 

Chloroform,  CHCI3, 

J 0-22931 
(0-2.3.^; 

— 30°  “ 30° 

0-2293 

111°  “ 221° 

Benzol,  CgHg, 

0 4360 

— 20°  “ 71° 

0-3754 

116°  “ 218° 

Causes  of  Alteration  of  Specific  Heat. — i of  a body  is  not  an  unchangeable  constant,  but 
I.  Injluence  oj  Changes  of  Uenxilg. — The  specific  heat  I varies  according  to  the  sjiecial  conditions  in  which  it 
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is  found.  Anything  that  alters  the  relative  distances 
of  its  molecules  alters  its  specific  heat.  In  general 
whatever  augments  the  density  diminishes  the  specific 
heat,  and  vice  versa.  Thus  mechanical  compression, 
by  increasing  the  density,  produces  a corresponding 
decrease  in  the  specific  heat. 

Solids. — Soft  well  annealed  copper  has  a specific 
heat  of  •09501 ; after  being  well  hammered,  a 
specific  heat  of  -09.36 ; and  on  being  reannealed  a 
specific  heat  of  -09493,  almost  what  it  was  at  first. 
But  soft  steel,  the  density  of  which  at  14°  C.  is 
7-8609,  has  a specific  heat  of  -1175;  hard  steel,  having 
a density  of  7-7982,  has  also  a specific  heat  of  -1175. 
In  dimorphous  bodies  the  densest  has  usually  the 
lowi'st  specific  heat.  The  more  carbon  is  divided, 
for  example,  the  greater  is  its  specific  heat. 


Animal  charcoal, 0'2f)08 

Wood, 0-2415 

Coke 0-2008 

Graphite, 0-2018 

Diamond, 0-1468 


(Regnault). 

The  specific  heat  of  a compound  is  diminished  by 
increasing  its  density;  thus,  peroxide  of  iron  and 
protoxide  of  nickel  have  their  specific  heats  diminished 
by  strong  ignition. 

Gases  and  Vapour. — Sudden  compression  of  aeri- 
form bodies  is  attended  with  the  evolution  of  a very 
large  amount  of  heat,  and  their  rarefaction  is 
attended  with  the  opposite  result.  Delaroche 
and  Berard  believed  that  the  specific  heat  of  gases 
varied  with  the  pressure,  but  Regnault  has  shown 
that  it  is  independent  of  it.  The  absorption  of  heat 
that  attends  expansion  he  has  proved  not  to  be  due 
to  an  alteration  of  specific  heat.  The  effect  of 
pressure  really  is  that  the  specific  heat  of  a given 
volume  of  a perfect  gas  increases  directly  with  its 
density ; while,  for  equal  weights  it  varies  neither  with 
pressure  nor  density. 

II.  Influence  of  Temperature. — Solids. — The  capacity 
for  heat  of  any  given  body  increases  with  its  tem- 
perature. Those  metals  wliose  rate  of  expansion 
increases  most  rapidly  when  heated  likewise  increase 
most  in  specific  heat  (Du long). 


Iron, 

Between 
0®  aiiil  100 ' C. 

0-1098  .... 

Between 
0®  and  300®  C. 

...  0-1218 

Mercury, 

Ziric, 

0-09-27  .... 

. ..  0-1015 

Silver, 

Copper, 

...  0-1013 

Platinum 

. ..  0-0355 

Glass, 

0-1770  .... 

The  variation  of  the  specific  heat  with  the  tempera- 
ture is  much  more  rapid  the  nearer  the  body  is  to 
its  melting  point.  Spring  finds  that  the  variations 
in  the  specific  heat  of  alloys  are  independent  of  the 
temperature,  but  follow  those  of  volume.  When 
bodies  are  heated  they  usually  expand  and  their 
specific  heat  increases ; but  when  instead  of  expan- 
sion there  is  contraction,  the  specific  heat  diminishes. 
The  specific  heat  is  probably  therefore  a function  of 
the  volume  rather  than  of  the  temperature  (Spring). 

Liquids. — The  general  rule  is  that  the  specific 
heat  increases  with  the  temperature,  and  at  a more 


rapid  rate  than  in  the  case  of  solids.  It  was  formerly 
thought  that  water  had  the  greatest  capacity  for 
heat  of  any  liquid,  but  Dupre  states  that  the  specific 
heat  of  a mixture  of  alcohol  20  per  cent,  and  water 
is  1-05  (water  = 1-00). 

The  specific  heat  of  water  has  an  important 
scientific  value,  as  it  is  taken  as  the  unit  of  com- 
parison. But,  as  is  seen  in  the  following  table, 
water  like  other  liquids  increases  in  specific  heat 
with  rise  of  temperature ; accordingly  the  unit  is 
taken  to  be  the  quantity  of  heat  required  to  raise 
1 kilo,  of  water  from  0°  to  1°  C. 

SPECIFIC  HEAT  OF  WA  l EK  (REGNAULT). 

C = 1 -F  0-00004  t + 0 0000009  l2 


t = 0 C=I 

50  1-0042 

100  1-0132 

1.50  1-0-262 

200  1-0444 

‘230  1-0568 


Organic  Liquids. — Their  specific  heat  rises  rapidly 
with  rise  of  temperature.  For  equal  weights  it 
decreases  as  the  molecular  weight  of  the  substance 
increases.  When  the  products  obtained  by  multiply- 
ing the  specific  heat  into  the  molecular  numbers  are 
compared,  they  are  found  generally  to  increase  with 
the  molecular  weight.  In  the  homologous  series  of 
the  alcohols,  fatty  acids,  and  ethers,  this  increase  is 
about  7 for  each  addition  of  CH.,  in  the  molecule 
of  the  compound. 

Gases  and  Vapours.  — Contrary  to  the  opinion 
held  by  Delaroche  and  Berard,  Regnault  con- 
cludes that  the  specific  heat  of  air  does  not 
increase  with  rise  of  temperature,  at  least  between 
— 30°  and  200°  C.;  and  the  same  holds  good  for 
gases  that  are  not  readily  liquefied.  The  specific 
heat  of  carbonic  anhydride,  ammonia,  and  nitrous 
oxide — condensible  gases — on  the  contrary,  increases 
with  the  temperature — 


Kegnault. 

Wiedemann. 

Carbonic 

anhydride,^ 

0°C  specific  heat 
100"C 

r= 

-1870  . 

-2145  . 

..  *2169 

_ 200°C 

(i 

= 

-2396  . 

..  *2387 

■Wiedemann. 

0’ 

ti 

— 

-5009  . 

. , — 

Ammonia,  < 

100'" 

u 

— 

-5317  . 

, , — 

1 

200° 

<; 

-50-29  . 

. , — 

Nitrous 

oxide, 

0° 

a 

— 

-1983  . 



100° 

-200° 

a 

-‘2212  . 
“2442  . 

, . 

With  vapours  the  increase  in  the  specific  heat  is 
still  greater.  But  this  increase  in  specific  heat  can- 
not be  explained  in  the  case  of  these  gases  by  their 
deviation  from  perfect  gaseity.  Ammonia  is  not  so 
perfect  a gas  as  carbonic  anhydride  or  nitrous 
oxide,  yet  its  specific  heat  varies  less  with  tem- 
perature than  either  of  these  two  gases.  Probably 
a gradual  dissociation  of  molecules  occurs  with 
increased  temperature,  and  thus  causes  an  absorp- 
tion of  heat. 

III.  Influence  of  Physical  State.  — The  specific 
heat  of  a body  is  lowest  in  its  gaseous  form,  ap- 
proaching sensibly  the  capacity  it  possessed  as  a 
solid,  and  is  greatest  when  in  the  liquid  form.  The 
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difference  is  well  seen  in  the  case  of  water — water, 
specific  heat  = 1 ; ice,  ‘hOSO ; steam,  -480.0. 

SPECIFIC  HEATS  OF  THE  SAME  BODY  IN  THE  SOI.ID  AND 
LIQUID  FORMS. 


Solid  (Regtiault). 


Sp.  heat. 

T'C. 

S]).  heat. 

T“  C. 

Between. 

Between. 

Ice 

O-SO.'jO 

— 30-  am 

0° 

1-0000 

0°  and  20° 

Sulphur, 

O-iO-JO 

0»  i< 

100° 

0-2340 

120°  “ 150° 

l’hosi)horu3, . . 

0-1788 

—14°  “ 

V 

0-2045 

50°  “ 100° 

Bromine,  .... 

0-0483 

—78°  “ 

20° 

01060 

—1-2°  “ 48° 

Tin 

0-0562 

0°  “ 

100° 

0-0637 

250°  “ 350° 

Iodine, 

0-0541 

0-1082 

— 

Lend, 

0-0314 

<< 

0 0402 

350°  “ 450’ 

Bismuth, 

0-0308 

t< 

0-0363 

280°  “ 380° 

Mercury 

0-0309 

(( 

0-0333 

0°  “ 100° 

Specific  Heat  at  Constant 

Pressure  and  at 

Liquid  (Person). 


Constant  Volume. — In  the  case  of  gases  we  dis- 
tinguish two  kinds  of  specific  heat— specific  heat  at 
constant  pressure  and  specific  heat  at  constant 
volume.  The  first  is  the  quantity  of  heat  required 
to  raise  the  temperature  of  a unit  weight  of  the  gas 
by  one  degree,  when  the  gas  is  allowed  to  expand 
witliout  any  change  of  pressure ; the  second  is  the 
amount  of  heat  required  to  r.aise  the  temperature  of 
tlie  unit  weight  of  a gas  one  degree,  when  the  gas  is 
prevented  from  expanding,  and  its  volume  remains 
the  same.  In  the  latter  case  the  specific  heat  is 
less.  Oxygen,  for  example,  has  a specific  heat  of 
•217i»;  but  if  prevented  from  expanding,  that  is, 
kept  at  a constant  volume,  it  will  only  be  five-sevenths 
of  this,  or  -15;  of  hydrogen,  the  specific  heat  is 
3-409,  but  at  constant  volume  five-sevenths  of  this, 
or  2-435.  So  that,  when  allowed  to  expand,  these 
gases  require  two-sevenths  more  heat  in  being  raised 
1°  C.  than  if  heated  without  being  allowed  to  expand. 

The  ratio  of  the  specific  heat  at  constant  pressure 
to  that  at  constant  volume  is  equal  to  the  ratio  of 
the  elasticity  when  no  heat  escapes,  to  the  elasticity 
at  constant  temperature.  For  all  simple  gases  the 
ratio  of  the  two  specific  heats  is  constant,  having  a 
value  equal  to  1-41.  The  ratio,  however,  would  be 
1-GG  on  the  thermodynamic  theory  of  gases  if  the 
molecules  of  the  gas  were  only  affected  by  move- 
ments of  translation.  Kundt  and  Haubuug  de- 
duced the  ratio  of  the  two  specific  heats  for  the 
vapour  of  mercury  by  measuring  the  distance  of 
the  nodes  in  pipes  made  to  sound  with  air  and 
the  vapour  of  mercury  respectively.  The  number 
they  obtained  was  TG7. 

'I’he  ratio  is  not  con.stant  with  liquefiable  gases 
and  vapours:  ammonia,  ratio  = T328 ; carbonic 
anhj'dride,  1-29;  ether  vapour,  T079. 

The  following  example  will  illustrate  the  differ- 
ence between  the  two  specific  heats.  A cubic  foot 
of  air,  which  weighs  at  0°  C.  1-29  oz.,  supports  a 
pressure  of  15  lbs.  to  the  square  inch,  that  is, 
144  X 15  = 21  GO  lbs.  If  heated  through  272°  C. 
its  volume  will  be  doubled ; and  it  will  have  raised 
the  superincumbent  weight  of  21G0  lbs.  through 
one  foot,  and  thus  done  2160  foot-pounds  of  work. 
The  specific  heat  of  air  is  0-237,  and  accordingly  the 
heat  required  by  the  air  in  passing  from  0°  to  272° 
VOL.  II. 


will  be  ; 


1-29 


X 0-237  X 272  = 5-19  heat  units. 


In  this  increase  of  temperature,  work  equal  to  2160 
mechanical  units  has  been  done;  and  adopting  Joule's 
unit  of  1890  foot-pounds  as  the  mechanical  equivalent 

of  heat,  this  work  is  equal  to  — ^ — 1-554  heat  units : 
^ 1390 

1-554  of  the  5-19  heat  units  have  therefore  been 
spent  in  work,  and  only  3-636  units  in  the  elevation 
of  temperature.  Now,  if  the  gas  had  been  pre- 
vented from  expanding  and  thus  doing  work,  only 
3-636  units  would  have  been  needed.  Hence  the 
specific  heat  of  air  at  constant  volume  is  = 0-237  X 

— -166. — (Stewart.) 

5-19 

Relation  of  Specific  Heat  to  Atomic  Weight. 
— I.  Elementary  Bodies. — Dulong  and  Petit  were 
the  first  to  establish  a relationship  between  the 
atomic  weights  and  specific  heats  of  the  elementary 
bodies.  They  deduced  the  law  that  the  specific 
heats  vary  inversely  as  the  atomic  weights.  An 
atom  of  one  element  then  requires  the  same  amount 
of  heat  as  the  atom  of  any  other  element  to  raise  its 
temperature  through  a given  number  of  degrees. 
Of  course,  the  greater  the  atomic  weight  of  any 
substance  the  smaller  will  be  the  number  of  atoms  of 
it  required  to  make  up  a given  absolute  weight.  It 
follows,  therefore,  that  the  product  of  the  atomic 
weight  and  specific  heat  will  give  the  capacity  for 
heat  referred  to  a given  number  of  atoms.  This 
product  is  termed  by  Regnault  the  element’s  atomic 
heat.  The  mean  atomic  weight  found  by  him  for 
such  bodies  as  aluminium,  cadmium,  iron,  mercury, 
lead,  zinc,  tin,  &c.,  was  3-13  ; and  for  such  as  gold, 
silver,  thallium,  lithium,  potassium,  antimony,  bis- 
muth, phosphorus,  &c.,  6-24.  He  proposed  to  halve 
the  old  atomic  weights  of  the  latter  class,  but  it  has 
been  found  more  convenient  to  double  those  of  tlie 
first  class. 

a.  Solids  and  Liquids. — By  the  table  on  page  882, 
vol.  i.,  it  will  be  seen  that  the  atomic  heats  are  practi- 
cally equal,  on  condition,  of  course,  that  the  atomic 
weights  formerly  assigned  to  certain  of  the  elements 
are  doubled.  With  the  metals  the  relation  is  a 
simple  one,  because  here  the  comparison  is  made 
among  bodies  in  analogous  conditions.  But  with 
the  metalloids  we  do  not  notice  the  same  regularity, 
.as  they  cannot  well  be  compared  under  similar  con- 
ditions. Antimony,  tellurium,  and  selenium  resem- 
ble the  metals  very  closely,  and  accordingly  their 
atomic  heats  are  close  upon  6-4.  Solid  bromine, 
iodine,  sulphur,  and  phosphorus  also  do  not  differ 
widely.  But  bromine  possesses  a heat  too  liigh  in 
the  liquid,  and  too  low  in  the  gaseous  form;  sulphur 
at  ordinary  temperatures  is  less  than  6-4  ; and  boron, 
silicon,  and  carbon,  much  less. 

Exceptions  to  the  Lute. — Most  of  the  differences  in 
the  atomic  heats  may  be  due  to  certain  disturbing 
causes.  Some  bodies,  it  m.ay  be  noticed,  are  difficult 
to  obt.ain  pure  ; .and  as  Regnault  has  observed,  the 
determin.ation  of  the  specific  heat  of  solid  bodies 
involves  some  uncert.ainty,  as  it  includes  the  latent 
23 
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heat  of  dilatation — a portion  of  the  latent  heat  of 
fusion,  which  bodies  successively  absorb  as  they 
soften,  frequently  long  before  their  fusing  points. 
Although  the  law  does  not  yield  the  rigidly  accurate 
results  stated  by  Duloxg  and  Petit,  yet  the  only 
real  exceptions  appear  to  be  carbon,  silicon,  and 
boron,  bodies  which  exhibit  peculiar  phenomena  of 
allotropy,  their  particles  being  capable  of  grouping 
themselves  in  different  ways.  When  such  a bouy  is 
subjected  to  the  action  of  heat  a movement  of  its 
p)articles  may  take  place,  and  in  the  internal  work 
thus  done  a certain  quantity  of  heat  may  be  evolved 
or  absorbed.  It  is  just  this  quantity  of  heat  that 
may  account  for  the  exceptions  to  Hulong  and 
Petit’s  law;  and  there  is  every  reason  for  believing 
that  the  differences  are  due  to  some  peculiarity  in 
the  molecular  constitution  of  the  bodies  in  the  free 
state.  The  different  forms  of  carbon  possess  differ- 
ent thermal  equivalents;  and  between  them  and  the 
atomic  weight  of  carbon  (12)  there  exists  no  apparent 
simple  relation.  The  mean  atomic  heat  we  may  take 
as  6‘4.  Dividing  this  constant  by  the  specific  heats 
of  carbon,  we  obtain — 

Spec.  Heats.  Thermal  Equiv.  Atomic  Weight. 

Animal  charcoal, . . 0-2U086  ....  •,  4 5 > 

Graiiliite, 0-‘2U0  ....  32'0  v 12 

UiaiHuiid, 0*l-i7  43*5) 

Carbon  in  combination  would  therefore  appear  to 
possess  a different  specific  heat  from  what  it  has  in 
its  modifications.  ScnniiDER  supposes  that  certain 
substances  may  have  different  atomic  heat  capacities 
according  to  the  compounds  in  which  they  exist. 
He  connects  this  alteration  of  heat  capacity  with 
the  change  in  the  body’s  equivalent  volume,  the 
specific  heat  being  smallest  in  that  compound  into 
which  it  enters  with  the.  smallest  equivalent  volume. 
Kopp  suggests  that  the  metals  and  all  the  so-called 
elements  which  have  the  atomic  heat  of  C‘4  may 
possibly  be  compounds ; whilst  the  diamond,  whose 
atomic  heat  is  only  1‘8,  may  be  really  the  only 
elementary  substance  known  to  us. 

AVeber,  however,  maintains  that  carbon,  boron, 
and  silicon  form  no  real  exceptions  to  the  law,  as 
their  specific  heats  increase  rapidly  with  the  tem- 
perature, until  a point  is  reached  when  no  further 
augmentation  occurs.  The  specific  heat  at  this  limit 
he  regards  as  the  true  specific  heat. 

Specific  Hejit.  Atomic  Weight.  Atomic  Heat. 

Silicon, 0-2(13  ....  28  ....  5-7 

Carbon, 0*467  ....  12  ....  5’6 

Boron, O-."!  (?)  U 5-5  (?) 

(WsBEli). 

h.  Gafea. — The  capacities  for  heat  of  simple  gases 
are  identical  for  equal  volumes  (Delarociie  and 
Berard)  ; but  Regnault  has  shown  that  this  law 
is  only  applicable  to  gises  which  obey  Boyle  and 
Mariotte’s  law. 

The  simple  and  incondensible  gase.'’  apjiear  to 
possess  a mean  atomic  heat  of  2-4 ; chlorine  and 
bromine  are  not  perfect  gases,  as  they  are  easily 
conden.sed,  and  their  atomic  heat  is  higlier. 

Product  of 

Atouiic  Weight  cuieta.lt  Vul.  ;*{  s‘“  ^ 

aud  bpecinc  Ueuts. 

Hvdi'Ogen 1 ....  2-411  ....  2-4 

Nitrogen, 14  0-173  ....  2-4 

(Ixvsen, IG  ....  0-155  ....  2-48 

Chlorine,  35-5  ....  0-003  . ..  33 

(Regnault). 

There  is  also  an  equality  in  the  atomic  heats  of  com- 
pound gases  that  are  formed  without  condensation, 
such  as  hydrochloric  acid  (Dulong). 

If  we  compare  the  atomic  heats  of  different  gases 
we  find  they  present  anomalies  almost  inexplicable, 
unless  we  take  into  consideration  the  grouping  of 
ihe  atoms.  Thus,  hydrochloric  acid  gas,  nitric 
oxide,  and  carbonic  oxide,  which  have  a similar 
molecular  constitution,  show  an  atomic  heat  nearly 
identical,  and  equal  to  twice  that  of  the  simple 
gases  (about  4-8).  Water,  sulphuretted  hydrogen 
(II  ,S),  nitrous  oxide  (N^O),  carbonic  anhydride 
(CO.,),  and  sulphurous  anhydride  (SO.,)  also  are 
closely  allied,  and  have  an  atomic  heat  about  three 
times  that  of  the  simple  gases.  But  then  again  in 
marsh  gas  and  ammonia  the  atomic  heat  is  only 
about  two-thirds  of  wliat  it  should  be  by  calcxdation. 
The  quantity  of  heat  absorbed  by  internal  molecular 
work  in  gases,  tliough  much  less  than  with  solids 
and  liquids,  is  therefore  a disturbing  cause,  and 
until  it  is  eliminated  we  cannot  determine  the  true 
specific  heats. 

II.  Compound  Bodies. — Neumann  showed  that  in 
the  case  of  the  sulphates  and  carbonates  the  pro- 
ducts of  the  specific  heats  by  the  chemical  equiva- 
lents remain  constant  when  we  replace  one  base 
by  the  other.  By  Hermann  it  was  pointed  out  that 
the  heat  capacity  of  the  compound  atom  in  certain 
sulphides  might  be  found  by  taking  the  sum  of  the 
capacities  of  the  metal  and  of  sulphur.  Neumann’s 
law  was  generalized  by  Regnault.  As  the  general 
result  of  the  latter’s  experiments,  it  may  be  stated 
that  for  compound  bodies  with  the  same  formula 
and  the  same  chemical  constitution  the  product  of 
the  total  equivalent  by  the  specific  heat  is  the  same. 
Regnault  gives  tlie  law  thus — “ The  specific  heats 
of  compound  bodies  having  the  same  chemical 
formulse  are  to  one  another  in  the  inverse  ratio  of 
their  equivalents.”  The  products  of  the  specific 
heat  of  these  bodies  by  their  atomic  weights — that 
is,  their  atomic  heat — are  sensibly  equal,  so  that  it 
may  be  said  that  they  possess  the  same  atomic  heat 
(Kopp).  Upon  comparing  tlie  atomic  heats  of  a 
large  number  of  compound  bodies,  they  are  found 
to  be  formed  by  the  sum  of  the  atomic  heats  of  their 
elements,  being  practically  equal  to  n X 6‘4,  where 
H is  the  number, of  elementary  atoms  present. 

The  specific  heat  of  an  alloy  is  exactly  equal  to  the 
mean  of  the  specific  heats  of  the  metals  of  which  it  is 
composed  (Regnault).  Oxides  and  highly  oxidated 
compounds,  such  as  nitrates  and  chlorates,  sulphides 
also,  and  sulphates,  have  always  a molecular  heat 
much  less  than  C-4,  and  the  difference  increases  with 
the  number  of  oxygen  or  sulphur  atoms  in  the 
molecule.  AA’’oSTYN  and  Kopp  consider  that  the 
simple  bodies  have  the  same  capacity  for  heat  whether 
they  are  combined  or  free,  and  that  the  atoms  in 
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their  solid  combinations  possess  the  specific  heat  of 
the  solid  form.  Solid  sulphur  would  then  have  a 
specific  heat  of  5‘2  ; solid  oxygen,  4-4  ; carbon,  1-8 ; 
hydrogen,  2'3 ; and  silicon,  4. 


SPECIFIC  AND  ATOMIC  HEAT  OP  OHOANIC  LIQUIDS  (ANDREWS, 
FAVRE,  8ILBERMANN,  KOPP,  AND  REGNAUI.t). 


Compound. 

Empirical 

ForiuulA. 

Molecular 

Weight. 

Specific  Heat 
of  Kiiuivaleut 
Weijjhts. 

Atomic 

Heat. 

Wood  spirit, 

CH^O 

32 

•613 

20-64 

Formic  ucid, 

CH.A 

46 

•536 

'24-65 

Sulphide  of  car- 1 
boil J 

cs. 

76 

•2206 

16-77 

Alcohol 

CjH„0 

46 

•615 

28-29 

Acetic  acid, 

CjiLOj 

60 

•508 

30-.54 

Acetone, 

CallfiO 

.■iS 

•530 

30  74 

Methyl  acetate,. . 

74 

•513 

37-06 

Foriric  ether,... . 

CgILO., 

74 

•48.5 

35-89 

Kther 

74 

•517 

37-22 

Acetic  ether 

88 

•474 

41-71 

Butyric  acid,.... 

c,iLu., 

88 

•.503 

45  30 

Ethyl 

88 

•406 

43-65 

Ainylic  alcohol,... 

C5ll,,U 

88 

•564 

49-63 

Beii/.ol 

78 

•450 

35-10 

Nitro-benzol,. . . . 

123 

•3409 

43-04 

Naphthaline 

128 

•4159 

53-20 

Oil  of  turpentine. 

t'lolbs 

136 

•467 

63-51 

Terebenthine 

^ lid  *16 

136 

•4267 

57-93 

Orgjinic  bodies  of  the  formula  with  boiling 

points  between  200°  and  210°,  have  a specific  heat 
= ‘494  from  20°  to  200°  C. ; while  bodies  of  the 
same  formula  with  boiling  points  from  240°  to  260° 
have  a specific  heat  = '497  between  20°  and  240°  C. 
(Favke  and  Silbermann). 


ATOMIC  HEAT  OP  COMPOUNDS. 


Class  of  Compounds. 

General 

Formula. 

Spec.  Heat 
X 

Atom.  Weiglit. 

Atomic 

Heat. 

Protoxides  (as  PbO; 

MiiO 

11 '30 

5-65 

Sesquioxides, ...... 

Mlii.Og 

27-15 

5-43 

Dioxides, 

Mi'O.^ 

13-84 

4-61 

Trioxides, 

MviOg 

18-98 

4-74 

Sulphides, 

M.,S 

18-88 

6-29 

Sesquisulphides, 

Mill., S3 

29  77 

5-95 

Disulphides, 

Miv.'j 

20-8 

6-93 

Chlorides, 

MCI 

12-69 

6-34 

Dichlorides, 

Trichlorides, 

MOCIj 

18-72 

6-24 

MiiiCIo 

30-36 

7 -.59 

Bromides, 

MBr 

13-70 

6-85 

Dibromides, 

M‘i  Br„ 

19-36 

6-45 

Iodides, 

MI 

13-46 

6-73 

Biniodides, 

MOIj 

19-35 

6-45 

Nitrates, 

Cliloratcs, 

MNO, 

24-137 

4-8-2 

MCIO3 

25-68 

5-13 

Sul|diates, 

M.SOj 

33-04 

4-7-2 

Carbonates, 

M.,C03 

29-48 

4 91 

Phosphates, 

MU32PU4 

63-66 

4-89 

M represents  a monad,  i\I“  a dj-ad,  &c.  The  atomic 
heat  is  obtained  by  dividing  the  numbers  given  in 
the  third  column  by  the  number  of  atoms  entering 
into  the  composition  of  the  compound. 

The  molecular  heats  of  analogous  compounds,  as 
is  seen  in  the  table,  approach  one  another  closely. 
The  carbonates  and  silicates  (M"CO,^,  and  M''Si()j), 
for  instance,  have  the  same  molecular  heat ; so  also 
with  the  chlorates  and  nitrates  (M  "ClOg  and  M'NOg), 
the  sulphates  and  chromates  (M"80^  and  M"CrO^), 
the  permanganates  and  perchlorates  (M'MuO^  and 
MCIO^),  &c. 

SjicciJic  Heat  of  Solutions. — When  a salt  is  dissolved 


in  water  the  water  and  s ilt  retain  the  specific  heat 
they  had  when  separate.  The  specific  heat  of  such 
a solution  should  then  be  represented  by  the  formula: 


C = specific  heat  of  solution,  p = parts  of  salts  in 
100  parts  of  water,  and  k = specific  heat  of  salt  in 
separate  state.  But  this  formula  is  only  approxi- 
mately true. 

A slight  contraction  attends  the  mixing  of  an 
aqueous  solution  with  water,  and  the  mixture  has  a 
molecular  heat  less  than  the  sum  of  the  molecular 
heats  of  the  constituents.  On  the  other  hand  a 
slight  expan.sion  accompanies  the  combination  of 
potash  or  soda  with  hydrochloric,  nitric,  or  sulphuric 
acids,  and  the  molecular  heat  of  the  resulting  eom- 
pound  is  more  than  the  sum  of  the  molecular  heats 
of  its  constituents.  The  reverse,  however,  occurs 
in  the  combination  of  these  acids  with  ammonia 
(Thomsen.) 

A certain  relation  is  said  to  exist  between  the 
specific  heats  of  mixtures,  and  the  heat  evolved  in 
their  formation.  Thus  Dupre  states  that  the  differ- 
ence between  the  heat  units  evolved  when  given 
weights  of  two  substances  are  mixed  at  t and  at  t'  is 
equal  to  the  difference  between  the  units  of  heat 
required  to  raise  the  mixture,  and  the  separate  con- 
stituents respectively,  from  the  temperature  t to  t'. 

Latent  Heat.  — When  a body  passes  from  the 
solid  to  the  liquid,  or  from  the  liquid  to  the  gaseous 
form,  a certain  definite  amount  of  heat  is  absorbed 
by  it,  and  rendered  latent — that  is,  disappears  as  it 
were,  and  ceases  for  the  time  to  affect  the  ther- 
mometer. This  is  called  the  latent  heat  of  the  body. 

Latent  heat  may  be  defined  to  be  “ the  quantity  of 
heat  widen  must  be  communicated  to  a body  in  a 
given  state  in  order  to  convert  it  into  another  state 
V ithout  changing  its  temperature  ” (Maxwell). 
The  change  of  state  is  accompanied  by  a change  in 
the  relative  position  of  the  molecules,  or  in  their 
distance  from  one  another ; and  this  change  must 
necessarily  be  attended  with  a de.struction  or  pro- 
duction of  the  moving  power  on  which  the  effects  of 
heat  depend.  When  bodies  are  heated  and  allowed 
to  expand,  the  greater  part  of  the  heat  is  spent  in 
communicating  motion  to  the  molecules  of  the  body, 
but  a part  is  used  up  in  doing  work  against  its  mole- 
cular forces ; and  this  is  especially  the  case  when  a 
body  changes  its  condition.  Heat  is  thus  employed 
when  gases  expand,  as  well  as  when  solids  are  con- 
verted into  liquids  or  liquids  into  gases.  Latent 
heat  has  also  been  called  heat  c ftnidit;/,  inasmuch  as 
it  is  regarded  as  the  cause  of  fluidity  in  ponderable 
bodies. 

The  change  which  takes  place  when  ice  becomes 
water  is  to  some  extent  gradual  and  not  abrupt; 
hence  the  absorption  of  latent  heat,  so  as  to  be 
complete,  requires  a certain  range  of  temperature 
(Person).  “Latent  heat  therefore  simply  resolves 
itself  into  an  enormous  increase  of  specific  he.at 
between  certain  narrow  limits  of  temperature,  and 
that  in  truth  latent  heat  begins  to  be  absorbed  when 
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the  specific  heat  begins  to  increase  ” (Stewart). 
This  same  doctrine  of  the  gradual  liquefaction  of  ice 
has  been  applied  to  account  for  the  regelation  of  ice. 

The  doctrine  of  latent  heat  was  fu-st  taught  by 
Dr.  Black,  of  Edinburgh.  Since  his  time  the  sub- 
ject has  been  carefully  worked  out  by  Watt, 
Kumford,  Despretz,  Southern,  Proa'ostaye  and 
Desains,  Clement  and  Desormes,  Regnault, 
Person,  Andrews,  Favre  and  Silbermann,  &c. 

Alelting  Point. — A solid  body  if  gradually  heated 
will  melt  and  form  a liquid.  The  temperature  at 
which  this  fusion  takes  place  is  very  different  in 
different  substances.  Alcohol  is  liquid  at  — 90°, 
mercury  fuses  at  — 40°,  ice  about  0°,  many  metals 
below  a red  heat,  others  not  until  raised  to  the 
highest  attainable  temperatures.  Those  bodies  alone 
are  infusible  which  decompose  below  their  melting 
point  (f.y.,  wood). 

The  melting  point  of  a body  is  constant  under 
similar  circumstances  of  pressure ; and  so  long  as 
any  of  it  remains  unmelted  the  temperature  will  not 
rise,  the  heat  being  given  up  to  the  unfused  portion, 
which  renders  it  latent.  The  freezing  point  generally 
coincides  with  the  melting  point ; but  it  is  possible 
to  cool  some  liquid  bodies  several  degrees  below  this 
point  without  solidification  occurring.  Water,  for 
example,  may  be  cooled  below  its  freezing  point  if 
kept  perfectly  at  rest,  but  a slight  agitation  suffices 
to  cause  it  to  solidify  with  a rise  of  temperature. 

How  TO  Estimate  Latent  Heat.— I.  To  measure 
the  latent  heat  (r)  of  a body  that  is  liq^tid  at  ordinary 
temperature,  a known  weight  (iv)  is  cooled  below  its 
point  of  fusion  (11)  to  a temperature  — <,  and  then 
plunged  into  a calorimeter  containing  water  pre- 
viously heated  to  a tenqierature  (T)  higher  than  the 
fusion  point.  I’he  body  rises  in  temperature  till  the 
melting  point  (R)  is  reached,  absorbing  ?c  c {t.  -b  R), 
c being  the  specific  heat:  next  it  melts  and  absorbs 
wx\  at  last  an  equilibrium  of  temperature  is  estab- 
lished (ll),  and  it  thus  gains  u-  c'  (0  — R),  c'  being 
the  specific  heat  of  the  body  in  a liquid  state.  Taking 
AF  as  the  weight  of  the  calorimeter  valued  as  water, 
we  obtain  the  formula  w c(t  + R)  -b  w x -b  w c'  (6  — R ) 
= W ( T — 6),  from  which  the  value  of  x can  readily 
be  calculated. 

II.  In  the  case  of  bodies  solia  at  ordinary  tempera- 
tures we  first  liquefy  the  body  and  raise  it  to  a 
temperature  (/)  much  above  its  melting  point,  then 
plunge  it  into  a calorimeter  and  accurately  note  the 
initial  (T)  and  final  tenqieraturo  (i').  The  calori- 
meter gains  W (6  — T);  and  the  body  loses  1st.,  tvc' 
(t  — R)  in  cooling  to  its  point  of  solidification  (R)  ; 
2nd.,  its  latent  heat  in  solidifying,  a-x-  and  3rd.,  wc 
(R  — 6)  in  cooling  in  the  solid  state  from  R to  the 
final  temperature,  The  formula  is  : 

w o' {t'  — H)  + -I-  JVC  (R  — 9)  = W (fl — T). 

HI.  The  latent  heat  of  a vapour  is  determined  by 
distilling  a known  weight  (w)  of  the  liquid,  the  \ 
vapour,  however,  first  having  been  passed  through  j 
a serpentine  tube  surrounded  by  oil  warmed  to  a 
temperature  higher  than  the  boiling  point  of  the 
liquid.  The  vapour  thus  raised  to  a tenqierature  T, 


is  condensed  in  its  passage  through  the  coil  in  the 
calorimeter,  and  raises  the  temperature  of  the  latter 
from  t to  6.  The  vapour,  1st.,  loses  w c"  (T  — R)  in 
being  cooled  from  T to  its  point  of  condensation,  R, 
c"  being  taken  as  the  specific  heat  of  the  body  in 
the  state  of  vapour;  2nd.,  it  liquefies  and  gives  up 
and  3rd.,  the  liquid  formed  is  cooled  to  the 
final  temperature,  and  loses  le  c'  (R  — 6).  Therefore 
w c"  (T  — R)  -b X + R)  c'  (R  — ^)  = W (^  — t). 

Person's  Formula  for  Latent  Heat. — The  latent  heat 
(Z)  may  be  expressed,  according  to  Person,  by  the 
formula — 

(too  + <)  a = z. 

1C0°  C.  is  an  experimental  constant,  furnished  by 
researches  on  the  latent  heat  of  water ; t is  the 
melting  point  in  centigrade  degrees ; b — c — c', 
the  difference  between  the  specific  heat  of  the  body 
in  its  solid  (c')  and  liquid  state  (c°).  Take  water 
as  an  example  : — 

< = 0°,  s = (1  — •.'^04)  = -49G. 

Z = (160  + 0°)  -496  = 79-36. 

To  obtain  the  latent  heat  of  a body  therefore,  the 
difference  of  its  two  specific  heats  must  be  repeated 
as  often  as  there  are  degrees  between  — 160°  and 
its  melting  jjoint,  from  which  it  would  appear  that 
— 160°  C.  is  the  absolute  zero  of  heat.  The  value 
of  b is  almost  nothing  with  the  metals  ; but  Person 
is  of  opinion  that  if  the  metals  could  be  retained  in 
the  liquid  state  below  their  ordinary  melting  points, 
b would  have  a more  considerable  value. 


T.'IBLE  OF  LATENT  HEATS  OF  LIQUmS. 


Degrees  C. 

Degrees  F. 

Wfvter  = 1. 

Water, 

79  250 

142-65 

1-000 

Sodic  nitrate, 

62 -975 

113-34 

0-794 

Potash, 

47  371 

85-27 

0-598 

Zinc, 

28- 130 

.50-63 

0-355 

Silver, 

21-060 

37-92 

0-265 

Tin 

14-2.52 

25-65 

0-179 

t adminm 

13-580 

24-44 

0-171 

Bismuth, 

12  640 

22-75 

0-159 

Sulphur, 

9-368 

16-85 

0-118 

Ijpiid, 

6-370 

9-65 

0-067 

I’hosphonis 

5-340 

9-05 

0-063 

Rk-rem-j-, 

2-830 

5-11 

0-035 

Disapi’earance  of  Heat  in  Formation  of 
Vapour. — The  latent  heat  of  steam  is  much  greater 
than  that  of  water.  So  also  with  vapours  generally ; 
their  latent  heat  is  greater  in  the  gaseous  than  in 
the  liquid  state — in  other  words,  much  more  heat  is 
.absorbed  by  bodies  in  changing  from  the  state  of  a 
liquid  to  that  of  a gas  than  in  their  liquefaction. 
AVater  exposed  to  a source  of  heat  will  rise  in  tem- 
perature until  it  begins  to  boil.  If  the  source  were 
uniform,  the  water  would  receive  equal  increments 
of  heat  in  equal  times.  Provided  the  steam  is 
allowed  to  esc, ape  freely,  it  will  be  found  that  the 
temperature  cannot  be  raised  above  the  boiling 
point,  although  the  water  still  continues  to  receive 
as  much  heat  as  before.  After  this  point  has  been 
reached,  therefore,  all  the  heat  received  is  absorbed 
by  the  steam.  The  latent  heat  of  steam  can  be  re- 
covered again  by  passing  it  through  the  worm  of  a 
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still ; the  water  surrounding  the  worm  is  heated, 
and  the  steam  returns  to  the  liquid  form. 

Whenever  a liquid  evaporates  without  the  appli- 
cation of  heat,  there  is  a depression  of  temperature 
produced.  Water  may  easily  be  frozen  by  the  cold 
resulting  from  its  own  evaporation,  when  this  is 
made  to  occur  rapidly,  as  under  an  exhausted  re- 
ceiver containing  sulphuric  acid,  to  absorb  the  vapour 
as  soon  as  it  is  formed. 

Any  given  substance  absorbs  the  same  quantity 
of  heat  to  form  gas  or  vapour  of  a given  density, 
whether  the  evaporation  takes  place  quickly  in  vacuo, 
or  more  slowly  into  a space  previously  filled  with 
another  gas ; but  the  reduction  of  temperature  is 
not  so  great  in  the  latter  case,  as  there  is  more  time 
for  heat  to  enter  from  without,  and  as  the  gas 
already  present  gives  up  a portion  of  its  free  heat. 

The  quantities  of  heat  required  for  evaporation 
appear  to  be  to  one  another  nearly  in  the  inverse 
ratio  of  the  densities  of  the  vapours  produced,  and 
accordingly  more  or  less  as  the  atomic  weights  of 
the  substances ; for  if  we  multiply  the  latent  heat 
of  a vapour  by  its  specific  gravity,  we  obtain  a series 
of  numbers  almost  equal. 

The  cost  in  fuel  in  effecting  the  evaporation  of 
different  liquids  is  proportionate  to  the  amount  of 
latent  heat  in  equal  volumes  of  the  vapours  at  their 
respective  boiling  points. 

Measurement  of  Latent  Heat  of  Steam. — Regnault 
determined  the  amount  of  heat  that  must  be  furnished 
to  a pound  of  water  at  0°  C.  in  order  to  convert  it 
wholly  into  saturated  vapour  at  a given  pressure.  In 
this  process  there  are  two  factors  present : first,  the 
heat  required  to  raise  the  water  from  0°  0.  to  a certain 
temperature  without  evaporation ; and  second,  the 
heat  required  to  evaporate  it  entirely  at  that  tem- 
perature and  under  the  corresponding  pressure. 
The  water  was  boiled  under  high  pressure,  and  the 
vapour  forineJ  was  condensed  almost  as  fast  as  it 
was  given  off.  This  saturated  steam  of  given  con- 
stant pressure  and  temperature  was  passed  through 
the  calorimeter,  and  condensed  into  water  of  a 
known  temperature,  in  its  condensation  evolving  its 
heat,  and  causing  a measurable  rise  of  temperature 
in  the  calorimeter, 

Mea.surement  oi'  Latent  Heat  o;'  Vapours. — The 
latent  heat  of  a vapour  may  be  determined  by  dis- 
tilling over  a known  weight  of  the  liquid,  and  con- 
densing it  in  a large  volume  of  wiiter,  the  temperature 
of  which  is  taken  before  and  after  the  experiment. 
The  method  adopted  by  Andrews  was  as  follows ; — 
The  liquid  was  boiled  in  a flask  connected  with  a 
glass  receiver  that  was  attached  to  a spiral  condens- 
ing tube,  open  at  its  free  end.  The  receiver  and 
its  condensing  tube  were  surrounded  by  a known 
weight  of  water,  the  temperature  of  which  was 
accurately  taken  by  a delicate  thermometer  before 
and  after  the  experiment.  When  the  liquid  was 
boiled  its  vaimur  passed  into  the  receiver,  and  was 
tliere  in  great  part  condensed.  The  weight  of  the 
liquid  in  the  condenser  being  next  carefully  ascer- 
tiiined,  and  the  necessary-  corrections  made,  the 
latent  heat  was  determined  by  calculation. 


Total  Heat  o f Steam. — According  to  Watt,  a given 
quantity  of  saturated  vapour  of  any  subsfimee  always 
contains  the  same  total  amount  of  heat,  whatever 
may  be  its  pressure,  elasticity,  or  temperature. 
Part  of  this  heat  is  latent  and  pait  sensible,  and 
AA'aTT  concluded  that  the  latent  heat  increases  as 
the  jiressure  on  the  vapour  diminishes,  and  conse- 
quently as  its  temperature  falls  ; while  the  sensible 
heat  increases  under  inverse  conditions.  If  this 
were  true,  equal  weights  of  steam  passed  into  cold 
water  would  have  the  same  heating  power  whatever 
the  temperature  of  the  steam  might  be ; and  the  same 
amount  of  heat  would  be  required  to  evaporate  a 
given  weight  of  water  in  vacuo  at  a low  temperature 
as  under  great  pressure  and  at  a high  temperature. 

According  to  Sothern,  on  the  contrary,  the  latent 
heat  remains  constant  at  all  temperatures.  Reg- 
NAULt’s  researches,  however,  have  shown  both  AVatt 
and  Sothern  to  be  incorrect.  He  finds  that  when 
the  unit  weight  of  steam  at  t°  is  converted  into 
water  at  the  same  temperature,  and  then  cooled 
down  to  0°,  it  gives  out  the  quantity  of  heat  (T) 
represented  by  the  formula — 

T 60G  5 + 0-305  <. 

The  latent  heat  will  bo  found  by  subtracting  t from 
the  value  of  T ; or,  as  T is  equal  to  h + t,  substi- 
tuting this  for  T,  by  the  formula — 

L = 606-5  — 0 695«. 

The  latent  heat  therefore  increases  as  the  sensible 
heat  rises,  but  the  decrease  is  less  rapid  than  the 
rise  in  sensible  heat ; for  the  sum  of  the  two  heats 
increases  by  the  constant  0°-o05  for  each  degree  of 
rise  of  temperature. 

Regnault  accordingly  infers  that  if  a pound  of 
water  at  0°  C.  be  heated  without  evaporation  to 
100°  C.,  and  then  entirely  converted  into  steam  at 
that  temperature,  the  total  quantity  of  heat  required 
wiU  be  6.S7  units.  This  is  what  he  calls  the  total 
heat  of  steam : — 

TOTAL  HEAT  OF  STEAM. 


T«‘inr’erature 
of  Saturated  Vai>our. 

Total  Heat. 

Teiiipeniture 
of  Saturated  Vaixiur. 

Total  Heat. 

0° 

605-5 

70° 

627  8 

10° 

609  5 

80’ 

630-9 

20° 

612-6 

90’ 

633-9 

30° 

615-7 

100’  

637-0 

40° 

618-7 

1.50°  

652-2 

50’ 

621-7 

200° 

667-5 

60° 

624-8 

LATENT  AND  SENSIBLE  HEATS  AT  DIFFERENtP  TE.MPEKATURES. 


Pre*«ure  in 
Atiiiusjdieres. 

Sensible  Heat. 

Latent  Heat. 

Sura  of  Latei 
and  Sensible  H 

0-006 

De^^rees  C. 
0= 

Degrees  0. 

606-4 

606-5 

1-000 

100° 

537 

637-0 

2-000 

r>o’-8 

5-22-8 

643-6 

8-000 

170’-8 

488-0 

658-8 

There  is  accordingly  little  saving  of  fuel  in  per- 
forming evaporations  at  low  temperatures. 
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LATENT  HEAT  OF  VAPOURS— (AN’DIiEWS,  FAVKE  AND 
SlLBEliMANN). 


Equal  Weights. 

Equal  Volumes. 

Water, . . 

Wood  spirit, 

537 -ilO 

1000 

‘263-70 

872-9 

Alcohol 

20-2 -40 

963-1 

Fusel  oil 

121-37 

1 104  7 

Formic  acid, 

1-20-72 

574  4 

Methyl  formiate, 

“ acetate,  

117-10 

7-26-6 

110-‘20 

843-5 

Formic  ether 

10.O-30 

806-0 

Acetic  acid, 

lul-.)l 

632-3 

Ether, 

00  45 

692-3 

Carbon  disulphide, 

86-67 

681-4 

Oil  of  lemons, 

8U-o0 

1 1-25-6 

Oil  of  turpentine, 

74-00 

1040  5 

O-xalic  ether, 

72-72 

1097-5 

A my  lie  ether 

69-40 

1134-0 

Phosphorus  chloride, 

5.-42 

7.52-9 

Eihyl  iodide, 

46-87 

7.56-8 

Methyl  “ 

46-07 

671-8 

Bromine, 

45-60 

7.54- 1 

Iodine, 

23-05 

627-9 

These  numbers  indicate  the  quantities  of  water  in 
grams.,  the  temperature  of  which  would  be  raised 
1°  C.  by  the  condensation  of  a gram,  of  the  vapour  of 
the  liquid  at  the  temperature  of  its  boiling  point. 
Thus  the  conversion  of  1 gram,  of  .steam  at  100°  C. 
into  water  at  100°  C.  will  raise  536  grams,  of  water 
from  0°  to  1°  C. 

STATES  OF  MATTER. — There  are  three  states 
of  matter — the  solid,  liquid,  and  gaseous.  The  me- 
chanical properties  of  matter  in  these  states  are  differ- 
ent, and  in  the  passage  of  matter  from  one  state  to 
another,  a definite  amount  of  heat  is  disengaged  or 
absorbed,  the  latent  heat  of  Black.  In  solids  the 
molecular  structure  is  usually  very  permanent,  so 
that  a mass  of  pure  gold  or  platinum  will  retain 
the  same  structure  for  an  indefinite  period  of  time. 
But  this  is  not  always  the  case.  Crystals  of  sulphur 
obtained  by  fusion  are  when  first  prepared  trans- 
lucent, but  in  the  course  of  a few  days  become 
opaque.  No  change  of  this  kind  occurs  in  crystals 
obtained  from  a solution  of  sulphur  in  bisulphide  of 
carbon,  which  belong  to  a different  system  from 
those  obtained  by  fusion.  Iron,  when  subjected  for 
a long  time  to  strong  vibiations,  loses  to  some 
e.\tent  its  fibrous  character  and  becomes  brittle,  and 
brass  wire  in  the  course  of  years  becomes  slowly 
disintegrated.  If  a junction  is  made  by  fusing  the 
ends  of  two  tubes  together,  which  are  formed  of 
slightly  different  kinds  of  glass,  the  union  will  often 
remain  without  a flaw  for  months,  but  sooner  or 
later  Assures  will  appear. 

A body  which  recovers  completely  its  form  when 
the  compressing  force  or  stiess  to  which  it  has  been 
exposed  is  taken  off.  is  said  to  be  perfectly  elastic, 
and  some  solids  ai»,  ear  to  fulfil  this  condition  pro- 
vided the  stress  is  uniform  in  all  directions  (Max- 
well). If  the  change  of  form  under  the  same  stress 
continues  to  increase  with  time  we  have  the  viscous 
state.  By  compressing  a number  of  sheets  of  lead 
they  may  be  forced  to  enter  a narrow  passage,  and 
to  accommodate  themselves  to  its  inequalities  like  a 
mass  of  heated  gutta-percha.  Metallic  sodium  may 
be  forced  at  the  common  temperature  of  the  atmo- 


sphere through  a fine  aperture,  and  obtained  in  the 
state  of  wire ; and  Matthiessen  has  shown  that  the 
brittle  metal  bismuth  may  be  obtained  in  the  form 
of  long  wires  by  a similar  process,  if  the  metal  is 
heated  till  it  becomes  soft,  but  not  perfectly  liquid. 
Many  of  the  metals  have  been  showm  by  Sir  W. 
Thomson  to  be  viscous  at  common  temperatures, 
and  tlie  same  observation  applies  even  to  glass. 
When  a solid  in  the  form  of  a rod  is  exposed  to 
traction  by  suspending  a weight  to  the  free  end 
it  increases  in  length,  while  at  the  same  time  it 
diminishes  in  thickness. 

The  solid  is  the  only  condition  of  matter  capable 
of  assuming  the  crystalline  form.  Crystals  may  be 
obtained  either  by  the  cooling  of  the  liquid  or 
vapour,  or  they  may  be  deposited  from  a solvent. 
The  ordinary  solvents  are  such  liquids  as  water, 
alcohol,  or  bisulphide  of  carbon  ; but  in  some  cases 
boracic  acid  and  other  fluxes  are  used  as  solvents  at 
high  temperatures.  Ebelmen  succeeded  by  the  last 
method  in  preparing  crystals  of  spinelle,  and  of 
other  siliceous  minerals,  some  of  which  are  found  in 
nature,  and  others  new  to  the  mineral  kingdom.  If 
large  and  regular  crystals  are  required  from  a body 
such  as  arsenious  acid  in  a state  of  vapour,  the  glass 
surface  on  which  they  are  deposited  should  be  mode- 
rately heated. 

The  passage  from  the  vitreous  to  the  crystalline 
state  is  seen  in  the  devitrification,  or  partial  crystal- 
lization of  glass,  which  usually  begins  from  a number 
of  different  points,  and  ends  in  the  formation  of 
opaque  spherules  through  the  mass  of  the  glass. 
In  some  cases  the  effect  of  heat  on  the  molecular 
condition  of  solids  is  very  remarkable.  The  yellow 
oxide  of  mercury,  prepared  from  the  chloride  by 
precipitation,  becomes  red  when  heated,  and  re- 
covers on  cooling  its  yellow  colour,  while  the  ordinary 
red  oxide  is  permanent  at  common  temperatures. 
The  red  iodide  of  the  same  metal  changes  at  a mode- 
rate heat  into  a mass  of  greenish-yellow  crystals, 
which,  on  being  allowed  to  cool,  recover  slowly  their 
origimd  red  colour,  but  if  pressed  by  a hard  body 
the  restoration  of  the  colour  from  the  change  of 
molecular  condition  is  instantaneous.  When  heated 
to  a fixed  temperature  ordinary  phosphorus  is  con- 
verted into  the  red  variety,  which  is  insoluble  in 
bisulphide  of  carbon,  and  differs  in  its  physical  pro- 
perties from  ordinary  phosphorus.  Many  solids 
again  pass  into  the  viscid  state  when  heated.  Sul- 
phur exhibits  this  property  in  a remarkable  manner, 
changing  into  a red  viscid  mass,  which  is  so  tena- 
cious that  it  may  be  drawn  into  fine  threads. 

The  elements-  carbon,  boron,  and  silicon  may  be 
obtained  in  permanent  allotropie  conditions,  in 
which  their  specific  heats  and  other  physical  proper- 
ties are  widely  different.  Weber  has  recently  shown 
that  at  high  temperatures  the  specific  heats  of  these 
allotropie  forms  become  identical  for  the  same 
element,  and  are  in  accordance  with  the  law  of 
Dulong  and  Petit,  according  to  which  the  product 
of  atomic  weights  by  the  specific  heats  of  the  elemen- 
tary bodies  in  the  solid  form  is  a constant  quantity. 

Solids  when  heated  increase  in  volume  ; but  the 
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rate  of  expansion  is  different  for  different  solid.s, 
and  the  eo-efficient  of  dilatation  usually  increases 
with  the  temperature.  Among  the  metals,  platinum 
expands  the  least,  and  its  rate  of  expansion  is  nearly 
the  same  as  that  of  glass ; and  hence  a junction 
almost  permanent  may  be  made  by  fusing  a fine 
platinum  wire  into  a glass  tube.  Senarmont  has 
shown  th.at  in  crystals  not  belonging  to  the  regular 
system,  the  conductivity  or  conducting  power  for 
heat  is  not  the  same  in  all  directions.  In  a slice  of 
quartz  cut  at  right  angles  to  the  axis  of  the  prism, 
the  conductivity  will  be  the  same  from  the  centre 
to  the  circumference ; but  this  will  not  be  the  case 
in  a plate  of  quartz  which  has  been  cut  parallel  to 
the  same  axis.  The  fundamental  experiment  of 
Senarmont  can  be  easily  repeated  with  a slice  of 
selenite  covered  with  wax,  and  having  a perforation 
in  the  centre  for  the  introduction  of  a heated  wire. 
The  wax  on  melting  forms  a well-defined  ellipse 
from  the  unequal  transmission  of  the  heat. 

When  solids  are  heated  to  a certain  temperature 
depending  on  the  body  itself,  they'  pass  into  the 
liquid  state  with  the  absorption  of  a definite  amount 
of  heat.  In  the  case  of  many  bodies,  such  as  iron, 
glass,  boracic  acid,  &c.,  this  change  is  preceded  by 
a well-marked  viscid  condition.  In  all  bodies 
hitherto  examined  there  is  a change  of  volume  in 
the  conversion  of  the  solid  into  the  liquid,  the  liquid 
usually  occupying  a greater  volume  than  the  solid ; 
but  in  some  cases,  as  water,  bismuth,  and  cast  iron, 
a diminution  of  volume  occurs  in  liquefaction.  J. 
Thomson  drew  the  important  inference  on  theoretical 
grounds  that  the  melting  point  of  bodies  which 
expand  in  liquefying  is  raised  by  pressure,  while  it 
is,  on  the  other  hand,  lowered  if  the  body  contracts 
in  liquefying.  He  calculated  in  the  case  of  water 
thiit  the  freezing  point  would  be  reduced  0°'0076  C. 
for  each  atmosphere  of  additional  pressure.  This 
result  was  experimentally  verified  by  Sir  W.  Thom- 
son ; and  Bunsen  has  shown  that  paraffin  and 
spermaceti,  which  exj)and  in  liquefying,  have  their 
melting  points  raised  by  pressure.  The  remarkable 
phenomenon  of  regelation,  first  discovered  by  Fara- 
day, has  been  successfully  explained  by  J.  Thomson 
from  the  lowering  of  the  freezing  point  of  water  by 
pressure.  When  two  pieces  of  ice  at  the  melting 
point  are  pressed  together,  the  pressure  causes 
melting  to  take  place  at  the  portions  of  the  surface  in 
contact.  The  temperature  of  liquefaction  is  lowered, 
while  the  water  so  formed  escapes  out  of  the  way. 
Hence,  as  soon  as  the  pressure  diminishes,  the  two 
parts  are  frozen  together  at  a temperature  below 
0”.  On  the  same  principle  is  explained  the  follow- 
ing beautiful  experiment,  which  is  due  to  J.  Bottom- 
ley  : — A fine  metallic  wire  passing  over  a block  of 
ice  has  a weight  attached  to  it.  so  as  to  exert 
pressure  upon  the  ice.  The  wire  will  gradually 
enter  the  ice,  melting  the  surface  on  which  it  presses, 
while  the  water  thus  formed  immediately  freezes 
again  behind  the  wire,  so  that  the  block  remains  a 
solid  mass  after  having  been  traversed  by  the  wire. 

"Water  may  be  cooled  several  degrees  below  the 
freezing  point  witliout  changing  into  ice,  particularly 


if  it  is  deprived  of  air,  and  inclosed  in  an  exhausted 
hermetically  se.aled  vessel.  Other  liquids,  such  as 
bromine  and  glacial  acetic  acid,  exhibit  this  pheno- 
menon, so  that  the  same  body  may  be  preserved  in 
a closed  vessel  for  any  length  of  time,  within  a 
certain  range  of  temperature,  either  as  a solid  or 
a liquid. 

The  determination  of  the  compressibility  of  liquids 
is  a problem  of  great  difficulty,  involving  for  its 
complete  solution  some  mechanical  questions  which 
are  not  definitely  settled.  Regnault  has  attempted 
to  ascertain  by  experiment  the  absolute  compressi- 
bility of  mercury  and  water,  his  method  of  operating 
being  founded  on  equations  supplied  by  Lame. 
For  one  atmosphere,  the  compressibility  of  mercury 
is  0-000003517,  or  original  volume; 

for  water  the  corresponding  number  is  0-00004740,  or 
of  the  original  volume.  Within  the  limits 
of  his  experiments,  Regnault  has  confirmed  the 
observation,  first  made  by  QJrstedt,  that  the  co- 
efficient of  compressibility  does  not  sensibly  diminish 
for  these  liquids  when  the  pressure  augments.  But 
liquids  near  the  “ critical  temperature  ” differ  greatly 
in  compressibility  from  mercury  or  water.  Tliey 
yield  much  more  to  pressure  than  ordinary  liquids, 
and  the  compressibility  diminishes  as  the  pressmse 
increases.  The  average  compressibility  for  one 
atmosphere  of  liquid  carbonic  acid  between  55  and 
125  atmospheres  is  0-00133,  or  y^^th  of  the  volume 
under  54  atmospheres ; while  from  125  to  220 
atmospheres,  the  average  compressibility  for  each 
atmosphere  is  0-00071,  or  y^^^th  of  the  volume 
under  125  atmospheres  (Andrews). 

As  a general  rule,  liquids  dilate  when  heated,  the 
only  exception  yet  known  being  water,  which  con- 
tracts when  heated  from  0°  to  4°.  The  dilatation  of 
liquids  by  heat  augments  with  the  temperature,  but 
not  according  to  any  simple  law-.  For  this  reason 
there  is  an  error  of  nearly  0°-2  in  the  mercurial  ther- 
mometer at  temperatures  midway  between  0°  and 
100°.  At  higher  temperatures  the  error  arising  from 
this  cause  amounts  to  several  degrees,  and  requires 
to  be  carefully  corrected.  The  absolute  dilatation 
of  a liquid  by  heat,  that  is,  its  change  of  volume, 
independent  of  the  change  of  capacity  of  the  contain- 
ing vessel,  can  be  determined  by  the  method  of 
Dulong  and  Petit,  which  depends  essentially  on  the 
fact  that  the  heights  of  two  eolumns  of  liquid  com- 
municating below  by  a horizontal  tube  are  inversely 
as  the  densities  of  the  liquids.  Hence,  if  two  columns 
of  the  same  liquid,  at  different  temperatures,  be 
compared,  the  absolute  change  of  volume  due  to  the 
difference  of  temperature  will  be  obtained.  Thil- 
ORIER  observed  that  the  dilatation  by  heat  of  liquid 
carbonic  acid  is  greater  than  that  of  the  gases,  and 
Drion  has  found  that  the  co-efficient  of  dilafeition  of 
liquid  sulphurous  acid  increases  rapidly  with  the 
temperature,  being  for  1°  C.,  0-00173  at  0°  and 
0-00486  at  100°.  In  the  case  of  eertain  homologous 
liquids,  such  as  the  methyl  and  ethyl  alcohols,  the 
co-efficient  of  dilatation  is  nearly  the  same,  if  the 
liquids  are  examined  through  corresponding  ranges 
of  temperature  from  their  boiling  points. 
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The  remarkable  experiments  of  Leidenfrost,  in 
which  water  assumes  a spheroidal  form  when  pro- 
jected upon  a hot  plate,  and  evaporates  without 
entering  into  ebullition,  has  been  extended  by 
Boutigny,  who  has  shown  that  all  liquids  under 
these  conditions  maintain  a temperature  a few 
degrees  below  tlrerr  boiling  points.  He  was  thus 
led  to  the  remarkable  experiment  of  freezing  water 
upon  a red-hot  plate.  For  this  purpose  liquid 
sulphurous  acid  is  floated  on  a red-hot  plate,  and  a 
few  drops  of  water  allowed  to  fall  upon  the  floating 
liquid.  To  the  success  of  this  experiment  it  is 
essential  that  the  plate  should  always  maintain  a 
high  temperature,  and  it  will  be  found  rarely  to  fail 
if  a thick  platinum  capsule  is  taken,  and  heated  by 
a gas  flame  cautiously  fed  with  oxygen  gas.  By 
substituting  solid  carbonic  acid  for  sulphurous  acid, 
F ARADAY  succeeded  in  freezing  mercury  itself  on  a red- 
hot  plate.  Liquids  floating  and  evaporating  without 
ebullition  on  a heated  plate  are  usually  described  as 
being  in  the  spheroidal  shite.  This  term,  however, 
when  applied  to  water  floating  on  a cushion  of  vapour 
over  a hot  plate,  is  apt  to  mislead.  The  water  is 
not  here  in  any  peculiar  state.  It  is  simply  water 
evaporating  a few  degrees  below  its  boiling  point 
while  floating  upon  its  own  vapour,  and  all  its  pro- 
perties, even  those  of  capillarity,  are  ,the  properties 
of  ordinary  water  at  9G°-5  G.  The  interesting  phe- 
nomena exhibited  under  these  conditions  are  due  to 
other  causes,  and  not  to  any  new  or  peculiar  state 
of  the  liquid  itself  (Andrews). 

When  liquids  are  raised  to  their  boiling  point  they 
abruptly  assume  the  condition  of  vayiour,  and  at  the 
same  time  the  temperature  of  the  liquid  becomes 
stationary,  and  independent  of  the  temperature  of 
the  source  of  heat  by  which  the  ebullition  is  main- 
tained. If  the  air  be  completely  expelled  from  water 
it  may  be  raised  to  temperatures  far  above  the  ordin- 
ary boiling  point  without  entering  into  ebullition. 
In  ordinary  evaporation  we  have  the  silent  formation 
of  vapour  at  the  surface  of  a liquid,  the  temperature 
of  which  is  no  longer  independent  of  the  supply  of 
heat  furnished  by  the  source.  The  vapours  thus 
produced,  whether  by  ebullition  or  evaporation,  if 
heated  apart  from  the  liquids  which  furnish  them, 
have  the  properties  of  gases ; and  we  have  now  to 
consider  what  is  the  distinction  between  a gas  and  a 
vapour.  This  d stinction  has  hitherto  been  founded 
on  principles  which  are  altogether  arbitrary.  Ether 
in  a state  of  gas  is  called  a vapour,  while  sulphurous 
acid  in  the  same  state  is  called  a gas ; yet  they  are 
both  vapours,  the  one  derived  from  a liquid  boiling 
at  .3.0°,  the  other  from  a liquid  boding  at  — 10°.  The 
distinction  is  thus  determined  by  the  trivial  condition 
of  the  boiling  point  of  the  liquid  under  the  ordinary 
pressure  of  the  atmospliere,  being  higher  or  lower 
than  the  ordinary  temperature  of  the  atmosphere. 
Such  a distinction  may  have  some  advantage  for 
practical  reference,  but  it  has  no  scientific  value. 
The  critical  point  of  temperature  affords  a criterion 
for  distinguislung  a vapour  from  a gas.  Many  of 
the  properties  of  vapours  depend  on  the  gas  and 
liquid  being  present  in  contact  with  one  another,  and 


I this  can  only  be  at  temperatures  under  the  critical 
point.  A vapour  may  accordingly  be  defined  to  be 
a gas  at  any  temperature  under  its  critical  point. 
According  to  this  definition,  a vapour  may  by 
pressure  alone  be  changed  into  a liquid,  and  may 
therefore  exist  in  presence  of  its  own  liquid,  while  a 
gas  cannot  be  liquefied  by  pressure ; that  is,  so 
changed  by  pressure  as  to  become  a visible  liquid, 
distinguished  by  a surface  of  demarcation  from  the 
gas.  Carbonic  acid  will  thus  be  a vapour  below  31°, 
a gas  above  that  temperature  ; ether,  a vapour  below 
20(J°,  a gas  above  that  temperature  (Andrews). 

Gases  are  distinguished  from  liquids  by  the 
property  of  expanding  so  as  to  fill  uniformly  the 
whole  space  of  any  vessel  in  which  they  are  contained. 
In  the  so-called  perfect  gaseous  state,  matter  will 
obey  implicitly  the  external  forces  which  act  upon  it, 
the  volume  of  the  gas  being  always  inversely  as  the 
forces  externally  applied.  The  characteristic  pro- 
perty of  this  state  is  a = a',  where  « is  the  coeffi- 
cient of  expansion  by  heat  of  the  gas  under  constant 
pressure,  and  a'  the  coefficient  of  elastic  force  under 
constant  volume.  It  has  not  been  ascertained  with 
certainty  whether  this  condition  of  matter  actually 
exists  in  nature,  although  in  gases,  which  are  at 
temperatures  greatly  above  their  critical  points  and 
at  ordinary  pressures,  the  deviations  from  it  can 
.only  be  ( iscovered  by  the  most  exact  experiments. 
In  the  ordinary  gaseous  state,  as  it  occurs  in  nature, 
there  are  two  distinct  causes  of  internal  disturbance 
which  are  directly  opposed,  and  according  to  the 
nature  of  the  gas,  and  the  conditions  of  temperature 
and  pressure,  sometimes  the  one  and  sometimes  the 
other  preponderates.  One  of  these  disturbances  is 
due  to  the  action  of  internal  forces  tending  to  pro- 
duce a diminution  of  volume ; the  other  is  due  to 
molecular  actions  producing  a resistance  to  change 
of  volume  other  than  that  which  occurs  in  a 
perfect  gas.  In  the  case  of  the  permanent  gases, 
or  gases  which  have  not  hitherto  been  liquefied, 
the  resistance  to  change  of  volume  becomes  pre- 
dominant between  100  and  200  atmospheres, 
and  at  higher  pressures  this  resistance  steadily 
increases.  The  la  .vs  of  Boyle  and  Gay-Lussac 
apply  rigorously  only  to  the  (ideal)  perfect  gas, 
and  are  particular  cases  of  more  general  laws 
applicable  to  the  gaseous  state  as  it  occurs  in  nature. 
According  to  the  law  of  Boyle  or  Mariotte,  the 
volume  of  a gas  at  a constant  temperature  is  inversely 
proportional  to  the  pressure  externally  applied ; 
according  to  the  law  of  Gay-Lussac  the  dilatation  of 
a gas  for  each  degree  of  heat  is  a definite  fraction  of 
its  volume  at  0°,  or  more  generally  at  the  initial 
temperature,  the  pressure  remaining  constant ; or 
the  increase  of  elastic  force  for  each  degree  is  a 
definite  fraction  of  the  elastic  force  at  the  initial 
temperature,  the  volume  of  the  gas  being  constant. 

If,  as  already  stated,  we  put  a for  the  coefficient 
of  dilatation  of  air  for  1°  under  a constant  pressure, 
and  referred  to  a unit  volume  at  0°  and  760  milli- 
metres, we  have  a = 0-003670,  according  to  the 
experiments  of  Regnault  ; and  if  we  put  a for  the 
corresponding  coefficient  of  elastic  force  under 
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con.stant  volume,  we  have  a'  = 0'003675,  according 
to  the  same  observer.  These  numbers  in  the  case  of 
a perfect  gas  would  be  identical  with  one  another 
under  all  conditions  of  temperature  and  pressure. 
The  results  become  much  more  complicated  when 
tlie  gases  are  exiiinined  under  high  pressures,  at 
which  the  internal  (attractive)  forces  come  strongly 
into  play.  The  subject  has  been  recently  examined 
with  care  in  the  case  of  carbonic  acid  (Andrews, 
llakerian  Lecture  for  1876),  and  we  proceed  to  give 
a short  account  of  this  investigation. 

The  values  of  a change  greatly  with  the  pressirre 
(indicated  by  the  air  manometer)  and  temperature, 
as  will  be  manifest  from  the  following  table  : — 


p. 

at  (0®  — 7®-5). 

« (0  — 64®). 

at  (64®  — 100«) 

20-10 

0-00007 

o-oo.oss 

0-00496 

21-81 

0-00700 

0 00620 

0-00543 

.31-06 

0-00S95 

0-00743 

0-00617 

34-49 

0 01097 

0-00845 

0 00657 

The  values  of  a are  average  coefficients  for  the 
ranges  of  temperature  specified.  In  the  above 
table  the  volume  at  0°  was  taken  as  unit ; in  the  next 
table  the  values  of  a are  referred  to  the  unit  volume 
at  64°. 


P- 

a.  {64®  — 100®). 

P‘ 

ec  (640  _ 2oo«). 

40-54 

0 00460 

106-9 

0-01315 

54-33 

0-00553 

145-5 

0-01822 

81-11 

0 00803 

223  0 

0-00840 

The  value  of  a increases  with  the  pressure  till  a 
very  high  pressure  is  attained,  when  it  changes  its 
direction  and  diminishes.  The  latter  ajjparent 
anomaly  depends  upon  the  carbonic  acid  having, 
between  145  .and  223  atmospheres,  p.assed  from  the 
gaseous  sfcite  proper  to  the  intermediate  conditions, 
which,  as  we  shall  presently  see,  establish  a con- 
tinuity between  the  gaseous  and  liquid  states  of 
matter. 

Even  more  important  on  theoretical  grounds  is 
the  investigation  of  the  v.alues  of  the  coefficient 
of  elastic  force.  From  an  observation  of  Regnault 
that  the  air  and  carbonic  acid  thermometers  march 
sensibly  together,  it  has  been  assumed  by  some 
writers  that  the  value  of  a'  will  remain  constant  at 
different  temperatures.  The  results  of  the  experi- 
ments from  which  the  following  table  has  been  con- 
structed will  show  thiit  this  conclusion  is  erroneous : — 


P‘ 

at'  (0  — 6 5®). 

at'  (0"  — 64®). 

oc'  (64®  — 100®), 

21-48 

0-00.537 

0-00.524 

0-00497 

25-87 

0-00.588 

0-00573 

0-00541 

33-53 

0-00734 

0-00697 

0 00633 

As  the  general  result  of  this  investigjition,  it 
follows  thiit  in  the  ordiiiiiry  gaseous  state  tlie  law  of 
Gay-Lussac  does  not  hold  good,  either  in  the  case 
of  a or  a',  and  that  the  dilatation  by  heat  of  a body 
in  the  ordinary  gaseous  state,  whether  measured  by 
its  exp.ansion  under  constant  pressure,  or  by  the 
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increase  of  elastic  force  under  constant  volume,  is 
not  a simple  function  of  the  initiiil  volume  or  initial 
elastic  force,  but  a complex  function,  changing  with 
the  temperature. 

In  the  next  table  is  given  the  change  of  volume 
of  carbonic  acid  gas  under  high  pressures  and  at 
different  temperatures.  In  this  table  i is  the  ratio 
of  the  observed  volume  of  the  carbonic  acid,  at  the 
pressure  p and  temperature  t,  to  its  volume  under 
one  atmosphere  at  the  same  temperature,  t. 


P. 

t = 6® -5. 

P- 

t = 64®. 

p- 

t = 100®. 

t. 

S. 

i. 

12-01 

1 

12-95 

17-60 

1 

18-67 

20-17 

1 

20-98 

14-68 

1 

34-92 

1 

1 

16-13 

39-08 

33-'Uo 

17-09 

1 

1 

1 

19-12 

65-97 

1 

114.0 

1 

185-5 

1 

OO  O L 

oc'30 

1 

96-65 

1 

137-6 

24-81 

1 

29-62 

1 

34-03 

1 

81-11 

80-25 

27-69 

106-88 

105  69 

31-06 

145 -.54 

145-44 

1 

39-59 

1 

45-80 

325  9 

. -218-0 

34-49 

222-92 

1 

44^4 

223-57 

1 

379-3 

If  we  put  p z=  i p,  and  calculate  the  values  of  p 
from  the  above  table,  these  values  will  be  found  to 
diminish,  as  the  pressures  increase,  at  every  tempera- 
ture, with  the  exception  of  the  last  observation  at 
64°,  where  the  value  of  p is  greater  than  at  the  pre- 
ceding observation.  This  arises  from  the  cause 
already  referred  to — namely,  the  passage  of  the 
carbonic  acid  to  the  liquid-volume  condition. 

If  on  any  two  isothermal  curves,  or  curves  show- 
ing the  changes  of  volume  of  a gas  by  pressure  at  a 
given  temperature,  we  designate  those  points  where 
the  values  of  p are  equal,  or  p r = p'  v',  homologues 
or  homologous  points  ; and  if  m.  be  the  ratio  of  the 
external  pressures  at  homologous  points,  or 


it  will  be  found  that  for  any  two  isothermals  the 
values  of  m are  always  the  same.  This  is  the  charac- 
teristic property  of  the  ordinary  gaseous  state. 

It  follows  that  in  the  case  of  a body  in  the  ordi- 
nary gaseous  state,  if  the  relations  of  pressure  and 
volume  are  known  at  any  one  temperature,  the 
corresponding  relations  at  any  other  temperature 
may  be  calculated  from  the  observation  of  a single 
homologue  at  the  second  temperature.  Thus,  the 
whole  relations  of  volume  and  pressure  -will  be  known 
from  a set  of  primary  observations  at  one  tempera- 
ture, and  the  determination  of  one  homologue  for 
each  of  the  other  temperatures. 

The  general  form  of  the  primary  curve  itself,  or 
curve  exhibiting  the  relations  of  pressure  .and  volume, 
is  deduced  from  the  value  of  £ (1  — p)  being  found 
to  be  constant  for  the  same  temper.ature.  Hence 
we  have  forthe  equation  of  the  ordinarj' gaseous  state, 
r ( I — p v)  = c 

(Andrew’s’  Bakerian  Lecture  for  1876). 
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In  1822  Cagniakd  de  la  Tour  discovered  that 
liquids,  such  as  ether,  alcohol,  or  water,  when  heated 
in  hermetically  sealed  tubes,  become  reduced  appar- 
ently to  vapour  in  a space  from  twice  to  four  times 
the  original  volume  of  the  liquid  ; and  in  the  follow- 
ing year  Faraday  succeeded  in  liquefying  by  the 
aid  of  pressure  alone  chlorine  and  many  other  bodies 
known  before  only  in  the  gaseous  state.  An  ex- 
tended set  of  experiments  on  the  effects  of  pressure 
at  different  temperatures  on  carbonic  acid  has  led  to 
the  proof  of  the  continuity  of  the  liquid  and  gaseous 
states.  If  carbonic  acid  be  raised  to  the  tempera- 
ture of  30°'92,  and  exposed  to  gradually-increasing 
pressure,  it  will  be  found  on  slight  increase  of  pres- 
sure to  undergo  a rapid  but  not  abrupt  diminution 
of  volume,  without  actually  liquefying  when  the 
pressure  is  raised  to  about  73  atmospheres.  At 
lower  temperatures  the  gas  may  be  liquefied  by 
pressure  alone.  This  temperature  of  30°'92  is  “the 
critical  point for  carbonic  acid.  At  higher  tem- 
peratures the  fall  is  less  but  still  perceptible,  till  a 
temperature  of  nearly  48°  has  been  reached,  when  it 
can  no  longer  be  observed.  The  following  is  the 
manner  in  which  the  passage  by  continuity  from  the 
gaseous  to  the  liquid  state  may  be  demonstrated  : — 
Take  a given  volume  of  carbonic  acid  gas  at  60°  C., 
or  at  a higher  temperature,  and  expose  it  to  increas- 
ing pressure  till  150  or  200  atmospheres  have  been 
reached.  In  this  process  its  volume  will  steadily 
diminish  as  the  pressure  augments,  and  no  abrupt 
iliminution  of  volume  will  occur  at  any  stage,  nor 
will  there  be  any  liquid  formed.  When  the  full 
pressure  has  been  applied,  let  the  temperature  be 
allowed  to  fall  till  the  carbonic  acid  has  been  cooled 
to  0°,  or  any  temperature  below  the  critical  point. 
During  the  whole  of  this  operation  no  breach  of 
continuity  has  occurred.  It  begins  with  a gas,  and 
by  a series  of  gradual  changes,  presenting  nowhere 
any  abrupt  alteration  of  volume  or  sudden  evolution 
of  heat,  it  ends  with  a liquid.  The  closest  observa- 
tion fails  to  discover  anywhere  indications  of  a 
change  of  condition  in  the  carbonic  acid,  or  evidence 
at  any  stage  of  the  process  of  part  of  it  being  in  one 
physical  state  and  part  of  it  being  in  another. 

If  it  be  asked  what  is  the  condition  of  carbonic 
acid  w'hen  it  passes,  at  temperatures  above  the  criti- 
cal point,  from  the  gaseous  state  down  to  the  liquid 
volume,  without  giving  evidence  at  any  part  of  the 
process  of  liquefaction  having  taken  place,  the  answer 
to  the  question  is  to  be  found  in  the  close  and  inti- 
mate relations  which  subsist  between  the  gaseous 
and  liquid  states  of  matter.  The  ordinary  gaseous 
and  ordinary  liquid  states  are,  in  short,  widely  sepa- 
rated forms  of  the  same  condition  of  matter,  and 
may  be  made  to  pass  into  one  another  by  a series  of 
gradations  so  gentle,  that  the  passage  will  nowhere 
present  any  interruption  or  breach  of  continuity. 
Under  certain  conditions  of  temperature  and  pres- 
sure carbonic  acid  gas  finds  itself  in  a state  of 
instability,  and  suddenly  passes,  with  the  evolution 
of  heat,  and  without  the  a])j)lication  of  additional 
pressure,  to  the  volume  w'hich  by  the  continuous 
process  can  only  be  reached  through  a long  and 


circuitous  route.  In  the  intermediate  conditions 
through  which  carbonic  acid  passes  in  the  latter 
case,  it  would  be  impossible  to  say  w’hether  it  is  in 
the  gaseous  or  liquid  state.  These  conditions  are, 
in  short,  intermediate  states  which  matter  assumes 
in  passing  by  a continuous  path  from  the  ordinary 
gaseous  to  the  ordinary  liquid  state.  These  pro- 
perties of  cai’bonic  acid  are  not  peculiar  to  it,  but 
are  generally  true  of  all  bodies  which  can  be  ob- 
tained as  gases  and  liquids  (Andrew's). 

J.  Thomson,  while  tracing  the  course  of  the  boil- 
ing line  of  a liquid,  and  examining  the  corresponding 
boundary  lines  between  liquid  and  solid  and  between 
gas  and  solid,  has  shown  that  the  three  curves  repre- 
senting these  lines  meet  in  one  point,  to  which  he 
has  given  the  name  of  the  “ triple  point.”  This 
point  is  near  the  ordinary  freezing  point,  but  is  not 
identical  with  it.  It  is,  in  fact,  the  freezing  point 
which  corresponds  to  the  pressure  of  the  vapour  of 
the  body  when  freezing  in  presence  only  of  its  own 
vapour,  and  therefore  under  the  pressure  of  that 
vapour.  At  the  triple  point,  and  at  no  other,  can 
the  three  states  of  the  same  body,  solid,  liquid,  and 
gaseous,  exist  in  presence  of  each  other. 

All  gases  and  many  liquids  when  brought  into 
contact,  either  directly  or  with  the  intervention  of  a 
porous  plug,  have  the  property  of  diffusing  through 
each  other,  slowly  in  the  case  of  liquids,  rapidly  in 
the  case  of  gases.  Graham  has  established  the 
important  law  that  the  rate  of  diffusion  of  gases  is 
in  the  inverse  ratio  of  the  square  roots  of  their  densi- 
ties— a law  which  admits  of  easy  explanation  on  the 
kinetic  theory  of  the  gases.  Graham’s  results  have 
been  fully  confirmed  by  the  later  experiments  of 
Loschmidt.  Gr.'VHAM  has  made  an  important  dis- 
tinction of  bodies  into  colloids  and  crystalloids,  and 
has  shown  that  solutions  of  the  former  diffuse  with 
great  difficulty,  while  solutions  of  the  latter  diffuse 
with  facility  through  porous  diaphragms.  He  has 
taken  advantage  of  this  property  to  separate  crystal- 
loids from  colloids  when  in  the  same  solution,  and 
has  given  to  this  process  the  name  of  “ dialysis.” 

The  kinetic  theory  of  the  gases,  first  proposed 
by  Daniel  Bernoulli  in  1738,  is  founded  on  tlie 
assumption  that  the  molecules  of  elastic  fluids  are  in 
a state  of  rapid  motion  in  all  directions,  and  by  their 
impact  produce  pressure  on  the  sides  of  the  containing 
vessel.  Bernoulli  showed  that  on  this  hypothesis 
the  volume  of  a gas  should  be  nearly  in  the  inverse 
ratio  of  the  compressing  force,  and  that  when  a gas 
is  heated  the  velocity  of  the  molecules  is  increased, 
the  square  of  their  velocity  being  proportional  to 
the  pressure  if  the  gas  is  not  allow'ed  to  expand.  In 
later  times  Joule  calculated  the  velocity  of  the 
molecules,  and  Kronig  show'od  that  the  law  of  the 
diffusion  of  gases  admitted  of  easy  explanation  on 
the  kinetic  theory.  The  subject  has  of  late  years 
been  developed  with  great  ability  by  Clausius, 
Helmholtz,  Ma.xwell,  and  others.  In  solid  bodies, 
to  use  the  words  of  jMaxw'ELL,  a molecule,  though 
in  continual  motion,  never  gets  beyond  a certain 
very  small  distance  from  its  original  position  in  the 
body ; the  path  which  it  describes  is  confined  within 
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a small  region  of  space.  In  fluids,  on  tlie  other 
liand,  there  is  no  such  restriction  to  the  excursions 
of  a molecule.  It  is  true  that  the  molecule  generally 
can  travel  but  a small  distance  before  its  patli  is 
disturbed  by  an  encounter  with  some  other  molecule ; 
but  after  this  encounter  there  is  nothing  which 
determines  the  molecule  rather  to  return  towards 
the  place  from  whence  it  came,  than  to  push  its  way 
into  new  regions.  Hence  in  fluids  the  path  of  a 
molecule  is  not  confined  within  a limited  region,  as 
in  the  case  of  solids,  but  may  penetrate  to  any  part 
of  the  space  occupied  by  the  fluid.  A gaseous  body 
is  supposed  to  consist  of  molecules  moving  with 
great  velocity.  During  the  greater  part  of  their 
course  these  molecules  are  not  acted  on  by  any 
sensible  force,  and  therefore  move  as  straight  lines 
with  uniform  velocity.  When  two  molecules  come 
within  a certain  distance,  a mutual  action  takes  place 
between  them,  and  each  starts  on  a new  path.  In 
ordinary  gases  the  free  motion  of  a molecule  takes 
up  much  more  time  than  that  occupietl  by  an 
encounter ; but  as  the  density  of  the  gas  increases 
the  free  path  diminishes,  and  in  liquids  no  part  of 
the  course  of  a molecule  can  be  spoken  of  as  its  free 
path. 

HYDROCTAHIC  ACID — Cyavhjdric  acid,  Cyanide 
of  hydrogen,  Prussic  acid.  Acide  prussique,  French  ; 
Blaitsaure,  Berlinerhlausilnre,  Ilydrocyansdure,  German; 
Acidum  hydrocyanmnn  vel  Borussieum,  Latin  ; CNH 
= HCy. — This  compound,  which  from  its  animal 
origin  has  also  been  named  zooiic  acid,  was  first 
isolated  by  Scheele.  Diesbacii  and  Dippel,  in 
1704,  discovered  Prussian  blue.  Forty-eight  years 
afterwards  Macquek  found  that  lime-water  resolved 
this  substance  into  calx  of  iron  (ferric  oxide)  and  a 
combustible  colouring  matter,  which  he  could  not 
separate,  but  which  combined  with  potash,  forming 
phlogisticated  potassa — ferrocyanide  of  potassium. 
Guyton  Morveau  conduded  in  1772  that  this  prin- 
ciple had  acid  properties.  In  the  ye.ar  1782  Scheele 
succeeded  in  preparing  the  aqueous  solution  of 
prussic  acid.  Berthollet,  in  1787,  described  it  as 
consisting  of  carbon,  hydrogen,  and  nitrogen. 
Proust  and  Ittxer  discovered  several  of  its  com- 
pounds, and  the  latter  is  said  to  have  procured 
anhydrous  hydrocyanic  acid  by  the  action  of  hydro- 
chloric acid  upon  cyanide  of  mercury,  but  being 
unable  to  condense  the  vapour,  he  pronounced  it  to 
be  a permanent  gas.  G.\y-Lussac,  however,  in  1811, 
effected  its  liquefaction,  determined  the  relative 
proportions  of  its  ultimate  elements,  and  led  the 
way  to  the  intimate  knowledge  and  useful  applica- 
tion of  many  of  its  compounds. 

Hydrocyanic  acid  exists  ready  formed  in  the 
moister  parts  of  many  vegetable  structures,  and  is 
generated  in  many  others  in  which  it  was  formerly 
supposed  to  pre-exist,  by  tiie  processes  which  have 
been  devised  for  its  extraction. 

The  kernels  of  a large  number  of  fruits,  such  as 
bitter  iilinonds,  peaches,  cherries,  apricots,  plums, 
quinces,  &c.,  the  blossoms  and  tender  leaves  of  the 
peach,  sloe,  and  mountain  ash,  the  leaves  of  the 
Portugal  and  cherry  laurel,  and  many  other  plants 


belonging  to  the  orders  Pomse  and  Amygdalex,  when 
steeped  in  water  for  a considerable  time  and  then 
distilled,  yield  hydrocyanic  acid,  together  with  oil  of 
bitter  almonds. 

According  to  Liebig  and  Wohler  the  hydrocyanic 
acid  is  for  the  most  part  produced  by  the  fermenta- 
tive action  of  the  emulsin,  also  present,  upon  the 
amygdalin,  decomposing  the  latter  into  glucose,  oil 
of  bitter  almonds,  and  hydrocyanic  acid.  All  the 
plants  which  by  distillation  yield  hydrocyanic  acid 
and  bitter  almond  oil  (C-HgO)  contain  amygdalin 
(C2qH,,-N0jj3H20).  The  effect  of  the  fermentation 
is  expressed  thus  : — 

Amygdalin.  Water.  Bitter^iJ.lnd,. 

a^oH^yNOii  -t-  2H2O  = CyHgO  -t-  CNH  + 2C6Hi.A- 

Pure  hydrocyanic  acid  is  a colourless  liquid,  which 
freezes  at — 15°  C.,  forming  feathery  crystals,  and 
boils  at  26°'5  C.  It  is  inflammable,  and  burns  with  a 
purple  flame.  Its  specific  gravity  is  0'7058  at  7°  C. 
and  0-6969  at  18°  C.  It  is  soluble  in  water  in  all 
proportions,  forming  a liquid  lighter  than  water 
which  manifests  acid  reaction  with  litmus.  Its 
odour  is  that  of  bitter  almonds.  The  vapour  of  the 
anhydrous  or  of  the  concentrated  aqueous  solution 
is  intensely  poisonous  if  inhaled ; when  largely  diluted 
with  air  it  produces  spasmodic  contraction  of  the 
fauces,  but  if  moderately  pure  it  kills  instantly.  A 
single  drop  of  the  anhydrous  acid  produces  imme- 
diate death  when  swallowed.  The  dilute  acid  has 
a cooling  effect  on  the  tongue  whilst  in  the  mouth, 
but  leaves  a strong  bitter  after  taste. 

Exposed  to  the  air,  the  anhydrous  acid  undergoes 
spontaneous  decomposition,  giving  off  ammonia  and 
leaving  a brown  residue.  The  aqueous  solution 
decomposes  into  ammonia  and  ammonium  formate, 
particularly  when  exposed  to  light.  The  presence  of 
a very  small  quantity  of  a mineral  acid  or  a formate 
prevents  this  change,  but  addition  of  a large  quantity 
promotes  it,  in  this  case  formic  acid  and  ammonia 
being  set  free : — CNH  II2O  = CH2O2  + NII3. 

The  ammonium  formate  when  heated  sphts  up  into 
water  and  prussic  acid  thus : — 

Ammonium  Formate.  Hydrocyanic  Acid.  "Water. 

NH^CO.^H  = CNH  H.^0. 

Hydrocyanic  acid  is  decomposed  by  the  electric 
spark,  by  the  voltaic  current,  or  by  passing  it 
through  a red-hot  tube,  into  cyanogen  (CN)  and 
hydrogen,  a small  qu.antity  of  carbon  and  nitrogen 
being  at  the  same  time  separated. 

Hydrocyanic  acid  is  i^roduced  in  the  dry  distilla- 
tion of  many  nitrogenous  bodies,  by  the  action  of 
nitric  acid  on  certain  organic  substances,  by  the 
decomposition  of  amygdalin,  by  the  action  of  sul- 
phuric or  hydrochloric  acid  on  cyanides,  and  by  the 
deconqiositioii  of  most  of  the  cyanogen  compounds 
and  fulminates. 

The  London  ph.armacopoeia  Acidum  Ilydrocyan- 
icum  Dilutum  contains  2 per  cent,  by  weight  of 
hydrocyanic  acid.  The  instructions  are:  — Take  of 
yellow  prussiate  of  potash  2^  ounces,  sulphuric  acid 
1 fluid  ounce,  distilled  water  30  fluid  ounces  or  a 
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sufficiency.  Dissolve  the  prussiate  of  potash  in  10 
ounces  of  the  water,  then  add  the  sulphuric  acid 
previously  diluted  with  4 ounces  of  the  w.ater,  and 
cooled.  Put  the  solution  into  a flask  attached  to 
the  condenser  and  receiver  of  a distilling  apparatus  ; 
and  having  put  8 ounces  of  distilled  water  into  the 
receiver,  and  provided  efficient  means  for  keeping 
the  condenser  and  receiver  cold,  apply  heat  to  the 
flask  until  by  slow  distillation  the  liquid  in  the 
receiver  is  increased  to  17  ounces.  Add  to  this  3 
ounces  of  distilled  water,  or  as  much  as  may  be  suffi- 
cient to  bring  the  acid  to  such  a strength  that  100 
grains  of  it,  precipitated  with  a solution  of  nitrate  of 
silver,  shall  yield  10  grains  of  dry  cyanide  of  silver. 

If  a large  quantity  is  to  be  made,  great  care  must 
be  bestowed  on  the  close  fitting  of  the  distilling 
apparatus.  The  joints  may  be  luted  with  a mixture 
in  water  of  1 part  of  almond  meal  and  5 parts  of 
linseed  meal  brought  to  the  consistence  of  putty. 
The  retort  is  placed  in  a bath  of  chloride  of  calcium 
in  water  in  an  iron  pot : 10  parts  of  yellow  jjrussiate 
of  potash  mixed  in  a mortar,  with  dilute  sulphuric 
acid,  prepared  by  adding  6 parts  of  acid,  spec.  grav. 
1'850,  to  42  of  water,  are  then  poured  into  the  retort, 
and  the  head  luted  on.  A fire  is  then  lit  beneath 
the  chloride  of  calcium  bath,  and  the  distillation 
proceeded  with.  Ihe  funnel  into  which  the  beck  of 
the  still  dips  should  be  covered  with  a wet  bladder 
to  prevent  the  escape  of  the  poisonous  vapour.  The 
worm  should  be  kept  specially  clean.  To  each  Win- 
chester quart  of  the  distilled  acid,  it  is  customary 
to  add  one  drop  of  sulphuric  acid  to  insure  its 
keeping. 

The  preparation  of  anhydrous  hydrocyanic  acid 
is  exceedingly  dangerous,  from  the  great  volatility 
of  the  acid  and  its  highly  poisonous  character.  The 
process  should  only  be  performed  in  winter,  and 
with  the  help  of  a freezing  mixture. 

The  best  method  is  to  dehydrate  the  aqueous 
acid  by  agitation  with  pulverized  chloride  of  calcium, 
added  in  very  small  quantities  to  avoid  develop- 
ment of  heat,  the  vessel  being  to  the  same  end 
surrounded  with  a freezing  mixture.  The  mixture 
after  a time  separates  into  two  layers,  the  lower 
consisting  of  aqueous  chloride  of  calcium,  the  upper 
of  hydrocyanic  acid  in  a great  measure  freed  from 
water.  This  latter  is  again  treated  with  chloride  of 
calcium  until  no  action  takes  places  between  the  two. 

Another  method  is  to  pass  the  vapour  of  hydro- 
cyanic acid  over  chloride  of  calcium  in  a series  of  U 
tubes,  and  thence  into  a vessel  placed  in  a freezing 
mixture. 

The  mixture  distilled  may  in  this  case  be  10  parts 
of  yellow  prussiate  with  7 of  oil  of  vitriol,  and  14  of 
water.  The  retort  should  be  heated  very  cautiously 
to  avoid  the  slightest  risk  of  breakage,  and  the  tem- 
perature of  the  vessels  containing  the  chloride  of 
calcium  should  not  be  allowed  to  be  below  90° 
Fahr.,  in  order  to  prevent  the  condensation  of  the 
acid  elsewhere  than  in  the  freezing  mixture.  The 
escape  of  vapour  from  accidental  fracture  of  the 
apparatus  would  be  exceedingly  likely  to  kill  the 
bystanders. 


Hydrocyanic  acid  is  poisonous  to  vegetables 
as  well  as  to  animals.  When  the  stems  of  plants 
possessing  irritability  are  immersed  in  the  acid,  they 
lose  this  property.  It  prevents  the  milk  of  lactes- 
cent plants  from  leaving  its  cells,  and  deprives  seeds 
of  their  germinating  power. 

Experiments  have  been  made  on  animals  generally, 
from  the  mammalia  down  to  the  infusoria,  with  hydro- 
cyanic acid.  The  effects  appear  to  have  been  similar 
in  near  ly  every  instance,  the  animals  being  convulsed, 
and  losing  sensation  and  voluntary  motion. 

It  was  first  introduced  into  medicine  about  the 
year  1806  by  the  Italian  practitioners,  Borea,  Brug- 
NATELLi,  and  Rasori.  Its  use  in  England  was  much 
furthered  by  the  investigations  of  Drs.  A.  T.  Thom- 
son and  Elliotson  in  1820  and  the  subsequent 
year.  It  has  been  tried  as  a remedial  agent  in  many 
affections  of  the  pulmonary  organs,  in  derangements 
of  the  nervous  system,  in  hydrophobia,  as  an  anodyne, 
and  as  an  anthelmintic,  with  questionable  success ; 
but  it  is  now  employed  only  for  alleviating  disorders 
of  the  stomach,  and  as  a lotion,  and,  in  the  state  of 
vapour,  in  certain  affections  of  the  eyes. 

When  given  in  medicinal  doses,  cautiously  in- 
creased, Dr.  Pereira  observed  the  following  effects : — 
A bitter,  but  peculiar  taste;  increased  secretion  of 
saliva ; irritation  in  the  throat ; frequently  nausea ; 
disordered  and  laborious  respiration,  sometimes 
quick,  at  others  slow  and  deep ; pain  in  the  head, 
giddiness,  obscured  vision,  and  sleepiness. 

When  administered  in  poisonous  doses  of  moderate 
quantity  a remarkably  bitter  taste  is  experienced 
immediately  after  swallowing  the  acid  ; this  is  soon 
followed  by  a sensation  of  faintness  and  giddiness, 
with  salivation,  and  is  succeeded  by  tetanic  convul- 
sions and  insensibility;  the  respiration  is  difficult 
and  spasmodic ; the  odour  of  the  acid  may  be 
recognized  in  the  breath  ; the  pupils  are  usually 
dilated,  though  sometimes  contracted ; the  pulse  is 
small  and  imperceptible.  When  recovery  takes  place 
it  is  usually  very  rapid,  and  the  whole  period  of 
suffering  seldom  exceeds  half  an  hour,  though  there 
have  been  exceptions,  in  which  the  symptoms  have 
extended  over  several  hours. 

The  principal  .antidotes  in  cases  of  poisoning  by 
hydrocyanic  acid  are  chlorine,  ammonia,  cold  affusion, 
and  artificial  respiration,  but  the  efficacy  of  all  these 
methods  is  doubtful ; and  unhappily  the  action  of  the 
poison  is  so  exceedingly  rapid  that  they  can  seldom 
even  be  tried. 

In  cases  of  poisoning  the  presence  of  hydrocyanic 
acid  is  detected  by  acidulating  the  suspected  liquid 
with  tartaric  iicid,  and  distilling  off  the  prussic  acid 
at  a low  temperature.  Caustic  soda  is  then  added 
to  the  distillate  till  the  latter  is  distinctly  alkaline, 
and  a mixture  of  a ferrous  and  ferric  salt  is  added 
(ferrous  sulphate  partially  oxidized  by  exposure  to 
the  air  answers  very  well),  and  then  an  excess  of 
hydrochloric  acid.  If  prussic  acid  is  present  Prussian 
blue  is  formed,  and  remains  undissolved.  A much 
more  delicate  test  is  the  conversion  of  the  acid  by 
ammonium  sulphide  into  sulphocyanide  of  am- 
monium, when  an  additional  drop  of  a solution  of 
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a ferric  salt  will,  if  the  acid  be  present,  produce  a 
blood-red  colour. 

ICE. — 67«ce,  French;  German  ; G/aa'e.'?,  Latin. 

Frozen  water. — In  very  many  technical  processes  it 
is  requisite  to  abstract  heat  and  to  reduce  the  tem- 
perature. The  natural  means  of  effecting  this 
object  is  furnished  by  ice,  which  has  of  late  j’ears 
become  an  article  of  commerce.  Prior  to  the  year 
1840,  little  or  no  ice  was  imported  into  this  country; 
but  about  that  time  the  IVenham  Lake  Ice  Company 
was  formed,  for  the  purpose  of  bringing  ice  from  a 
lake  at  some  distance  from  Boston,  U.S.  Eventu- 
ally it  was  found  that  ice  could  be  obtained  with 
gi-eater  advantage  from  Norway,  and  at  the  present 
time  a vast  quantity  is  annually  imported  from  that 
country.  The  price  in  1876  was  at  one  time  as  low 
as  lbs.  per  ton.  It  commonly  varies,  according  to 
the  seam,  from  IS?,  to  40.5.  per  ton.  The  price  at 
which  it  is  sold  retail — £7  to  £9  per  ton — is  a great 
bar  to  its  use  for  domestic  purposes. 

'Fhe  advantages  accruing  from  the  use  of  ice  for 
various  manufacturing  processes,  and  the  increased 
demand  for  it,  naturally  led  to  A'arious  means  being 
devised  for  procuring  it  artificially  ; and  as  an  off- 
shoot from  this,  to  the  construction  of  refrigerating 
machines,  which,  though  considerably  lowering  the 
temperature  of  water,  did  not  go  so  far  as  to  pro- 
duce ice. 

Cold  is  produced  in  various  ways,  the  principal 
being  by  radiation  into  sjiace,  by  the  liquefaction  of 
solids,  by  the  vaporization  of  liquids,  by  the  dilata- 
tion of  gases,  and  by  electricity. 

The  last  method  of  producing  cold  has  as  yet  been 
merely  the  subject  of  scientific  experiment.  Peltieu 
discovered,  in  experimenting  with  the  thermo-electric 
pile,  that  cold  was  produced  by  a current  passing 
from  the  bismuth  to  the  antimony. 

The  cold  produced  by  radiation  has  been  used  in 
the  production  of  ice- for  centuries.  In  the  upper 
provinces  of  India  ice  is  obtained  by  exposing  water 
in  shallow  porous  vessels  on  clear  dry  nights.  In 
Bengal,  shallow  pits  are  dug,  which  are  partially 
filled  with  straw,  and  on  the  straw  flat  pans  contain- 
ing water  are  exposed  to  the  clear  firmament.  The 
water  is  a powerful  radiant,  and  sends  off  its  heat 
copiously  into  space.  The  heat  thus  lost  cannot  be 
supplied  from  the  earth,  this  source  being  cut  off  by 
the  non-conducting  straw.  Before  sunrise  a cake 
of  ice  is  formed  in  each  vessel.  The  nights  most 
favourable  for  the  production  of  ice  are  those  which 
are  clearest  and  most  serene,  and  in  which  very  httle 
dew  appears  after  midnight.  Tyndall  (*•  Heat  as 
a Mode  of  ISIotion  ”)  points  out  that  to  produce  the 
ice  in  iibundance,  the  atmosphere  must  not  only  be 
clear,  but  it  must  be  comparatively  free  from  aqueous 
vapour.  When  the  straw  on  which  the  pans  are 
laid  becomes  wet  it  is  necessary  to  change  it  for  dry, 
not  only  because  when  wet  it  is  rendered  more  com 
pact  and  efficient  as  a conductor  of  heat,  but  also 
because  the  vapour  rising  from  the  wet  straw,  and 
overspreading  the  pans  like  a screen,  would  check 
the  chill,  and  retard  the  congelation. 

Wells,  in  his  essay  on  “ l)ew  ” in  1818,  pointed 

out  that  this  is  an  effect  of  chilling  by  radiation.  The 
upper  parts  of  the  grass  radiate  their  heat  into 
regions  of  empty  space,  which  consequently  send  no 
heat  back  in  return  ; its  lower  parts,  from  the  small- 
ness of  their  conducting  power,  transmit  little  of 
the  earth’s  heat  to  the  upper  parts,  which  at  the 
same  time  receiving  only  a small  quantity  from-  the 
atmosphere  and  none  from  any  other  latent  body, 
must  remain  colder  than  the  air,  and  condense  into 
dew  its  watery  vapour  if  it  be  sufficiently  abundant. 

The  various  mixtures  of  salts  known  as  freez- 
ing mixtures  afford  examples  of  cold  produced  by 
liquefaction  of  solids.  If  ice  at  32°  Fahr.  is  melted 
over  a fire,  as  long  as  the  smallest  particle  of  solid 
water  remains  the  temperature  of  the  liquid  does 
not  rise  above  32°,  although  during  the  whole  time 
heat  is  being  absorbed.  Suppose  now  the  melting 
takes  place  by  admixture  with  any  substance  which 
will  cause  rapid  liquefaction,  it  is  evident  the  heat 
must  be  supplied  from  the  extraneous  objects,  and  a 
very  considerable  degree  of  cold  will  be  produced. 

Walker  arranged  a long  list  of  substances  which 
by  their  rapid  solution  are  enabled  to  act  as  frigor- 

ific  mixtures.  Thus  with  Thermometer  sinks 

Degiees  Fahr. 

Ammonium  nitrate, 1 nart.  f rr rno  , so 

Water, 1 “ | From  50  to  + 4 

Ammonium  chloride, 5 parts.  ) 

Potassium  nitrate, 5 “ > From  + 50’  to  + 10’ 

Water, 16  “ ) 

Ammonium  chloride, 5 parts,  j 

Potassium  nitrate 5 “ i r,  , cno . , 

Sodium  sulphate, 8 “ \ + 50  to  + 4 

Water, 16  “ J 

Sodium  nitrate, 3 parts. j r-  , .no.  oo 

Nitric  acid,  diluted, 2 f ~ ^ 

Ammonium  nitrate, 1 Jiart.  j 

Sodium  carbonate, 1 “ y From  + 50°  to  — 7’ 

Water, 1 “ j 

Sodium  phosphate, 9 iiarts.  ) , .no  . mo 

Nitric  add,  diluted, 4 “ | ~ ’2 

Sodium  sulphate, Spurts.)  , .not  n= 

Hydrochloric  acid, 9 “ 1 " 

Sodium  sulphate 5 parts.  1 -r. .coo  * , oo 

Sulphuric  acid,  diluted 4 “ j"  + 50  to  + 3 

Sodium  sulphate 6 parts,  j 

Ammonium  chloride, 4 “ ! p,  „ , cno . mo 

Potassium  nitrate.  2 “ \ + 50  to  - 10 

Nitric  acid,  diluted, 4 “ J 

Sodium  sulphate, 6 parts,  j 

Ammonium  nitrate, 5 “ y From  + 50°  to  — 40° 

Nitric  acid,  diluted, 4 “ | 

Snow  or  pounded  ice, 2 parts,  j . .o 

Sodium  chloride, 1 “ ) 

Snow,  or  pounded  ice, 5 parts,  j 

Sodium  chloride, 2 “ y to  12° 

Ammonium  chloride, 1 “ } 

Snow,  or  pounded  ice, 24  parts.'; 

Sodium  chloride, 10  “1  . iq° 

Ammonium  chloride, 5 “ | o » 

Potassium  nitrate, 5 “ j 

Snow,  or  pounded  ice,  ....  12  parts.  | 

Sodium  chloride 5 “ y to  2.5° 

Ammonium  nitrate, 5 “ ) 

Sulphuric  acid,  diluted, . . . . 2 ^ ~ ^3° 

H;°h;;id;;ic  ^cid;;;.-.:;::: ! f + ^2°  to  - 27° 

i '''■■’■}  f™-  + rr..-3o- 

Calcium  chloride,  crystal-  y From  -1-  32°  to  — 50° 

lized, 3 “ j 

f ’’‘‘‘''I  + 32°  to -51° 
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The  reduction  of  temperature  produced  by  these 
mixtures  is  entirely  due  to  the  absorption  of  heat 
accompanying  the  passage  of  the  salts  from  the 
solid  to  the  liquid  state.  Faraday  obtained  a very 
intense  cold  (about  — 160°  Fahr.)  by  dissolving 
solid  carbonic  acid  in  sulphuric  ether,  and  allowing 
the  mixture  to  evaporate. 

Dr.  C.  W.  Siemens  many  years  ago  made  use  of 
a refrigerating  mixture  for  the  production  of  ice  in 
connection  with  his  principle  of  regeneration  of  heat. 
When  crystals  of  chloride  of  calcium  are  dissolved 
in  water,  a considerable  reduction  in  temperature — 
about  30°  Fahr. — takes  place.  This  is  not  sufficient 
to  produce  ice  from  water  of  60°  or  65°  Fahr. ; but  Dr. 
Siemens  made  an  arrangement  by  which  the  water 
to  be  cooled  e.xchanged  heat  with  the  spent  liquor, 
thus  producing  an  accumulation  of  the  effect  in 
the  centre  of  the  machine.  This  machine  worked 
well,  and  produced  ice  at  a considerable  rate ; but 
the  salt  employed — chloride  of  calcium — is  not  a 
pleasant  substance  to  deal  with  ; it  has  to  be  re- 
evaporated and  crystallized ; and  all  this  manipula- 
tion makes  the  process,  in  Dr,  Siemens’  judgment, 
far  inferior  to  the  purely  mechanical  methods  whicli 
have  since  been  adopted. 

In  India  the  vaporization  of  water  is  commonly 
used  as  a means  of  producing  cold.  AVater  is  placed 
in  a metal  bottle,  which  is  then  wrajiped  in  a wet 
cloth  and  swung  in  the  sun.  The  current  of  heated 
air  dissolves  up  the  aqueous  vapour  with  great 
rapidity,  and  so  enhances  the  amount  of  evaporation 
that  heat  is  abstracted  from  the  contained  water. 
'I’he  porous  bottles  and  jars  so  much  used  in  the 
tropics  cool  their  liquid  contents  by  the  rapid 
evaporation  of  the  moisture  which  permeates  the 
substance  of  the  jar.  AA’hen  hot  dry  winds  prevail 
in  the  arid  parts  of  India,  houses  are  cooled  by 
blowing  air  through  a thick  matting  kept  constantly 
wetted  with  water.  The  evaporation  of  the  water 
cools  down  the  air  to  an  agreeable  temperature,  and 
the  hotter  the  wind,  the  greater  is  its  avidity  for 
aqueous  vapour,  and  the  greater  the  retrigeration. 

The  dilatation  of  gas,  or  the  vajiorization  of  liquids, 
are  by  far  the  most  economical  means  of  procuring 
refrigeration,  and  one  or  other,  or  both  of  these,  are 
employed  in  all  the  freezing  machines  now  at  work. 

The  work  to  be  done  in  the  artificial  production  of 
ice  is  very  lucidly  stated  by  Dr.  B.  II.  Paul  (Q«ar- 
terhj  Jonrnol  Science,  vol.  vi.,  and  Society  o;  Arts 
JournnI,  vol.  xvii.). 

The  amounts  of  heat  abstracted  from  water,  or 
from  steam  in  the  liquefaction  of  ice,  and  from  steam 
in  the  heating  of  w'ater,  are  the  amounts  wdiich 
detemiine  the  liquid  and  vaporous  states  of  water, 
and  they  represent  the  expenditure  of  heat  requisite 
for  converting  ice  into  tlie  liquid  state,  and  water 
into  the  state  of  vapour. 

Now  when  a pound  of  ice  is  immersed  in  about 
three-quarters  of  a pound  of  boiling  water  the  ice 
gradually  melts,  and  at  the  same  time  the  water  will 
be  cooled  down  to  32°  Fahr.  In  this  case  the 
amount  of  heat  absorbed,  or  expended  in  effecting 
the  liquefaction  of  the  ice,  is  about  three-fourths 


that  corresponding  to  the  interval  between  32°  and 
212°  Fahr.  Again,  if  steam  at  212°  Fahr.  be  forced 
into  water  at  32°  Fahr.  it  is  condensed,  the  tempera- 
ture of  the  Avater  rising  gradually  to  212°  Fahr.  If 
the  weight  of  the  water  be  now  ascertained  it  will 
be  found  to  have  increased  by  one -fifth.  The 
amount  of  heat  liberated  is  therefore  about  five  times 
as  great  as  that  corresponding  to  the  difference 
of  temperature  between  Avater  at  32°  Fahr.  and  Avater 
at  212°  Fahr.  In  like  manner  if  ice  be  mixed  with 
steam  at  212°  Fahr.,  the  ice  Avill  be  liquefied  and  the 
steam  condensed,  the  resulting  water  being  one- 
eighth  heavier  than  the  ice,  and  having  the  tempera- 
ture of  35°.  Therefore  the  amount  of  heat  liberated 
in  the  condensation  of  the  steam  is  about  eight  times 
as  great  as  that  expended  in  the  liquefaction  of  ice. 

In  order  to  express  the  quantities  and  relative 
amounts  of  heat  concerned  in  producing  these  and 
similar  effects,  it  is  necessary  to  adopt  some  effect 
of  heat  as  the  standard  of  comparison.  In  this 
country  the  “ unit  ” of  heat  is  the  quantity  of  lieat 
required  to  raise  tlie  temperature  of  1 lb.  of  water 
one  degree  of  Fahrenheit’s  scale. 

AVater  at  60°  Fahr.  contains  an  amount  of  heat 
greater  than  that  contained  in  an  equal  quantity 
of  ice  at  32°,  to  the  extent  of  170'65  heat  units  for 
each  pound  ; so  that  to  convert  water  at  60°  Fahr. 
into  ice,  it  is  necessary  to  abstract  that  amount  of 
heat  from  it.  Thus,  to  produce  1 ton  of  ice  it 
Avould  be  necessary  to  abstract  from  the  water  62,720 
heat  units  = 2240  lbs.  X 28  (I.e.,  60°  — 32°),  in 
order  to  reduce  it  to  the  freezing  point  of  water. 

But  to  convert  the  cooled  Avater  into  ice  it  is 
necessary  to  effect  a still  further  abstraction  of  the 
heat,  which  in  the  latent  condition  determines  the 
liquidity  of  water.  I’hat  heat  amounts  to  142'65 
units  for  each  pound  of  Avater,  according  to  the  most 
accurate  determinations  of  P erson  ; and  consequently 
for  a ton  it  Avould  be  319,536  heat  units  = 224U  lbs. 
X 142‘65  latent  heat  of  Avater. 

Hence  the  total  quantity  of  heat  to  be  abstracted 
from  Avater  at  6U°  Falir.  in  order  to  produce  1 ton 
of  ice  is  382,256  heat  units  (=  319,536  + 62,720). 
This  is  a quantity  of  heat  equivalent  to  the  evapora- 
tion of  about  3 cwts.  of  water  at  60°  Fahr.,  and 
is  not  more  than  about  one-eightieth  of  the  heat 
capable  of  being  generated  by  1 ton  of  coal. 

Kefrigeration,  or  the  artificial  production  of  ice, 
is  therefore  simply  a manipulation  of  heat.  In 
generating  steam,  heat  is  communicated  to  water. 
In  refrigeration  heat  is  abstracted  from  water,  and  in 
this  process  the  Avater,  Avhich  is  cooled,  corresponds 
to  tlie  fuel  Avhich  is  burnt  in  generating  steam. 
Just  in  the  same  Avay  that  fuel  in  burning  yields  its 
i heat  to  the  substance  vaporized,  so  does  water  in 
refrigeration  yield  its  heat  to  some  substance  capable 
j of  receiving  it. 

i The  amount  of  heat  absorbed  by  a body  in  changing 
its  state  may  be  abstracted  and  transferred  to  some 
other  substance  capable  of  undergoing  a change, 
such  as  vaporization,  Avhich  involves  an  expenditure 
of  heat.  1 lb.  of  Avater  in  becoming  steam  absorbs 
966T0  heat  units  (Begnault)  ; ammonia  in  becom- 
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ing  gcOS,  OOO'OO  heat  units  per  lb.  (Favre  and  Silber- 
'M.aNN)  ; alcohol  in  becoming  vapour,  3G4'30  heat 
units  per  lb.  (Andrews);  and  ether,  162‘80heat  units 
(Andrews). 

Applying  these  data  to  the  artificial  production  of 
ice,  it  is  evident  that  for  a given  weight  of  these 
liquids  their  efficiency  in  abstracting  heat  will  be 
in  the  same  ratio  as  the  amount  of  latent  heat  in 
their  vapours,  and  that  the  quantities  of  each  of  the 
above  substances  which  would  have  to  be  vaporized 
in  order  to  produce  one  ton  of  ice.  by  abstracting 
from  water  882,256  heat  units,  would  be  in  the 
inverse  ratio,  as  follows : — Water,  395'669  lbs. ; 
liquid  ammonia,  424'728  lbs. ; alcohol,  1049'272  lbs. ; 
ether,  2348'OUO  lbs. 

The  expansion  of  an  incompressible  gas  is  another 
mode  of  producing  cold.  When  atmospheric  air 
is  expanded  heat  is  absorbed  at  the  rate  of  -069,  or 
about  -f4*h  of  a heat  unit  for  each  pound  of  air 
expanded  to  the  extent  of  •002035,  or  about 
of  its  volume  at  32°  Fahr.  By  compressing  air  an 
equal  amount  of  heat  is  liberated  in  proportion  to 
the  degree  of  compression,  and  the  temperature  of 
the  air  is  raised.  If  the  compressed  air  be  thus 
cooled  to  a low  temperature,  and  afterwards  allowed 
to  expand,  so  as  to  overcome  some  pressure  or  re- 
sistance, a part  of  the  he,at  which  determines  the 
temperature  of  the  air  is  absorbed  or  rendered  latent 
in  effecting  the  expansion,  and  thus  the  temperature 
of  the  air  is  reduced  proportionately  to  the  degree 
of  expansion.  Thus,  for  instance,  if  1 lb.  of  air  at 
60°  Fahr.  (=  13‘093  cubic  feet  under  normal  atmo- 
sj)lieric  pressure)  were  compressed  to  T24  cubic 
feet,  the  quantity  of  liberated  heat  would  amount 
to  32‘44  heat  units. 

Then,  since  air  requires  '169,  or  about  one-sixth 
of  a heat  unit,  to  raise  the  temperature  of  1 lb.  1° 
Fahr.  when  the  volume  remains  constant,  the  heat 
liberated  by  the  compression  would  produce  rise  of 
temperature  amounting  to  191°-98  Fahr.,  equal  to 
32-44  heat  units,  and  the  temperature  of  the  air 
would  become  251°'98  (=  60°  + 191°'98).  By  cool- 
ing this  compressed  air  to  32°  Fahr.  the  quantity  of 
heat  abstracted  would  amount  to  37-18  heat  units 
per  pound  of  air,  and  by  expanding  it  then  to  say  4 
cubic  feet,  heat  would  be  rendered  latent  in  this 
expansion,  and  it  would  amount  to  7-56  heat  units,  i 
This  heat  would  be  abstracted  from  that  to  which 
the  temperature  of  the  air  (viz.  32°  Fiihr.)  was  due, 
and  the  air  temperature  would  be  thereby  reduced 
to  the  extent  of  1°  for  every  0-169  heat  unit  thus 
rendered  latent  by  the  expansion,  which  in  the  case 
here  supposed  would  be  to  the  extent  of  44°-72, 
that  is  to  — 12°-72  Fahr. 

Every  pound  of  air  cooled  to  this  temperature 
would  reduce  the  temperature  of  about  -108  ton  of 
water  60°  to  32°  Fahr.,  so  that  to  cool  a ton  of  water 
from  the  higher  to  the  lower  temperature  by  this 
process,  it  would  be  requisite  to  compress  and  cool 
to  32°  Fahr.  9-256  tons  of  air;  and  then  to  convert 
the  cooled  water  into  ice,  it  would  be  requisite  to 
compress  and  cool  a further  46-28  tons  of  air,  or  in 
all  55-53  tons  of  air  to  produce  1 ton  of  ice. 


The  mechanical  production  of  cold  by  the  air 
machine  exemplifies  the  principle  involved  in  refriger- 
ating machines  of  all  kinds.  Every  machine  for 
producing  cold  by  a continuous  circle  of  mechanical 
operations,  without  the  use  of  anything  colder  than  the 
body  it  is  desired  to  cool,  is  simply  the  negative  solu- 
tion of  a motive-power  heat  engine  (Alex.  C.  Kirk, 
“ Inst,  of  Civil  Engineers’  Proc.,”  vol.  xxxvii.).  A 
motive-pow-er  heat  engine  absorbs  heat  at  a high 
temperature,  rejects  it  at  a lower  temperature,  and 
developes  an  amount  of  power  in  proportion  to  the 
number  of  degrees  through  which  the  temperature 
falls.  A machine  producing  cold  is  such  an  engine, 
absorbing  heat  at  a low  temperature,  rejecting  it  at  a 
higher  temperature,  and  requiring  work  to  be  spent 
in  driving  it  in  proportion  to  the  number  of  degrees 
through  which  the  temperature  is  raised.  Heat  in 
falling  from  a high  temperature  to  a lower  tempera- 
ture exerts  “work,”  and  “work”  has  to  be  expended 
to  raise  a low  temperature  to  a higher  temperature. 
The  thermodynamic  formulae  for  every  heat  engine 
apply  equally  to  the  corresponding  refrigerating 
machine ; the  work  in  the  former  appearing  as  a 
positive,  and  the  latter  as  a negative  quantity. 

If  the  amount  of  heat  rendered  latent  by  vaporiz- 
ation of  a sub.stance  were  the  only  point  to  be  con- 
sidered in  regard  to  its  efficiency  as  a refrigerating 
agent,  water  would  be  the  best  material  to  employ 
for  that  purpose,  both  on  account  of  the  large  amount 
of  heat  it  requires  for  its  conversion  into  vapour, 
and  from  its  being  more  readily  attainable  than  any 
other  body  with  the  exception  of  air.  But  it  is  also 
necessary  to  take  into  account  the  degree  of  facility 
with  which  the  substances  are  vaporized,  and  the 
range  of  temperature  within  which  they  can  be  readily 
converted  into  vapour.  The  relation  of  ammonia, 
ether,  alcohol,  and  water,  in  this  respect,  is  shown 
in  the  following  table,  which  gives  their  boiling 
points  under  the  normal  atmospheric  pressure  of  30 
inches  of  mercury,  and  the  tension  of  their  vapours 
at  different  temperatures : — 


Ainmonisu 
BoiMiig 
Point 
— 28«  66. 

Ether. 

Boiling 

Point 

«5®. 

Alcohol. 

Boiling 

Point 

Water. 

Boiling 

Point 

Fahr. 

Inches. 

Inches. 

Inches. 

Inches. 

r 

101° 

60-64 

35-81 

5-26 

2-16 

Tension  of 

68 

254-61 

67-06 

1-75 

0-68 

vapour  in  | 

50 

181-58 

11-28 

0-96 

0-36 

iiiolies  ol-{ 

3J 

1-24-.52 

7-22 

0-50 

0-18 

mercury  | — 

4 

55-03 

2-66 

0-13 

— 

at—  i — 

40 

20-81 

— 

— 

— 

1 

k.  

108-76 

9-45 

— 

— 

— 

It  is  evident  from  these  data  that  the  differences 
obtaining  in  this  respect  entirely  alter  the  relation 
of  the  substances  as  refrigerating  agents.  In  the 
case  of  water,  which  has  the  largest  capability  of 
absorbing  heat  in  vaporizing,  the  normal  boiling 
point  is  much  too  far  above  the  freezing  point  to 
admit  of  its  being  applied  for  cooling  purposes ; 
wliile  at  temperatures  much  below  the  norinal 
boiling  point,  the  tension  of  its  vapour,  which  is 
the  measure  of  the  capability  of  vaporization,  is  so 
small  that  the  rate  of  vaporization  would  not  be 
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sufficiently  rapid  to  produce  the  refrigeration  re- 
cpiired  in  making  ice.  The  characters  of  alcohol  in 
this  respect  are  but  slightly  more  favourable  than 
those  of  water. 

In  the  case  of  ether,  on  the  contrary,  the  normal 
boiling  point  is  only  35°  above  the  ordinary  atmo- 
spheric temperature,  and  at  temperatures  below  that 
point  its  vapour  has  a considerably  greater  tension 
than  those  of  alcohol  and  water.  IStill,  the  tension 
of  ether  vapour,  within  the  range  of  60°  to  — 4° 
Fahr.,  is  too  small  to  admit  of  its  being  used  as  a 
refrigerating  agent  without  increasing  its  rate  of 
vaj)orization  by  means  of  an  air  pump  and  evapo- 
rating ih  racuo. 

With  liquid  ammonia,  however,  the  case  is  very 
different.  This  substance  is  gaseous  within  the 
ordinary  range  of  atmospheric  temperature  under 
normal  pressure  ; and  it  requires,  at  ordinary  tem- 
peratures, a pressure  of  from  8 to  10  atmospheres 
(117  to  150  lbs.  to  the  square  inch)  to  maintain  it 
in  the  liquid  state.  At  the  same  time,  the  latent 
heat  of  ammonia  approaches  very  nearly  to  that  of 
water,  and  the  tension  of  its  vapour  between  60° 
and  — 4°  Fahr.  is  about  18  times  as  great  as  that 
of  ether  vapour.  This,  then,  is  a material  possessing 
the  qualifications  necessary  in  a refrigerating  agent 
in  a very  high  degree.  It  is  only  necessary  to  reduce 
the  pressure  by  which  ammonia  is  retained  in  the 
liquid  state  in  order  to  effect  its  vaporization,  and 
thus  to  bring  into  play  its  capacity  for  absorbing 
heat  from  water,  or  from  tiny  other  substance  to  be 
cooled. 

For  making  ice  the  choice  of  a refrigerating  agent 
at  present  lies  between  air,  ether,  and  ammonia, 
though  practical  experiments  have  also  been  made 
with  sulphurous  acid,  acetate  of  methyl,  carbon 
disulphide,  &c.  (J.  Gajigee).  Machines  for  making 
ice  will  of  course  perform  any  lighter  work,  such  as 
cooling  liquids  or  air. 

Refrigerating  machines  are  now  largely  used  in 
breweries,  since  fermentation  goes  on  to  the  greatest 
advantage  at  temperatures  not  far  removed  from  the 
freezing  point.  For  preserving  meat  in  hot  climates, 
and  in  transporting  it,  artificial  means  of  reducing 
the  temperature  are  coming  into  use,  and  will  be 
much  more  extensively  employed  as  cheaper  and 
more  ready  methods  of  ice-making  are  devised.  In 
hot  climates  refrigeration  is  of  very  high  importance 
in  a sanitary  point  of  view  ; and  if  the  means  were 
forthcoming,  houses  and  places  of  resort  would  be 
no  doubt  refrigerated  with  the  same  care  and  regu- 
larity that  they  are  now,  when  necessary,  heated. 

Greaves  recently  stated  that  a vast  quantity  of 
water  is  discharged  into  the  sewers  which  has  merely 
been  used  for  cooling  purposes,  and  which  has 
acquired  no  contamination,  but  is  simply  elevated 
ill  temperature  a few  degrees.  To  his  knowledge 
a sum  of  at  least  £10,000  was  quite  lately  paid 
annually  to  the  East  London  Water  Company  for 
water  used  for  this  pur[)ose  by  sugar-makers.  The 
process  of  boiling  in  vacuo  has  now  been  prac- 
tiseil  for  about  fifty  years ; but  recently  there  has 
been  a great  endeavour  to  lower  the  tcmiierature 


under  which  the  process  is  conducted.  Sugar  is 
now  boiled  at  a temperature  as  low  as  110°  Fahr.; 
and  as  a consequence  becomes  at  once  a strong, 
bright,  crystalline  substance,  instead  of  being  carried 
through  the  earlier  stages  of  a heavy  syrup,  to  be 
afterwards  clarified  and  made  into  loaves.  The 
modern  process  would  not  be  applicable  without 
the  aid  of  the  low  temperature,  and  this  low  tem- 
perature is  only  obtained  by  working  under  a high 
vacuum,  and  with  rapid  condensation  of  the  vapour 
produced. 

In  brewing  and  distilling  also,  large  sums  are 
annually  expended  for  water  only  used  in  maintaining 
low  temperatures,  not  only  to  condense  the  spirits 
and  expedite  tlie  work,  but  to  keep  up  the  quality, 
flavour,  and  even  soundness  in  many  liquors. 

As  an  aid  to  the  power  of  the  steam  engine, 
inci’eased  ease  and  rapidity  of  condensation  is  much 
needed.  For  instance,  the  temperature  of  the  whole 
sea  in  the  Bay  of  Bengal  is  for  months  as  high  or 
even  liigher  than  that  of  the  condensed  water  or  hot 
well  of  a steam  engine  in  northern  climates;  and  in 
consequence,  many  a steamer  that  can  run  at  a high 
velocity  and  make  excellent  passages  across  the  North 
Atlantic,  becomes  a mere  tub  in  tropical  seas,  not 
only  through  defect  of  vacuum,  but  by  the  unfair 
labour  thrown  upon  a surcharged  air  pump  lifting 
and  forcing  over  crooked  passages,  and  through  the 
ship’s  side,  streams  for  whicli  the  apertures  were  not 
adapted,  and  with  strains  for  which  the  parts  were 
not  designed. 

So  far  as  the  subject  has  been  at  present  investi- 
gated, it  appears  that  mechanical  refrigeration  may 
be  obtained  at  a much  cheaper  rate  if  the  reduction 
of  temperature  required  be  something  less  than  from 
about  60°  Fahr.  to  the  freezing  point  of  water. 
Thus,  an  air  machine  producing  ice  will  work  far 
less  economically  than  one  producing  only  cool  air 

Orlick  states  that  in  Truman's  brewery  eighteen 
barrels  of  water,  each  weighing  300  lbs.,  were  cooled 
10°  by  using  4 cwts.  of  ice.  Each  pound  of  ice,  in 
being  converted  into  water  of  a final  temperature  of 
51°  Fahr.,  absorbed  101  heat  units,  and  4 cwts.,  or 
448  lbs.,  X 161  = 72,300  units  of  heat  absorbed. 
Eighteen  barrels  of  water  in  cooling  down  10°  would 
give  off  but  58,800  units,  showing  a deficiency  of 
13,500  units,  which  must  have  been  absorbed  by  the 
vessel  eontaining  the  water,  or  by  the  cooling  effects 
of  the  atmosphere.  Truman's  ice  machine,  made  by 
SiEBE,  could  produce  6 tons  of  ice  in  twenty-four 
hours,  or  5 cwts.  per  hour;  in  other  words,  it  could 
cool  22^  barrels  ot  “ liquor  ” per  hour  10°,  or  81,000 
lbs.  1°  per  hour.  Comparing  this  result  wdth  that 
obtained  when  t!  e machine  was  employed  merely  to 
eool  water  to  be  used  in  the  ordinary  refrigerators, 
Mr.  King,  tlie  engineer  to  ilessrs.  Truman,  found 
that  the  machine  was  capable  of  reducing  the  tem- 
perature of  26  barrels  of  water  hourly  23°‘5,  or  611 
barrels  1° — i.c.,  was  capable  of  absorbing  219,960 
units  of  heat  per  hour.  This  gave  an  efficiency  of 
2'8  times  as  much  as  when  ice  was  first  made. 

In  another  instance,  given  by  King  to  Paui.,  he 
found  that  Siebe’s  ice-making  machine,  when  used 
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for  refrigerating  “liquor”  with  an  atmospheric 
temperature  of  G2°  Fahr.,  1000  barrels  of  water 
were  cooled  to  tho  extent  of  15°,  or  from  57°  to  42° 
Fahr.,  within  twenty-four  hours.  This  result  ex- 
pressed in  heat  units  amounts  to  5,400,000  = 1000 
X 360  lbs.  X 15  degrees. 

The  machine  with  which  this  result  was  achieved 
wascapableof  producing  about  5tons  of  ice  in  twenty- 
four  hours,  whereas  the  refrigeration  effected  was, 
in  fact,  equivalent  to  the  production  of  no  less  than 
14  tons  of  ice  from  water  at  60°  Fahr. 

Heat  Units.  Tons. 

Refrigeration  obtained,..  5,400,001) 

= 14-126 

Quantity  of  heat  to  be  ab-l 
strncted  from  water  at  [ oq,,  o-p 
60°  Fahr.  in  producing  j 
1 ton  of  ice,  J 

In  many  cases  where  refrigeration  is  required  it 
is  by  no  means  necessary  to  produce  ice,  and  in 
fact  the  advantage  to  be  gained  by  not  doing  so  is 
obvious,  when  it  is  remembered  that  the  work  to  be 
done  in  cooling  water  to  the  freezing  point  is  only 
one-sixth  of  that  requisite  for  converting  it  into  ice, 
and  that  in  making  ice  five-sixths  of  the  work  re- 
quired has  to  be  done  undei-  the  greatest  disadvan- 
tage, within  a range  of  temperature  below  the 
freezing  point. 

For  instance,  in  curing  houses,  breweries,  sugar 
refineries,  and  many  like  industries,  where  the  object 
is  to  keep  down  the  temperature  of  large  inclosed 
spaces,  or  to  cool  down  large  masses  of  liquid  to 
the  extent  of  10°  or  25°,  a machine  of  given  capacity 
is  far  more  profitably  employed,  and  will  do  a far 
greater  amount  of  actual  duty  by  direct  refrigeration 
to  the  extent  required,  than  by  making  ice  and  using 
that  for  the  purpose  of  cooling. 

Dr.  15.  II.  Paul  compares  the  relative  efficacy  of 
the  refrigerating  agents  used  in  the  air,  ether,  and 
ammonia  machines,  aSi  follows ; — To  produce  ice  at 
the  rate  of  5 cwts.  per  ton  from  water  at  60°  Fahr. 
the  refrigeration  must  amount  to  95,564  heat  units 
per  hour,  that  being  the  quantity  of  heat  contained 
in  5 cwts.  of  water  at  60°  Fahr.  above  the  heat  con- 
tained in  5 cwts.  of  ice,  560  lbs.  + 170-65  = 95,564. 
In  the  case  of  a machine  worked  with  ether,  the 
hourly  rate  of  vaj)Orization  must  amount  at  least  to 
587  lbs.,  with  liquid  ammonia  must  be  at  least  106 
lbs.,  while  with  an  air  machine  it  would  be  necessary 
to  compress  and  cool  at  least  14  tons  of  air. 

AVith  an  ether  machine  vaporization  is  maintained 
by  means  of  a powerful  air  pump  worked  by  a 
steam  engine.  In  the  air  machine,  also,  the  com- 
|>ressiou  of  the  air  requires  the  expenditure  of  con- 
siderable power.  In  the  liquid  ammonia  machine, 
on  the  contrary,  there  is  no  such  expenditure  of 
power  requisite,  owing  to  the  high  tension  of  its 
vapour  at  low  temperatures.  But  it  is  necessary  to 
keep  up  a great  pressure  within  the  apparatus,  in 
order  to  convert  the  ammonia  into  the  liquid  state; 
and  there  is  consequently  gi-eater  ditliculty  in  pre- 
venting leakage  from  the  working  parts  of  tlie 
machine.  The  use  of  ether  as  a cooling  agent  is 
attended  with  great  advantage  in  this  respect,  as 
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there  is  no  outward  pressure  in  the  refrigerator, 
and  when  sufficient  condensation  is  applied,  only  a 
very  slight  outward  pressure  in  other  parts  of  the 
machine.  This  circumstance  admits  of  the  work 
being  done  without  much  loss  of  material. 

David  Thomson  considers  that  this  gives  the  ether 
machine  a great  advantage  over  the  ammonia  for 
hot  climates,  since  even  in  this  country  it  is  requi- 
site to  work  at  the  pressure  of  160  to  170  lbs.  to  the 
square  inch  when  making  ice,  and  in  hot  countries 
200  lbs.  pressure  is  needed.  With  machines  working 
at  such  high  pressures  it  is  almost  impossible  to  keep 
them  absolutely  tight,  hence  ether  machines  are 
much  to  be  preferred  for  cooling  purjioses  in  such 
conditions. 

The  most  perfect  of  all  methods  as  regards  clean- 
liness and  freedom  from  loss  is  the  air  machine.  Atmo- 
spheric air  is  compressed  to  one  half  its  bulk,  or  to  one 
atmosphere  above  atmospheric  pressure.  The  com- 
pressed air  is  allowed  to  cool  in  contact  with  water, 
either  by  external  application  or  by  injection,  and  to 
expand  again  in  a working  cylinder.  The  amount 
of  heat  that  disappears  in  the  second  working  cylin- 
der is  the  exact  measure  of  the  refrigeration  pro- 
duced, an  amount  which  can  be  easily  calculated ; 
whereas  the  power  expended  is  the  difference  of 
force  involved  in  compressing  the  air  at  a higher, 
and  expanding  it  at  a lower  temperature. 

In  1857  a machine  of  this  description  was  invented 
by  D.  Gorrie.  It  did  not,  however,  produce  satis- 
factory results.  The  engine  was  a good  one  and 
the  air  pump  w as  judiciously  constructed ; but  the 
connection  between  the  reservoir  contjiining  the  com- 
pressed air,  and  the  air  expansion  engine,  was  too 
narrow,  and  was  provided  wdth  a throttle  valve ; 
there  being  evidently  a vague  idea  in  the  mind  of 
the  inventor  that  the  air  would  produce  more 
refrigeration  in  expanding  spontaneously  without 
doing  work  than  in  expanding  behind  a working  pis- 
ton, an  idea  which  was  permissible  at  a time  when 
the  dynamical  theory  of  heat  was  little  understood. 

Another  defect  was  that  the  hot  or  com[)ressed  air 
was  not  sufficiently  cooled  before  it  was  expanded, 
and  was  not  deprived  of  its  moisture.  This  latter 
was  a great  oversight,  since  the  moisture  in  air  plays 
a very  considerable  part  in  these  machines. 

At  a temperature  of  65”  Fahr.  saturated  air  con- 
tains 1 per.  cent  of  vapour  of  water,  and  this  has  not 
only  to  be  reduced  into  the  liquid,  but  also  into  the 
solid  condition,  representing  a total  absorption  of 
heat  to  the  amount  of  1140  units  of  heat  per  lb.  of 
condensed  vapour,  w-hich,  upon  the  quantity  of  air, 
would  represent  15°  Fahr.  of  loss  in  the  effect 
produced  by  expansion. 

Since  1857  the  air  engine  has  been  greatly  im- 
proved by  Kirk,  AVindiiausen,  and  others.  At  a 
meeting  in  connection  with  the  Vienna  Exhibition, 
it  was  stated  that  a AA'indhausen  machine  of  150 
horse-power  produced  30  cwts.  of  ice  per  hour,  the 
theoretical  result  being  that  that  amount  ought  to  be 
produced  by  90  horse-power.  The  cost  of  producing 
a cwt.  of  ice  by  this  machine  w-as  stated  to  be  one 
shilling. 
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Kirk’s  air  engine  consists  of  a cylinder  and  a 
piston  fitted  with  a wire-gauze  regenerator,  arranged 
in  such  a way  that  when  the  piston  is  moved  the  air 
inclosed  in  the  cylinder  may  pass  freely  through  the 
regenerator,  and  give  out  or  absorb  heat  from  it,  the 
air  being  compressed  at  the  one  end  of  the  cylinder, 
and  thereby  becoming  heated,  while  it  is  expanded 
at  the  other  end,  and  thereby  becomes  cooled  The 
heat  generated  during  compression  of  the  air  is 
removed  by  a current  of  cold  water  circulating  over 
the  cover  at  one  end  of  the  cylinder,  while  the 
cooled  expanded  air  abstracts  heat  from  a current  of 
brine  circulating  over  the  cover  at  the  other  end  of 
the  cylinder.  During  the  time  the  di.splacing  piston 
is  moving  up  or  down  the  air  passes  through  the 
regenerator,  which  by  retaining  and  giving  out  heat 
permits  the  passage  of  air  without  the  passage  of 
heat  from  one  space  to  the  other,  however  much  the 
one  may  be  colder  or  hotter  than  the  other.  Thus, 
when  the  machine  is  in  action,  the  contained  air  is 
in  a state  of  alternate  compression  and  expansion. 
AVhen  the  air  is  compressed  in  the  lower  space  the 
heat  generated  is  removed  by  the  water  flowing 
around  it;  and  while  the  air  is  expanding  in  the 
upper  space  heat  is  abstracted  from  whatever  solu- 
tion has  been  placed  in  the  upper  part  to  be  cooled. 
By  the  action  of  the  regenerator,  if  it  were  perfect, 
the  air  would  be  returned  to  each  chamber  at  the 
temperature  at  which  it  left  it,  and  would  commence 
both  its  heating  and  its  cooling  from  that  tempera- 
ture. Thus,  if  no  heat  were  abstracted  at  the  lower 
end,  and  no  heat  supplied  at  the  upper,  the  tempera- 
ture of  the  lower  end  would  continually  rise,  and 
that  of  the  upper  end  continually  fall,  th  ■ power 
required  to  drive  the  machine  continually  increasing 
as  the  resistance  to  compression  increased,  and  the 
assistance  got  from  expansion  diminished. 

Practically  there  is  a limit  to  this,  since  whatever 
be  the  material  of  the  apparatus,  ultimately  such  a 
difference  of  temperature  between  the  hot  and  eold 
ends  will  be  attained,  that  sufficient  heat  will  be 
conducted  through  the  piston  and  cylinder  from  the 
hot  end  to  supply  the  heat  absorbed  at  the  cold  end. 

The  efficiency  of  the  regenerator  increases  nearly 
in  proponion  to  the  density  of  the  air,  but  in  a 
slower  ratio ; and  it  may  be  concluded  that  the 
efficiency  of  all  other  surfaces,  such  as  the  ends  of 
the  cylinder  which  give  out  or  abstract  heat  from 
air,  increases  nearly  as  the  densit}'. 

For  a difference  of  temperature  of  156°  Fahr. 
between  the  hot  and  the  cold  sides  of  a regenerator, 
if  it  is  clean  and  all  the  surfaces  effective,  it  is  not 
necessary  to  use  more  than  fifty  layers  of  gauze. 
This  gives  one  layer  of  gauze  for  each  3°  difference 
of  temperature. 

Only  the  surface  exposed  to  the  action  of  the  air 
in  a regenerator  is  of  any  value,  the  proportion  of 
weight  of  material  in  a regenerator  to  weight  of  air 
passed  through  it  being  of  no  value. 

The  air  contained  in  the  machine  may  be  at  any 
pressure  which  the  machine  can  withstand.  At  the 
Bathgate  works  of  Messrs.  Young,  Meldrum.  and 
Binney  they  are  usually  worked  at  from  100  lbs.  to 
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120  lbs.  per  square  inch  maximum  pressure,  the 
efficiency  and  capacity  of  the  machine  for  work  in- 
creasing with  increased  pressure. 

To  keep  up  this  pressure,  a small  compressing 
pump  draws  air  through  a couple  of  boxes  containing 
chloride  of  calcium,  two  being  used  in  order  that 
they  may  be  filled  alternately  with  freshly  fused 
chloride,  and  the  air  be  drawn  first  through  the  one 
which  has  been  longest  in  use,  and  next  through  the 
one  freshly  filled.  This  is  necessary  to  dry  the  air ; 
for  if  the  air  be  damp  the  moisture  is  deposited  as 
snow  in  the  upper  parts  of  the  regenerator,  and  by 
obstructing  the  air  passages  does  mischief. 

As  in  spite  of  all  precautions  a little  moisture  will 
get  in,  the  following  arrangement  has  been  made  by 
A.  C.  Kirk  to  avoid  the  necessity  of  removing  the 
regenerator  and  drying  it  at  the  fire.  The  eccentric 
rod  of  the  machine  can  be  disconnected,  and  thus  all 
cooling  action  stopped  although  the  compressing 
piston  continues  to  work.  By  opening  a valve, 
making  communication  between  the  upper  or  cold 
ends  and  the  open  air,  and  working  the  compressing 
piston,  the  air  by  its  friction  in  rushing  through 
soon  warms  the  regenerator  and  evaporates  the 
moisture  from  the  interior. 

By  a machine  thus  constructed  Kirk  has  succeeded 
in  freezing  mercury  sufficiently  to  admit  of  its  being 
hammered  by  a wooden  mallet  into  a square  bar 
before  melting,  the  paraffin  spirit  in  which  the 
mercury  was  placed  being  at  the  same  temperature  a 
creamy  slightly  gelatinous  substance.  In  so  doing 
he  maintained  a difference  in  the  apparatus  of  almost 
100°  Fahr. 

A.  II.  Tait’s  compound  pneumatic  ice  apparatus 
consists  of  two  sets  of  pumps  driven  by  steam  or 
water-power;  one  set,  No.  1,  to  compress  sulphurous 
acid  gas  into  fluid  at  a pressure  of  about  45  lbs.  per 
square  inch,  or  four  atmospheres ; and  the  other 
No.  2,  to  compress  atmospheric  air  at  a pressure  of 
about  75  lbs.  per  square  inch.  To  these  are  added 
two  cylinders  furnished  inside  with  pipes,  likewise 
designated  Nos.  1 and  2,  and  an  ice  box  in  which  the 
water  to  be  frozen  is  congealed  by  a constant  current 
of  cold  air  which  pa.sses  over  and  under  the  surface 
of  the  water  in  the  vessel  placed  in  the  ice  box. 

Sulphurous  acid  may  be  economically  made  by 
forcing  the  products  of  the  combustion  of  sulphur 
into  an  open  vessel  containing  milk  of  lime  or  caustic 
soda,  when  the  sulphurous  acid  will  be  retained  in 
the  form  of  calcium  or  sodium  sulphite,  while  the 
nitrogen,  carbonic  acid,  and  undecomposed  atmo- 
spheric air  will  pass  off.  The  sulphite  of  lime  in  its 
fluid  state  is  then  placed  in  another  air-tight  wooden 
vessel,  furnished  with  a vessel  at  the  top  to  contain 
sulphuric  acid,  which  can  be  let  down  as  required 
into  the  solution,  in  order  to  set  free  the  sulphurous 
acid,  which  is  then  passed  through  a clean  vessel 
lined  with  lead  containing  sulphuric  acid  of  66*^ 
Beauine,  so  as  to  deprive  the  gas  of  aqueous  vapour, 
which  would  be  detrimental  in  the  process. 

Sulphurous  acid  may  also  be  made  by  sulphuric 
acid  and  scrap  copper,  sulphuric  acid  and  char 
coal,  &c. 
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The  sulphurous  acid  set  free  by  the  action  of  the 
sulphuric  acid  on  the  sulphite  of  lime  is  passed  to  the 
pumps  and  compressing  apparatus  No.  1,  by  which 
it  is  forced  into  an  upright  cylinder  filled  with  tubes 
of  copper,  coated  outside  with  an  alloy  of  tin  and 
lead,  the  inside  of  the  cylinder  being  lined  with 
sheet  lead.  The  gas  is  forced  by  the  pumps  No.  1 
into  the  cylinder  outside  the  tubes,  and  is  there 
condensed  at  a pressure  of  about  45  lbs.  per  square 
inch,  aided  by  a constant  stream  of  cold  water 
which  surrounds  the  cylinder,  and  also  passes  through 
the  pipes  inside  it.  The  liquefied  gas  is  now  let  into 
another  cylinder.  No.  2,  lined  with  lead  inside,  and 
fitted  with  copper  pipes  in  the  same  manner  as 
cylinder  No.  1.  The  expansion  of  the  gas  in  this 
cylinder  cools  the  liquid  circulating  in  the  tube. 
After  its  expansion  the  gas  is  returned  to  the  pumps 
to  be  agaui  liijuefied. 

Liquid  sulphurous  acid  boils  at  the  temperature 
of  14°  Fahr.,  or  18°  below  the  freezing  point  of 
w’ater ; and  if  allowed  to  assume  the  gaseous  form 
freely,  it  converts  the  fluid  left  behind  into  a solid, 
so  great  is  the  reduction  of  temperature.  The 
inventor  states  that  1 ton  of  coal  will  produce  6 
tons  of  ice. 

The  chief  feature  of  the  various  ether  and  ammonia 
refrigerating  machines  which  have  from  time  to  time 
been  devised  is  the  manner  in  which  the  vapour 
produced  by  evaporation  has  been  gathered  up  and 
re-condensed,  in  order  to  serve  over  and  over  again. 
The  method  of  reducing  the  temperature  is  the 
same  as  that  which  has  been  in  use  for  centuries  ; 
the  novelty  consists  in  expending  a certain  amount 
of  power  in  avoiding  the  loss  of  the  refrigerating 
agent. 

One  of  the  earliest  ice-machines  used  in  this 
country  employed  ether,  viz — that  of  Haiuuson  in 
1856. 

This  machine  was  subsequently  improved  by 
SiEUE  in  1862,  et  set/.  In  1862  Kirk  patented  his 
air  machine,  which  has  done  good  work  at  the 
Rathgate  Chemical  AVorks,  and  also  in  breweries, 
iSic.  Reece’s  ammonia  machine  was  patented  in 
1867.  Since  this  date  numerous  other  patents  have 
been  taken  out,  but  all  are  more  or  less  modifica- 
tions of  machines  already  existing,  and  no  really 
new  principle  has  been  developed. 

One  of  the  earliest  methods  is  the  chemical  one  of 
producing  refrigeration  by  evaporation  in  connection 
with  absorption.  Many  vapours — ammonia  being 
one  of  them — are  readily  absorbed  by  water,  but  can 
be  separated  again  by  the  application  of  heat  to 
the  mixed  liquid.  A machine  on  this  principle  was 
shown  by  Carrk  at  the  Universal  Exhibition,  1851, 
and  very  good  results  were  arrived  at  with  it. 

It  consisted  of  a boiler,  which  was  filled  with 
ammoniacal  liquor,  and  the  ammonia  vapour  was 
drawn  off  under  considerable  pressure  into  a surface 
condenser,  composed  of  tubes  surrounded  by  cool 
water.  A separation  was  thus  effected  by  heat  of 
the  ammonia  from  the  water,  and  the  ammonia,  after 
being  withdrawn  into  a vessel  of  lower  pressure, 
evaporated  at  a very  low  temperature,  and  thus 


produced  refrigeration,  the  vapours  of  ammonia  being 
eagerly  absorbed  by  water  of  ordinary  temperature, 
forming  mother  liquor  for  re-evaporation  in  the 
boiler.  This  machine  produces  ice  at  the  expense 
of  about  l.<f.  per  cwt. 

An  ingenious  modification  of  it  for  small  appli- 
cations on  board  ship,  or  for  household  use,  has 
been  devised.  It  consists  of  two  vessels  connected  by 
a pipe,  but  hermetically  sealed.  One  of  the  vessels 
contains  the  mother  liquor,  which  is  alternately 
heated  and  cooled,  to  drive  off  the  ammonia,  and 
to  reabsorb  it  from  the  second  vessel,  which  serves 
ultimately  as  condenser  and  refrigerator  for  the 
production  of  ice. 

Reece’s  machine  is  an  ingenious  improvement  on 
Carre's.  In  Carre’s  machine  100  lbs.  of  strong 
solution  of  ammonia,  boiled  by  distillation  to  5 per 
cent.,  yielded  75  per  cent,  of  ammonia  and  25  ^er 
cent,  of  water.  This  being  condensed,  was  effectively 
used  for  refrigerating  purposes.  The  only  drawback 
was  that  the  liquor  condensed  contained  25  per  cent, 
of  water,  and  holding  a large  quantity  of  ammonia, 
made  the  machine  intermittent  and  relatively  costly. 
The  French  Academy  of  Sciences  appointed  a com- 
mission to  investigate  the  subject,  and  that  com- 
mission pointed  out  that  this  was  a bar  to  complete 
success  in  the  machine,  stating  that  what  was  required 
was  a method  by  which  ammonia  could  be  had 
nearly  anhydrous  on  one  side,  and  an  exhaust  liquor 
on  the  other  free  from  ammonia.  This  led  Rees  Reecb 
to  devise  his  machine.  Two  liquids  having  differ- 
ent boiling  points  can  be  separated  when  mixed  by  a 
process  of  fractionation.  An  ammoniacal  solution 
treated  in  this  way  in  his  apparatus  is  divided, 
ammonia  free  from  water  being  obtained  on  one 
side,  and  on  the  other  water  containing  but  little 
ammonia.  The  ammonia  is  passed  into  a condenser, 
and  without  the  aid  of  machinery  is  compressed  by 
its  own  force  and  liquefied.  Passing  the  liquid 
ammonia  into  a refrigei'ator,  connected  with  an 
absorbing  vessel  containing  water  or  exhaust  liquor, 
and  simply  opening  a tap,  the  ammonia  resumes  its 
aeriform  condition,  and  is  dissolved  by  the  liquor  in 
the  absorbing  vessel. 

Fig.  1 illustrates  Reece’s  apparatus.  No  motive 
power  is  required.  The  cold  is  produced  by  the 
alternate  compression  of  ammonia  gas  into  a liquid 
and  its  expansion  into  a gaseous  form.  The  gas  is 
driven  off  from  its  solution  in  water  by  the  heat  of 
an  ordinary  steam  boiler,  and  the  requisite  compres- 
sion of  the  gas  is  obtained  simply  by  means  of  its 
own  accumulation. 

The  apparatus  consists  essentially  of  two  parts — 
one  being  employed  in  the  distillation,  rectification, 
and  liquefaction  of  ammonia  in  a continuous  opera- 
tion. The  second  part  is  a refrigerating  cylinder  in 
which  the  anh5’drous  liquid  ammonia,  by  the  removal 
of  pressure,  is  enabled  to  resume  its  aeriform  con- 
dition, ami  passing  forward  to  a properly-constructed 
absorbing  vessel,  is  there  redissolved  by  the  exhaust 
liquor  of  the  boiler,  with  which  it  comes  in  contact. 
It  is  thus  used  over  and  over  again  in  a continuous 
manner  and  with  but  a minimum  of  waste. 
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Yeyecl  through  pipes  to  any 
convenient  place,  and  there 
used  either  to  produce  ice, 
to  cool  air,  or  in  any  other 
way;  returning  again  in  a 
continuous  circuit  to  the 
refrigerating  cylinder  to  take  up  afresh  store  of  cold. 

The  expense  of  working  the  process,  as  far  as 
materials  are  concerned,  is  confined  to  the  cost  of 
the  coal  used  in  boiling  a strong  solution  of  ammonia 
and  driving  it  forward  to  the  condenser,  within 
which  it  is  rendered  liquid  by  the  pressure  of  its 
own  accumulation  without  any  other  force  being 
applied.  The  only  motive  power  required  is  for 
working  two  small  pumps,  one  of  which  feeds  the 
analyzer  with  a solution  of  ammonia,  wliilst  the  other 
keeps  the  cold-carrying  solution  in  movement. 

The  cost  of  artificial  refrigeration  by  this  ^^rocess 


may  be  briefly  stated  thus  : — For  every  100  lbs.  of 
coal  required  to  work  the  apparatus,  it  will  effect 
the  cooling  of  20,000  lbs.  of  water  through  20° 
Fahr. — say  from  65°  to  45°;  or  it  will  reduce 
1,000,000  cubic  feet  of  air  through  20°  ; or  it  will 
make  2000  lbs.  of  ice  from  water  at  70°  in  an  atmo- 
sphere of  80°. 

In  hot  climates,  houses  or  rooms  may  be  cooled 
precisely  in  the  converse  way  to  their  being  heated 
in  cold  climates — the  cold  brine  solution  being 
passed  through  overhead  pipes,  instead  of  hot  water 
or  steam  through  underfoot  pipes;  or  the  holds  of 
ships  may  be  kept  <at  a temperature  low  enougli  to 
admit  of  fresh  meat  being  imported  from  the  great 
cattle  growing  countries  of  Central  Europe,  Australia, 
or  the  River  Plate. 

Cost  of  making  50  tons  of  ice  in  twenty-four  hours 
by  Reece’s  machine,  as  stated  by  the  inventor  ; — 


In  the  engraving,  A is  a boiler  or  generator ; B,  the 
analyzing  cylinder  ; c,  the  rectifier ; D,  the  condenser 
or  liquefier;  e,  store  vessel;  F,  cooling  cylinder;  G, 
absorbing  vessel ; ii.  heater ; and  i,  the  ammonia  pump. 

The  modus  operaudi  is  as  follows  ; — The  generator 
being  charged  with  a solution  of  ammonia,  a fire  is 
lit  beneath,  and  the  air  in  the  apparatus  is  driven 
out;  a strong  solution  of  ammonia  is  then  pumped  into 
the  top  of  the  analyzing  cylinder,  b,  where,  falling  from 
plate  to  plate,  it  comes  into  contact  with  a current 
of  steam  from  the  boiler.  The  ammonia  being  thus 
separated  in  a great  measure  from  the  water,  passes 
into  the  rectifier,  C,  where  it  is  refrigerated  by  a 
current  of  cold  water,  and  any  aqueous  vapour 
which  may  have  ascended  with  it  is  removed.  The 
ammonia,  now  become  anhydrous,  passes  into  the 
liquefier,  D,  when,  the  cock,  JI,  being  closed,  it  is 
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liquefied  by  its  own  pressure.  When  a sufficient 
quantity  has  been  liquefied,  the  cock,  M,  is  opened, 
and  the  ammonia  allowed  to  enter  the  cooling 
cylinder,  F,  until  the  coil  is  covered.  Communica- 
tion being  now  opened  to  the  cydinder,  F,  by  means 
of  the  cock,  K,  the  liquid  ammonia  assumes  its 
gjiseous  form,  cooling  the  liquid  contained  in  the 
coil  of  pipe  in  the  cooling  cylinder,  F,  as  it  passes. 
The  ammonia  thus  exhausted  passes  to  the  absorb- 
ing vessel,  G,  where  it  is  dissolved  by  the  exhaust 
liquor  from  the  boiler,  A.  This  strong  solution  of 
ammonia  is  forced  by  the  pump,  i,  through  the 
heater,  H (where  it  exchanges  temperatures  with  the 
liquor  coming  from  the  boiler),  into  the  top  of  the 
analyzing  cylinder,  B,  where,  falling  through  the  plates, 
it  is  met  by  the  ascending  steam,  and  the  process  is 
repeated  ad  htjinitum. 

The  liquid  destined  to  carry  the  cold  from  the 
refrigerating  cylinder  to  the  place  where  it  is  to  be 
used  is  passed  through  the  coil  in  that  cylinder.  If, 
as  in  breweries,  the  object  be  to  cool  the  water  (say 
to  about  40°  Fahr.),  it  is  sent  direct  through  the 
coil ; if  for  ice-making,  or  the  obtainment  of  a 
very  low  temperature,  the  carrying  liquid,  or  cold- 
carrier,  should  be  a solution  of  chloride 
of  calcium,  which  can  be  brought  down  to 
— 50°  Fahr.  without  congelation,  and  con- 
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tons  of  coals,  at  30«.  per  ton, £3  15  0 

.50  tons  of  water, 0 10  0 

Two  men  attending  machine, 0 10  0 

Waste  of  chemicals, 0 8 0 

Wear  and  tear  of  plant, 1 7 0 

Labour,  weighing  and  removing  ice  from 

machine,  at  2s.  per  ton, 5 0 0 


£11  10  0 

Equal  to  4s.  Id.  per  ton  of  ice. 

Fig.  2 represents  Siebe  Brothers’  ice-making  and 
refrigerating  machine,  designed  for  producing  large 
blocks  of  ice  in  any  desired  thickness.  The  cost  of 
manufacture  varies  from  five  to  ten  shillings  per  ton 
of  ice,  according  to  the  size  of  tlie  machine  employed. 
The  principle  of  this  process  of  ice-making  is  the 
evaporation  of  a volatile  liquid  in  vacuo  (sulphuric 
ether  is  generally  used),  to  produce  cold,  and  the 
employment  of  the  same  liquid  continuously  without 
ajipreciable  loss.  The  following  is  the  action  of  the 
apparatus : — A vapour  pump,  C,  is  worked  by  the 
steam  engine  combined  or  separate,  or  any  other 
motive  power,  as  wind  or  water;  the  air 
pump  maintaining  a constant  evapora- 
tion of  the  volatile  liquid  in  a hermeti- 
cally-closed chamber,  filled  with  rows  or 
series  of  tubes  through  which  a current 
of  salt  water  (used  from  its  uncongeal- 
able  nature)  is  passed  ; the  cold  therein 
produced  cools  the  saltand  water  passing 
through  the  tubes,  which  is  then  circu- 
lated around  vessels  or  ice  moulds,  a, 
containing  the  water  to  be  frozen.  After 
travelling  thus,  the  brine  is  again 
returned  to  the  refrigerator,  B,  or  the 
chamber  where  refrigeration  is  going 
on,  and  passed  through  the  tubes, 
where  it  becomes  re-cooled,  parting 
with  the  heat  abstracted  from  the  water 
in  the  ice  moulds,  and  is  conducted  again  around 
the  moulds,  until  the  water  in  the  moulds  is  converted 
into  solid  ice.  AVhile  the  cooling  of  the  brine,  or 
“ carrier  of  cold,”  is  proceeding,  the  ether  vapour 
drawn  from  the  refrigerator  by  the  vapour  pump  is 
then  passed  into  a similar  class  of  chamber,  fitted 
with  tubes,  styled  the  condenser ; these  tubes  are 
surrounded  by  water,  and  on  entry  of  the  ether 
vapour  it  is  reduced  to  its  liquid  state  again,  and 
returned  to  the  refrigerator  for  refrigeration.  It 
will  be  seen  from  this  description,  that  the  process 
of  ice  making  by  this  method  is  extremely  simple 
and  inexpensive.  The  same  etlier  and  brine  being 
used  over  and  over  again,  little  or  no  expense  is 
incurreil  further  than  the  steam  power  for  working 
the  steam  pump,  and  an  attendant  for  the  machine. 
We  know  from  experience  machines  of  Siebe’s  make 
have  worked  three  months  daily  without  a further 
supply  than  when  first  charged  for  starting. 

Siebe's  machines  are  now  to  be  found  in  all  parts 
of  the  world,  and  working  for  the  past  fifteen  years 
are  as  good  as  when  first  erected.  Numerous  in- 
stances can  be  named  where  the  introduction  of  one 
machine  has  led  to  the  purchase  of  four  or  five  more 
each  successive  season,  as  the  jirofits  are  made  from 


the  last  one  put  down.  In  confirmation  of  this,  the 
manufacturers  refer  to  Calcutta,  Bombay,  Delhi, 
Allahabad,  Bengal,  Colombo,  Sourabaya,  and  many 
other  cities  and  towns  in  the  Tropics. 

The  application  of  these  ice  machines  for  cool- 
ing purposes,  as  used  in  breweries,  oil  refineries, 
and  distilleries,  has  attracted  special  attention  ; and 
amongst  the  firms  who  have  adopted  them  may  be 
mentioned,  Truman,  Hanbury,  & Co.,  Allsopp  & 
Co.,  Guinness  & Co.,  Murphy  & Co.,  Beamish  & 
Crawford,  and  almost  all  the  breweries  of  any 
magnitude  employ  the  machines  for  the  purposes 
of  cooling  worts,  cellars,  tuns,  &c.  For  the  purpose 
of  refrigeration  the  ice  portion  of  the  apparatus  is 
removed,  and  the  wort  or  water  is  passed  through 
the  tubes  of  the  refrigerator,  and  so  cooled.  The 
application  is  not  fixed  to  any  quantity  of  liquor 
or  wort,  or  to  a fixed  temperature.  The  machines 
will  cool  a small  body  of  water  to  a very  low  tem- 
perature, or  a larger  quantity  to  a proportionately 
higher  temperature;  but  as  the  worts  in  most 
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breweries  are  not  required  very  low  in  temperature 
the  machines  work  at  a moderately  uniform  rate. 

SiDOELEY  & MaCKAy’s  ether  machine  is  shown  in 
Ice,  Plate  I.,  where  A is  the  vacuum  pump ; b, 
refrigerator;  C,  condenser;  dd,  suction  valves ; EE, 
discharge  valves;  G,  steam  cylinder;  H,  brine  pump; 
I,  cold  water  circulating  pump ; F,  ether  meter  or 
ether  regulator. 

The  ether  liquid  is  placed  in  the  refrigerator,  B, 
where  a vacuum  is  produced  by  means  of  the  vacuum 
pump,  A,  and  the  vapour  drawn  over  into  the  con- 
denser, C (through  which  cold  water  is  continually 
running),  whence  it  returns  through  the  ether  regu- 
lator. F,  into  the  refrigerator,  B,  this  being  constantly 
repeated  at  every  stroke  of  the  engine. 

The  cold  jiroJuced  in  the  refrigerator,  B,  by  the 
evaporation  of  the  ether,  is  absorbed  by  very  dense 
salt  water  kept  continually  circulating  by  the  brine 
pump,  H.  This  brine  is  forced  through  the  refrige- 
rator, B,  to  the  vessels  containing  the  water  to  be 
frozen.  Ice  can  be  made  in  any  shape  or  size. 

For  mercantile  purposes  ice  is  made  in  square 
blocks. 

For  the  purpose  of  a skating  rink  the  brine  can 
be  driven  through  a series  of  horizontal  pipes,  laid 
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on  a non-conducting  floor,  and  water  placed 
over  it. 

The  bnne  is  kept  circulating  from  the  vessels 
containing  the  water  to  be  frozen,  or  from  the  pipes 
of  the  skating  rink  to  the  refrigerator,  and  thence 
back  again. 

INDIA-RUBBER  or  CAOUTCHOUC,  Gum  Elastic.— 
Caoutchouc,  (jomme  elastiqiie,  French ; Kavtschuk,  Ameri- 
kariisches  Pfefferbaum  harz,  Federliarz,  Gummi  elas- 
ticum,  German. — The  concrete  juice  of  several  trees, 
mainly  the  Siphonia  elastica,  Ficus  elastica,  Vahea 
(jummifera,  Hancornia  speciosa,  and  Urceola  elas- 
ticn.  Of  these  the  Siphouiu,  the  Ficus,  and  the 
Urceola  yield  the  greater  quantity  of  the  india-rubber 
of  commerce.  The  Siphouia  and  the  Ficus  both 
belong  to  the  sub-class  Mouochlamydex ; but  the 
former  is  placed  by  Bentlev  in  the  natural  order 
Moracse,  while  the  latter  is  classed  in  the  Euphor- 
biacese.  The  Urceola  is  by  the  same  author  placed 
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Angola,  and  Benguela.  The  variety  of  South  Ameri- 
can material  known  as  Para,  however,  still  maintains 
its  ground  as  the  best  in  the  market.  Of  all  the 
India  - rubber  - yielding  trees,  the  best  known  is 
the  Ficus  e.lastica.  Speaking  of  this  tree  AV'illiam 
Guiffith  states  that  it  is  the  vegetable  monarch  of  the 
forests  where  it  abounds,  and  that  it  may  be  recog- 
nized from  a distance  of  many  miles  by  the  pictur- 
esque appearance  of  its  dense  and  lofty  crown.  It 
grows  either  solitary  or  in  groups  of  two  or  three 
together.  The  measurement  of  the  trunk  of  the 
largest  of  a group  gave  a girth  of  no  less  than  74 
feet,  while  the  height  was  100  feet,  and  the  area 
covered  by  the  extended  branches  was  610  feet.  It 
was  computed  tliat  over  43,000  of  these  trees  grew 
within  a length  of  30  miles  and  a diameter  of  8, 
in  the  forest  near  Ferozepore,  in  the  district  of 
Chardwar  in  Assam.  Tlie  same  tree  has  since  been 
found  by  Lieutenant  Veitch  to  be  equally  plentiful 


in  the  natural  order  Apocynaceas,  sub-class  Corolli- 
forse.  The  Ficus  elastica  and  Urceola  elastica  are 
both  normally  natives  of  India ; the  Siphouia  elas- 
tica, on  the  other  hand,  is  a native  of  Brazil  and 
Guiana.  Since  the  first  introduction  of  india-rubber, 
it  has  been  found  that  several  other  trees,  beside 
those  from  which  the  commercial  substance  is  pro- 
cured. yield  a milky  juice  from  which  india-rubber 
can  be  produced. 

The  greater  bulk  of  the  india-rubber  which  finds 
its  way  into  commerce  is  derived  from  a variety  of 
sources,  America,  Asia,  and  Africa  all  sending  their 
contributions.  The  exact  localities  from  which  the 
material,  in  greater  or  less  quantity,  is  obtained,  are 
as  follows  : — Para,  Maranham,  Pernambuco,  French 
and  English  Guiana,  Venezuela,  New  Granada, 
Peru,  Panama,  Costa  Rica,  Nicaragua,  Salvador, 
the  Antilles,  Guatemala,  Mexico,  India,  the  Malay 
Archijrelago,  Borneo,  Java,  Penang,  Gabon,  Congo, 
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in  the  district  of  Raudwar,  and  that  in  Assam  its 
geographical  range  is  between  25°'l  0 an-d  97°T0  north 
latitude,  and  between  9U°‘40  and  95°‘30  east  longi- 
tude. It  flourishes  on  the  slopes  of  hills  up  to  an 
elevation  of  22,500  feet.  The  engravings.  Figs.  1 
and  2,  represent  a branch  of  two  of  the  principal 
india-rubber-bearing  trees,  viz.,  the  Siphonia  elastica 
and  the  Ficus  elastica. 

Historical  Notice. — The  first  mention  of  caoutchouc 
appears  to  be  in  a work  by  Heriiara,  who  in  speak- 
ing of  the  second  voyage  of  Chrlstopher  Columbus, 
and  with  special  reference  to  tlie  natives  of  Ilayti, 
describes  a particular  game  of  ball  which  was  there 
in  use,  and  in  describing  the  balls  he  states  that  they 
were  made  from  the  gum  of  a tree,  which  from  the 
tenor  of  the  words  used  was  undoubtedly  india-rubber. 
With  regard  to  an  exact  description  of  the  leading 
characteristics  of  the  tree  which  yielded  the  gum, 
Jean  Torquemada  appears  to  be  the  first  author. 
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In  his  work,  entitled  “ Monarquia  Indiana,”  and 
published  in  1615,  Torquemada  describes  a tree 
found  in  Mexico,  and  termed  by  the  Indians  “ Ule- 
quahil,”  and  which  he  stated  was  held  in  great 
esteem.  He  then  proceeds  further  to  describe  the 
general  appearance  of  the  tree,  the  method  of  pro- 
curing the  juice,  the  characteristics  of  the  gum  itself 
(called  by  the  natives  “ u li  ”),  and  finally,  the  uses 
to  which  the  latter  was  applied,  among  which  it  is 
curious  to  find  that  it  was  in  common  use  for 
making  boots,  and  for  rendering  articles  of  apparel 
waterproof. 

It  is  singular,  and  at  the  same  time  a proof  of 
what  is  often  lost  by  being  ignorant  of  the  literature 
of  other  countries,  that  although  this  description 
was  given  in  the  book  mentioned  as  far  back  as  the 
year  1615,  the  very  existence  of  india-rubber  appears 
to  have  been  unknown  to  the  civilized  world  gene- 
rally until  more  than  a century  later.  It  was  in 
1736  that  La  Condamine  described  to  the  French 
Academy  of  Sciences  his  voyage  to  the  Equator,  and 
with  special  reference  to  Peru  drew  attention  to  a 
gummy  material  obtained  by  the  natives  of  that 
locality,  by  incision  from  certain  kinds  of  forest 
trees,  called  by  them  caout-chou,  and  which  was 
used  for  a variety  of  useful  and  ornamental  pur- 
poses. In  1761  Fresneau,  who  appears  to  have 
been  previously  acquainted  with  specimens  of  the 
material  from  Cayenne,  investigated  the  Peruvian 
gum,  and  communicated  his  results  to  the  .\cademy. 
Macquer  was  the  first  who  dissolved  caoutchouc  in 
ether,  and  constructed  small  tubes  by  the  evapora- 
tion of  the  solution  on  moulds  of  the  required  form ; 
he  likewise  comments  on  the  extreme  suitability  of 
the  material  for  various  applications,  in  consequence 
of  its  ehisticity  and  its  indifference  to  the  solvent 
action  of  the  majority  of  ordinary  liquids. 

La  Cosdamine  very  fully  described  the  method  of 
making  bottles  and  other  articles  by  means  of  appro- 
priate clay  moulds,  dipping  the  clay  into  the  liquid 
juice,  giving  it  thus  several  coatings  of  material,  and 
finally  extracting  the  mould  used  by  breaking  or 
other  means.  He  likewise  mentioned  the  valuable 
application  which  india-rubber  was  capable  of  in  the 
waterproofing  of  cloth.  In  the  province  of  Esmar- 
aldes  the  gum  wiis  called  Hheve  by  the  natives,  and 
was  largely  used  for  flambeaux,  being  wrapped  be- 
tween two  leaves  of  the  banana;  these  flambeaux 
were  generally  about  2 feet  long  and  an  inch  and  a 
half  thick,  and  gave  a brilliant  light  for  twenty-four 
hours. 

lu  England  the  use  of  caoutchouc  was  for  some 
time  confined  to  the  erasure  of  lead  pencil  marks 
from  paper,  from  which  application  it  derived  its 
familiar  name  of  india-rubber.  In  the  preface  of  a 
book  by  Dr.  Prie.stley,  published  in  the  year  1770, 
and  entitled  “ A Familiar  Introduction  to  the  Theory 
and  Practise  of  Perspective,”  the  following  quofiition 
occurs,  “ Since  tliis  work  was  printed  off,  1 have  seen 
a substance  excellently  adapted  to  the  purpose  of 
wiping  from  paper  the  marks  of  a black  lead  pencil. 
It  must  therefore  be  of  singular  use  to  those  wlio 
practise  drawing.  It  is  sold  by  Mr.  Nairne, 


mathematical  instrument  maker,  opposite  the  Royal 
Exchange.  He  sells  a cubical  piece  of  about  half- 
an-inch  for  3s.,  and  he  says  it  will  last  several  years.” 
From  the  tenor  of  this  passage,  it  would  seem  that 
at  the  time  Dr.  Priestly’s  work  was  published 
india-rubber  was  a comparative  novelty  in  England, 
and  it  is  noteworthy  that  even  in  the  quotation  to 
which  attention  has  been  drawn,  the  very  name  of  the 
substance  alluded  to  is  not  mentioned.  Hancock 
likewise,  in  speaking  of  india-rubber,  remarks  that  it 
was  used  for  rubbing  out  pencil  marks,  that  it  fetched 
as  high  a price  as  a guinea  an  ounce,  and  that  little 
was  known  of  its  history  with  the  exception  that 
it  came  from  America.  Soon  after  the  practical 
introduction  of  india-rubber  into  commerce,  great 
difficulties  were  experienced  in  dealing  with  the 
material  in  consequence  of  its  altogether  unique 
properties.  A great  advance  in  the  mechanical 
manipulation  was  made  by  Hancock  in  the  invention 
of  what  is  now  known  as  “the  masticator,”  which 
enabled  scrap  rubber  of  all  descriptions  to  be  com- 
pounded into  solid  homogeneous  masses,  which  could 
be  afterwards  used  for  the  same  purposes  to  which 
only  good  bottle  rubber  could  be  previously  applied. 
The  first  masticator  made  by  Hancock  was  only 
capable  of  taking  a charge  of  2 ounces  of  material, 
whereas  the  larger  machines  now  in  use  are  cajiable 
of  dealing  with  as  much  as  from  150  to  200  lbs.  at  a 
time.  The  function  of  the  masticator  was  kept 
secret  by  Hancock  for  thirteen  years,  being  called 
by  the  workmen  “ a pickle  ” in  order  to  conceal  its 
real  use  from  the  outside  public.  Other  forms  of 
masticators  have  been  since  introduced,  the  most 
important  being  that  patented  by  Nichols  in  1856, 
and  differing  mainly  from  Hancock’s  original  machine 
in  possessing  two  rollers  instead  of  only  one.  The 
invention  of  vulcanization  by  Goodyear  and  Hancock 
gave  an  immense  impetus  to  the  india-rubber  industry, 
as  it  greatly  multiplied  the  uses  to  which  rubber 
could  be  applied.  Vulcanization  was  patented  in 
America  by  Goodyear,  while  the  first  English  patent 
was  obtained  by  Hancock  in  1843. 

Methods  of  Collecting  and  Coagulating  the  Juice. 
India-rubber  is  obtained  from  the  different  trees 
which  furnish  it  by  a method  very  similar  to  that 
employed  for  procuring  gutta-percha.  The  trees, 
preferably  those  of  mature  growth,  are  tapped 
during  the  colder  seasons  of  the  year,  the  tapping 
being  effected  by  making  incisions  in  the  bark 
round  the  trunk,  commencing  with  the  reflex  roots, 
which  generally  lie  exposed.  The  oldest  trees  are 
said  to  furnisli  the  richest  juice.  The  incisions  are 
sometimes  continued  up  the  entire  tree,  the  amount  of 
sap  which  exudes  increasing  with  the  height  at  which 
the  incisions  are  made,  and  the  cutting  is  repeated 
once  a fortnight  or  oftener  during  the  gathering  season. 
The  milky  juice  which  exudes  is  collected  and  treated 
in  slightly  different  w.ays,  according  to  tlie  customs 
of  the  natives  in  each  particular  locality.  In  the 
original  bottle  india-rubber,  in  whicli  form  the  first 
specimens  of  the  material  appeared  in  commerce  in 
this  country,  the  sap  as  it  exuded  was  collected  in 
suitable  vessels,  and  moulds  of  clay  were  then  plunged 
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into  the  liquid,  removed,  exposed  for  a short  time 
to  the  heat  and  smoke  of  a fire  to  coagulate  the  layer 
of  juice,  redipped  and  reheated,  until  a sufficiently 
thick  coating  had  been  obtained  (about  half-an-inch 
or  more).  The  whole  was  then  plunged  into  water, 
and  the  clay  softened  and  squeezed  out,  leaving  a 
hollow  flask  of  comparatively  pure  india-rubber. 
A second  quality  of  material  called  “ nigger’s  heads,” 
was  obtained  by  first  procuring  a comparatively  thin 
coating  of  the  gum  on  a clay  mould  in  the  way 
previously  described,  and  then  removing  the  clay 
mould,  and  filling  the  flasks  or  bottles  so  obtained 
with  the  remainder  of  the  liquid  sap,  which  was 
then  coagulated  and  the  excess  of  aqueous  fluid 
expelled  by  exposure  to  heat  or  by  being  allowed  to 
dry  in  the  sun. 

In  Brazil  the  method  of  eollecting  the  india-rubber 
by  the  natives  from  the  Siphonia  elmtica  is  as 
follows.  The  trees  begin  yielding  the  material  in 
sufficient  quantity  to  repay  the  trouble  of  collection 
about  the  fifteenth  to  the  twentieth  year.  Some  ten 
or  twenty  incisions  are  made  at  onee,  and  under 
each  is  placed  a small  receptacle  for  eollecting  the 
sap  which  exudes.  A large  bivalve  shell  is  frequently 
employed  for  this  purpose,  being  fixed  to  the  tree 
by  means  of  a lump  of  soft  clay.  The  sap  exudes 
drop  by  drop  during  from  one  to  three  hours,  at  the 
expiration  of  which  period  the  sap  has  congealed  to 
such  an  extent  over  the  edges  of  each  incision  as  to 
prevent  the  further  flow  of  liquid.  The  shells  used 
for  collecting  the  sap  have  about  the  capaeity  of  a 
small  lirpmir  glass.  Some  three  or  four  hours  after  the 
incisions  have  been  made,  the  natives  go  from  tree  to 
tree  emptying  the  contents  of  the  shells  as  they  pass 
into  a sort  of  pail  carried  for  the  purpose.  As  the 
shells  are  emptied  fresh  ineisions  are  made,  so  that  a 
fresh  quantity  of  sap  is  collecting  while  the  liquid  from 
the  previous  operation  is  being  worked  up.  The  pails 
are  taken  to  huts  where  a fire  is  made,  certain  nuts 
found  in  the  vicinity  being  thrown  into  the  fire,  to 
produce  a smoke  whieh  is  supposed  to  have  a speeial 
virtue  in  helping  the  subsequent  coagulation  of  the 
sap.  Over  the  fire  is  placed  a sort  of  large  pi2ie  of 
baked  clay,  the  pipe  being  supported  in  such  a way 
as  not  to  retard  the  combustion.  Flat  wooden  bats 
are  next  dipped  into  the  vessels  containing  the  sap, 
and  then  removed  from  the  liquid  and  exposed  to 
the  heat  and  smoke  of  the  fire,  being  rapidly  turned 
about  to  prevent  any  over-heating  or  burning.  In 
a little  over  a minute  the  coating  of  liquid  sap  has 
coagulated  and  become  comparatively  dry,  when  the 
instrument  is  again  dipped  in  the  liquid  sap  and 
rc-exposed  to  the  heated  smoke,  the  operations  of 
dij)jiing  and  heating  being  alternately  repeated  some 
twenty  times,  when  a sufficiently  thick  coating  of 
india-rubber  is  obtained,  weighing  roughly  about 
4 lbs.  Other  bats  are  then  coated  in  a similar  way 
until  the  collection  of  liquid  sap  is  exhausted.  The 
edges  of  the  masses  of  india-rubber  are  then  slit,  the 
wooden  bat  withdrawn,  and  the  resulting  flat  pieces  of 
rubber  hung  on  cords  or  branches  of  trees  to  drain, 
when  a blackish  liquid  drips  from  them.  After  the 
expiration  of  two  or  three  days  the  material  is  ready 


to  be  sent  into  the  market.  The  india-rubber  thus 
prepared  is  termed  in  Brazil  “ seringa  fina,”  and 
represents  the  first  quality  of  material.  An  inferior 
quality  is  prepared  from  the  pellicles  of  india-rubber 
which  collect  on  the  shells  and  on  the  edges  of  the 
incisions  made  in  the  trees ; these  are  collected,  the 
sticky  fragments  pressed  together,  moulded  into 
rough  balls,  and  exposed  to  heat  and  smoke  as  before, 
finally  receiving  one  or  two  coatings  of  liquid  sap. 

At  Nicaragua  the  fresh  sap  is  said  to  be  mixed 
with  the  juice  of  a species  of  vine,  which  has  the 
singular  property  of  causing  rapid  coagulation,  and 
thus  saving  the  time  and  trouble  consequent  on  the 
alternate  dippings  and  heatings  practised  by  the 
natives  of  Brazil. 

Physical  and  Chemical  Properties  of  India-ruhher. — 
Pure  india-rubber  prepared  carefully  from  the  fresh 
juice  without  exposure  to  smoke  is  nearly  white, 
but  the  material  as  it  occurs  in  commerce  is  gene- 
rally more  or  less  dark  in  colour.  At  ordinary 
temperatures  it  is  supple,  tenaeious,  and  singularly 
elastic,  permitting  of  being  stretched  very  consider- 
ably without  suffering  any  permanent  elongation, 
and  reassuming  its  original  dimensions  on  being 
released  from  tension.  If.  however,  thin  threads  of 
the  material  are  stretched  to  seven  or  eight  times 
their  original  length,  and  kept  in  this  state  of  ten- 
sion for  a considerable  time,  they  lose  their  elas- 
tieity,  and  remain  at  the  length  to  whieh  they  have 
been  extended.  If  the  india-rubber  in  this  condition 
is  then  exposed  even  momentarily  to  a gentle  heat, 
the  threads  immediately  contract  to  their  original 
length,  and  regain  their  elasticity.  This  stretching 
is  accompanied  by  a development  of  heat  and  increase 
in  density,  the  speeific  gravity  rising  from  -925!)  to 
•9487,  the  material,  however,  reassuming  its  original 
density  when  its  elasticity  is  restored  by  the  ajqili- 
cation  of  heat.  On  being  exposed  to  heat  india-rubber 
becomes  more  and  more  pliant  and  soft,  and  at  170° 
to  200°  C.  it  becomes  semifluid,  and  of  the  consist- 
ency of  treacle.  After  having  onee  been  heated  to 
the  temperature  named  it  does  not  regain  its  original 
properties  on  cooling,  but  remains  as  a sticky,  ad- 
hesive mass,  which  does  not  become  to  any  degree 
dry,  even  after  the  lapse  of  several  years.  At  a still 
more  elevated  temperature  india-rubber  decomposes 
and  yields  volatile  hydrocarbons,  analogous  to  those 
obtained  when  gutta-percha  is  exposed  to  similar 
conditions,  viz,  hevene,  isoprene,  and  caoutchin. 
The  distillate  is  an  excellent  solvent  for  india-rubber, 
but  the  price  of  its  production  has  prevented  its 
commercial  utilization  for  this  purpose;  a patent, 
however,  for  its'  manufacture  and  subsequent  use 
was  secured  by  Barnard  in  1833.  By  exposure  to 
cold  india-rubber  loses  its  siqipleness  and  elasticity, 
becoming  at  0°  C.  hard,  rigid,  and  inflexible ; its 
original  properties,  however,  are  restored  by  the  ap- 
plication of  a moderate  degree  of  heat.  The  specific 
gravity  of  pure  india-rubber  was  found  by  Faraday 
to  be  '925,  and  the  density  was  not  found  to  be  per- 
manently increased  by  exposure  to  heavy  pressure. 
The  density  of  the  best  Para  rubber  is  said  to  be 
•9415,  that  of  Assam  being  -9429,  Singapore  -9306, 
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and  Penang  '9192.  India-rubber  is  totally  insoluble 
in  water,  or  in  any  of  the  ordinary  aqueous  solu- 
tions ; it  is  not  acted  on  by  alkalies,  alcohol,  or 
dilute  acids.  Strong  nitric  or  sulphuric  acid,  how- 
ever, attack  it  in  the  same  manner  as  gutta-percha , 
free  chlorine  also  attacks  it,  converting  it  into  a 
white  brittle  mass.  The  best  solvents  for  india-rubber 
are  coal-oil  (coal-tar  naphtha),  turpentine,  carbon 
disulphide,  ether,  and  benzol ; it  is  also  dissolved 
by  the  fatty  and  volatile  oils,  and  by  melted  naphtha- 
lin.  The  best  solvent  of  all  others  is,  according  to 
Gerard,  a mixture  of  100  parts  of  carbon  disulphide 
with  5 or  6 of  absolute  alcohol ; the  solution  so 
obtained  is  stated  to  be  as  colourless  as  water. 

The  chemical  constitution  of  india-rubber  is  iden- 
tical with  that  of  pure  gutta,  the  hydrocarbon  of 
gutta-percha.  The  percentage  composition  is  as 
follows : — 

Carbon, 87-5 

Hydrogen, 12-5 

India-rubber,  in  the  form  of  the  mechanically 
purified  commercial  article,  is  purer  than  similarly 
treated  gutta-percha,  in  tlie  sense  of  being  unacom- 
panied  by  resinous  oxidation  products.  There  are, 
however,  two  varieties  of  rubber  in  commerce,  in 
which  have  been  identified  small  quantities  of  peculiar 
and  characteristic  substances.  Gabon  or  Gaboon  india- 
rubber,  by  treatment  with  ordinary  alcohol,  yields  a 
crystallizable  saccharine  substance  called  Dambonite, 
the  composition  of  which  is  represented  by  the 
formula  C^llgOg.  This  compound  is  white,  easily 
soluble  in  water  and  in  ordinary  alcohol,  melting  at 
190°  C.,  and  capable  of  being  sublimed  without 
decomposition  by  careful  heating  at  from  200°  to 
210°  in  long,  slender,  shining  needles.  Borneo 
india-rubber  yields  a somewhat  similar  substance, 
to  which  the  formula  assigned  is  Cyll^^Og.  It  is 
sweet,  crystallizable.  Very  soluble  in  water,  but  only 
dissolving  sparingly  in  alcohol,  melting  at  175°,  and 
subliming  with  slight  decomposition  at  205°.* 

Ordinary  india-rubber  appears  to  be  acted  on  in  a 
somewhat  eurious  way  by  ordinary  solvents,  the 
solution  being  in  reality  only  partial.  Placed  in 
turpentine  or  in  ether  great  swelling  of  the  material 
first  occurs,  a turbid  liquid  being  subsequently  ob- 
tjiined,  which  appears  to  consist  of  a mixture  of  dis- 
solved with  suspended,  disintegrated  material.  By 
the  judicious  use  of  solvents  Faraday  was  enabled 
to  separate  india-rubber  into  two  distinct  portions, 
each  part,  however,  possessing  very  similar  proper- 
ties. Anhydrous  ether  was  found  to  extract  from 
amber-coloured  india-rubber  66  per  cent,  of  white, 

* The  natural  juice  of  the  india  rubber-bearing  trees  was 
examined  by  Dr.  Ure,  and  found  to  contain  from  31  to  37 
per  cent,  of  the  gum.  The  following  analysis  will  give  a 
general  idea  of  the  ordinary  composition  ; — 

Water,  containing  a little  free  acid, 56-37 

India-rubber, 31-70 

Albumen, 1-90 

Wax, A trace. 

A nitrogenous  substance  soluble  in  water,..  7-13 
A substance  insoluble  in  water 2-90 

100-00 

VOL.  II. 

perfectly  soluble  matter,  while  oil  of  turpentine 
extracted  from  the  ordinary  commercial  material  49 
per  cent,  of  a substance  of  a yellow  colour.  The 
solubility  of  different  varieties  of  caoutchouc  in  ben- 
zol has  recently  been  examined  by  Heeren,  and 
was  found  to  be  greatest  in  “Guayaquil”  and  “Para,” 
and  least  in  “ Madagascar.” 

Although  india-rubber  in  its  ordinary  condition  is 
not  subject  to  the  comparatively  rapid  changes 
which  attend  the  perishing  of  gutta-percha,  it  is 
found  to  undergo  a slow  alteration,  when  placed 
under  certain  conditions;  namely,  when  under  con- 
tinued exposure  to  light  it  is  subjected  to  extreme 
variations  of  humidity  and  dryness.  A certain  amount 
of  oxidation  then  occurs,  as  will  be  seen  from 
the  experiments  of  Miller  (Chemical  Society 
Journal  [2],  iii.  273) — A,  representing  the  com- 
position of  the  original  material,  and  C,  the  com- 
position of  the  portion  dissolved  by  alcohol  from  A 
(11-8  per  cent.)  after  it  had  been  exposed  to  air  and 
light  for  a period  of  nine  months  : — - 

Carbon.  Hydrogen.  Oxygen.  Total. 

A, 8,5-82  11-11  3-07  100 

C, 67-23  9-54  23-23  100 

Perhaps  the  most  singular  property  of  india-rubber 
is  the  change  which  it  experiences  when  exposed  to 
the  action  of  sulphur  at  a high  temperature,  now 
known  as  “ vulcanization  ” or  “ curing.”  The  exact 
nature  of  the  change  which  is  produced  by  this 
process  is  at  present  very  imperfectly  understood, 
some  thinking  that  the  material  simply  experiences 
an  allotropic  modification,  while  others  assert  that 
the  change  is  of  a more  essentially  chemical  nature. 
That  a chemical  action  of  some  sort  does  actually 
occur  during  the  curing  process  is  obvious  from  the 
circumstance  that  sulphuretted  hydrogen  is  invari- 
ably given  off  during  the  operation.  In  india-rubber 
vulcanized  by  immersion  in  melted  sulphuT,  although 
about  15  to  20  per  cent,  of  sulphur  is  absorbed,  only 
a few  hundredths  really  subsequently  enter  into  com- 
bination, the  rest  being  simply  retained  mechani- 
cally by  the  mass,  and  can  be  extracted  by  means  of 
a suitable  solvent.  Vulcanized  rubber  containing  an 
undue  excess  of  free  sulphur  is  apt  to  become  brittle 
and  to  lose  its  elasticity  after  some  time.  With  re- 
gard to  the  physical  effects  of  vulcanization,  they 
are  exceedingly  curious,  the  properties  of  the  original 
material  being  singularly  modified.  While  the  un- 
treated rubber  becomes  supple  and  comparatively 
useless  on  exposure  to  a moderate  degree  of  heat, 
and  hard  and  inflexible  under  the  influence  of  cold, 
the  vulcanized  material  retains  all  its  properties 
unaffected  under  either  of  the  conditions  named. 
The  elasticity  of  the  rubber  is  at  the  same  time  very 
greatly  increased,  its  porosity  diminished,  and  it 
becomes  unaffected  by  the  solvents  which  attack  the 
unvulcanized  material.  It  also  remains  unaffected  by 
grease  and  fatty  oils,  which  render  ordinary  rubber 
supple  and  useless.  The  advanteges  secured  by  the 
curing  process  are  thus  very  great,  and  have  proved 
of  immense  value.  There  is  another  advantage 
which  here  deserves  notice — namely,  that  tlio  surface 
vulcanizatiou  which  is  adopted  in  the  treatment  of 
26 
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Mackintosh  goods  entirely  prevents  the  softening  of 
the  rubber  on  exposure  to  the  solar  rays,  wliich  was 
a very  serious  inconvenience  experienced  on  the 
first  introduction  of  these  useful  materials.  With 
regard  to  the  unchangeable  nature  of  properly  vul- 
canized rubber,  the  following  interesting  facts  may 
be  mentioned  : — Brockedon  placed  a piece  of  vul- 
canized rubber  in  damp  earth  for  a period  of  ten 
years,  and  found  that  at  the  expir.ation  of  that  time 
its  properties  were  unaltered.  Mackintosh  caused 
some  logs  of  wood  to  be  covered  with  vulcanized 
rubber,  while  others  were  left  without  any  protective 
coating.  Both  were  then  towed  in  the  wake  of  a 
vessel  during  her  voyage  to  Demerara  and  her  return 
to  England.  When  the  logs  were  subsequently 
examined,  the  coated  specimens  were  found  intact, 
while  the  others  had  become  perfectly  riddled  by 
marine  borers. 

When  the  treatment  of  rubber  is  carried  con- 
siderably beyond  the  degree  of  heat,  duration  of 


j heating,  and  quantity  of  sulphur  used  in  producing 
the  ordinary  elastic  vulcanized  material,  a totally 
different  substance  is  produced,  termed  vulcanite  or 
ebonite.  This  material  is  generally  black  in  colour, 
hard,  of  limited  flexibilitj',  and  of  about  the  con- 
sistence of  horn.  It  is  one  of  the  best  insulators  of 
electricity  known,  and  its  property  of  becoming 
powerfully  negatively  electric  by  friction  has  led  to 
its  ut'lization  for  the  plates  of  electric  machines. 
It  resists  the  action  of  solvents  even  more  obstinately 
than  the  ordinary  vulcanized  material,  scarcely  even 
swelling  when  immersed  in  carbon  disulphide.  A 
curious  fact  in  connection  with  ebonite  is  that  the 
sulphur  which  it  contains  is  oxidized  by  ozone, 
while  ordinary  free  sulphur  is  unaffected  by  this 
agent.  It  is  likewise  a very  expansible  material, 
having  three  times  the  rate  of  expansion  possessed 
by  zinc. 

India  - mhher  Mamifactnre  — Purification  of  the 
Crude  Material. — Rubber  arrives  in  various  forms 


in,  in  order  that  the  washing  process  may  be  more 
complete.  The  water  which  flows  off  has  acquired 
a most  unpleasant  smell  from  the  impurity  which  it 
has  acquired  from  the  raw  india-rubber.  After  the 
boiling  process,  the  fragments  of  partly  purified 
material  are  dried  by  being  placed  on  plates  of  iron 
heated  by  means  of  steam.  The  fragments  are  kept 
continually  stirred  to  facilitate  the  drying  and  to 
liberate  any  adhering  dirt.  After  this  washing  and 
drying,  the  india-rubber  is  thrown  between  two 
cylinders  which  rotate  with  unequal  velocity,  a 
series  of  small  jets  of  water  falling  at  the  same  time 
upon  the  mass.  The  material  is  thus  violently 
stretched  by  the  rotation  of  the  cylinder  which  has 
the  mo.st  velocity,  at  the  same  time  that  it  is  pressed 
between  the  two  cylinders  and  experiences  a sort  of 
rolling.  This  double  movement  causes  a veritable 
tearing,  which  allows  the  water  to  carry  away  all 
foreign  substances.  The  fragments  of  india-rubber 
are  at  length  converted  into  a sort  of  rough  crimpled 
sheet,  which  is  repeatedly  passed  through  the 


into  commerce.  The  bottle  variety  of  material  is 
now  only  imported  to  a comparatively  limited  extent. 
The  best  Para  rubber  now  arrives  in  the  form  of 
round  or  ovoid  masses,  weighing  about  7 lbs.  each  ; 
Borneo  rubber  occurs  as  square  masses  of  about  10 
lbs.  in  weight,  while  the  African  variety  (Gabon) 
occurs  generally  in  the  form  of  balls,  weighing  con- 
siderably less.  The  treatment  of  the  crude  india- 
rubber  in  order  to  eliminate  the  various  impurities 
with  which  it  is  associated  varies  somewhat  at 
different  places,  but  the  following  description  will 
afford  the  reader  a good  insight  into  the  general 
method  of  treatment:  — Tlie  first  step  towards 
purification  is  to  cut  the  crude  article  into  small 
fragments,  of  a size  which  can  be  easily  dealt  with. 
These  are  then  either  introduced  direct  into  a 
species  of  masticator  (Fig.  3),  or  else  subjected  to 
a preliminary  boiling  in  water,  by  which  a great  deal 
of  the  grosser  impurities  are  removed.  During  the 
boiling,  which  is  conducted  in  large  vats  or  troughs, 
a constant  stream  of  fresh  water  is  allowed  to  flow 
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apparatus,  iu  order  to  eliminate  all  impurities  and 
render  the  mass  more  uniform  in  character. 

Fig.  3 represents  the  machine  employed.  B is  a 
pinion  in  direct  connection  with  the  shaft,  turned 
by  the  driving  band,  A A.  This  moves  the  large 
cylinder,  c,  which  turns  at  a great  speed ; the  ex- 
tiemity  of  tins  cyliiuler  is  seen  at  b.  The  cylinder, 
I>,  is  turned  at  considerably  less  speed  by  a small 
cog-wheel  attached  to  C (not  visible  in  the  drawing), 
and  which  plays  into  the  teeth  of  the  large  wheel  in 
connection  with  d.  The  pipe,  f,  pierced  with  small 
holes,  supplies  the  small  jets  of  water  which  play 
continufilly  on  the  india-rubber.  After  having  been 
treated  as  before  mentioned,  the  sheet  of  india- 
rubber  is  dried,  and  subsequently  placed  iu  the 
“kneader”  or  masticator,  where  it  is  reduced  to  a 
homogeneous  mass,  and  acquires  gTeater  density. 


Fig.  4. 


This  apparatus  consists  of  a strong  cjdindrical  box, 
containing  a stout  iron  drum,  which  is  deeply  fluted. 
Fig.  4 represents  one  form  of  this  apparatus,  where 
B is  the  fluted  drum  and  A a pipe  for  the  entrance 
of  water,  which  flows  eventually  from  the  cylinder 
by  an  inferior  orifice  at  h.  In  many  cases  a different 
form  of  masticator  is  used,  in  which  two  deeply- 
fluted  rollers  are  used,  which  are  made  to  revo've  iu 
opposite  directions.  The  masticating  proce.ss  requires 
an  immense  expenditure  of  mechanical  yiower,  and 
the  apparatus  has  to  be  made  of  very  great  strength. 
'I'he  actual  size  varies  very  greatly,  but  an  ordinary 
masticator  is  about  3 or  4 feet  long  by  about  foot 
in  diameter.  The  charge  for  this  size  of  machine  is 
about  20  lbs.,  the  time  of  mastication  being  about 
three  hours.  The  shaft  upon  which  the  internal 
drum  is  fixed  has  to  be  exceedingly  strong,  and  is 


about  3 inches  in  diameter,  the  sides  of  the  drum 
being  2 inches  thick.  Steam  is  admitted  to  the 
interior  of  the  dnim  during  the  masticating  process, 
and  a current  of  water  is  kept  circulating  between 
the  cylinder  and  its  contoining  drum.  One  of  the 
most  curious  features  of  this  mastication  is  the 
great  elevation  of  temperature  suffered  by  the  rubber 
during  the  process.  The  heat  is  such  that  if  the 
water  is  admitted  in  too  limited  a quantity  it  is 
rapidly  raised  to  the  boiling  point;  and  Hancock 
mentions  tliat  a lump  of  india-rubber  which  had 
been  subjected  to  dry  mastication  indicated  a tem- 
perature of  280°  Fahr.  when  the  mass  was  cut  open 
and  a thermometer  inserted.  After  this  combined 
kneading  and  washing,  the  material  is  subjected 
to  a further  kneading  in  the  dry  condition  in  an 
apparatus  much  resembling  the  masticator  already 
described,  with  the  exception  that  both  the  revolving 
cylinder  and  the  case  are  armed  with  knives  or  blunt 
chisel-shaped  teeth,  which  tear  the  india-rubber  iu 
every  direction,  and  thus  make  the  mass  perfectly 
homogeneous  and  free  from  the  last  traces  of  air  and 
water.  The  expulsion  of  the  air  during  this  opera- 
tion is  attended  with  a series  of  loud  noises  resem- 
bling small  explosions.  After  being  subjected  to 
this  last  kneading,  the  india-rubber  is  obtained  in 
the  form  of  a compact  solid  mass,  which  is  then 
ready  for  further  treatment.  In  the  old  method  of 
preparing  sheet  india-rubber,  the  sheets  were  ob- 
tained by  direct  cutting  from  a solid  block ; but  at 
the  present  time  nearly  the  whole  of  the  sheet 
india-rubber  is  obtained  by  the  passage  of  the 
purified  material  between  powerful  rollers  heated  by 
steam.  In  cutting  sheet  india-rubber  the  material 
obtained  from  the  last  operation  was  not  suftici('ntly' 
compact  for  the  purpose  ; and  for  the  double 
object  of  obtaining  the  desired  degree  of 
solidity,  and  at  the  same  time  preparing  a 
block  of  sufficient  size,  a further  kneading  and 
mastication  w^as  performed  in  a larger  machine 
than  those  used  in  the  preceding  operations, 
and  at  the  end  of  this  operation  the  mass  of 
india-rubber  was  introduced  into  a rectangu- 
lar cast  - iron  mould,  where  it  was  highly 
compressed  by  the  action  of  a screw-press. 
When  condensed  to  the  utmost  in  this  box, 
the  lid  was  secured  in  its  place  by  screw-bolts,  and 
the  mould  set  aside  for  several  days.  At  the  end  of 
this  time  the  masses  of  material  were  removed  from 
the  mould,  and  were  then  ready  for  being  cut  into 
any  desired  form. 

The  n)ethod  of  preparing  purified  india-rubber  is 
often  not  so  elaborate  as  that  described,  and  consists 
in  softening  and  washing  the  crude  material  in  hot 
water,  reducing  to  small  fragments,  which  are  then 
subjected  to  the  action  of  a machine  resembling  that 
slrt)wn  in  fig.  3,  and  the  rough  sheets  then  produced 
are  finally  subjected  to  a dry  mastication  for  a 
sufficient  time,  to  expel  all  traces  of  air  and  moisture 
and  render  the  mass  perfectly'  uniform  and  homo- 
geneous. Sometimes  a little  quicklime  is  mingled 
with  the  india-rubber  during  the  last  mastication. 

Preparation  of  Sheet  India-riibher.  — In  the  old 
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method  of  preparing  sheet  india-rubber  by  cutting 
slices  from  a previously  prepared  block,  the  mass  of 
material  was  firmly  secured  in  a machine,  having  a 
straight  steel  blade  with  its  edges  slanting  down- 
wards on  to  the  surface  of  the  block,  which  was 
raised  regularly  as  the  cutting  progressed.  By  the 
horizontal  vibrations  of  the  blade  the  cake  of  india- 
rubber  was  rapidly  cut  into  sheets  of  any  desired  thick- 
ness, from  those  sufficiently  thin  to  cut  into  threads, 
to  those  destined  to  be  subsequently  recut  into 
square  or  oblong  blocks  for  the  use  of  the  draughts- 
man. During  the  cutting  the  knife  as  well  as  the 
surface  being  cut  have  to  be  kept  continually  wet 
by  a stream  of  water. 

We  are  informed  by  Foster  and  Williams  of 
Bermondsey,  the  well-known  rubber  manufacturers, 
that  the  strongest  sheet  india-rubber  is  still  obtained 
by  cutting  from  solid  blocks  of  the  compressed 
material,  the  hwgest  sheets  thus  made  being  about 


8 feet  long  by  1 foot  6 inches  in  breadth.  Much 
larger  sheets,  however,  can  be  obtained  by  the 
passage  of  a block  of  purified  material  fresh  from 
the  masticator  between  highly  polished  steel  rollers 
heated  to  about  200  Fahr.  The  sheets  so  obtained, 
however,  are  not  so  strong  as  those  obtained  from 
solid  blocks  by  cutting.  The  rolling  machines  are 
called  “ calenders,”  and  the  distance  between  the 
rollers  is  regulated  by  an  attached  screw  mechanism, 
so  that  by  this  means  any  thickness  of  sheet  rubber 
can  be  produced.  Sometimes  the  rolling  is  conducted 
on  cloth,  but  this  is  not  an  invariable  practice.  The 
original  rollers  used  weighed  only  about  2 or  3 
cwts.  each,  whereas  the  weight  of  each  now  amounts 
to  3 or  4 tons,  the  whole  machine  being  often  as 
much  as  60  tons  in  weight.  The  whole  apparatus 
is  represented  at  Fig.  5.  The  great  advantage  of 
the  modern  method  of  making  sheet  india-rubber 
lies  not  only  in  the  comparative  facility  of  production. 


Fis.  5. 


but  likewise  in  the  fact  that  the  size  of  the  sheets  is 
not  limited,  as  in  the  method  of  cutting  from  solid 
blocks.  Fragments  of  purified  india-rubber  placed 
in  the  rolling  mill  (as  it  may  be  termed)  unite  with 
the  greatest  facility  and  produce  perfect  sheets,  so 
that  the  material  can  be  fed  in  continuously  between 
the  rollers,  and  the  sheet  produced  wound  off  at  the 
other  end.  From  this  sheet  india-rubber  all  sorts 
of  objects  are  fashioned,  principally  by  hand,  with 
the  aid  of  the  proper  moulds  and  machinery. 

Manufacture  of  EhsHc  Thread. — This  is  now  a 
most  important  branch  of  industrial  manufacture, 
carried  on  in  London  principally  by  Messrs.  Warne 
of  Tottenham,  with  whom  it  is  quite  a specialite,  and 
also  by  the  firm  of  Mackintosh  & Co.  India-rubber 
thread  is  very  extensively  used  for  making  elastic 
fabrics,  braces,  garters,  &c.  One  of  the  best  descrip- 
tions of  thread  is  a red  vulcanized  material  prepared 
by  Messrs.  Warne  by  the  aid  of  special  machinery. 


There  are  three  methods  of  producing  thread  from 
india-rubber ; the  first  two  are  strictly  mechanical, 
while  the  third,  although  also  in  a sense  mechanical, 
is  of  a totally  different  description,  and  is,  tve  believe, 
not  used  at  the  present  time.  These  methods  are 
as  follows : — 

1.  Cutting  the  material  from  sheets  or  bands  by 
the  action  of  a knife. 

2.  Obtaining  the  thread  from  sheets  or  bands  by 
two  or  more  knives  working  together,  after  the 
manner  of  scissors. 

3.  Manufacture  of  round  thread  by  making  the 
india-rubber  into  a paste  by  the  addition  of  a limited 
quantity  of  a suitable  solvent,  and  subsequently 
squeezing  the  paste  thus  produced  through  small 
orifices  of  the  required  diameter. 

Of  these  three  modes  the  second  is  that  which  is 
most  used,  but  we  shall  now  give  a short  description 
of  each  in  rotation. 


INDIA-RUBBER  OR  CAOUTCHOUC— Elastic  Thread.  205 


The  commoner  method  of  preparing  thread  by 
the  first  method  is  that  of  stretching  a piece  of 
india-rubber,  having  a tubular  form  and  of  the 
requisite  thickness,  over  a mandril.  This  mandril 
is  then  secured  to  the  shaft  of  a sort  of  lathe,  which 
has  one  end  formed  into  a fin»;  threaded  screw,  that 
works  in  a fixed  nut  so  as  to  traverse  from  right 
to  left  in  its  rotation.  A shaft  revolving  parallel  to 
the  preceding  carries  a circular  disc  of  steel,  at  such 
a distance  as  to  cut  through  the  india-rubber,  so 
•that  by  the  transverse  movement  of  the  mandril 
shaft  the  hollow  cylinder  of  material  is  cut  spirally 
into  a continuous  fillet,  the  breadth  of  which  is 
regulated  by  the  pitch  of  the  screw,  and  the  rapidity 
with  which  the  mandril  shaft  is  turned. 

The  second  method  of  manufacture  is  generally 
accomplished  by  first  cutting  the  sheet  rubber  into 
narrow  bands,  of  a breadth  equitably  proportioned  to 
the  number  of  threads  into  which  each  is  eventually 
to  be  cut.  These  bands  may  likewise  be  produced 
from  flat  solid  cakes  of  a circular  shape,  and  having 
the  desired  thickness ; the  circumference  of  the 
cakes  being  advanced  against  a circular  disc  of  steel 
having  a sliarp  edge.  By  an  automatic  movement 
the  centre  of  the  india-rubber  disc  is  made  to  advance 
upon  the  knife  at  such  a regulated  rate  as  to  pre- 
serve the  riband  of  equal  thickness  throughout  the 
entire  cutting. 

Whether  the  bands  are  produced  from  sheet  rubber 
or  from  solid  cakes  of  india-rubber,  they  are  eventually 
converted  into  thread  either  by  a series  of  circular 
knives  placed  upon  a shaft,  or  by  a machine  similar  to 
that  shown  in  the  article  Gl'tta-Percua,  and  used 
by  Hancock  for  preparing  threads  or  cords  of  the 
last  named  material.  The  circular  steel  knives 
employed  by  RArriEU  and  GciBaL  were  set 

upon  a revolving  shaft,  and  separated  from  each 
other  at  the  required  distance  by  interposed  washers. 
These  knives  acted  against  a series  of  others  placed 
on  a parallel  adjoining  shaft,  and  the  band  of  india- 
rubber  on  its  pass<age  through  the  apparatus  was 
simultaneously  divided  into  eight  or  more  threads. 
N ICKELS  has  patented  a modification  of  this  apparatus 
which  is  figured  and  described  in  his  patent  taken 
out  in  October,  18.30.  This  form  of  machine  is 
shown  at  Fig.  6.  Various  sizes  of  elastic  threads  are 
now  manufactured,  and  are  known  by  certain 
numbers  which  indicate  the  number  of  cuts  to  the 
inch. 

The  third  mode  of  preparing  thread,  differing 
from  those  previously  described,  not  only  in  being 
round  in  place  of  square,  as  is  the  case  with  cut 
thread,  but  likewise  in  the  mode  of  preparation,  was 
patented  some  time  back  by  MM.  Gerard  and 
Acrert,  and  employed  by  them  for  some  time  at 
their  manufactory  at  Grenelle,  near  Paris.  In  this 
process  the  india-rubber  is  first  purified  by  the  ordi- 
nary methods,  and  rolled  into  thin  sheets,  which 
are  then  cut  into  strips  and  introduced  by  hand  into 
zinc  boxes  with  wide  openings ; over  the  india- 
rubber  is  poured  some  carbon  disulphide  or  benzol, 
containing  about  5 per  cent,  of  alcoliol.  'I’he  proper 
quantity  of  this  solvent  to  use  is  about  double  the 


weight  of  the  india-rubber,  the  exact  amount  being 
regulated  by  the  quality  of  the  gum.  This  being 
done,  the  lid  of  the  box  is  adjusted,  fitting  into  a 
very  deep  groove,  packed  with  tow  impregnated 
with  a mixture  of  glue  and  treacle,  or  some  other  soft 
humid  substance  capable  of  resisting  the  action  of 
the  carbon  disulphide  vapour.  After  standing  for 
from  twelve  to  fifteen  hours  the  india-rubber  has 
become  completely  softened,  and  it  is  then  in  this 
condition  introduced  into  vertical  cylinders,  the 
lower  ends  of  which  are  fitted  with  wire -gauze. 
These  cylinders  are  fitted  with  pistons,  to  which 
pressure  is  applied,  and  the  pasty  material  is  thus 
forced  through  the  wire-gauze,  and  thus  strained 


Fig  6. 


and  mixed.  The  india-rubber  paste  is  then  intro- 
duced into  the  apparatus  shown  at  Fig.  7,  which 
consists  of  a cylinder.  A,  into  which  the  material  is 
introduced,  in  connection  with  which  is  the  pipe,  C, 
pierced  with  holes  of  the  requisite  diameter.  The 
cylinder.  A,  is  provided  with  a lightly  fitting  piston, 
F,  which  is  capable  of  being  worked  slowly  down  by 
the  screw,  b.  The  pasty  material  is  thus  forced 
througli  the  small  orifices  in  C,  in  the  form  of  round 
threads,  which  pass  over  a velvet  band,  E,  into  a 
tank  of  running  water,  D,  from  which  they  pass  to 
a band  of  cloth  about  CUO  feet  long.  After  having 
traversed  this  band,  which  occupies  about  six  minutes, 
the  solvent  is  in  great  measure  evaporated,  and  the 
threads  have  become  comparatively  dry.  They  are 
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tlicn  wound  on  to  bobbins,  and  are  dried  for  several 
days. 

In  weaving  elastic  threads  or  covering  them  with 
cotton  or  silk,  the  first  proceeding  is  to  deprive  them 
of  their  elasticity.  This  is  accomplished  by  stretch- 
ing the  threads  to  about  eight  times  their  origii  al 
length,  and  then  winding  them  in  the  strained  con- 
dition on  to  the  bobbins  eventually  used  in  the 
manufacture.  After  being  left  in  this  condition  in  a 
cold  situation  for  some  days,  the  exact  duration  neces- 
sary depending  on  the  qualitj^  and  character  of  the 
material,  the  threads  have  quite  lost  their  elasticity ; 
but  this  can  at  any  time  be  restored  by  the  applica- 
tion of  heat,  the  threads  at  the  same  time  contracting 
to  their  original  length.  The  operation  of  stretching 
is  performed  chiefly  by  boys  and  girls,  known  as 
tenters,  wlio  press  the  thread  between  the  thumb  and 
forefinger,  previously  moistened  with  water.  The 


Fig.  7 


stretching  is  attended  with  a considerable  develop- 
ment of  heat,  so  much  so  in  fact  as  to  be  extremely 
unpleasant  to  unseasoned  fingers.  Ihe  india-rub- 
ber in  stretching  experiences  a considerable  con- 
traction in  volume,  its  density  being  at  the  same 
time  considerably  increased.  Should  the  thread 
break  it  can  be  easily  reunited  by  pressing  the  clean 
cut  edges  together.  After  the  cloth  is  woven  in  the 
ordinary  way,  the  elasticity  of  the  india-rubber  is 
restored  by  passing  the  fabric  under  a heated  roller 
having  a temperature  of  about  (i.S°  C.  In  the  em- 
ployment of  vtdeanized  india-rubber  for  the  manu- 
facture of  elastic  fabrics,  provision  has  to  be  made 
for  keeping  the  threads  stretched  during  the  weaving 
process. 

The  chief  seats  of  the  elastic  thread  manufacture 
in  England  are  Leicester,  Derby,  and  Manchester, 
in  many  of  which  several  hundred  hands  are  daily 
employed. 


India-ruhher  Tubing. — This  branch  of  the  india- 
rubber  industry  is  gaining  yearly  in  magnitude  and 
importance.  Tubes  of  ordinary  rubber  are  made 
from  sheet-rubber  by  a very  simple  process,  con- 
sisting in  wrapping  a b.and  of  the  material  round  a 
mandril,  cutting  the  two  edges,  and  pressing  them 
firmly  and  rapidly  together,  when  a perfect  union  is 
effected.  The  operation  may  be  performed  auto- 
matically by  suitable  machinery.  Tubing  can  also 
be  made  from  india-rubber  paste,  prepared  in  the 
same  way  as  that  used  by  Geii.\p.d  and  Aubert  for 
the  preparation  of  round  thread.  The  machine  used 
for  the  manufacture  of  tubing  by  this  method  is 
exactly  similar  to  that  employed  for  preparing  tubes 
of  gutta-percha  (see  article  Gutta-Percha).  The 
greater  quantity  of  the  india-rubber  tubing  of  com- 
merce, however,  is  made  of  the  vulcanized  material, 
and  in  this  case  india-rubber  cement  is  used  in  order 
to  insure  a stronger  joint. 

Marrufacture  of  Waterproof  lifatevials.  — These 
generally  consist  of  thin  cloth,  canvas,  or  some 
similar  material,  which  is  rendered  impervious  by 
being  imbued  with  a solution  of  india-rubber. 
There  are  two  distinct  kinds  of  waterproof  stuffs  in 
commerce,  the  one  being  composed  of  a single  layer 
of  cloth,  the  surface  of  one  side  of  which  is  covered 
with  india-rubber,  and  the  other  description  in 
which  a layer  of  rubber  is  interposed  between  two 
layers  of  cloth.  These  are  known  technically  as 
single  and  double  fabrics.  The  double  description 
is  that  more  commonly  called  Mackintosh,  from  the 
name  of  its  inventor,  whose  patent  dates  as  early  as 
June  17,  1823.  The  single  fabric  goods  are  of  later 
date,  and  were  introduced  by  Thomas  Hancock, 
being  patented  the  17th  October,  1837.  The  method 
of  preparing  the  single  fabric  is  as  follows : — The 
india-rubber  generally  used  is  of  an  inferior  descrip- 
tion, and  after  having  been  subjected  to  a prelimi- 
nary purification,  is  cut  into  pieces  and  placed  in  a 
suit  ible  vessel,  with  about  three,  four,  or  five  times  its 
weight  of  a suitable  solvent,  the  whole  being  then 
allowed  to  remain  about  three  days.  The  solvent 
first  employed  was  ether  benzol,  or  the  mixture  of 
carbon  disuljJiide  and  alcohol  which  has  already 
been  mentioned.  At  the  present  time  coal-tar 
naphtha  furnishes  the  most  effective  and  economical 
solvent.  The  paste  eventually  produced,  which 
may  conveniently  be  of  the  consistence  of  very  thick 
treacle,  is  placed  on  the  stuff  to  be  covered  just  at 
the  moment  that  it  is  passing  between  tsvo  rollers. 
This  operation  is  represented  at  Fig.  8.  By  the 
action  of  the  rollers  the  liquid  paste  becomes  spread 
equally  over  the  surface  of  the  cloth  as  a fine  coat- 
ing. After  leaving  the  rollers  the  cloth  passes  over 
the  surface  of  a sheet  iron  table  heated  by  steam, 
and  by  this  means  the  solvent  used  in  prejiaring  the 
pasty  india-rubber  is  expelled,  the  cloth  becoming 
by  the  time  it  reaches  the  extreme  end  of  the  table 
sufficiently  dry  to  be  wound  off  on  to  a suitable 
drum.  The  drying  table  has  been  considerably 
shortened  in  the  drawing  for  the  sake  of  conveni- 
ence of  representation  ; the  ordinary  length  may  be 
about  20  yards,  but  this  necessarily  varies  with  the 
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character  of  the  solvent  employed  in  the  preparation 
of  the  rubber  paste,  and  the  rapidity  with  which  the 
prepared  cloth  is  being  manufactured.  In  the  pre- 
paration of  Mackintosh  the  india-rubber  paste  is  first 
spread  on  to  one  or  both  pieces  of  cloth,  and  the 
coated  surfaces  are  then  brought  together  and  firmly 
attached  to  each  other  by  passage  through  suitable 
rollers.  In  preparing  this  double  stuff  it  is  always 
a necessary  precaution  to  have  the  under  sheet  of 
material  a little  wider  than  the  upper,  as  by  this 
means  only  can  a perfect  union  of  the  edges  be 
secured.  Various  attempts  have  been  made  from 
time  to  time  to  divest  Mackintosh  goods  of  the 
unpleasant  smell  with  which  they  are  always  more 
or  less  associated  : the  best  precaution,  however, 
appears  to  consist  in  a thorough  expulsion  of  the 
solvent  used  in  the  preparation. 

Cixithi;!  Telegraph  Jfa-es. — Wires  are  sometimes 
insulated  by  means  of  india-rubber  in  place  of  by 


gutta-percha.  The  method  employed  is  generally 
that  of  doubling  a band  of  rubber  of  suitable  size 
round  the  wire,  and  uniting  the  freshly-cut  edges  by 
pressure.  This  is  accomplished  in  the  following 
way  : — Long  bands  of  rubber  are  first  prepared  by 
any  of  the  usual  methods,  and  slightly  exceeding  in 
breadth  the  exact  size  necessary;  these  then  pass  to 
a machine  having  two  rapidly  rotating  circular  steel 
knives,  so  arranged  as  to  cut  tlie  edges  of  the  india- 
rubber  band  obliquely.  The  band  is  then  folded 
automatically  over  the  wire  to  be  coated,  and  the 
whole  drawn  through  a perforated  plate,  whereby 
the  freshly-cut  edges  of  the  rubber  are  pressed 
together,  and  so  adhere,  forming  a perfect  union. 

India-Rubber  Sponge. — This  curious  substance  is 
produced  by  similar  means  to  that  patented  by 
Charles  Hancock  in  1846  with  reference  to  gutta- 
percha and  its  compounds.  Ammonium  carbonate 
or  some  readily  volatilizable  substance  is  mixed  with 
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the  rubber  “ in  the  masticator,  or  by  other  means.” 
'I'he  mixture  is  subsequently  heated,  when  it  swells 
up  and  is  converted  into  a spongj"  mass. 

Vulcanization. — The  discovery  of  the  peculiar  change 
which  india-rubber  experiences  by  the  action  of 
sulphur  at  a high  temperature  has  been  already 
ncticed,  as  well  as  the  names  of  the  individuals  to 
whom  the  world  is  indebted  for  the  invention. 
Hancock's  original  method  of  plunging  the  material 
into  melted  sulphur,  as  well  as  his  modified  process 
of  vulcanizing  by  the  vajiour  of  sulphur  or  a volatile 
sulphide,  arc  now  seldom  or  never  employed.  The 
modern  method  is  almost  invariably  that  of  mixing 
the  india-rubber  with  the  proper  percentage  of 
vulcanizing  material,  and  subsequently  exposing  the 
mixture,  after  being  moulded  into  the  form  which 
it  is  destined  to  permanently  retain,  to  a tempera- 
ture sufficiently  high  to  effect  what  is  termed  “ the 
change.”  'I’his  proce.ss  is  that  univer.sally  adopted 
for  all  classes  of  articles,  with  the  exception  of  those 
of  a very  thin  description,  or  of  those  in  which  a 


I surface  vulcanization  is  sufficient,  when  a different 
mode  is  ado])ted,  which  will  be  subsequently  de- 
scribed. Vulcanization  is  now  technically  called 
j “ curing,”  and  the  vessels  in  which  the  material  is 
I changed  are  called  “ curers.”  The  first  process  to 
W'hich  the  india-rubber  is  submitted,  as  a step  to 
I being  vulcanized,  is  its  intimate  admixture  with  the 
necessary  quantity  of  vulcanizing  material,  which  is 
generally  either  free  sulphur  in  the  form  known  as 
“flowers  of  sulphur”  (IIancock’s  and  Goodyear’s 
patents),  or  the  orange  sulphide  of  antimony 
(Burke’s  patent).  Vulcanization  b)”^  the  latter 
substance  is  stated  to  afford  a finished  material  of 
the  highest  degree  of  permanent  elasticity  and 
general  durability.  In  either  case  the  admixture  of 
the  vulcanizing  agent  with  the  india-rubber,  which 
was  formerly  accomplished  in  the  masticator,  is  now 
made  by  means  of  mixing  rollers.  The  india-rubber 
in  rough  sheets  is  passed  between  a series  of  heavy 
rollers,  under  which  is  a shallow  tray,  llie  sub- 
stance to  be  mixed  with  the  rubber  is  strewn  on  to 


208  INDIA-RUBBER  OR  CAOUTCHOUC.— Vulcanization. 


the  surface  of  the  sheets,  and  by  continued  rolling 
and  re-rolling  the  two  materials  become  eventually 
thoroughly  intermixed,  and  the  combination  is  then 
ready  for  use.  The  rubber  is  then  generally  rolled 
into  a sheet  on  to  a layer  of  pounced  cloth,  the  size 
of  the  usual  sheets  produced  being  60  yards  long 
by  about  2^  to  3 yards  wide,  and  weighing  roughly 
about  200  lbs.  Most  of  the  articles  made  from 
vulcanized  rubber  are  made  from  the  sheet  form  of 
the  material,  which  is  jjressed  into  moulds  of  the 
required  form,  the  separate  portions  of  which  are 
screwed  or  otherwise  securely  clamped,  and  the 
whole  is  then  placed  in  the  “ curer  ” and  exposed  to 
a suitable  temperature  for  the  necessary  time.  The 
moulds  or  the  material  must  be  “ pounced  ” — dusted 
over  with  powdered  steatite,  chalk,  or  similar 


material,  to  prevent  any  adherence  taking  place  in 
the  subsequent  heating.  Tubing  is  prepared  by 
wrapping  bands  of  the  jirepared  sheet  india-rubber 
round  iron  mandrils  of  the  required  size,  joining  the 
edges  with  rubber  cement,  and  finally  wrapping  the 
whole  round  with  cloth  or  tape,  and  vulcanizing  in 
the  usual  way.  The  curers  employed  for  tubing  and 
sheet  india-rubber  are  frequently  some  200  or  300 
feet  in  length.  Fig.  9 exhibits  an  ordinary  circular 
curer  employed  for  vulcanizing  smaller  articles ; the 
lids  of  the  vessels  are,  how’ever,  generally  lifted  by 
means  of  counterbalance  weights  in  place  of  by 
chains  wound  by  hand,  as  represented  in  the 
diagram.  Sheet  india-rubber  is  sometimes  vul- 
canized by  being  simply  pressed  between  two  plates 
of  iron  heated  to  a suitable  temperature,  the  sheet 
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being  allowed  to  remain  for  a sufficient  time  to  effect 
the  change. 

AVith  regard  to  percentages  of  material,  tempera- 
tures, and  duration  of  heating,  each  particular  is 
modified  by  circumstances ; the  following  details, 
however,  will  afford  the  reader  some  information  on 
the  subject : — • 

AA'hen  sulphur  is  employed  as  a vulcanizing  agent, 
with  the  object  of  producing  an  article  possessing 
the  maximum  amount  of  durability  and  elasticity, 
the  percentage  employed  is  from  about  7 to  10 
per  cent.,  the  temperature  about  260°  Fahr.  to 
280°  Fahr.,  and  the  duration  of  heating  about  three 
hours.  AVith  sulphide  of  antimony  the  degree  of 
heat  is  about  the  same,  the  duration  of  heating  being 
about  two  hours. 


For  the  preparation  of  vulcanite,  or  ebonite,  as  it 
is  more  generally  termed,  the  proportion  of  sulphur 
used  is  from  25  to  50  per  cent.,  the  degree  of  heat 
to  about  400°  Fahr.,  and  the  duration  of  heating 
from  two  to  six  hours. 

In  connection. with  the  subject  of  vulcanization,  it 
may  be  mentioned  that  the  best  effects  are  obtained 
from  the  admission  of  high-pressure  steam  directly 
into  the  vessels  containing  the  articles  to  be  cured. 
This  appears  to  be  the  most  favourable  condition  for 
the  treatment  of  the  articles,  and,  at  the  same  time,  no 
difficulty  is  e.xperienced  in  keeping  the  heat  uniform, 
or  in  regulating  it  to  the  required  degree.  It  is 
almost  superfluous  to  remark  that  the  vessels  have 
to  be  very  strongly  made,  in  order  to  bear  the  need- 
[ ful  heavy  jjressure.  The  steam  for  ordinary  articles 
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is  generally  of  about  40  to  50  lbs.  pressure  per 
square  inch,  corresponding  to  a temperature  of  260° 
to  280"  Fahr.  The  less  the  percentage  of  vulcanizing 
ingredients  used,  the  lower  the  temperature,  and  the 
shorter  the  duration  of  heating,  the  less  the  degree 
of  vulcanization ; whereas,  on  the  other  hand,  in- 
crease in  either  agent  employed,  time  of  heating,  or 
temperature,  causes  the  “ change  ” to  become  pro- 
portionally greater.  The  effect  of  over-curing  is  to 
darken  the  colour  of  the  material,  render  it  harder, 
and  diminish  its  pliability;  while,  on  the  other  hand, 
if  the  material  be  insufficiently  vulcanized,  all  the 
advantages  of  the  curing  will  not  be  secured.  The 
point  to  be  gained  in  the  treatment  is  to  secure  all 
the  desired  advantages  without  overstepping  the 
desired  mark  or  failing  from  insufficient  treatment, 
and  this  can  only  be  obtained  by  an  exact  know- 
ledge of  the  character  of  the  materials  employed, 
and  experience  in  their  use. 

It  now  remains  to  describe  the  process  employed 
for  the  surface  vulcanization  of  comparatively  thin 
articles,  such  as  coated  fabrics,  &c.  This  is  depend- 
ent on  an  important  discovery  made  by  Parkes, 
and  jjatented  by  him,  March  25,  1846.  In  this 
patent  is  claimed  the  use  of  a solution  of  chloride 
of  sulphur  in  carbon  disulphide  as  a means  of  vul- 
canizing india-rubber,  either  by  admixture  with  the 
material,  or  by  immersing  the  article  for  a short 
time  in  the  solution.  In  practice  the  chloride  of 
sulphur  is  dissolved  in  carbon  disulphide,  and  the 
liquid  thus  produced  sponged  over  the  surface  of 
rubber,  as,  for  instance,  a waterproof  fabric.  The 
article  is  subsequently  placed  in  boiling  water  for 
about  an  hour.  A curious  feature  in  this  method  of 
treatment  lies  in  the  fact,  that  the  vulcanization 
takes  place  at  ordinary  temperatures ; but  although 
this  is  the  case,  the  process  needs  a certain  amount 
of  time  for  its  effectual  conqiletion,  and  it  is  for  the 
purpose  of  expediting  tl'e  conversion  that  the  heat- 
ing by  boiling  water  is  adopted  in  practice. 

An  extensive  use  for  a certain  class  of  vulcanized 
rubber  has  developed  of  late  years  by  its  employment 
for  palates  and  settings  for  artificial  teeth.  The  so- 
called  “dental  rubber”  of  Asii  & Co.  commands  an 
extensive  sale  for  this  purpose,  the  best  qualities 
realizing  as  high  a price  as  thirty  shillings  per  lb 
This  rubber  is  made  of  vaiious  shades  of  pink, 
approximating  to  the  natural  colour  of  the  gum. 
Other  colours  are  also  made  from  white  to  brown - 
orange,  red,  or  black,  the  price  varying  from  seven 
shillings  to  twenty-one  shillings  per  lb.  The  pre- 
paration of  these  compounds  is  preserved  a trade 
secret,  the  whole  manufacture  being  conducted  with 
the  greatest  exclusiveness.  4'he  denbd  rubbers  are 
supplied  in  a form  in  which  they  become  readily 
phnstic  at  a moderate  heat,  so  that  the  material  can 
be  moulded  to  the  desired  shape,  and  subsequently 
vulcanized,  the  vulcanizing  material  being  already 
mixed  with  the  rubbers  before  they  are  sent  out 
from  the  factory.  Asii  & Co.  supply  dentists  with 
portable  vulcanizers,  in  which  the  curing  process 
can  be  carried  out.  The  temperature  used  varies 
from  270°  to  320°Fahr.,  the  time  of  heating  being  from 
Vf>T„  TI. 


fifty  minutes  to  sLx  hours  (in  extreme  cases);  the 
average  duration  of  heating  is,  however,  from  fifty 
to  one  hundred  and  twenty  minutes.  The  most 
curious  feature  of  the  dental  rubbers  is  the  fact  of 
the  light  pink  variety  being  capable  of  having  its 
colour  increased  to  any  desired  extent  by  immersion 
in  ordinary  spirits  of  wine  and  exposure  to  the  sun, 
so  that  an  exact  imitation  of  the  tint  of  the  gum 
can  be  obtained.  This  process  is  technically  termed 
“ solarizing.” 

CumjKmnds  of  Indw-ruhher. — These  are  exceedingly 
numerous,  some  hundreds  of  patents  having  been 
taken  out  at  different  times  for  mixtures  of  india- 
rubber  with  various  materials  for  a variety  of  pur- 
poses. All  these  mixtures  (if  we  except  vulcanizing 
compounds)  tend  to  diminish  the  tensile  strength  of 
the  material , but  at  the  same  time  compounds  are 
sometimes  produced  more  applicable  to  special  pur- 
poses than  pure  rubber.  As  an  example  of  this,  we 
need  only  specify  kamptulicon  and  other  similar 
materials  so  largely  in  use  for  floor  covering.  India- 
rubber  is  likewise  for  some  purposes,  such  as  making 
rough  waterproof  cloth,  mixed  with  coal-tar,  the 
mixture  being  spread  on  in  the  usual  w,ay.  It  is 
curious  that  mixtures  of  tar  and  india-rubber,  when 
mingled  with  sulphur  and  heated,  can  be  vulcanized 
without  difficulty ; the  proportion  of  sulphur  u.sed 
is,  however,  somewhat  greater  than  when  pure  rub- 
ber is  employed.  By  a still  further  increase  in  the 
percentage  of  sulphur,-  afterwards  heating  the  com- 
pound to  230°  Fahr.  for  half  an  hour,  and  subsequently 
to  from  300°  to  320°  for  a further  five  hours,  a hard 
compound  resembling  ebonite  can  be  obtained. 

Siihstiliitcs  for  India-rnhltr. — There  have  been 
several  patents  for  materials  to  be  used  in  place  of 
india-rubber,  the  majority  of  them  simply  admix- 
tures of  rubber  with  various  other  substances.  The 
only  substitute  in  the  real  sense  of  the  word,  in  any 
degree  worth  notice  here,  is  that  proposed  in  a 
patent  of  Parkes  in  1855,  whereby  it  was  found 
that  the  addition  of  chloride  of  sulphur  to  drying 
oils,  such  as  linseed  and  rape,  had  the  effect  of 
rendering  them  insoluble  in  their  usual  solvents, 
and  it  is  at  the  same  time  remarked  that  oils  so 
changed  have  the  character  of  vulcanized  rubber. 
There  is,  we  believe,  now  made  a material  for  water- 
proofing rough  fabrics,  the  basis  of  which  is  made  by 
exposing  thin  layers  of  a drying  oil  to  a current  of 
warm  air  for  some  time,  when  a substance  is  pro- 
duced of  an  elastic  nature,  and  capable  of  being 
vulcanized. 

Ilecovtri)  of  Scraps  of  Vidcanized  Indin-ridiher  — 
This  has  often  been  attempted,  but  with  only  limited 
success.  Parkes’  method,  patented  in  1846,  was 
to  boil  the  fragments  of  material  in  a solution  of 
chloride  of  calcium,  whereby  they  become  softened, 
and  it  is  stated  may  be  re-worked  and  again  sub- 
mitted to  the  vulcanizing  process.  In  1856  Dodge 
l)atented  another  method,  founded  on  the  alleged 
fact  that  a mixture  of  absolute  alcohol  and  carbon 
disulphide  would  soften  vulcanized  rubber  when 
digested  with  it  for  a short  time.  The  pasty  mass 
eventually  obtivined  could  then  be  used  for  any 
27 
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desired  purpose.  In  1853  a patent  was  obtained  by 
Cristopher  and  Gidley  for  the  utilization  of  scraps 
of  vulcanized  rubber.  The  process  consisted  in 
“macerating”  the  material  in  “a  hot  solution  of 
carbonated  alkali,  or  in  a solution  of  hydrate  of  lime, 
or  in  hot  water  in  which  caustic  lime  is  suspended.” 
The  object  was  the  withdrawal  of  the  sulphur. 
Another  patent  was  granted  to  Hancock  and 
Phillips  in  1847.  This  consisted  in  the  reduction 
of  the  refuse  vulcanized  material  into  shreds  and 
boiling  them  subsequently  in  oil  of  turpentine. 

Patents  respectmg  the  Man»lactiirc,  Treatment,  and 
Applicaliom  of  India-rubber. — These  are  so  numerous 
that  it  would  be  hopeless  to  endeavour  to  give  even 
an  abbreviated  list  having  any  pretensions  to  com- 
pleteness within  the  limits  of  the  present  article,  and 
we  must  therefore  confine  the  description  to  those 
which  are  the  most  important  or  which  possess  some 
marked  feature  of  interest  in  connection  with  the 
subject.  Most  of  the  more  important  patents  have 
now  expired ; the  list  is  arranged  in  order  of  date. 

1791,  May  2,  Samuel  Peal. — First  patent  for 
application  of  dissolved  india-rubber  for  water- 
proofing, the  solution  in  spirits  of  turpentine  to  be 
spread  over  the  fabric  with  a brush. 

1823,  June  17,  C.  Mackintosh. — AVaterproofing 
fabrics  by  a solution  of  india-rubber  in  “ coal  oil.” 

1824,  November  29,  T.  Hancock. — Application 
of  india-rubber  as  a substitute  for  leather  and 
“ various  other  useful  purposes.” 

1836,  October  24,  C,  Nickels. — Apparatus  for 
treatment  of  crude  india-rubber  and  for  converting 
it  into  thread. 

1837,  April  18,  T.  Hancock.  — Mastication  of 
rubber  described,  and  its  conversion  into  sheets  by 
passage  between  heated  rollers.  AVaterproofing  of 
cloth  by  means  of  rubber  made  into  a paste  by 
addition  of  coal  oil  or  other  solvent. 

1843,  June  27,  A.  Parkes. — Preparation  of  blocks 
of  india-rubber  from  scraps  of  the  material  by 
softening  with  turpentine  or  naphtha,  and  subsequent 
union  of  the  fragments  into  a mass. 

1843,  November  21,  T.  Hancock. — Reducing  the 
clammy  nature  of  rubber  by  mixing  with  it  “silicate 
of  magnesia,”  effected  by  mixing  rollers.  Treating 
india-rubber  alone  or  combined  with  “ asphalt”  with 
melted  sulphur,  or  mixing  with  sulphur,  subsequently 
exposed  to  a heat  of  from  200°  to  400°  Fahr. 

1844,  January  30,  1846,  W.  E.  Newton  (a 
communication).— Vulcanization  of  india-rubber  by 
a mixture  of  sulphur  with  the  carbonate  or  oxides  of 
lead. 

1846,  January  12,  C.  Hancock. — Treatment  of 
gutta-percha;  preparation  of  spongy  masses  from 
“ gutta-percha  and  its  compounds  by  admixture  with 
carbonate  of  ammonia  or  otlier  volatilizable  substance 
and  subsequent  exposure  to  heat  in  ovens.”  (Several 
other  claims  which  need  not  be  here  noted). 

1846,  March  18,  T.  Hancock. — Shaping  articles  of 
india-rubber,  mixed  with  vulcanizing  ingredients, 
on  moulds,  and  subsequently  vulcanizing,  whereby 
the  form  of  the  articles  was  rendered  permanent. 

1846,  March  25,  A.  Parkes.  — Application  of 


[ chloride  of  sulphur,  dissolved  in  “ bisulphide  of 
carbon,”  coal  naphtha,  turpentine,  &c.,  to  the 
I vulcanization  of  india-rubber,  gutta-percha,  or  their 
compounds.  Application  of  the  liquid  obtained  by 
passing  sulphurous  acid  over  “ granulated  camplior  ” 
to  the  solution  of  india-rubber,  &c. 

1847,  February  8,  S.  Moulton. — “Treating  india- 
rubber  by  combining  therewith  calcined  and  car- 
bonate of  magnesia,  hyposulphite  of  lead,  and  the 
artificial  sulphuret  of  lead,  and  subjecting  it  to  a 
high  degree  of  temperature.” 

1847,  February  10,  C.  Hancock. — Manufacture 
and  treatment  of  gutta-percha  alone,  or  in  combina- 
tion with  other  substances. 

1847,  December  30,  T.  Hancock  and  R.  Phillips. — 
Recovery  of  scrap  vulcanized  material  by  treatment 
with  oil  of  turpentine  at  a temperature  of  about 
300°  Fahr. 

1849,  January  11,  C.  Nickels. — Improvements  in 
masticating  machinery. 

1849,  April  26,  AV.  H.  Burke. — Application  of 
precipitated  sulphide  of  antimony  as  a vulcanizing 
agent. 

1850,  May  7,  G.  E.  M.  Gerard. — Use  of  alcohol 
to  be  mixed  with  ordinary  solvents  of  india-rubber 
to  facilitate  solution. 

1851,  March  4,  A.  V.  Newton  (a  communication 
from  Goody'Ear) — Preparation  of  a hard  substance 
suitable  for  a variety  of  purposes  by  treating  india- 
rubber  or  gutta-percha  with  sulphur,  and  exposing 
them  to  a high  temperature.  (This  patent  is  the 
first  for  the  preparation  of  what  is  now  called 
ebonite.) 

1852,  September  18,  M.  Poole  (a  communication 
from  Goodyear). — Producing  hard  compounds  re- 
sembling horn  or  whalebone  by  subjecting  to  heat  a 
mixture  of  coal-tar,  india-rubber,  and  sulphur. 

1852,  September  30,  M.  Poole  (from  Goodyear). — 
Application  of  substance  described  in  patent,  March 
4,  1851,  to  manufacture  of  combs. 

1852,  November  7,  M.  Poole  (from  Goodyear). — 
Manufacture  of  elastic  sticks  for  umbrellas,  &c., 
from  same  material. 

1852,  October  1,  M.  Poole  (communication  from 
Goodyear). — Nine  patents  for  other  applications  of 
the  material  described  in  patent  of  March  4,  1851. 

1852,  October  2,  M.  Poole  (from  Goodyear). — 
F urther  applications. 

1853,  January  5,  G.  E.  IM.  Gerard. — Treatment 
of  india-rubber  by  manipulations  conducted  at  a 
heat  of  from  220°  to  240°  Fahr.,  at  which  tempera- 
ture the  material  “ is  susceptible  of  receiving  and 
retaining  a greater  extension  than  in  its  natural  state.” 

1853,  April  7,  C.  Nickels. — “Improvements  in 
machinery  for  the  mastication,  &c.,  kneading  or 
grinding  india-rubber,  gutta-percha,  and  other 
matters.” 

1853,  June  16,  AV.  Christopher  and  G.  Gidley.— 
Recovery  of  waste  vulcanized  scrap. 

1853,  July  15.  C.  Goodyear. — Three  patents  for 
application  of  substance  described  in  patent  of  March 
4,  1851,  for  new  purposes. 

1853,  August  30,  C.  Goodyear. — Application  of 
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same  material  to  manufacture  of  “rules,  graduated, 
scales,  and  measuring  instruments.” 

1855,  October  22,  A.  Parkes. — Treating  such  oils 
as  rape,  linseed,  &c.,  with  chloride  of  sulphur  to 
produce  compounds  resembling  vulcanized  rubber. 

1856,  January  18,  M.  S.  Dodge  (a  communica- 
tion).— Re-working  of  scraps  of  vulcmized  rubber 
by  treatment  with  alcohol  and  carbon  disulphide. 

1859,  May  18,  J.  Ciiild.s. — Employing  a hydrated 
substiince,  such  as  gypsum  or  lime,  to  generate 
steam  and  produce  pressure  in  the  vulcanizing 
process.  (Tliis  method  is  now  generally  employed 
for  small  articles,  such  as  artificial  palates,  which  in 
being  vulcanized  are  placed  in  moulds  in  ordinary 
plaster  of  Paris,  and  e-xposed  to  the  requisite  degree 
of  heat  in  closed  vessels  called  portable  vulcanizers. 
The  plaster  gives  sufficient  steam  to  maintain  the 
necessary  pressure  during  the  curing  process.) 

1859,  August  9,  F.  L.  Lawrence. — For  a mixture 
of  lbs.  india-rubber,  1^  lb.  sulphur.  1 lb.  of  ver- 
milion, and  9-|^  lbs.  oxide  of  zinc  (proportions  may 
be  varied) ; the  compound  constitutes  a dental 
rubber,  and  it  is  stated  in  the  patent  that  after 
vulcanization  the  substance  will  acquire  a deeper  red 
colour  by  exposure  in  a vessel  of  alcohol  to  the 
sun’s  rays. 

1859,  December  6,  W.  E.  Newton  (a  communica- 
tion).— Preparation  of  a white  compound  suitable 
for  a variety  of  purposes,  by  the  exposing  gutta- 
percha or  india-rubber  to  the  action  of  chlorine  gas. 

1860,  May  29,  C.  Schiele  (a  communication). — 
Improving  the  lubricant  properties  of  oils  by  the  ad- 
dition of  a solution  of  india-rubber  in  heavy  paraffin  oil. 

1862,  September  27,  M.  Henry. — Application  of 
light  petroleum  to  the  solution  of  india-rubber, 
gutta-percha,  and  their  compounds. 

1864,  March  5,  C.  IIumkrey. — The  use  of  light 
petroleum  spirit  as  a solvent  for  chloride  of  sulphur 
in  its  application  to  ,the  vulcanization  of  india- 
rubber. 

1864,  August  4,  G.  E.  M.  Gerard. — Cutting  sheets 
or  bands  of  vulcanized  rubber  into  threads. 

1865,  January  20,  B.  F.  Stevens. — Preparation  of 
a vulcanizable  compound  to  be  used  for  waterproof- 
ing and  other  purposes  by  the  admixture  of  caout- 
chouc with  boiled  oil  and  sulphur. 

1867,  August  28,  G.  G.  Sandy. — Rendering  vul- 
canizable materials  plastic  by  addition  of  petroleum 
spirit,  so  as  to  admit  of  being  more  readily  moulded 
into  any  desired  shape.  The  articles  are  baked 
previous  to  exposure  to  vulcanization  in  order  to 
expel  the  solvent. 

1867,  September  28,  M.  Hamer. — Manufacture  of 
india-rubber  tubing  by  drawing  strips  of  material 
through  a trumpet-shaped  orifice. 

1868,  March  19,  'SX.  Hooper. — Exposing  rubber 
after  the  ordinary  cleansing  process  to  a heat  of 
2.50°  Fahr.  in  a closed  chamber,  by  which  treatment 
the  material  is  rendered  in  a suitable  condition  for 
compressing  into  solid  blocks  without  previous 
mastication. 

186’8,  April  13,  T.  Forster. — IMixing  disintegrated 
vegetable  fibre  with  caoutchouc  in  order  to  produce 


comparatively  light,  tough  compounds  for  a variety 
of  purposes. 

1868,  April  21,  G.  Coles,  J.  A.  Jaques,  and  ,T.  A. 
Fanshawe. — Improved  means  of  cutting  india-rubber 
thread. 

1871,  April  15,  A.  G.  Day. — An  improved  elastic 
compound  for  use  as  a substitute  for  caoutchouc,  and 
composed  as  follows: — Cotton -seed  oil  14  lbs., 
linseed  oil  14  lbs.,  asphaltum  8 lbs.,  coal  tar  8 lbs., 
and  sulphur  10  lbs.  The  whole  exposed  to  a tem- 
perature of  from  310°  to  330°  Fahr. 

1873,  February  17,  T.  Cattell. — Purification  of 
gutta-percha  by  solution  and  precipitation  as  in 
previous  patent. 

1875,  October  15  G.  MacLellan. — Utilizing  the 
waste  cuttings  from  the  waterproof  cloth  manufacture 
for  making  a material  stated  to  be  heavier,  more 
elastic,  and  less  brittle  than  vulcanite. 

The  above  list  has  been  of  necessity  much  abbre- 
viated from  lack  of  space  ; it,  however,  includes 
most  of  the  patents  of  any  value  in  connection  with 
the  manufacturing  portion  of  the  subject. 

IBK. — Eiicre,  French;  Tinte,  German;  Atramen- 
tum,  Latin. — The  liquid  or  viscous  pigments  used 
for  writing  and  printing  are  all  termed  inks.  The 
inks  of  antiquity  were  similar  to  the  Indian  or 
Chinese  ink  of  the  present  day.  Pliny  and  Vitru- 
vius describe  ink  as  a combination  of  soot  or  lamp 
black  with  glue  or  gum  ; Dioscorides  even  men- 
tions the  proportions  of  three  of  the  former  to  one 
of  the  latter.  To  these,  according  to  some  authors, 
the  liquor  extracted  from  the  cuttle-fi.sh  was  added. 

Printing  Ink. — Printing  inks  are  oils  of  various 
kinds  more  or  less  boiled  or  otherwise  thickened, 
intimately  mixed  by  grinding  with  finely  divided  lamp 
black  or  opaque  colours. 

The  goodness  or  badness  of  printing  ink  depends 
mainly  on  the  suitability  of  the  menstruum  with 
which  the  colouring  body  is  mixed  for  the  kind  of 
work  or  machine  on  which  it  is  to  be  used.  Print- 
ing ink  must  distribute  freely  and  work  cle.an ; it 
must  not  adhere  to  the  type  with  too  much  ten- 
acity ; it  must  dry  with  great  rapidity  on  the  paper, 
and  not  at  all  on  the  type  and  rollers,  and  should 
never  change  colour.  The  varnish  almost  univer- 
sally used  up  to  the  last  ten  years  consisted  of  lin- 
seed oil  boiled  with  great  care  till  sufficient!}’  thick, 
when  it  was  on  cooling  intimately  ground  with  lamp- 
black, driers  of  various  kinds  being  added,  according 
to  the  fancy  of  the  ink -maker.  The  increased 
rapidity  of  printing  has  sent  this  old-fashioned  ink 
almost  entirely  out  of  use,  except  for  hand  presses 
and  the  slower  kinds  of  machines.  For  a detailed 
account  of  the  mode  of  manufacturing  printing  inks, 
as  at  present  practised,  see  Pigments  and  Varnish. 

Writing  Ink. — Writing  inks  are  either  coloured 
liquids,  or  liquids  containing  a finely  divided  precipi- 
tate suspended  in  it.  The  best  black  ink  is  a tanno- 
gallate  of  iron,  and  is  made  by  adding  an  infusion 
of  nut-galls  to  a solution  of  ferrous  sulphate  (cop- 
peras). The  galls  contain  gallo-tannic  and  gallic 
acids;  these  on  coming  in  contact  with  ferrous  siilts 
produce  white  precipitates,  which  turn  black  on 
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exposure  to  air ; with  ferric  salts  deep  black  pre- 
cipitates are  at  once  produced.  A small  quantity  of 
fruin  is  added  to  retain  the  precipitate  in  solution. 
Various  colouring  matters  and  dyes  are  sometimes 
added  in  order  to  reduce  the  cost  of  manufacture, 
but  always  with  the  effect  of  rendering  the  colour 
less  dense  or  less  permanent. 

A good  ink  must  be  sufficiently  liquid  to  flow 
freely  from  the  peu ; it  must  have  a sufficiently 
strong  colour  to  be  distinctly  legible  when  first 
written,  and  at  the  same  time  should  not  possess  its 
full  colour;  it  sliould  to  a very  slight  extent  sink 
into  the  paper,  where  by  subsequent  oxidation  its 
greatest  depths  of  colour  is  developed.  The  ink 
is  then  very  permanent,  and  cannot  be  easily  effaced 
or  erased.  When  ink  consists  chiefly  of  tannate  of 
ferric  oxide  it  is  a dense  black  liquid,  but  rests 
merely  on  the  surface  of  the  paper,  and  it  is  there- 
fore less  permanent  than  when  part  of  the  black 
colour  is  in  the  paper  itself. 

The  proportions  used  by  different  ink  m.akers  vary 
very  much  ; Watts  gives  the  following  recipes ; — 


Parts  by  Weight. 

Galls, 225 

Copperas,...  75 

187 

133 

125 

66 

62 

73 

.55 

24 

22 

31 

Glim  Arabic,  25 

73 

5o 

24 

19 

31 

Water, 1000 

1000 

1000 

1000 

1000 

1000 

The  following  is  also  a good  recipe  : — Boil  12  lbs. 
of  Aleppo  galls  in  6 gallons  of  water  for  an  hour, 
adding  water  to  replace  that  evaporated;  strain,  and 
again  boil  the  galls  in  4 gallons  more  water  for  half- 
an-hour  ; strain,  and  boil  again  with  2j  gallons  more 
water;  strain,  and  mix  the  liquors.  Add  4^  lbs.  of 
coarsely  powdered  green  copperas,  4 lbs.  of  gum 
Arabic  in  small  pieces  ; agitate  until  the  ingredients 
are  dissolved,  and  filter  through  a hair  sieve.  This 
will  yield  about  12  gallons  of  very  fine  durable  ink. 

The  bruised  nut-galls  are  boiled  for  three  hours 
with  three-fourths  of  the  quantity  of  soft  water  to 
be  used  in  the  finished  ink  ; fresh  water  being  from 
time  to  time  added  to  replace  loss  by  evaporation. 
The  decoction  is  then  drawn  off  into  a tall  vessel  and 
allowed  to  settle,  the  clear  liquor  being  drawn  off, 
and  if  necessary  strained  through  a hair  sieve. 

The  gum  is  dissolved  in  a small  quantity  of  hot 
water,  the  solution  filtered,  and  then  added  to  the 
clear  decoction  of  galls. 

The  ferrous  sulphate  is  in  like  manner  separately 
dissolved  in  as  small  a quantity  of  water  as  possible, 
and  then  well  mixed  with  the  decoction  containing 
the  gum.  AVater  is  then  added  to  bring  the  amount  up 
to  the  desired  total,  and  the  whole  exposed  to  the  air 
with  occasional  stirring  until  the  colour  has  attained 
the  required  depth.  When  a moderately  deep  tint 
has  been  obtained,  the  ink  should  be  drawn  off  clear 
into  bottles  and  well  corked  up.  Some  makers 
digest  rather  than  boil  the  galls. 

The  decoction  of  galls  is  by  some  makers  exposed 
to  the  air  for  some  days  with  frequent  agitation 
before  the  copperas  is  added,  with  the  view  of 
increasing  the  amount  of  gallic  acid  by  oxidation  of 
the  tannin.  In  this  case  a larger  amount  of  logwood 
may  be  used. 


Logwood,  beiyiles  being  a strong  colouring  matter, 
contains  also  tannin,  and  is  therefore  profitably  used 
in  making  the  cheaper  kinds  of  ink. 

Sumach  and  oak  bark,  and  the  wood  and  bark  of 
most  trees  containing  tannin,  have  been  from  tiiiiC  to 
time  used  in  the  manufacture  of  low  priced  ink.s. 
In  any  case  not  more  than  half  the  amount  of 
copperas  will  be  assimilated  that  can  be  taken  up 
when  gall  nuts  are  used. 

The  following  recipes  for  logwood  inks  have  been 
collected  by  AVatts 

Parts  by  Weight. 


Galls 

50 

174 

50 

60 

42 

Logwood, 

— 

— 

100 

20 

21 

Cojiperas 

32 

87 

16 

20 

at 

Sulphate  of  copper. 

— 

— 

— 

— 

5 

Gum, '. 

9 

43 

47 

20 

16 

Nugar, 

— 

— 

23 

1000 

— 

Vinegar, 

125 

135 

— 

— 

— 

AVater, 

lOoo 

1600 

1000 

1000 

1C  00 

Sulphate  of  copper  deepens  the  colour  of  the 
precipitate,  but  renders  it  more  likely  to  settle 
down.  Sugar  renders  the  ink  more  fluid,  and  per- 
mits the  addition  of  a larger  proportion  of  gum.  It 
likewise  renders  the  ink  adhesive  when  dry,  so  that 
a copy  of  the  writing  may  be  taken  off  by  laying  a 
damp  sheet  of  unsized  jiaper  upon  it,  and  passing 
lightly  over  it  a flat  iron  moderately  heated,  or  by 
applying  a little  pre.ssure  in  the  cold.  Ink  of  this 
quality  is  called  aipi/iitfi  vile. 

Ink,  as  it  is  usually  prepared,  is  very  apt  to 
undergo  certain  changes,  which  render  it  unfit  for 
use;  of  these,  three  are  the  most  important: — 1, 
its  tendency  to  become  mouldy;  2,  the  liability  of 
the  black  colouring  matter  to  .separate  from  the 
fluid,  the  ink  then  becoming  what  is  termed  i oj>y  : 
3,  its  loss  of  colour,  the  black  changing  to  brown, 
and  at  length  almost  entirely  disajipearing. 

Mouldiness  is  jnevented  by  adding  a few  drops  of 
carbolic  acid,  creosote,  some  essential  oil,  or  finely- 
bruised  cloves,  first  mixed  with  strong  acetic  acid. 

The  separation  of  the  colouring  matter  is  retarded 
by  adding  a small  ijuantity  of  an  acid,  the  ferrous 
salt  being  thus  hindered  from  jiassing  into  the 
ferric  salt. 

The  change  of  colour  can  only  be  prevented  by 
taking  care  that  the  copperas  is  not  in  excess  of  the 
gallo- tannic  acid,  by  keeping  the  ink  excluded  from 
the  air,  and  by  avoiding  the  u.se  of  any  mineral  acid. 
If  the  ferrous  sulphate  is  in  excess,  although  the  ink 
may  be  at  first  very  black,  it  will  subsequently 
become  brown,  and  then  yellow.  The  discoloration 
of  ink  in  old  documents  is  frequently  due  to  the 
chlorine  compound  used  in  bleaching  the  paper 
not  having  been  entirely  removed.  AVith  the  present 
modes  of  making  paper  this  accident  is  not  likely 
to  occur. 

'I'he  addition  of  acids  to  ink  retards  the  oxidation 
of  the  ferrous  precipitate,  so  that  the  ink  only  attains 
its  full  depth  of  colour  after  exposure  to  air.  But  in 
this  case  the  addition  of  a small  quantity  of  sulphin- 
digotic  acid  or  sulphindigotate  of  sodium  (indigo 
carmine)  is  necessary  to  give  colour  to  the  ink  oil  first 
using  it.  Stephens’  writing  fluid  is  thus  made. 
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To  prepare  this  ink,  exhaust  40  parts  by  weight  of 
nut-galls  with  112  parts  of  water;  to  the  filtrate 
add  7 parts  of  ferrous 'sulphate,  and  a quarter  of  a 
part  oxalic  aciil.  The  sodium  sulphindigotate  is 
made  by  dissolving  1 part  of  finely-powdered  indigo 
blue  in  4 parts  weiglit  of  fuming  sulphuric  acid, 
allowing  the  mixture  to  stand  for  twenty-four  hours, 
and  then  diluting  it  with  water,  and  adding  carbonate 
of  sodium  till  the  acid  is  almost  saturated.  The 
precipitate  is  well  washed,  mixed  with  a small 
quantity  of  water,  and  then  added  to  the  ink  till  the 
latter  assumes  a deep  greenish-blue  colour. 

Or,  take  15  parts  of  ^ruised  gall-nuts,  boil  for 
about  an  hour  in  200  parts  of  water,  strain,  and  then  j 
add  to  the  liquor  5 parts  ferrous  sulj)hate,  4 parts  I 
fine  iron  turnings  or  filings,  and  a solution  of  half  a 
pint  of  powdered  indigo  in  3 parts  of  sulj)huric  acid.  | 
This  ink  writes  green,  but  turns  black  after  a few 
hours.  It  flows  very  freely  from  the  pen. 

Another  recipe  for  making  the  ink  on  a small 
scale  directs: — Blue  Aleppo  galls,  ozs. ; bruised  j 
cloves,  1 dram  ; cold  water,  40  ozs. ; ferrous  sulphate, 
1^  oz. ; sulphuric  acid,  35  minims;  neutral  sulphate 
of  indigo,  | oz.  Place  the  galls,  when  bruised  with 
the  cloves,  in  a 50  ozs.  bottle,  pour  the  water  upon 
them,  and  digest,  shaking  daily  for  a fortnight. 
Then  filter  through  paper  into  another  50  ozs.  bottle, 
next  put  in  the  iron,  dissolve  completely,  and  filter ; 
add  the  acid  and  mix  thoroughly  by  shaking ; lastly 
add  the  sulphindigotic  acid,  and  after  shaking  well 
pass  the  whole  through  paper  filters  out  of  one 
bottle  into  the  other  till  the  operation  has  been 
completed. 

Chrome  Ink. — RfNGE,  afterendeavouringfor  a long 
time  to  find  a black  fluid  possessing  the  properties 
of  forming  no  deposit,  of  adhering  strongly  to  the 
paper,  of  being  unaffected  by  acids,  and  lastly,  of  I 
neither  acting  nor  being  acted  upon  by  steel  pens,  ! 
succeeded  after  many  experiments.  His  composi- 
tion has  the  advantages  of  being  very  simple  and 
exceedingly  cheap.  It  is  prepared  by  adding  1 
part  of  chromate  of  potassium  to  1000  parts  of  a 
saturated  solution  of  logwood,  made  by  boiling 
22  lbs.  of  logwood  in  a sufficient  quantity  of  wmter 
to  give  14  gallons  of  decoction  ; to  this  liquor,  when 
cold,  the  chromate  is  gradually  added,  and  the 
mixture  w^ell  stirred.  The  addition  of  gum  is 
injurious.  In  the  preparation  of  this  ink,  it  must  be 
remembered  that  the  chromate,  not  the  bichromate, 
of  potassium  is  employed,  and  that  great  care  is 
requisite  to  insure  the  due  adjustment  of  the  relative 
proportions  of  the  ingredients  used.  The  best  way 
is  to  make  the  decoction  of  logwood,  and  (jrwlnalhj 
add  to  it,  well  stiiTing  the  mixture,  as  much  solution 
of  chromate  tis  will  give  the  desired  shade. 

It  appears  astonishing,  says  Kenoe,  what  a small 
quantity  of  chromate  of  potassium  is  required  to 
convert  a large  amount  of  decoction  of  logwood  into 
a black  writing  fluid ; care  mu.st  be  taken  not  to 
allow  the  proportion  of  chrome  salt  to  exceed  1 part  ! 
for  1000  parts  of  decoction  of  logwood,  as  a larger 
quantity  exercises  a prejudicial  effect  in  destroying 
the  tinctorial  matter  of  the  liquid,  whilst,  in  the 


proportion  above  mentioned,  a deep  blue-black  writ- 
ing ink  is  formed,  which,  unlike  the  ink  made  with 
tanno-gallate  of  iron,  is  perfectly  fluid,  forming  no 
deposit.  This  fluid  possesses  another  advantage ; 
the  paper  which  has  been  written  upon  with  it  may 
be  washed  with  a sponge,  or  be  left  twenty-four 
hours  under  water,  without  the  marks  being  erased. 
Gobel  takes  24  parts  of  solid  commercial  extract  of 
logwood,  1000  parts  of  water,  and  2 parts  of  yellow 
chromate  of  potash. 

Indelible  Ink. — Various  compositions  have  been 
devised ; they  all  depend  on  the  suspension  of  finely 
divided  carbon  (Indian  ink,  Chinese  ink,  or  lamp 
black)  in  either  common  ink  or  some  dark-coloured 
fluid.  Traill’s  ink  is  prepared  by  steeping  gluten, 
obtained  in  the  ordinary  way,  in  water  for  twenty- 
four  to  thirty-six  hours,  and  then  digesting  it  in 
strong  acetic  acid,  3 parts  of  gluten  to  20  of  acid, 
specific  gravity  1-033.  By  the  aid  of  a gentle  heat  a 
greyish  white  fluid  is  obtained,  which  can  hold  the 
black  colouring  matter  in  suspension,  from  8 to  12 
grains  of  fine  lamp  black  and  12  grains  of  indigo 
are  ground  in  with  each  fluid  ounce  of  the  fluid. 

The  vehicle  of  Stephen’s  indelible  ink  consists  of 
shellac  or  resin  dissolved  in  an  alkaline  solution 
of  potassium  or  sodium  carbonate.  About  equal 
weights  of  the  alkali  and  the  resin  are  intimately 
mixed,  the  requisite  quantity  of  water  added  to 
bring  the  ink  to  the  proper  consistence,  and  the 
whole  boiled  till  the  greater  portion  of  the  resinous 
substance  has  dissolved.  The  carbon  is  then  added. 
A black  liquid  wdll  thus  be  produced,  which  when 
mixed  with  any  suitable  coloured  solution  forms  an 
indelible  ink. 

Vanadium  Indelible  Ink. — Berzelius  made  a beau- 
tiful fluid  ink,  containing  no  precipitate,  but  of  an 
intense  black  colour,  by  mixing  a decoction  of  galls 
with  vanadate  of  ammonium.  This  ink  is  not 
destroyed  by  chlorine,  though  its  colour  is  altered ; 
it  is  unaffected  by  alkalies ; acids  turn  it  blue. 

A splendid  ink  has  been  made  by  Robert  Pink- 
ney, of  the  firm  of  Bl.ackwood  & Co.,  who  dis- 
covered that  vanadium  can  be  most  advantageously 
substituted  for  copper  in  the  formation  of  aniline 
black ; and  he  employed  this  reaction  for  the  pre- 
paration of  a permanent  ink.  A few  grains  of 
vanadium,  say  from  7 to  12,  are  sufficient  to  produce, 
together  with  hydrochlorate  of  aniline  and  chlorate 
of  sodium,  a gallon  of  indelible  ink. 

Copijimi  Ink. — The  addition  of  sugar  to  ink  in  the 
proportion  of  C ozs.  to  the  gallon,  or  of  a small 
quantity  of  glycerin,  causes  the  ink  to  retain  so 
much  moisture  that  it  never  becomes  really  dry 
on  the  paper.  On  bringing  more  moisture  in  con- 
tact with  this  damp  ink  it  becomes  again  fluid.  On 
pressing  strongly  against  it,  therefore,  a moist  sheet 
of  thin  unsized  paper,  the  ink  is  liquefied,  and  is 
absorbed  in  the  jiores  of  the  paper  immediately 
above  it : the  writing  is  read  through  the  paper. 

Bunge’s  ink  forms  a very  good  copying  ink. 

Violet-black  Rouen  ink  is  prepared  by  boiling 
750  pai-ts  of  logwood  with  GOOU  jiarts  of  water,  35 
parts  of  alum,  31  parts  of  gum  Arabic,  audl  5 parts 
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of  sugar  candy,  leaving  the  mixture  to  stand  for  two 
or  three  days,  and  straining  through  a linen  cloth. 

Another  violet-black  copying  ink  is  made  by  mix- 
ing 60  parts  of  vinegar  with  70  of  water,  and  dis- 
solving these  in  4 parts  by  weight  of  commercial 
logwood  extract,  3 parts  of  copperas,  2 parts  of 
alum,  3 parts  gum  Arabic,  and  5 parts  of  sugar. 

Ink  Powder. — Aleppo  galls,  3 lbs.;  copperas,  1 
lb. ; gum  Arabic,  lb. ; white  sugar,  ^ lb.  All  the 
ingredients  to  be  finely  pulverized  and  mixed ; 2 
ozs.  dissolved  in  1 pint  of  boiling  water  gives  a very 
good  ink. 

Or,  mix  intimately  4 parts  of  powdered  gall  nuts 
with  2 parts  of  green  copperas  and  1 part  of  gum 
Arabic. 

Solifl  Chrome  Ink. — 1 part  potassium  chromate, 
100  parts  solid  extract  of  logwood,  one-tenth  of 
indigo  carmine,  the  whole  to  be  thoroughly  ground. 

Coloured  Writing  Inks. — IMost  of  the  coloured 
vegetable  extracts  and  the  aniline  colours  used  in 
dyeing  serve  well  as  coloured  inks.  Aniline  violet 
has  especially  come  largely  into  use  as  an  ink. 

Red  Ink. — The  most  permanent  colour  is  a decoc- 
tion of  Brazil  wood,  to  which  stannous  chloride  or 
cream  of  tartar  and  alum  has  been  added,  and 
thickened  with  gum  water.  For  example,  2 lbs.  of 
ground  Brazil  wood  are  added  to  3 gallons  of  vine- 
gar, and  the  liquor  boiled  till  reduced  to  IJ  gallon  : 
lb.  of  rock  alum  is  then  added.  Or:  4 parts 
of  Brazil  wood  in  60  parts  water ; boil  down  to  36 
parts ; filter,  and  mix  with  one-eighth  of  stannous 
chloride  (tin  salt)  and  one -fourth  part  of  gum 
Arabic.  Agiiin  ; 8 parts  of  Brazil  wood  are  boiled 
in  120  parts  of  water,  with  2 parts  of  alum  and  2 
parts  of  cream  of  tartar ; the  liquid  is  concentrated 
to  half  its  bulk,  and  2 parts  of  gum  Arabic  and  2 parts 
of  sugar  are  finally  added. 

Cochineal  inks  are  far  more  brilliant,  but  their 
colour  is  less  lasting.  The  best  is  a solution  of 
carmine  in  caustic  ammonia  ; it  must  be  kept  in 
well-stoppered  bottles.  One  part  of  carmine,  120 
parts  ammonia,  with  1^  part  of  gum  Arabic,  are, 
according  to  Bottger,  good  proportions. 

Or,  mash  12  (jarts  of  powdered  cochineal  with  4 
parts  of  carbonate  of  ammonium  in  32  parts  of  hot 
water ; digest,  and  pour  off  the  clear  liquid. 

Addition  of  a mixture  of  cream  of  tartar  and 
stannous  chloride  produces  a more  scarlet  tint, 
while  cream  of  tartar  and  alum  render  the  ink  more 
crimson. 

Stephens'  Red  Ink. — Add  to  a quantity  of  common 
carbonate  of  potassium,  sodium,  or  ammonium, 
twice  its  weight  of  crude  argol  in  powder.  When 
the  effervescence  has  ceased,  decant  or  filter  the 
solution  from  the  insoluble  matter,  and  add  by 
measure  half  its  quantity  of  oxalate  of  aluminium, 
prepared  by  dissolving  damp,  newly-precijjitated 
alumina  in  as  small  a quantity  as  possible  of  a con- 
centrated solution  of  oxalic  acid.  The  mixture  thus 
prepared  is  next  coloured,  when  cold,  with  bruised 
or  powdered  cochineal,  and  after  standing  for  forty- 
eight  hours  is  strained,  when  it  is  fit  for  use. 

Bhie  Ink. — There  appears  to  have  been  no  per- 


manent blue  ink  until  Stephens  found  the  means 
of  dissolving  Prussian  blue  so  as  to  adapt  it  to  the 
purpose.  The  ink  is  prepared  as  follows ; — Take 
Prussian  blue,  put  it  into  an  earthen  vessel,  and 
pour  upon  it  as  much  strong  acid  as  will  cover  it. 
Hydrochloric,  nitric,  and  sulphuric  acids  are  equally 
of  service ; but  if  the  latter  be  used,  it  should  be 
diluted  with  a quantity  of  water  equal  to  its  own 
bulk.  'I'he  Prussian  blue  is  allowed  to  remain  in 
the  acid  from  twenty-four  to  forty-eight  hours,  or 
even  for  a more  extended  period ; the  mixture  is 
then  diluted  with  much  water,  at  the  same  time 
agitating  it,  for  the  purpose  of  washing  from  it  the 
salts  of  iron.  AVhen  in  this  state  of  dilution  it  is 
permitted  to  rest  until  all  the  colour  has  subsided, 
at  which  time  the  supernatant  liquid  is  siphoned  off, 
and  a further  quantity  of  water  added.  This  process 
is  repeated  until  ferrocyanide  of  potassium  no  longer 
gives  a blue  precipitate  ; and  also  until  the  liquid 
ceases  to  redden  blue  litmus  paper,  thus  proving 
that  the  acid  has  been  entirely  removed.  The 
product  is  then  placed  upon  a filter,  and  suffered  to 
remain  until  all  the  liquid  has  drained  away.  The 
Prusfsian  blue  by  this  treatment  has  lost  a consider- 
able proportion  of  its  iron,  and  is  now  more  readily 
acted  upon  and  dissolved  than  in  any  other  condition. 
After  being  gently  dried,  oxalic  acid  is  added  to 
and  carefully  mixed  with  the  Prussian  blue ; cold 
distilled  water  is  then  poured,  in  small  portions 
at  a time,  over  the  whole,  making  it  into  a dense 
or  dilute  solution,  according  to  the  depth  of  colour 
required.  The  amount  of  oxalic  acid  may  be  varied 
according  to  the  quantity  of  water  used.  Prussian 
blue,  in  its  ordinary  state,  will  require  two  or  three 
times  its  weight  of  oxalic  acid,  and  even  then  it  will 
be  liable  to  precipitation  after  standing ; when 
deprived  of  a portion  of  its  iron  in  the  first  place, 
by  means  of  acid,  it  remains  a permanent  solution. 

Ohme  recommends  the  following  formula  for  blue 
ink : — Dissolve  1 scruple  of  iron  in  nitro-hydrochloric 
acid  (aqua  regia),  filter  the  solution,  and  dilute  it 
with  sufficient  water  to  make  8 ozs.,  which  is  mixed 
with  4 drachms  of  ferrocyanide  of  potassium,  pre- 
viously dissolved  in  8 ozs.  of  water.  The  resulting 
subsidence  is  collected  on  a filter,  and  after  the  fluid 
has  as  far  as  possible  been  removed,  the  precipitate 
is  washed  with  pure  water,  until  the  latter  passes 
through  having  an  azure  tint.  As  soon  as  this 
occurs,  the  funnel  and  its  contents  are  placed  over 
a clean  vessel,  the  filter  pierced,  and  the  blue  com- 
pound washed  with  24  ozs.  by  weight  of  water. 
This  latter  constitutes  the  blue  ink,  the  formation 
of  which  depends  on  the  property  of  the  precipitate 
to  dissolve  in  pure  water,  and  not  in  solutions  of 
other  salts. 

Purple  Ink. — ^To  produce  a purple-coloured  ink, 
called  the  kimj  of  purples,  Normandy  recommends 
the  following  method  : — To  12  lbs.  of  Campeachy 
logwood  add  as  many  gallons  of  boiling  water ; pour 
the  infusion  through  a funnel  with  a strainer  made 
of  coarse  flannel  on  1 lb.  of  hydrate  or  acetate  of 
copper  (verdigris),  finely  powdered  ; at  the  bottom 
of  the  funnel  a sponge  is  placed  ; then  add  immedi- 
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ately  14  lbs.  of  alum,  and  for  each  17  gallons  of 
liquid  add  4 lbs.  of  gum  Arabic  or  Senegal;  let  these 
remain  for  three  or  four  days,  and  a beautiful  purple 
will  be  produced. 

Green  Ink. — KlAproth  directs  for  the  preparation 
of  green  ink  that  2 parts  of  acetate  of  copper  and  1 
piirt  of  bitartrate  of  potassium  be  boiled  in  8 parts  of 
water,  till  the  solution  be  reduced  to  half  the  bulk. 
It  is  then  filtered  through  cloth,  and,  after  cooling, 
bottled. 

WiNCKLER  has  given  the  following  recipe  for  a 
green  ink : — Dissolve  180  grains  of  bichromate  of 
potassium  in  1 fluid  oz.  of  water ; add  to  the  men- 
struum, while  warm,  half  an  ounce  of  spirit  of  wine ; 
then  decompose  the  mixture  with  concentrated 
sulphuric  acid  until  it  assumes  a brown  colour.  The 
liquor  is  now  evaporated  till  it  is  reduced  in  quantity 
to  one-half,  when  it  is  diluted  with  2 ozs.  of  distilled 
water,  filtered,  mixed  with  half  an  ounce  of  alcohol, 
subsequently  with  a few  drops  of  strong  sulphuric 
acid,  and  then  allowed  to  rest  till  after  some  time  it 
assumes  a beautiful  green  colour.  A small  quantity 
of  gum  Arabic  is  finally  added. 

Yellow  Ink. — Yellow  ink,  according  to  Ure,  is  pre- 
pared by  dissolving  3 parts  of  alum  in  100  parts  of 
water,  adding  25  parts  of  bruised  Persian  or  Avignon 
berries,  boiling  the  mixture  for  an  hour,  filtering 
the  liquor,  and  dissolving  in  it  4 parts  of  gum 
Arabic. 

Gold  and  Silrer  Ink.^. — Gold  ink  is  prepared  as 
follows  : — Grind  upon  a porphyry  slab  with  a muller 
gold  leaf  and  fine  white  honey,  or  glycerin,  till  the 
gold  is  reduced  to  an  impalpable  powder.  The 
paste  is  then  carefully  collected  and  diffused  through 
water,  which  dissolves  the  honey,  or  glycerin,  caus- 
ing the  deposition  of  the  precious  metal ; the  water 
must  now  be  decanted,  and  the  sediment  washed 
to  free  it  from  the  saccharine  matter.  The  powder 
when  dry  is  very  brilliant,  and  when  required  for 
use  is  suspended  in  mucilage  of  gum  Arabic.  After 
the  writing  executed  with  this  ink  is  dry,  it  should 
be  burnished  with  ivory. 

Silver  ink  is  prepared  in  the  same  manner,  by 
substituting  this  metal,  in  leaf,  for  the  gold. 

Indian  or  Chinese  Ink  consists  essentially  of  lamp 
black  formed  into  cakes  by  means  of  some  glutinous 
or  adhesive  substance,  such  as  gum  water.  The 
lamp  black  is  said  to  be  made  in  China  by  collecting 
the  smoke  of  the  oil  of  sesame ; and  M.  Merimke 
states  that  the  Chinese  do  not  use  glue  in  the  fabri- 
cation of  their  ink,  but  certain  vegetable  juices, 
which  render  it  more  brilliant  and  more  indelible 
upon  paper.  Proust  says  that  lamp  black,  purified 
by  potash  lie,  when  mixed  with  a solution  of  refined 
glue,  and  dried,  formed  an  ink  which  was  preferred 
by  artists  to  that  of  China.  A good  Indian  ink  may 
be  made  with  ivory  black,  ground  to  a fine  powder, 
made  into  a paste  with  weak  gum  Arabic  water,  and 
then  formed  into  cakes. 

Marking  Ink. — These  inks  arc  solutions  contain- 
ing silver,  which  by  means  of  heat  or  light,  or  both, 
is  reduced  in  the  tissues,  producing  an  intense  black 
stain,  which  with  ordinary  usage  is  very  permanent. 

Subjoined  is  a very  common  formula  for  this  kind 
of  ink; — 

Six  drachms  of  nitrate  of  silver  are  dissolved  in 
3 ozs.  of  distilled  water,  and  as  much  ammonia 
is  added  as  will  liquefy  the  precipitate  which  it  at 
first  occasions.  A little  sap-green,  ivory  black, 
Indian  ink,  or  indigo,  diffused  through  4 drachms 
of  mucilage  of  gum  Arabic,  forms  the  temporary 
tinctorial  matter,  and  water  is  added  to  make  up 
the  quantity  to  4 ozs. 

IMany  marking  inks,  although  black  when  first 
applied  to  the  linen,  become  gradually  washed  out, 
and  a yellowish  stain  only  remains.  Jules  Guiller 
has  given  three  recipes  for  marking  ink,  which  he 
believes  to  be  free  from  these  and  some  other  pre- 
valent evils.  They  are  as  under : — 

For  the  first  ink,  22  parts  of  carbonate  of 
soda  are  dissolved  in  85  of  distilled  water,  and  20 
parts  of  pulverized  gum  Arabic  are  diffused  through 
the  menstruum:  11  parts  of  nitrate  of  silver  are 
then  liquefied  in  20  parts  of  ammonia,  and  this  is 
commingled  with  the  alkaline  solution.  The  mixed 
fluids  are  next  warmed  in  a flask,  by  which  they 
become  greyish  - black  and  partly  coagulated,  sub- 
sequently brown  and  clear;  then,  when  ebullition 
commences,  very  dark,  and  of  such  a consistence 
that  it  will  flow  readily  from  the  pen.  This  ink 
and  that  prepared  from  the  next  formula  have  the 
advantages  that  no  precipitates  are  formed  in  them. 
For  the  second  ink  take, — 

Parts. 

Nitrate  of  silver,  5 

Distilled  water, 12 

Powdered  gum  Arabic, 5 

Carbonate  of  soda, 7 

Ammonia, 10 

Treat  these  ingredients  in  the  manner  last  de- 
scribed, and  heat  the  resulting  mixture  in  a flask 
until  it  has  acquired  a very  dai-k  tint,  which  is 
generally  the  case  when  its  volume  has  diminished 
by  evaporation  about  five  per  cent.  By  continuing 
the  evaporation  too  long,  a precipitate  is  occasioned 
in  consequence  of  the  loss  of  volatile  alkali.  The  ink 
prepared  in  this  manner  is  distinguished  by  produc- 
ing very  black  characters  upon  linen,  and  is  very 
suitable  for  marking  with  stamps  or  stencil-plates. 

According  to  the  third  prescription,  22  parts  of 
carbonate  of  soda  are  dissolved  in  25  of  distilled 
water,  as  also  17  parts  of  nitrate  of  silver  in  42  parts 
of  ammonia ; 20  parts  of  gum  are  then  liquefied  in 
60  parts  of  water,  and  mixed  with  the  soda  solution, 
and  afterwards  with  that  of  nitrate  of  silver,  and 
lastly,  33  parts  of  sulphate  of  copper  are  added. 
This  writes  a rich  blue. 

IIedwood’s  ink  is  prepared  in  the  following 
manner : — 

Dissolve  1 ounce  of  nitrate  of  silver,  and  1^  of 
crystallized  carbonate  of  soda  in  separate  portions 
of  distilled  water,  and  mix  the  solutions ; collect 
the  resulting  precipitate  on  a filter,  wash  it  well 
with  distilled  water,  and  introduce  it  while  still 
moist  into  a Wedgwood- ware  mortiir ; add  8 scruples 
of  tartaric  acid,  and  triturate  the  whole  until  effer- 
vescence has  ceased ; next  add  a sufficient  quantity 
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of  ammonia  to  dissolve  tlie  tartrate  of  silver ; mix 
in  4 fluid  drachms  of  archil,  4 drachms  of  white 
sugar,  and  12  of  finely  powdered  gum  Arabic ; and 
pour  in  as  much  distilled  water  as  will  make  6 
ozs.  of  mixture. 

The  essential  distinction  between  this  and  ordi- 
nary inks  is  the  use  of  tartrate  instead  of  nitrate  of 
silver. 

Reade’s  ink,  which  may  be  used  with  steel  pens, 
and  the  colour  of  which  is  readily  developed  by 
application  of  heat,  is  prepared  as  follows  : — 
Nitrate  of  silver  is  triturated  in  a mortar  with  an 
equivalent  of  desiccated  tartaric  acid.  Water  is  then 
ailded,  which  causes  the  separation  of  crystals  of 
tartrate  of  silver,  nitric  acid  being  set  free.  The 
latter  is  neutralized  carefully  by  adding  ammonia, 
which  also  dissolves  the  metallic  tartrate.  Gum, 
colouring  matter,  and  w’ater  are  subsequently  added 
in  quantities  which  may  be  varied  at  pleasure. 

IODINE.  — lode,  French;  lod,  German;  lodum, 
Latin.  Symbol,  I.  Atomic  weight,  127. — This 
element  was  discovered  by  Courtois  in  1812. 
CouRTOis  was  a manufacturer  of  saltpetre  in  Paris, 
and  in  treating  the  potash  salts  from  kelp  or  varec 
with  calcium  nitrate  suffered  considerable  loss 
from  the  rapid  corrosion  of  his  copper  pans  used 
for  evaporation.  After  the  most  patient  researches 
he  succeeded  in  isolating  this  important  element. 
The  discovery  was  announced  through  Clement- 
Desormes  to  the  French  Institute,  at  a meeting 
on  the  29th  of  November,  1813.  It  created  great 
interest,  and  was  immediately  investigated  by  Gay- 
Lussac  and  Davy,  and  later  by  Ure,  who  made  it 
in  some  quantity.  The  discoverer  was  unsuccess- 
ful as  a manufacturer;  he  died  in  poverty,  and 
his  widow  w'as  a pensioner  of  the  Pharmaceutical 
Society  of  Paris. 

The  name  is  derived  from  the  Greek  word  for 
violet  (lov),  in  allusion  to  the  colour  of  its  vapour. 

Properties. — Iodine  at  ordinary  temperatures  is  a 
crystalline  solid,  and  presents  a greyish-black  ap- 
pearance and  a metallic  lustre  very  similar  to  that 
of  black-lead  or  specular  iron  ore.  The  crystals  are 
modifications  of  an  elongated  octahedron  w'ith  a 
rhomboidal  base,  the  primary  form  belonging  to  the 
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right  prismatic  system.  See  Figs.  1,  2,  3,  4,  5, 
and  6.  The  finest  crystals  are  obtained  from  its 
solution  in  ether.  By  sublimation  it  is  obtained 
in  laminae,  or  broad  oblique  tables,  which,  when 
thin,  transmit  light  of  a red  colour,  according  to 
G.melin;  but  P.\yen  states  that  the  crystals  which 
form  under  the  microscope,  and  do  not  exceed  in 
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of  an  inch,  are  not  translucent.  Iodine  is  soft  and 
friable.  Sp.  grav.  4‘948.  It  is  a non-conductor  of  elec- 
tricity. Iodine  fuses  at  224'6°  Fahr.  (107°  C.),  and 
boils  between  347°  and  356°  Fahr.  (175°  to  180°  C.), 
giving  a splendid  violet  vapour,  wdiich  condenses  in 
crystals  upon  a cold  surface.  At  ordinary  tempera- 
tures it  is  subject  to  spontaneous  evaporation, 
especially  if  moist,  giving  off  an  odour  resembling 
chlorine.  When  in  a thin  stratum  the  vapour  of 
iodine  presents  a beautiful  rich  violet  shade ; but  if 
examined  in  a laj-er  4 inches  thick  it  presents  the 
appearance  of  a black  mass,  impervious  to  light. 

Vapour  of  iodine  is  the  heaviest  of  all  known 
gases,  being,  according  to  the  investigations  of 
Dujias,  of  spec.  grav.  8‘717,  and  by  calculation 
from  its  atomic  weight,  8‘801.  Alcohol  and  ether 
dissolve  it  readily,  producing  dark  reddish-brown 
liquids.  It  is  soluble  in  10  to  12  parts  of  alcohol; 
the  solution  gradually  undergoes  decomposition  ; on 
the  addition  of  water  iodine  is  precipitated  as  a 
brown  powder.  Water  dissolves  only 
its  weight.  The  solvent  action  is  increased,  how- 
ever, when  there  are  other  salts,  such  as  nitrates  or 
chlorides,  present.  In  either  case  a brownish  liquid 
is  formed,  which  by  long  exposure  disappears,  the 
iodine  being  transformed  into  iodic  and  hydriodic 
acids.  It  is  very  soluble  in  chloroform,  bronioform, 
bisulphide  of  carbon,  benzine,  and  petroleum,  giving 
deep  red  to  violet  solutions ; also  in  methylic  and 
amylic  alcohols,  aldehyde,  glycerin,  and  creosote. 
Many  of  the  essential  oils  dissolve  it ; but  some  are 
decomposed  by  it,  e.g.,  oil  of  turpentine,  in  which 
the  solution  is  followed  by  explosion.  It  is  readily 
soluble  in  hydriodic  acid  and  in  aqueous  solutions 
of  some  metallic  iodides.  A solution  of  1 part  of 
potassium  iodide  in  2 parts  of  water  will  dissolve  2 
parts  of  iodine. 

These  solutions  have  two  well-marked  distinctions 
in  colour,  one  series  being  red  by  transmitted  light, 
like  solid  iodine,  the  other  violet,  like  its  vapour. 
Alcohol,  ether,  ethyl  bromide,  Dutch  liquid,  benzol, 
glycerin,  and  potassium  iodide  represent  the  former 
series  of  solvents.  Bisulphide,  tetrachloride,  and 
monochloride  of  carbon,  chloroform,  phosphorus 
tercliloride,  tin  tetrachloride,  and 
Fig.  6.  chloral,  represent  the  latter  series. 

In  its  reactions  iodine  resembles 
chlorine  and  bromine,  but  is  less  ener- 
getic, and  is  displaced  from  most  of 
its  combinations  by  these  bodies.  It 
unites  with  most  of  the  non-metaliic 
elements,  producing  with  some  (such 
as  nitrogen)  highly  explosive  com- 
pounds; and  with  others  (oxygen  and 
hydrogen,  for  example)  acids  which 
are  capable  of  forming  salts,  many  of  which  are 
very  important.  Iodine  has  a strong  affinity  for, 
and  forms  iodides  with  most  of  the  metals.  Iron 
and  zinc  are  speedily  attacked,  and  in  the  pres- 
ence of  water  dissolved,  forming  iodides.  The 
mineral  acids  displace  iodine  from  the  iodides, 
and  set  it  free.  A characteristic  and  remarkable 
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property  of  iodine,  discovered  by  I\IM.  Colin  and 
Gaultier  de  Claubry,  is  the  blue  coloration  it 
affords  when  brought  in  contact  with  starch-paste 
disseminated  in  water.  This  is  so  delicate  and 
characteristic,  that  it  still  remains  the  test  for  iodine 
in  all  investigations,  affording  as  it  does  a perceptibly 
blue  tinge  when  not  more  than 
iodine  is  contained  in  the  liquid. 

Iodine  has  a strong  affinity  for  hydrogen,  and  acts 
as  a mild  bleaching  agent  and  a good  deodorizer.  It  is 
a most  valuable  therapeutic  agent,  and  as  such  was 
first  brought  into  notice  by  Coindet,  a distinguished 
physician  of  Geneva,  who  found  it  an  effectual 
remedy  for  goitre.  Administered  as  iodide  of  potas- 
sium, its  application  is  frequent,  more  especially  in 
diseases  of  the  skin,  and  as  an  absorbent  for  eradi- 
cating glandular  enlargements,  indurations,  thicken- 
ing of  membranes  and  tumours,  as  well  as  in  several 
other  ailments.  When  applied  to  the  skin  the 
cuticle  becomes  coloured  of  an  orange  yellow,  but 
this  disai>pears  after  a short  time.  Iodine  in  con- 
siderable doses  acts  as  an  irritant  poison.  In  such 
cases  the  stomach  pump  and  copious  libations  of 
amylaceous  liquids  should  be  resorted  to.  In  con- 
tinued small  doses  it  accumulates  in  the  system,  and 
produces  the  severe  general  symptoms  known  as 
“lodism;”  hence  the  necessity  of  keeping  bromide 
of  potassium,  now  taken  in  large  and  repeated  doses, 
free  from  all  traces  of  iodide. 

Sources. — Numerous  researches  have  shown  that 
iodine  is  one  of  the  most  widely  disseminated  ele- 
ments, although  it  may  be  remarked  that  the  aggre- 
gate amount  procurable  is  comparatively  small.  It 
is  not  found  in  the  free  state,  but  in  combination  is 
distributed  over  the  animal,  vegetable,  and  mineral 
kingdoms.  In  the  mineral  kingdom  it  is  met  with, 
combined  with  silver,  mercury,  and  lead,  in  ores 
from  Mexico  and  Chili,  and  also  in  Spain  ; in  Silesian 
cadmiferous  ore  it  is  found  combined  with  zinc  ; and 
it  has  been  iletected  in  a species  of  lead  ore  from  South 
America ; it  is  contained  as  potassium  iodate  in  the 
caliche  of  Chili,  and  has  been  detected  as  iodide  of 
sodium  in  the  rock-salt  of  Hall  and  in  the  Tyrol. 
It  has  also  been  found  in  the  dolomite  of  Saxony, 
in  the  limestone  of  Lyons  and  Montpellier,  and  the 
shale  of  Sweden  ; also  in  the  coal  of  Silesia  and 
the  peat  of  Klobach.  Many  springs  have  been  found 
to  yield  quantities  of  iodine  combined  with  potassium, 
sodium,  magnesium,  and  calcium  ; of  this  description 
are  the  waters  of  Ilex,  Siilze  in  Mecklenburg,  Kolberg 
in  Pomerania,  Salzuffeln  and  Konigsbronn,  near 
Unna,  Kehme,  near  ^linden  Schbnebeck,  Halle  in 
Saxony,  Diirrenberg  and  Kbsen,  Artern  and  Salzun- 
gen,  Schonalkalden,  Salzhausen  and  Kreuznach, 
Bolechow  and  Drochobycz  in  Galicia,  Kenahwa  in 
North  America,  Guaca  in  the  province  of  Antiogena 
in  New  Granada,  and  Jalliez  in  France.  Its  presence 
has  likewise  been  proved  in  the  following  mineral 
waters : in  the  thermal  spring  of  Albano,  in  one 
near  Sales  in  Piedmont,  in  several  salt  springs  near 
Ascoli,  in  the  hepatic  watu's  of  Castel  Nuovo  d’Asti, 
in  the  hot  sj>ring  of  Aix  in  Savoy,  in  the  Poiinington 
water  near  Leith,  in  Hath  water,  in  the  water  from 
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Marienbad  in  Bohemia,  and  also  in  the  w.aters  from 
Carlsbad,  Heilbrunn,  and  Kunzig  in  Bavaria ; in  the 
medicinal  waters  of  Hall  in  Austria,  used  for  the 
cure  of  goitre ; in  the  hepatic  water  of  Trutkawiec, 
and  in  the  alkaline  waters  of  Iwonlcz  in  Galicia. 
Besides  these,  later  investigations  have  proved  its 
presence  in  several  other  mineral  waters.  The  best 
known  of  these  are  the  following : — Castellamare, 
Challes,  Cheltenham,  Colberg,  Friedrichshall,  Hass- 
furt,  Heilbriin,  Homburg,  Carlsbad,  Leamington, 

I Pyrenees,  Sales,  Salzchlurt,  Seidschutz,  Urma,  and 
Vichy.  Some  of  the  springs  of  Tuscany  contain 
considerable  quantities  of  iodine.  The  Genoch 
Watoe  spring  of  Java  contains  '0138  per  cent,  of 
iodide  of  sodium.  The  phosphate  of  lime  from  I^ot 
and  Tarn-et-Garonne  contains  considerable  amounts 
of  iodine,  and  methods  have  been  proposed  for 
extracting  it  from  this  source.  The  most  important 
mineral  source  is  the  caliche  of  Peru.  This  is  now 
worked  so  largely  for  the  manufacture  of  nitrate 
of  soda,  that  although  the  proportion  of  iodine  is 
small,  it  bids  fair  to  become  the  largest  source  of 
this  element.  The  mother  liquids  from  the  nitrate 
of  soda  contain,  according  to  Keichardt — 


Chloride  of  magnesium, 1-1 '21 

Chloride  of  sodium, 8-591 

Sulphate  of  magnesium, 2-214 

Nitrate  of  sodium, 23-500 

Iodate  of  sodium, -440 

Water  and  loss, 64  331 


100-000 

A specimen  tested  by  Tatlock  gave  iodine  = 1-14 
per  cent,  of  iodide  of  sodium.  The  iodine  in  the 
caliche  has  been  estimated  at  •]  6 per  cent.,  or  3'58  lbs. 
to  the  ton.  In  1875  about  300,000  tons  of  nitrate  of 
soda  w'ere  exported.  This  is  equal  to  about  600,000 
tons  of  caliche ; if  therefore  this  estimate  be  correct, 
the  amount  of  iodine  thus  available  would  be  18,750 
cwts.,  or  more  than  five  times  the  total  present  pro- 
duction from  other  sources;  probably,  however, 
•1  per  cent,  may  be  nearer  the  average  proportion, 
and  if  only  one -half  of  this  could  be  extracted  it 
still  represents  6000  cwts.  The  extraction  of  iodine 
from  this  source,  however,  presents  many  practical 
difficulties,  and  but  a comparatively  small  portion 
has  yet  been  exported.  The  actual  quantities  ex- 
ported were  in  1874,  497  cwts.,  1876,  900  cwts. — 
the  latter  the  outcome  of  five  factories  working, 
of  which  the  estimated  produce  was  expected  to  be 
about  double  this  quantity. 

In  the  vegetable  kingdom  all  the  Algse,  and  also 
the  marine  ])lant  Zoslera  marina,  contain  iodine.  It 
has  also  been  found  in  certain  land  plants  — in 
tobacco,  in  a species  of  Sahola  growing  in  floating 
gardens  in  the  fresh  w-ater  lakes  of  Mexico,  in  Lichen 
con/inis,  Statice  armeria,  and  Grimmia  maritima,  grow- 
ing upon  rocks  on  wdiich  sea-water  has  been  blown 
by  the  wind.  The  ashes  of  several  shore-plants, 
such  as  the  different  kinds  of  Salsola,  and  such  as 
are  used  for  producing  the  barilla  of  Spain  and  the 
Sicilian  soda,  contain  little  or  no  iodine.  A vast 
amount  of  iodine  exists  in  the  ocean.  Balard  lias 
found  it  in  the  IMediteranean,  and  Plaff  in  the 
28 
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Baltic,  but  from  the  minute  proportion  in  which 
it  is  present,  Davy,  Gaultier,  Fyfe,  and  others, 
failed  to  detect  it.  It  cauuot  be  detected  in  sea- 
water by  the  ordinary  methods  of  analysis ; accord- 
ing to  SoNSTADT,  it  exists  in  sea-water  in  the  form  of 
calcium  iodate,  and  by  reducing  this  with  sulphurous 
acid,  and  then  estimating  the  iodine,  be  has  calculated 
that  250,000  parts  of  sea-water  contain  1 part  of 
calcium  iodate.  and  that  a cubic  mile  of  sea-water 
contains  11,072  tons  of  iodine.  However  difficult 
of  detection  in  sea-water,  it  is  found  in  considerable 
quantity  in  certain  of  the  Ahjx,  which  have  the 
power  of  eliminating  this  element  from  sea-water 
and  concentrating  it  in  their  tissues.  It  is  a remark- 
able fact,  that  although  bromine  exists  in  much 
larger  quantity  in  sea-water,  and  can  be  readily 


detected  and  extracted  from  it,  these  Algx,  though 
they  all  contain  bromine,  do- not  take  up  more  than 
a tenth  the  amount  of  this  element  as  compared 
with  iodine.  The  relative  proportions  in  sea-water 
are,  according  to  Sonstadt  : — 


Bromine, 1 part  in  3333  parts. 

Iodine, 1 “ “ 3'i8,110  “ 


Others  put  the  proportion  of  iodine  as  1 in  30,000,000, 
the  truth,  probably,  lies  between  the  two  estimates. 
Stanford  has  shown  by  a large  number  of  analyses 
that  although  the  Algx  contain  iodine,  only  a few 
of  the  common  species  contain  it  in  quantity. 

The  following  table  shows  the  proportion  of 
iodine  contained  in  100  parts  of  the  dried  Algx 
according  to  various  authorities : — 


Laminaria  digitata 

Laminaria  saccharina, 

Fncus  serratns, 

Fucus  nodosiis 

Fncus  vesiciilosus 

Zostera  marina 

Khodomela  pinnastroides 

Hydesia  siliqnosa 

Hvnianthalia  lorea 

Chordaria  flagellii'ormis, 

Cladopliora  glomerata  (fresli  water),. 


Sarpbati. 

Schweitzer. 

Oudeuhens. 

Zeuger. 

Wallace. 

Stanford. 

•13.5 

— 

•G25 

— 

•4440 

f stem,  -4535  A 
1 Frond, -2946  B 

•230 

3-88 

— 

— 

•2-280 

-2794  0 

•124 

•058 

•177 

— 

-0505 

-08.56  D 

— 

— 

•07 1 

— 

•03U6 

•0572  E 

•001 

— 

— 

— 

— 

•0297  F 

•0005 

— 

— 

— 

— 

•0457 

— 

— 

— 

— 

— 

•0378 



— 

— 

— 

— 

•2131 

— 

— 

— 

— 

— 

•0892 

— 

— 

— 

— 

— 

•7810 

— 

— 

— 

•0227 

— 

— 

A average  of  18  specimens. 
B 23 

C “ .T  “ 


D average  of  12  specimens. 
E “ 4 " 

F “ 8 “ 


The  Gulf  Stream  appears  to  be  the  carrier  of  iodine ; 
and  the  shores  on  the  west  coast  of  Scotland,  Ire- 
land, and  Brittany,  watered  by  the  Gulf  Stream,  are 
the  principal  iodine  producing  shores.  The  Algx  liave 
furnished  the  only  practicable  European  source  of 
iodine,  and  our  supplies  of  raw  material  are  confined 
to  the  shores  named.  The  varieties  used  are  the 
Laminaria  digitata,  or  deep-sea  tangle,  growing  on 
rocks,  and  always  submerged;  the  Laminaria  sac- 
charina, or  sugar  wrack  (so  called  because  it  is 
often  covered  when  dry  with  a sweet  effervescence 
of  mannite),  growing  on  sand  or  loose  pebbles,  sub- 
merged, but  in  shallow  water.  These  varieties  are 
called  drift  weeds,  because  they  are  thrown  up  on 
the  coast  by  storms.  The  Fncvs  serratm,  or  black 
wrack,  growing  on  the  rocks  close  to  low  water,  and 
longest  submerged ; the  Fiums  nodosus,  or  knobbed 
wrack,  growing  next  to  the  last,  and  less  submerged ; 
the  Fnciis  vesiculostts,  or  bladder  wrack,  growing 
above  the  last,  and  the  least  submerged.  These  three 
varieties  are  called  cut  weeds,  because  they  are  cut 
from  the  rocks,  as  all  are  exposed  at  low  water.  | 
All  the  varieties  are  named  in  the  order  in  which 
they  contain  iodine,  the  first  being  the  highest,  as 
shown  in  the  preceding  table.  The  Laminaria 
digitata  is  the  best  source  of  iodine,  and  forms  the 
best  drift  kelp ; it  is  thrown  ashore  in  two  parts, 
the  “ tangle,”  or  sea  rods,  are  cast  up  in  the  winter 
by  violent  storms,  and  the  “bardarrig,”  or  tangle 
top,  comes  asliore  principally  in  May  and  September. 
The  former  is  the  stem  of  the  plant,  and  the  latter 
the  frond;  both  vary  in  the  proportion  of  iodine. 


the  latter  considerably.  The  following  table  shows 
analyses  of  specimens  from  different  localities  ; — 


Laminaria  digitata. 

Lami- 

Fucus 

Ireland — ■ 

Tangle. 

Bar- 

darrig. 

saccha- 

riiia. 

Serratns. 

Nodosus. 

V esicu- 
losus. 

Larne, 

•418 





•Ill 





Ballina, .... 

•488 

•244 

— 

•171 

— 

— 

iSligo, 

Galway, .. . . 

— 

•407 



•111 

— 

— 

•222 

— 

•092 

— 

059 

Glare, 

•334 

•143 



— 

— 

— 

bkiliereen, .. 

•501 

•314 

— 

— 

— 

— 

Scotland — 

Shetland,. . . 

•477 











Stornoway, 

•310 

•229 

— 

•107 

— 

— 

Harris, 

•435 

•178 

•331 

•059 

•037 

•021 

Vallav,  .... 

•431 

•142 

— 

•052 

— 

•031 

Balesiiare, . . 

•349 

•121 



•067 

•099 

— 

Boreray,... . 

•509 

•198 

— 

■052 

051 

•044 

Hislrtjr,  .... 

•521 

•166 

— 

•079 

— 

— 

Skye 

•498 

•262 

•518 

— 

— 

— 

Tohermory, 

•379 

•263 

— 

— 

— 

— 

Goll, 

— 

•267 

— 

— 

— 

— 

Tyree, 

•445 

-249 

— 

-08J 

— 

— 

Colonsay,  . . 

•398 

•712 

— 

— 

— 

— 

Strone,  .... 

— 

•593 

— 

— 

— 

•025 

KilcreKpaii, 

— 

•445 

— 

— 

__ 

— 

Iona, 

— 

— 

•201 

— 

— 

— 

B'ife 

•386 

•278 



— 



— 

Dunbar, 

•450 

•287 

— 

— 

— 

— 

England — 

Peele, 

•679 

•338 

•189 





•022 

Scarborough, 

— 

•331 



— 

— 

— 

Worthing,... 

•478 

•267 

•158 

•038 

•042 

•009 

Weymouth, 

— 

•2.59 

— 

— 

— 

- 

Norway,  . . 

— 

— 

— 

— 

— 

•027 

Denmark,.. 

— 

•272 

— 

•104 

•128 

— 
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Several  of  these  figures  are  averages  of  a large 
number  of  analyses.  They  represent  the  iodine  con- 
tained in  the  kelp-producing  collected  on  differ- 

ent shores,  in  100  parts  of  the  dry  plants  (Stanford). 

The  marine  animals  which  yield  iodine  are  : — The 
common  sponge,  the  horse  sponge,  Lapit  sponpiamm, 
Spoiu/ia  oculaln,  Flustm  /oliacca,  various  species  of 
Serlidaria  and  Tuhularia,  various  kinds  of  lihizoxtoma 
and  Cyana,  Aslcrias  nihens,  Crofpion  cidcjaria,  Mylilus 
edulis ; oysters  contain  it,  and  likewise  various  species 
of  Dorns  and  Tf'ju/,';.  It  is  found  in  cod-liver  oil ; 
and  the  oil  from  the  liver  of  the  Raja  clavata  and 
Rfil'n  halis  gives  indications  of  its  presence. 

Dr.  de  Jongh  estimates  the  proportion  in  cod-liver 
oil  as  follows  ; — 

Pule  oil, ‘0.3740  iodine  per  cent. 

Pale-brown  oil, ‘04060  “ “ 

Blown  oil ‘0‘2950  “ “ 

Average, ‘03583  “ “ 

Grager  estimates  it  at  ‘0846  per  cent.,  IIochen- 
RODEN  at  ‘1620.  Even  the  smallest  of  these  pro- 
portions is  quite  sufficient  to  make  it  an  important 
agent  in  the  medical  effect  of  the  oil. 

Stanford  found  it  in  the  curious  oil  vomited  by 
the  Fulmar  petrel  (Fid mans  ylacialis)  of  St.  Kilda. 

Jonas  found  traees  of  it  in  Scotch  salt  herrings. 
Besides  these,  many  other  substances  of  the  animal 
and  vegetable  kingdom  contain  small  traces  of  this 
element.  The  researches  of  M.  Chatin  have  shown 
that  even  rain  water,  dew,  air,  cider,  wine,  rose 
leaves,  &c.,  give  very  minute  traces  of  iodine. 

Zengek,  of  Munich,  has  recently  shown  that 
several  fresh-water  plants  contain  iodine  and  bro- 
mine in  appreciable  quantity.  He  has  investigated 
Cladophora  ylomerata  and  Lenina  minor,  and  even 
suggests  these  as  sources  for  manufacturers.  The  pre- 
ceding tables,  however,  show  that  these  ))lants  cannot 
be  compared  to  the  marine  Alywns  a source  of  iodine. 

Muiiiijiiciure. — After  the  discovery  of  iodine  by 
COURTOIS,  he  commenced  its  manufacture.  His 
saltpetre  working  had  become  unremuner.ative.  The 
throwing  open  of  the  French  ports  for  foreign  pro- 
ducts, after  the  war,  brought  in  immense  quantities 
of  saltpetre  from  India,  which  at  once  superseded 
the  old  nitre  beds,  and  ruined  Courtois.  In  this 
dilemma  he  tried  to  extricate  himself  by  manufac- 
turing iodine;  but  the  consumption  of  the  article 
being  at  this  time  very  limited,  and  the  process 
of  its  manufacture  circuitous,  the  enterprise  was 
unsuccessful.  It  was  prosecuted,  however,  by 
MM.  CoURNERiE  of  Cherbourg,  in  the  north-east  of 
France,  who  were  the  first  manufacturers  after  the 
discoverer.  With  its  extended  application  in  medi- 
cine, in  ])hotography,  and  in  dyeing,  others  were 
induced  to  turn  their  attention  to  the  subject,  and  a 
number  of  manufacturers  followed  in  France  and 
Britain,  especially  in  Glasgow  (which  is  still  the  princi- 
pal seat  of  the  manufacture).  Iodine  was  first  made 
from  the  kelp  liquors  by  evaporating  to  dryness,  and 
distilling  in  an  alembic  with  oil  of  vitriol,  the  reaction 
being — 

Bodlum  Sulphurlo  Sodium  Sulphurous  t - 

Iodide.  Acid.  Sulphate.  Iodine. 

2NaI  -b  2IIj!S04  = Na.^SO^  + 2IIjO  -I-  SO^  -1-  21. 

This  method  is  not  profitable,  because  the  sulphurous 
acid  reacts  upon  the  iodine  and  water,  producing 
sulphuric  acid  and  hydriodic  acid. 

Dr.  Ure  made  it  from  the  mother  liquor  of  the 
soap  makers  using  kelp  lyes,  by  saturating  with  sul- 
phuric acid,  and  distilling  in  glass  globes  with 
peroxide  of  manganese.  The  equation  representing 
the  process  is  as  follows 

Sodium  Iodide.  Sulphuric  Acid.  Manganese  Peroxide.  Sodium  Sulphate. 

2Nal  + 2H2SO4  M11O2  = + 

Manganese  Sulphate.  Water.  Iodine. 

M11SO4  + BjO  + 21. 

The  raw  material  is  known  as  kelp,  or  varec,  as 
it  is  called  in^  France;  and  as  the  yield  of  iodine 
depends  entirely  on  the  care  taken  in  the  prepara- 
tion of  this  crude  material,  it  is  necessary  to  fully 
describe  the  means  employed. 

The  manufacture  of  kelp,  or  the  burning  of  sea- 
weed to  obtain  its  ash,  was  commenced  about  the 
middle  of  last  century,  and  was  first  carried  on  for 
the  value  of  the  sodium  carbonate  contained  in  it; 
but  when  the  high  war  duties  were  taken  off  foreign 
barilla  and  salt,  kelp,  for  which  the  demand  had 
been  very  great,  deteriorated  in  value,  and  was 
scarcely  worth  making.  The  sodium  carbonate  is 
never  now  extracted  from  this  source;  the  yield  was 
always  small,  and  it  is  now  made  entirely  from  com- 
mon salt.  At  the  beginning  of  the  present  century, 
during  the  war.  Highland  kelp  realized  from  £20  to 
£22  per  ton.  Those  were  palmy  days  for  the  High- 
land proprietors.  Tlie  small  island  of  Colonsay 
yielded  200  tons  of  kelp,  or  £4000  per  annum.  The 
Long  Island  yielded  4000  tons,  and  a nett  revenue 
from  this  source  alone,  and  free  of  all  charges,  of 
about  £30.000  per  annum.  The  sum  paid  to  the 
burner  was  only  35s.  per  ton.  The  Hebrides 
afforded  6000  tons  of  kelp  per  annum,  which  at 
£20  per  ton  = £120,000  per  annum,  and  the  total 
produce  of  Scotland  was  then  20,000  tons  per  annum, 
representing  an  annual  value  of  £400,000.  This 
amount  has  never  been  manufactured  since. 

The  importation  of  barilla,  notwithstanding  a 
high  import  duty,  tlien  became  a formidable  rival, 
and  for  the  twenty -two  years  ending  1822  the 
average  price  of  kelp  was  only  £10  lO.s.  The  duty 
was  then  taken  off  barilla,  and  kelp  fell  to  £8  10s. 
per  ton  ; and  in  1823,  on  the  removal  of  the  salt  duty, 
the  price  fell  to  £3,  and  in  1831  to  £2  per  ton ; 
from  this  till  1845  it  was  still  used  in  the  soap  and 
glass  factories  of  Glasgow.  During  this  period  the 
manufacture  was  unremunerative;  but  the  Highland 
proprietors  still  encouraged  it,  as  it  had  become  the  only 
means  of  getting  their  rents  from  the  poor  crofters. 
In  1845,  however,  the  manufacture  of  iodine  com- 
menced in  earnest.  It  gave  a new  interest  and  im- 
portance to  this  industry,  and  kelp  was  in  demand. 
The  value  of  iodine  rapidly  rose  from  6s.  Sd.  to 
40.S..  at  which  it  was  sold  during  that  year.  Some 
of  the  richer  kelps  also  rose  in  price  to  £10  per  ton. 
The  imports  into  Clyde  from  1841  to  1876  are 
appended,  with  the  extraordinary  fluctuations  in  the 
price  of  iodine,  mostly  arising  from  the  operations 
of  speculators  on  an  article  of  limited  supply. 
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IMPORTS  OP  KELP  INTO  CLYDE,  YEARS  ENDING  JUNE  30. 


Year. 

Tons  of  Kelp. 

Price  of  Iodine  pei  Lb. 

Average. 

Fluctuation. 

Tons. 

Price. 

Tons. 

Price. 

1841 

2,565 

•£0 

5 

O'! 

1842 

1,887 

0 

4 

8 1 

1843 

1,965 

0 

6 

0 I' 

3133 

£0  11  9 

1887  to  6086 

£0 

4 

8 to  £1  11 

1 

1844 

3,263 

0 

12 

0 1 

1845 

6,086 

1 

11 

IJ 

1846 

3,627 

1 

1 

31 

1847 

*4,000 

*0 

11 

0 

1848 

*4,400 

*0 

U 

0 

1849 

4,731 

0 

11 

0 

1850 

1851 

11,421 

7,320 

0 

0 

10 

8 

8 

8 

• 

5811 

£0  12  11 

3627  to  11,421 

£0 

8 

8 to  £1  1 

3 

1852 

5,418 

0 

15 

0 

18.53 

6,491 

0 

15 

4 

1854 

4,679 

0 

12 

0 

1855 

.5,826 

0 

13 

4J 

18.56 

6,349 

0 

13 

81 

1857 

8,641 

0 

12 

4 

1858 

8,123 

0 

10 

6 

1859 

8,190 

0 

9 

8 

1860 

1861 

7,7.54 

9,722 

0 

0 

8 

7 

6 

0 

■ 

9730 

£0  8 10 

6349  to  14,018 

£0 

5 

0 to  £0  13 

0 

1862 

9,414 

0 

5 

8 

1863 

14,018 

0 

5 

0 

1864 

11,349 

0 

8 

4 

1865 

13,741 

0 

7 

8J 

1866 

8,858 

0 

10 

0] 

1867 

8,174 

8.116 

0 

12 

0 

1868 

0 

12 

8 

1869 

8.978 

0 

13 

0 

1870 

1871 

9,2.57 

9,384 

0 

0 

12 

14 

8 

4 

. 

9187 

£0  15  11| 

8116  to  10,923 

£0 

10 

0 to  £1  14 

8 

1872 

10.049 

1 

14 

0 

1873 

9,449 

1 

4 

8 

1874 

10,923 

0 

15 

8 

1875 

8,643 

0 

10 

8. 

In  1840  1100  tons  of  kelp,  and  in  1845  600  tons,  were  still  used  in  the  soap  works  of  Glasgow. 

* Estimated. 


In  1845  there  were  only  four  chemical  manufac- 
turers of  iodine  in  and  about  Glasgow ; in  the 
following  year  there  were  twenty  makers,  and  of 
these  three  worked  up  the  lyes  of  the  soap  boilers. 
There  are  now  only  three  manufacturers  in  this 
country  — Messrs.  W.  and  M.  Paterson,  of 
Glasgow,  who  are  the  largest,  Mr.  Hughes,  of 
Borrowstouness,  using  kelp,  and  the  North  British 
Chemical  Co.  of  Dalmuir,  using  sea-weed.  Not- 
withstanding all  the  fluctuations  in  price  and  the 
very  different  uses  to  which  the  kelp  has  from  time 
to  time  been  applied,  its  monetary  value  is  now  about 
the  same  as  it  was  one  hundred  years  ago. 

The  total  quantity  produced  on  British  shores  is 
about  10,000  tons,  of  which  the  western  islands  of 
Scotland  and  the  Orkneys  and  Shetlands  contribute 


about  one-third,  and  Ireland  about  two-thirds.  The 
average  value  at  £4  per  ton  is  £40,000,  and  the 
quantity  represents  about  200,000  tons  of  wet  sea- 
weed. Kelp  from  good  drift  weed  should  yield 
from  10  to  15  lbs.  per  ton  of  22J  cwts. ; cut  weed 
kelp  will  yield  only  3 to  4 lbs. 

M.  T USSIER  is  the  principal  man  ufacturer  of  iodine  and 
salts  of  potash  in  France.  This  gentleman  estimates 
the  total  annual  production  of  kelp  (sonde  brute)  in 
France  at  20,000,000  kilos. ; this  is  close  upon  20,000 
tons,  or  about  double  the  yield  of  the  kelp  shores  of 
Great  Britain.  M.  Tissier  alone,  in  his  work  at 
Conquet,  was  annually  4,000,000  to  5,000,000 
kilos.  The  following  table  shows  the  products 
annually  extracted  from  this  source  by  the  six 
principal  factories  in  France  : — 


Works. 

Iodine  and  Iodide  of 
Pota.ssium. 

Bromine  and  Bro- 
mide of  Pot'tssium. 

Chloride  of  Sodium. 

Chloride  of 
Potassium. 

Suljihate  of  Pota.sh. 

Nitrate  of  Potash 

Kilos. 

Kilos. 

Kilos. 

Kilos. 

Kilos. 

Kilos, 

liO  Conquet, 

20,000 

1,.500 

800,000 

.500,000 

200,000 

200,000 

Cherbourg, 

5,000 

— 

200,000 

180,000 

80,000 



Montsarac, 

4,500 

— 

180,000 

150,000 

75,000 



Pont-l'Abbe, 

4,000 

200 

150,000 

140,000 

70,000 



Poitsall 

4,00 ) 

— 

150,000 

140,000 

65,000 



Quatrevents, 

2,500 

— 

100,000 

90,000 

50,000 

— 

40,000 

1,700 

1,580,000 

1,200,000 

640,000 

200,000 

IODINE. — Modes  of 


ITie  manufacture  of  kelp  as  carried  on  in  this 
country  is  crude  and  wasteful.  The  sea-weed  is 
either  cut  from  the  rocks  for  cut  weed  kelp,  or 
gathered  on  the  shore  as  thrown  up  by  storms  for 
drift  kelp.  In  either  case  tlie  weed  is  spread  on  the 
ground  to  dry,  and  then  burnt  in  a shallow  pit  or 
kiln  to  an  ash  ; it  is  then  raked  up  with  iron  clats 
into  a fused  mass,  resembling  iron  slag. 

Tlie  disadvantages  of  the  present  method  are 
principally  the  following  : — 

1st  The  high  temperature  developed  in  burning, 
by  which  much  of  the  iodine  is  volatilized,  and  some 
of  the  potassium  salts ; the  loss  of  iodine  is  often 
more  th,an  half  that  existing  in  the  weed. 

2nd.  The  high  temperature  also  enables  the 
carbon  to  deoxidise  the  alkaline  sulphates,  reducing 
them  to  sulphites,  hyposulphites,  and  sulphides. 
These  become  concentrated  in  the  mother  liquor, 
remaining  after  the  extraction  of  the  salts,  and 
entailing  a large  expenditure  of  oil  of  vitriol  for 
their  reconversion  into  sulphates.  Wallace  (in  a 
paper  read  before  the  British  Association  at  Aber- 
deen, September  14,  1859)  estimates  the  cost  of 
extracting  all  the  salts  and  iodine  from  kelp  at  from 
2.5.S’.  to  2&S.  per  ton,  of  which  from  11.'?.  to  13.<.  are 
expended  in  oil  of  vitriol.  The  importance  of  this 
disadvantage  is  therefore  obvious  ; the  addition  of 
the  oil  of  vitriol  to  the  mother  liquor  sets  free  large 
volumes  of  sulphuretted  hydrogen,  a noxious  gas, 
very  difficult  to  get  rid  off,  resulting  from  the  de- 
composition of  these  sulj)hur  compounds.  To  such 
an  extent  is  this  deoxidation  carried,  that  kelp  pre- 
pared from  the  Fud,  which  are  rich  in  sulphates, 
giv'cs  off  sulphuretted  hydrogen  on  simple  solution 
in  water. 

3rd.  The  crude  manner  iii  which  the  weed  is 
burned  in  a rough  pit,  or  in  heaps  on  the  beach, 
the  kelp  thus  becoming  mixed  with  the  earth,  sand, 
or  stones,  which  are  often  raked  into  the  mass  and 
form  adulterations  sometimes  even  to  the  extent  of 
50  per  cent. 

4th.  The  general  neglect  of  the  winter  supply, 
on  account  of  the  difficulty  of  drying  the  weeds 
at  that  season.  This  consists  principally  of  the 
deep-sea  Algie,  torn  u[)  by  storms ; it  occurs  in 
the  greatest  quantity,  and  is  also  much  the  richest 
in  iodine  and  potassium  salts.  Yet  this  is  entirely 
lost  to  the  kelp  maker.  Even  in  the  summer, 
during  a wet  season,  large  quantities  of  drift  weed 
collected  by  the  helpers  are  rotted  by  rain  and 
rendered  useless  for  burning. 

5th.  The  entire  loss  of  the  heat  produced,  and 
the  products  of  combustion. 

These  evils  were  first  jjointed  out  by  M'Crujimen 
in  1847,  find  the  Highland  Society’s  gold  medal 
was  awarded  to  him  to  mark  the  importance  of  the 
subject.  They  have  been  frequently  urged  since, 
and  are  universally  admitted  ; several  reforms  have, 
indeed,  been  proposed.  Kemp  has  suggested  a 
process,  which  consists  in  selecting  the  stems  of 
those  AUjx  which  are  the  richest  in  iodine,  and 
crushing  them ; they  are  then  set  by  in  a tank 
for  a few  days,  and  the  most  soluble  salts,  including  i 
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the  iodides,  extracted  by  cold  water  acidified  with 
hydrochloric  acid.  The  solution  is  then  treated 
with  chloride  of  lime,  and  the  iodine  thus  set  free 
precipitated  by  amido-acetate  of  lead.  The  cakes 
of  weed  left  after  pressure  are  dried  and  used  as 
fuel,  the  ashes  being  preserved  on  account  of  the 
iodine  they  slUl  retain,  as  well  .as  the  other  salts.  This 
process  has  not  been  adopted,  probably  because 
the  manipulation,  down  to  the  burning  of  the  fuel 
into  ashes,  is  a complicated  labour  superadded  to 
the  ordinary  process,  and  with  little  advantage, 
for  the  ashes  have  still  to  be  worked  for  iodine  and 
pot.ash.  The  crushing  of  the  weeds,  and  the  drying 
of  the  crushed  cakes,  present  great  practical  dif- 
ficulties, which  those  who  have  had  any  experience 
in  compressing  fresh  vegetables  will  fuUy  appreciate. 
Wallace’s  suggestion  in  the  paper  before  referred 
to  is  more  simple  ; he  states  that  it  is  rather  given 
to  call  attention  to  the  subject  than  as  a perfect 
process.  He  wishes  to  supersede  the  present  fused 
kelp  by  a loose  charred  ash.  He  recommends  the 
weed  to  be  charred  rather  than  burnt,  and  as  this 
ash,  from  its  bulk,  would  be  inconvenient  for  car- 
riage, it  should  be  lixiviated  with  a small  quantity 
of  water,  and  the  solution  roughly  evaporated  to 
dryness.  He  says,  “ By  this  treatment  a very  pure 
salt  would  be  obtained,  the  iodine  would  be  wholly 
preserved,  while  the  cost  of  working  would  be 
more  than  counterbalanced  by  the  saving  of  vitriol 
th.at  would  be  effected  by  the  absence  of  the  sulphur 
compounds.”  This  idea  meets  some  of  the  difficul- 
ties of  the  question,  but  not  all ; the  saving  of 
iodine  would  to  a great  extent  be  effected,  it  would 
make  just  the  difference  which  now  exists  between 
the  best  Highland  kelp  and  that  of  the  Channel 
Isl.ands,  where  sea-weed  is  used  as  an  ordin.ary 
fuel ; the  former  a vitreous  mass,  with  more  than 
h.alf  the  iodine  volatilized,  the  result  of  igneous 
fusion,  the  Latter  a loose  charred  ash,  the  result 
of  slow  combustion  at  a low  temperature,  and  con- 
taining much  more  of  the  iodine.  The  difficulty, 
I'.owever,  of  completely  charring  on  open  sl.abs  such 
a substance  as  sea-weed  is  considerable,  and  the 
salts  resulting  from  its  lixiviation  would  be  coloured 
by  any  portion  not  thoroughly  carbonized.  All 
.attempts  to  induce  the  people  to  give  up  the  prac- 
tise of  burning  to  a sl.ag,  and  adopt  the  method  of 
stopping  the  incineration  at  a point  short  of  this, 
have  hitherto  foiled.  It  seems  impossible  to  make 
them  believe  that  a different  kelp  from  a different 
weed  is  now  required. 

The  Society  of  Arts  awarded  their  silver  medal 
to  a research  published  by  Stanford  on  this  subject 
in  1863;  and  the  following  remarks  are  extracts  from 
this  paper  (Soc.  Arts  Jour.  February  14,  1862).  In 
the  following  fobles,  columns  1,  2,  3,  4,  and  5,  are 
shown  the  present  kelp-bearing  species.  Laminaria 
diyitata  and  Laminaria  succharina  are  the  general 
constituents  of  “ drift  weed,”  or  vraic  tenant  of  the 
Ch.annel  Islands  and  Brittany ; 3,  4,  and  5,  the 
Fneus  vesicjdosus,  Fnens  serratns,  and  Fiicus  nodosns, 
.are  generally  the  “ cut  weed,”  or  traic  scie,  of  the 
i Channel  Islands  .and  Brittany ; 6 and  7,  the  Zostera 
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maritia  and  Ehodomela  pimiastroides,  have  not  yet 
been  employed  in  the  manufacture  of  kelp.  They 
are  exceedingly  common  all  round  Ihe  English  coast, 
particularly  the  south ; the  latter  has  received  no 
application,  the  former  is  used  in  stuffing  mattresses. 
It  was  proposed  some  time  ago  as  a substitute  for 
cotton,  as  it  contains  a small  percentage  of  fibrous 
cellulose.  It  has  also  been  used  in  the  manufacture 
of  paper. 

The  analyses  are  stated  so  as  to  show  at  a glance 
the  relative  value  of  each  weed  for  commercial  pur- 
poses. The  water  is  that  driven  off  at  212°  Fahr. 
(100°  C.).  The  organic  matter  includes  the  charcoal 
and  everything  dissipated  in  burning.  In  the  an- 
alyses of  the  soluble  portion  of  the  ash,  the  potash 
and  sulphuric  acid  are  stated  separately,  and  the 
alkaline  chlorides  indicate  the  total  amount  of 
chlorides  of  potassium  and  sodium,  supposing  the 
two  alkalies  existed  entirely  as  chlorides.  The  kelp 
is  the  fused  ash  obtained  in  an  open  porcelain 
crucible.  On  the  large  scale  the  yield  is  rather  less, 
generally  from  4 to  5 per  cent,  of  the  wet  weed. 

The  estimations  of  iodine  were  the  results  of  a 
separate  set  of  experiments,  in  which  the  weeds 
were  carefully  carbonized  in  a covered  porcelain 
crucible  at  a low  red  heat.  The  iodides  were 
dissolved  from  the  charcoal  with  water,  and  the 
iodine  estimated  as  iodide  of  palladium.  Thus 
treated,  the  weeds  were  found  to  yield  much  more 
iodine  than  when  burnt,  even  at  the  same  tempera- 
ture, in  an  open  vessel.  When  tlioroughly  burnt 


the  poorer  weeds  gave  results  which  could  scarcely 
be  appreciated.  Laminaria  dir/itata  gave  ’19  per 
cent.,  or  less  than  half  the  yield  from  the  charcoal ; 
•19  per  cent,  corresponds  to  12‘77  lbs.  per  ton  of 
kelp,  and  the  iodine  usually  obtained  from  the  best 
drift  kelp  made  from  this  weed  does  not  average  more 
than  this.  The  statement  of  the  amount  of  iodine 
from  the  Laminaria  digitala  is  the  average  of  three 
estimations,  and  to  show  the  amount  that  ought 
to  be  obtained  from  this  species,  this  corresponds 
to  32  lbs.  of  iodine  per  ton  of  kelp  (20  cwts).  Many 
of  tlie  analyses  of  sea-weeds  hitherto  published  have 
been  performed  on  different  kelps,  and  as  these 
always  contain  the  ash  of  several  species,  little 
dependence  can  be  placed  on  them  as  an  index  of 
the  relative  composition  of  each  species.  The  plants 
here  experimented  on  were  carefully  selectei.  The 
amount  of  iodine  will  be  seen  to  be  exceedingly 
small  in  the  Fncus  remculo.ws,  and  kelp  made  from 
that  sea-weed  alone  is  valueless.  It  yields  only 
•99  lb.  per  ton,  but  practically  it  always  contains 
the  ashes  of  others  sufficient  to  bring  it  up  to  about 
3 lbs.  per  ton.  Sarphati  estimated  the  iodine  in 
this  species  as  low  as  •001  per  cent. 

The  yield  of  potash  from  that  common  weed, 
7,  the  Rhoilomcla,  is  large.  The  soluble  ash  it 
yields  is  very  variable  in  quantity,  the  fronds  being 
all  more  or  less  covered  with  zoophytes,  which  largelj^ 
increase  the  amount  of  ash  without  adding  to  the 
•soluble  portion.  The  results  given  are  the  mean  of 
three  analyses. 
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Si>ecies. 

Laminaria 

digitata. 

Laminaria 

saccharina. 

Fucus 

vftsioulosms. 

Fucus 

serratus. 

Fucus 

nodosus. 

Zostera 

marina. 

Rhodomela 

()inuastruides. 

Water, 

8-2 -000 

81-000 

71-000 

78-.5O0 

58-000 

82-000 

83  000 

Organic  matter 

12-710 

12-920 

23-2-^0 

16-220 

35-030 

14  7-20 

12-878 

Soluble  ash 

4-170 

4-810 

4-100 

3-360 

4-880 

2 580 

2-940 

Insoluble  ash, 

11‘20 

1-270 

1-6-20 

1-9-20 

2-090 

•700 

1-182 

Total, 

100-000 

100-000 

100-000 

100  000 

100  000 

100-000 

100  000 

Yield  of  kelp, 

5-900 

6-600 

7-100 

6-100 

7-630 

3-320 

6-368 

TABLE  II. — nP.T  SEAWEEDS,  CENTESIMAL. 


Species. 

Laminaria 

digitata. 

Laminaria 

saccharina. 

Fucus 

vesiculosus. 

Fucus 

sermtus. 

Fucus 

nudusus. 

Zostera 

marina. 

Rhodomela 

pinnastroides. 

Organic  'matter, 

Soluble  ash, 

Insoluble  ash, 

70-112 

23-560 

6-328 

67-646 

25-598 

6-756 

80-358 
1 4-079 
5-563 

75-079 
15  8.59 
9-062 

83-412 

11-614 

4-974 

81-796 

14-319 

3-885 

65-748 

17-297 

16-955 

Total, 

100-000 

100-000 

100-000 

100-000 

100-000 

lOO-OOO 

100-000 

Yield  of  kelp, 

33  335 

35-112 

24  381 

28-782 

18-159 

18-444 

37-460 

COMPOSITION  OF  THE  SOLUBLE  ASH. 

Total  amomit  of  sulphuric  acid, 

Total  amount  of  alkalies  expressed  as") 

chlorides, j 

Total  amount  of  potash, 

Total  amount  of  iodine 

2-135 

21-526 

6-893 

•4788 

1627 

23-888 

8-958 
- 1 583 

4 165 
11-400 

2-043 

-00985 

4-620 

14-396 

4-408 

-0382 

2-927 

10-733 

2-546 

-0422 

1-498 

13-209 

3-940 

•0457 

2-619 

15-910 

6-075 

■0378 

The  peculiar  odour  developed  by  the  dense  smoke 
of  the  burning  kelp,  which  in  calm  weather  can  be 
distinctly  traced  across  the  sea  for  thirty  miles,  led  to 
the  investigation  of  the  products  of  combustion. 
The  sea-weeds  were  submitted  to  a low  red  heat  in 
an  iron  retort,  connected  with  suitable  condensers. 


and  the  results  are  shown  in  the  following  tables. 
The  residual  charcoal  after  the  salts  are  washed  out 
is  very  similar  to  that  from  bones,  and  the  products 
of  destructive  distillation  are  more  like  those  of 
animal  than  of  vegetable  tissues.  This  is  remarkable 
in  a body  so  near  the  border  line  of  both  kingdoms. 
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TABLE  III. — PRODUCTS  OBTAINED  BY  THE 

DESTRUCTIVE  DISTILLATION  OF  DRY  SEAWEEDS,  CENTI8IMAL. 

Species. 

L>nni!iiaria 

Laminaria 

Fucus 

Fucus 

Fucus 

Zdstera 

Rhodoniola 

dlgitatii. 

saccliaritia. 

vesiculusua. 

sernvtus. 

nodusus. 

luariua. 

piiuiaetroiiles. 

Charcoal,  including  ash 

43-7.50 

47-040 

38-040 

45-4.50 

35-166 

43-272 

56-610 

Tar 

1-861 

2-123 

3-835 

2 474 

3-116 

•805 

1-078 

Aqueous  portion, 

24-509 

27-151 

31-988 

24-978 

24-434 

25-.341 

29  931 

Gas, 

29  880 

23-686 

26-137 

27  098 

37-284 

30-582 

12  381 

Total, 

100-000 

100-000 

100-000 

lOO-OOO 

100-000 

100-000 

100  000 

PRODUCTS  FROM  THE  WATER  AND  TAR. 

Volatile  oil, 

•707 

•708 

•989 

•825 

not  estimated. 

•312 

•319 

Paraffin  oil, 

•698 

•796 

1-438 

•928 

1-168 

•302 

•404 

Naphtha,  methylic, 

•450 

•427 

•616 

■315 

not  estimated. 

•355 

•480 

Ammonia,  or  as 

•609 

•965 

•736 

•862 

•929 

-.537 

-(ill 

Ammonium  sulphate, 

2-36-2 

3-713 

2-791 

3-348 

3-606 

2-086 

2-373 

Acetic  acid,  or  as, 

•194 

•245 

•620 

■6,52  1 

not  estimated. 

/ -181 

•272 

Calcium  acetate 

•259 

•326 

•816 

•469  j 

t -241 

•363 

PRODUCTS  FROM  THE  CIIARCO.VL. 

Pure  charcoal 

13-862 

14-695 

18-398 

20-529 

18-578 

25-068 

22-358 

Potassium  chloride, 

10-831 

14-104 

3-216 

6-940 

4-008 

6-203 

9-693 

Sodium  chloride, 

10-695 

9-782 

8-184 

7-4,56 

6-725 

7-006 

6-217 

Insoluble  ash, 

6-328 

6-7.56 

5-563 

9-062 

4-974 

3-885 

16  955 

Iodine, 

•4788 

•1582 

•00985 

•0382 

-04-22 

•0457 

•0378 

TABI.E  IV. — PKODUCT.S  OBTAINED  BY  THE 

DESTRUCTIVE  DISTILLATION  OP  DRY  SEAWEEDS,  PER  TON. 

Species 

Laminaria 

Laminaria 

Fucus 

Fucus 

Fucus 

Zostera 

Rhodoinela 

digitata.  • 

sacch.arlna. 

vesiculosus. 

.serratus. 

nodosus. 

marina. 

pinnastruides. 

Cwts.  Lbs 

Cwts.  Lbs. 

Cwts.  Lbs. 

Cwts,  Lba. 

Cwts.  Lbs. 

Cwts,  Lbs 

Cwts.  Lbs. 

Charcoal,  including  ash, 

8 84 

9 46 

7 68 

9 10 

7 4 

8 73 

11  36 

Tar 

41-8  lbs. 

47-5  lbs. 

86  lbs. 

55-4  lbs. 

69-8  lbs. 

18  lbs. 

24-1  lbs. 

Aqueous  portion 

55  galls. 

61  galls. 

72  galls. 

.56  galls. 

.54  galls. 

57  galls. 

67  galls. 

Gas  (approximative), 

1-205  c.  ft. 

956  c.  ft. 

1052  c.  ft. 

1089  c.  ft. 

1504  c.ft. 

1234  c.  ft. 

500  c.  ft. 

PRODUCTS  FROM  THE  WATER  AND  TAR. 

Volatile  oil, 

253-4  oz. 

253-7  oz. 

3.54-5  oz. 

295-7  oz. 

not  estimated. 

111-8  oz. 

114-3  oz. 

Paraffin  oil, 

250-2  oz. 

285-3  oz. 

515-4  oz. 

332‘6  oz. 

418'6  oz. 

108-2  oz. 

144  8 oz. 

Naphtha,  methvlic, 

161-3  oz. 

153  oz. 

2-20-8  oz. 

112-9  oz. 

not  estimated. 

127-2  oz. 

172  oz. 

Ammonium  sulphate 

52-9  lbs. 

83-2  lbs. 

62-6  lbs. 

75  lbs. 

80-8  lbs. 

46-7  lbs. 

63-2  lbs. 

Calcium  acetate, 

5-8  lbs. 

7-3  lbs. 

18-3  lbs. 

10-5  lbs. 

not  estimated. 

5-4  lbs. 

8-3  lbs. 

PRODUCTS  FROM  THE  CHARCOAL. 

Cwts.  Lbs. 

Cwts.  Lbs. 

Cwts.  Lbs, 

Cwts.  Lbs. 

Cwts.  Lbs. 

Cwts.  Lbs. 

Cwts.  Lbs. 

Pure  charcoal, 

2 86 

2 105 

3 76 

4 12 

3 80 

5 7 

4 .52 

Potassium  chloride, 

2 19 

2 92 

0 72 

1 43 

0 90 

1 27 

1 105 

Sodium  chloride, 

2 15 

1 107 

1 71 

1 55 

1 38 

1 44 

1 27 

Insoluble  ash, 

1 30 

1 39 

1 13 

1 91 

0 111 

0 87 

3 13 

Iodine 

10-72 

3-54 

•211 

•8.56 

•645 

1-024 

•847 

The  charcoal  is  here  represented  as  pure  carbon. 

by  the  North  British  Chemical  Company. 

By  util- 

In  practice  the  residual  charcoal,  after  lixiviation,  has 

izing  the  winter  supply  it  affords  employment  to  a 

the  following  composition  when  dry  : — 

large  and  indigent  population  when  they  most  need 
it;  and  they  have  enormously  benefited  where  it 

Laininariii. 

(AXDbRSuH.) 

(Fekk Y and  others. ) 
Average. 

70-32 

has  been  introduced. 

The  produce  of  iodine  from 

Carbon, .o2  5t 

these  shores  has  been 

more  than  quadrupled ; and 

Phosphates, 10-92 

1-90 

the  great  advantage  to  the  people  has  been  fully  set 

Calcium  carbonate, 15‘56 

Magnesium  carbonate, ....  ll-S-t 
Calcium  sulphate, — 

10-25 

7-9-2 

1-93 

forth  by  His  Grace  the  Duke  of  Ap.GYLL  in  evidence 
before  the  Privy  Council. 

Alkaline  salts, 5-70 

1-84 

Lixh'iation. — The  kelp  as  it  comes  into 

Glasgow 

Silica, 3'94 

5-84 

occurs  in  large  masses  somewhat  resembling  iron 

100-00 

100  00 

slag;  it  is  first  broken  up  into  pieces  about  the  size 
of  road  metal ; these  are  then  lixiviated  in  vats 

The  carbon  contains  nitrogen  equal  to  about  2 

heated  by  steam  and  worked  exhaustively. 

the  same 

per  cent,  of  ammonia.  The  charcoals  generally 
retain  also  20  per  cent,  of  water. 

as  tliose  used  in  the 
Sodium).  A liquor 

lixiviation  of  black  ash  (see 
is  thus  obtained  of  4.')°  Tw. 

Tlie  charcoal  is  extremely  porous,  and  forms  an 

density ; this  is  evaporated  in  ordinary  hemispheri- 

excellent  deodorizer  and  decolorizer.  and 

is  the 

cal  boiling 

pans,  and 

the  salts 

which  deposit  on 

cheaiiest  yet  obtained  from  any  source. 

evaporation 

are  fished  out.  In  Messrs.  Paterson’s 

This  process  has  been  jirincipally  carried  out  on 

works  an  excellent  modification  of  this  is  employed. 

the  large  scale  in  the  island.®  of  Tyree  and  of  North 

in 

which  the  evaporation  is  effected  by  steam.  The 

IJist,  in  the  outer  Hebrides,  where  it  has  been 

going 

same  arrangement  is 

adopted 

in  other 

chemical 

on  for  some  years.  Considerable  capital  is  required 

w 

orks,  as  in 

the  manufacture  of  saltpetre. 

where,  as 

for  the  erection  of  works  in  these  distant  islands. 

in 

this  instance,  the 

evaporating  liquor 

depo.sits 

but  tlie  process  is  now  about  to  be  largely  extended 

crystals  which  have  to  be  removed  from  the  residual 
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liquor ; for  the  coolers,  see  Iodine,  Plate  L,  in  which 
Fig.  1 represents  a vertical  section,  and  Fig.  2 a 
ground  plan.  A A is  a cylindrical  wrought-iron  pan, 
in  which  the  liquor  is  placed : it  is  heated  by  a coil  of 
steam  - piping,  B b,  b b,  running  round  the  interior, 
in  which  steam  at  60  lbs.  pressure  is  circulating. 
The  contents  are  continually  stirred  by  a stirrer, 
C C,  driven  by  gearing,  H ; the  depositing  salts 
are  kept  in  agitation  by  scrapers,  E e e e,  and 
the  whole  is  discharged  through  the  valve,  F. 
The  steam  escapes  through  an  aperture  in  the  top 
to  the  chimney,  and  the  condensed  water  from  the 
steam  coil  through  an  ordinary  steam  trap.  After  boil- 
ing the  liquor  for  some  time  it  is  reduced  to  a density 
of  62°  T.,  and  a rough  potassium  sulphate  deposits 
containing  50  to  60  per  cent.,  combined  with  sodium 
sulphate  and  sodium  chloride.  If  ordinary  pans  are 
used  these  salts  are  fished  out  into  drainers,  but  with 
the  steam  pan  the  liquor  is  run  out  to  settle,  and 
after  the  salt  is  deposited  the  supernatant  liquor  is 
run  off  hot  into  cylindrical  coolers  of  cast  iron,  and 
a crop  of  potassium  chloride  crystallizes  out  on  cool- 
ing. The  mother  liquor  is  boiled  down  again  ; it 
then  deposits  sodium  chloride  containing  carbonate  ; 
it  is  again  run  out  into  the  coolers,  and  another  crop 
of  potassium  chloride  is  obtained : this  is  repeated 
twice  or  three  times,  according  to  the  richness  of  the 
kelp,  and  the  mother  liquor,  having  a density  of 
about  85°  to  95°  Tw.,  containing  the  iodides  and 
bromides,  reserved  for  further  treatment.  The  salts 
thus  obtained  are  technically  called  “ muriate  ” 
(potassium  chloride),  80  to  90  per  cent. : “ soft  sul- 
phate ” (potassium  sulphate),  50  to  60  per  cent. ; 
“kelp  salt”  (sodium  chloride),  containing  10  to  12 
per  cent,  of  alkali  in  the  form  of  sodium  carbonate. 
Unless  well  washed  these  salts  all  contain  iodine. 

In  1859  Wallace  found  in  samples  of 

Miiriate, •721b.  of  iodine  per  ton. 

boft  sulphate, 1'21  “ “ 

Kelp  salt,  unwashed,. .. . 3 45  “ “ 

These  salts  were  from  cut  weed  kelp  containing 
only  4 lbs.  of  iodine  per  ton  ; and  the  analyses  show 
how  rich  in  iodine  the  products  from  drift  kelp  must 
have  been  at  that  time.  In  making  sulphate  from 
the  muriate  of  those  days  the  presence  of  iodine  was 
often  complained  of,  and  was  a serious  nuisance  to 
the  workmen.  Iodine  manufacturers  now  do  not 
sell  iodine  at  the  price  of  “ muriate.” 

The  “waste  sulphur,”  obtained  as  a bye  product 
from  the  mother  liquor,  is  very  tenacious  of  iodine, 
and  unless  very  carefully  washed  will  contain  10  to 
20  lbs.  to  the  ton. 

After  the  removal  of  the  mother  liquor  from  the 
salts,  in  addition  to  the  alkaline  iodides  and  bromides, 
sxrlphide,  sulphite,  and  hyposulphite  of  sodium,  with 
considerable  quantities  of  chlorides,  are  present  in 
the  solution,  and  owing  to  their  solubility  cannot 
be  removed.  To  obtain  the  iodine  the  Scotch  manu- 
facturers add  to  the  liquid  about  one-seventh  of  its 
volume  of  sulphuric  acid,  of  145°  Tw.  (sp.  gr.  1‘725). 
and  having  agitated  the  whole,  leave  it  to  repose 
about  twenty-four  hours.  During  this  period  the 


sulphurous  compounds  are  decomposed,  sulphates 
being  produced,  whilst  the  sulphide  of  hydrogen  and 
sul2)hurous  acid  undergo  mutual  decomposition,  and 
sulphur  is  jxrecipitated.  At  the  end  of  this  time  the 
liquor  is  put  into  an  iron  still  which  is  adapted  to  a 
series  of  stoneware  receivers.  A quantity  of  dry 
powdered  binoxide  of  manganese  is  added,  and  the 
expulsion  of  the  iodine  etfected  at  a temperature 
bordering  on  ebullition. 

The  binoxide  of  manganese,  by  acting  upon  the 
chlorides  present  under  the  influence  of  the  excess 
of  suljjhuric  acid,  liberates  chlorine,  which  in  turn 
displaces  the  iodine  thus  : — - 

FIRST  DECOMPOSITION. 

Chloi’ide  of  sodium.  Binoxide  of  manganese.  Sulphuric  acid. 

2Na01  + MnO^  + 2 (H0SU4)  = 

Sulphate  of  sodium.  Sulphate  of  manganese.  Chlorine.  Water. 

NaoSO^  + M11SO4  + 2Cl  + 

SECOND  DECOMPOSITION. 

Iodide  of  sodium.  Chorine.  Chloride  of  sodium.  Iodine. 

Nal  -f-  d 1 1 NaUl  1. 

The  apparatus  emifloyed  is  shown  in  Fig.  7.  The 
still,  A,  is  a deep  pot  of  thick  cast  iron  of  about  300 
gallons  capacity,  set  in  brick  work  over  a naked  fire ; 
it  is  covered  by  a framework  of  malleable  iron  overlaid 
with  thick  lead,  B,  having  an  opening  at  C,  and  a 
stopper  at  D,  the  chain,  E,  being  used  to  lift  the  lid. 
It  is  connected  by  two  leaden  arms  to  stoneware 
“ udells.”  generally  about  sixteen  to  twenty,  in  two 
series  of  eight  to  ten  each.  These  udells  have  stop- 
pers of  stoneware  below,  shown  at  F,  to  allow  water 
containing  chlorine  and  iodine  to  drain  away  into  the 
“shute,”  G,  and  into  the  tank,  H,  from  which  it  is 
returned  to  the  vats.  The  bulk  of  the  iodine  is 
found  in  the  central  udells.  About  half  the  series 
of  udells  is  shown  in  the  figure. 

After  charging  the  still,  as  already  directed,  with 
the  liquor,  the  binoxide  of  maugane.se  is  added,  and 
the  temperature  raised  nearly  to  boiling ; all  the  ori- 
fices and  joinings  being  prexdously  secured  with  the 
stoppers  and  ordinary  clay.  The  iodine  jiasses  over, 
and  is  collected  in  flakes  in  the  receivers.  The  jiro- 
cess  is  examined  from  time  to  time  by  opening  the 
stopjier,  B,  and  when  the  passage  of  iodine  vajiours 
slackens,  more  manganese,  if  necessary,  is  introduced 
through  the  aperture,  C,  and  the  operation  conducted 
till  the  whole  of  the  iodine  has  distilled  over. 

A number  of  distillations  are  worked  off  before 
the  iodine  is  cleared  from  the  udells,  every  added 
film  increasing  the  density  of  the  iodine  by  jiressing 
out  the  liquid.  Iodine  pirepared  according  to  this 
process  is  pute  and  dry,  and  fit  for  immediate  sale. 
It  may  be  obtained  quite  pure  by  sublimation  or  by 
dissolving  in  alcohol,  precipitating  by  water,  and 
drying  the  product. 

The  iorline  occasionally  contains  cyanide  of  iodine, 
which  occurs  in  white  needles ; this  generally  arises 
from  insufficient  use  of  vitriol.  After  each  distillation 
is  completed  the  arms  from  the  still  are  connected 
with  a leaden  or  earthenware  condenser,  more  man- 
ganese oxide  is  added,  and  the  bromine  distilled  off. 
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Fig.  8. 


It  is  very  troublesome  to  deal  with,  and  is  usually 
allowed  to  run  away. 

In  the  French  works  the  mother  liquors  are  treated 
in  sliglit  excess  with  sulphuric  acid,  and  the  solution 
is  afterwards  boiled  for  some  time ; during  this 
operation  the  sulphides,  hyposulphites,  and  sulphites 
are  decomposed,  and  sulphur  precipitated.  Some 
time  is  now  allowed,  in  order  that  the  solution  may 
clarify,  and  when  this  is 
effected  the  supernatant 
fluid  is  drawn  off  from 
the  precipitate,  and  dil- 
uted till  it  marks  40° 
Twaddell,  and  then 
chlorine  is  passed  into 
it  to  saturation  from  a 
generating  apparatus, 
such  as  that  shown  in 
Fig.  8.  The  chlorine 
passes  off  from  the  still, 
where  binoxide  of  man- 
ganese and  hydrochloric 
acid  are  made  to  act 
upon  one  another,  or 


chloride  of  sodium,  sulphuric  acid,  and  binoxide 
of  manganese,  and  proceeds  by  the  conduit,  E,  into 
the  vat,  where  it  liberates  the  iodine  from  its 
combination  in  the  mother  liquor.  The  end  of 
this  operation  is  the  decomposition  of  the  iodide 
present,  or  rather  of  the  hydriodic  acid,  and  the 
precipitation  of  iodine  by  the  substitution  of  chlorine. 
In  transmitting  the  chlorine  through  the  liquid,  it  is 
necessary  to  guard  against  two  evils;  the  first  arising 
vor,.  II. 


from  the  use  of  this  agent  in  insufficient  quantity, 
for  in  this  case  the  iodine  compound  remains  in  part 
undecomposed ; the  second,  produced  by  an  excess 
of  the  gas,  owing  to  the  formation  of  chloride  of 
iodine,  which  passes  off  in  vapour,  and  is  lost. 
Hence,  to  determine  the  exact  point,  it  is  necessary 
to  test  a part  of  the  liquid  as  well  with  chlorine  ai 
with  a solution  of  iodide  of  potassium,  to  prove,  on 
the  one  hand,  if  there  remains  any  further  portion 
of  the  salt  unacted  upon,  and  on  the  other,  if  the 
agent  be  present  in  excess.  Should  the  latter  be 
the  case,  a further  addition  of  mother  liquor  is 
made  to  combine  with  the  free  chlorine.  When 
the  decomposition  is  complete,  the  contents  of  the 
vessel  are  allowed  to  settle,  and  after  a time  the 
clear  liquor  containing  chlorides  and  sulphates  is 
drawn  off  from  the  iodine.  The  latter  is  repeatedly 
washed  by  decantation,  till  the  washing  gives  no 
indication  by  the  hydrometer  of  the  jiresence  of 
salts.  The  iodine  is  afterwards  left  to  drain  in  a 
conical  vase  of  earthenware,  the  bottom  of  which  is 
perforated,  then  dried  upon  sheets  of  filtering  paper 
laid  upon  porous  tiles. 

The  next  step  is  the  purification  by  a process  of 
sublimation  in  an  apparatus  like  that  shown  in  Fig. 
9.  The  iodine  is  introduced  into  the  retorts,  a a, 
which  form  a gallery  of  two  rows,  to  the  number  of 
six  ; they  are  immersed  in  the  sand  of  the  cast-iron 
case,  B n,  which  is  heated  by  the  fire,  C.  Into  each 
of  these  about  45  lbs.  of  the  crude  iodine  are 
introduced  ; they  are  then  wholly  buried  in  the 
sand,  the  neck  as  well  as  the  body  of  the  retort. 
This  precaution  is  necessary,  to  prevent  the 
29 
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condensation  of  the  iodine  vapours  in  the  neck,  and 
the  obstruction  of  the  passage  which  would  ensue. 
That  this  may  be  guarded  against  as  much  as  pos- 
sible, the  necks  of  the  retorts  are  short,  and  the 
receivers  placed  in  connection  with  them  as  close  to 
the  sand-bath  as  possible.  An  elliptical  cistern,  no, 
is  used  for  this  purpose,  the  beak  of  the  retort 
entering  at  the  side.  It  is  furnished  with  a movable 


cover,  E,  to  facilitate  the  removal  of  the  iodine;  it 
has  likewise  a perforated  plate  at  the  bottom,  H,  to 
allow  any  water  which  may  condense  to  drain  off 
A tubulure,  F,  at  the  opposite  side  to  that  which 
receives  the  beak  of  the  retort,  allows  the  vapour  of 
water  to  pass  off  by  the  pipe,  F G,  out  of  the  range 
of  the  operation.  In  this  way  the  iodine  is  obtained 
in  fine  large  crystals. 

When  the  bromine  which  is  present  is  to  be  reco- 
vered, the  liquor  drawn  off  from  the  precipitate  is 
evaporated  to  dryness,  the  residue  mixed  with  sul- 
phuric acid  and  binoxide  of  manganese,  and  distilled 
from  a leaden  vessel.  Bromine  passes  over,  and  is 
received  in  strong  sulphuric  acid,  in  which  it  sinks, 
and  is  thus  prevented  from  volatilizing,  and  injuring 
the  health  of  the  workmen  by  its  fumes. 

Another  method  of  separating  iodine  was  propo.sed 
by  SouiiEiRAN — namely,  the  addition  of  sulphate  of 
copper,  by  which  a subiodide  of  copper  is  formed. 
As  this  only  precipitates  one-half  of  the  iodine  in 
solution,  it  is  necessary  to  add  ferrous  sulphate,  when 
the  following  reaction  takes  place  : — 

2NaI  + 2C11SO4  4-  2FeS04  = CiijL  + 

Na2S5U4  + Fe.43S04. 

The  cupreous  iodide  is  desiccated  at  a gentle  heat, 
and  the  dry  compound  mixed  with  twice  or  three 
times  its  weight  of  binoxide  of  manganese,  and  as 
much  strong  sulphuric  acid  as  will  form  it  into  a 
paste,  and  the  mixture  strongly  heated  in  a sublim- 
ing apparatus,  when  iodine  passes  off  and  is  received 
in  appropriate  vessels,  thus — 


Subioilide  of  copper. 

Binoxide  of  manganese. 

Sulphuric  acid. 

Cn,Io 

+ 

2Mn0.2  + 

41I2SO4  + 

Sulidmte  of  copi>er. 

Sulphate  of  manganese. 

Iodine. 

2((Jus04) 

+ 

2.M11SO4  + 

L + tiioO. 

The  use  of  sulphuric  acid  may  be  dispensed  with  in 
the  above  piocess,  but  the  heat  must  be  much  more 


elev.ated  when  that  agent  is  not  employed.  In  this 
case  the  binoxide  of  manganese  is  decomposed  into 
sesquioxide  of  manganese  and  ox}"gen,  which  dis- 
places the  iodine  combined  with  the  copper,  as 
shown  in  the  annexed  equation  ; — 

Subiodide  of  copper.  Binoxide  of  manganese.  Sesc^uioxide  of  manganese. 

CujL  + 4M11O2  = 2.M112O3  + 

Oxide  of  copper.  Iodine. 

2CuO  -F  Ij. 

Various  processes,  all  of  which  are  kept  profoundly 
secret,  are  employed  in  the  Peruvian  woiks  for 
separating  the  iodine  from  the  mother  liquors  of 
the  nitrate  of  soda.  In  one  the  iodine  is  precipi- 
tated as  iodide  of  copper.  The  iodine  exists  as 
iodate  of  sodium,  and  requires  to  be  reduced : it  is 
probable  that  either  sulphurous  acid  or  sodium 
bisulphite  is  the  agent  em]iloyed.  As  with  the 
French  iodine,  it  is  wet,  and  requires  sublimation. 
The  following  shows  the  analysis  of  one  of  the  first 
lots  imported  from  this  source  ; it  is  now,  however, 
resublimed,  and  sent  over  of  considerable  purity: — 


Iodine .H-O 

.''oltiMe  salts, 22"2 

Insoluble, -8 

Water, 23‘0 


100-0 


The  salts  contained — 


Potash 2-.'i7 

Sulphuric  acid, 1 "J3 

Chlorine, 219 


Improrementft  Nt/t/ywled.— Barruel  evaporates  the 
mother  liquor  to  dryness;  the  residue  is  mixed  with 
about  one-tenth  of  its  weight  of  binoxide  of  man- 
ganese, and  then  heated  to  incipient  redness,  the 
mixture  being  kept  stirred  all  the  time.  The  heat 
is  continued  till  the  sulphides  and  hyposulphites  are 
thoroughly  oxidised,  which  is  known  by  treating  a 
sample  of  the  substance  with  sulphuric  acid,  and 
observing  if  sulphydric  acid  be  evolved.  In  this 
operation  the  heat  should  not  be  raised  to  such  a 
degree  as  would  cause  the  evolution  of  iodine,  of 
which  the  characteristic  violet  vapour  would  be  an 
indication.  Water  is  added  to  the  mass,  and  the 
sulphates  and  iodides  are  washed  out ; using  only  as 
much  water,  however,  as  will  afford  a solution  of  36° 
Beanme.  Chlorine  gas  is  now  passed  through  the 
filtrate,  and  the  iodine  which  is  precif)itated  purified, 
as  described  in  the  preceding  method. 

Professor  Beciii  has  indicated  a process  for  obtain- 
ing iodine  from  river  and  other  waters  containing  it 
in  small  proportion.  He  treats  the  water  with  a 
mixture  of  1 part  of  sulphuric  acid  and  2 of  nitric, 
and  pas.ses  the  acidulated  liquor  into  a tank  or  vat, 
having  a funnel-shaped  bottom,  and  filled  with 
animal  charcoal.  The  acids  have  the  effect  of  re- 
moving the  bases  from  the  iodine,  and  on  trans- 
mitting the  solution  through  the  charcoal  the  latter 
is  retained.  To  remove  the  iodine  from  the  char- 
coal, a solution  of  potash  is  added.  After  a while 
the  iodine  is  taken  up,  and  an  iodide  of  potassium 
produced.  When  the  solution  has  been  sufficiently 
completed,  water  is  allowed  to  flow  upon  the  mass 
to  dissolve  the  salt,  the  solution  being  drained  off  in 
another  funnel-shaped  vessel,  which  is  stopped  in 
the  tube  part  with  sponge  or  other  porous  material. 
The  liquor  is  evaporated  to  dryness,  and  the  iodine 
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is  obtained  in  the  foim  of  iodide  and  iodate  of 

they  are  in  frequent  demand  as  effective  reagents  in 

potassium,  from  which  the  iodine  may  be  obtained 

analisis.  Of  these,  however,  reference  will  be  made 

in  the  manner  already  described. 

only  to  those  of  the  alkaline  metals,  of  iron,  silver. 

SciibXBEiN'  has  described  several  substances  which 

mercury,  and  a few  others. 

decompose  the  alkaline  iodines,  and  liberate  iodine 

Iodide  of  IIijdro(;en — Hydriodic  Acid,  lodhydric 

in  the  dry  way.  The  most  remarkable  are  arsenious 

Acid. — Next  to  oxygen,  ehlorine,  bromine,  and 

acid,  chromic  acid,  sesquioxide  of  iron,  and  protoxide 

fluorine,  iodine  manifests  the  greatest  affinity  for 

of  coj)per ; but  there  is  danger  in  employing  the 

hydrogen  ; consequently,  it  abstracts  this  element 

first  of  these,  lest  a portion  of  the  poison  might  be 

from  its  combinations  of  phosphoretted  hydrogen. 

driven  off  by  an  increased  temperature  with  the 

sulphydric  acid,  ammonia,  as  well  as  from  alcohol. 

iodine,  and  thus  render  its  application  unsafe  as 

ether,  and  volatile  oils ; in  each  instance  hydriodic 

a therapeutic  agent.  When  three  parts  of  potassium 

acid  results.  A similar  metamorphosis  with  regard 

bichromate  are  ground  and  mixed  with  two  of 

to  the  iodine  takes  place  when  it  is  mixed  with 

potassium  iodide,  and  the  mixture  is  submitted  to 

water  in  the  presence  of  a body  capable  of  abstract- 

dry  distillation  in  a stoneware  retort,  the  whole  of 

ing  oxygen  from  the  latter ; and  by  this  means 

the  iodine  is  set  free,  leaving  in  the  vessel  a greenish 

hydriodic  acid  is  sometimes  prepared.  Thus,  when 

mass,  which  is  a mixture  of  jiotassium  chromate  and 

a mixture  of  9 parts  of  iodine  and  1 of  phos- 

sesquioxide  of  chromium. 

phorus  is  introduced  into  a tube,  and  covered  with 

The  iodine  which  is  thus  produced  is  very  pure. 

moist  quartz,  sand,  or  powdered  glass,  and  heat 

and  no  loss  either  of  it  or  the  reagent  is  experienced ; 

applied,  decomposition  of  iodide  of  phosphorus. 

for  the  ehromate,  which  is  a residuary  product  of 

which  is  at  first  formed,  takes  jdace,  as  it  conies 

the  distillation,  is  a valuable  salt,  and  applicable  to 

in  contact  with  the  thin  stratum  of  moisture,  and 

many  purposes ; whilst  the  green  sesquioxide  left 

gaseous  hydriodic  acid  is  produced ; or  amorphous 

after  washing  away  the  former  may  be  employed  as 

phosphorus  may  be  used ; it  should  be  covered  with 

a pigment;  or  by  fusing  it  with  an  alkaline  nitrate 

a layer  of  water,  and  iodine  gradually  added.  The 

and  carbonate,  it  may  be  reconverted  into  a bi- 

mixture  heated  gently  in  a retort  gives  off  a steady 

chromate  of  the  alkali,  which  may  be  employed  to 

stream  of  the  hydriodic  acid  gas.  Another  method 

decompose  a fresh  portion  of  iodide. 

is  to  gently  heat  in  an  ordinary  flask  1 part  of 

Iodine  is  also  set  free  when  anhydrous  perchloride 

phosphorus,  ll  of  iodide  of  potassium,  and  20  of 

of  iron  is  mixed  with  iodide  of  potassium,  even  at 

iodine,  with  a little  w.ater.  When  the  evolution  in 

ordinary  temperatures;  and  on  the  application  of 

this  ease  becomes  too  rapid,  the  I’etort  should  be 

heat  it  passes  off  in  dense  vapours,  which  may  be 

cooled  by  plunging  it  in  cold  water  : 

received  in  the  usual  manner.  The  change  of  the 

Potassium  Potassium  Hydriodic 

substances  in  this  instance  is  due  to  the  reduction  of 

Iodide.  Iodine.  Phosphorus.  Water.  pyruph„sphate.  Ac*d. 

the  ferruginous  persalt  to  that  of  a protosalt ; the 

4K1  + ijo  H"  + 141^1. 

liberated  equivalent  of  chlorine  combining  with  the 

The  gas  may  be  collected  over  mercury,  or  con- 

potassium,  and  setting  the  iodine  free. 

densed  in  water,  forming  liquid  hydriodic  acid. 

Persulphate  of  iron  may  be  advantageously  sub- 

Other  modes  may  be  adopted  for  preparing  this 

stituted  for  the  perchloride ; for  when  an  alkaline 

acid  dissolved  in  water ; thus,  iodide  of  barium 

iodine  is  moderately  heated  with  it,  dense  vapours 

m.ay  be  decomposed  by  an  equivalent  proportion 

of  iodine  are  liberated,  free  from  sulphurous  acid. 

of  sulphuric  acid,  and  the  liquid,  after  filtering  off 

Hence,  by  employing  peroxide  of  iron  and  iodide  of 

the  insoluble  precipitate  of  sulphate  of  barium,  con- 

potassium  in  equivalent  proportions,  and  adding  to 

centrated.  The  usual  m.anufacturing  process  is  to 

the  mixture  three  equivalents  of  sulphuric  acid,  so 

diffuse  iodine  in  water;  sulphydric  acid  is  tlieu  trans- 

diluted  as  not  to  be  able  by  itself  to  liberate  iodine. 

mitted  through  it,  when  decomposition  of  the  latter 

then  moderately  heating,  the  whole  of  the  iodine 

takes  place,  sulphur  being  precipitated,  and  hydriodic 

passes  over  into  the  receiver,  and  the  residuary 

acid  produced.  The  difficulty  in  this  process  is 

matter  is  composed  only  of  sulphates  of  potassium 

tlie  covering  of  a portion  of  the  iodine  by  the 

and  iron. 

depositing  sulphur,  thus  preventing  its  solution. 

Co.MBiXATioxs. — All  the  non-metallic  elementary 

This  loss  may  be  obviated  by  saturating  a given 

bodies,  with  the  exception  of  fluorine,  are  capable  of 

volume  of  water  with  iodine,  and  after  allowing 

entering  into  combination  with  iodine,  either  in 

the  insoluble  portion  to  subside,  and  decanting 

single  or  multiple  propc*’t’ons,  and  many  of  these 

the  brownish  fluid,  the  sulphydric  acid  should  be 

compounds  are  extremely  stable.  Idke  chlorine. 

passed  through  it  till  it  becomes  colourless.  The 

iodine  combines  with  hydrogen  and  oxygen,  forming 

deposited  sulphur  is  then  filtered  off,  and  tlie  filtrate 

acid  com])Ounds,  which  in  their  general  characteristics 

again  charged  with  the  iodine,  and  the  portion  which 

are  analogous  in  every  respect.  With  nitrogen  and 

dissolves  again  act.'d  upon  as  before.  In  this  way 

ammonia  it  affords  compounds  which  are  eminently 

the  whole  of  the  iodine  may  be  converted  into  the 

explosive,  but  with  the  other  simple  bodies  its 

acid ; for  .at  each  succeeding  saturation,  in  conse- 

combinations  offer  little  interest  beyond  the  precincts 

quence  of  the  portion  of  the  hydriodic  acid  that 

of  the  laboratory.  ^lany  of  its  compounds  with  the 

is  formed,  the  liquid  acquires  the  property  of  dis- 

metids  are  very  valuable,  its  well  in  medicine  as  in 

solving  a Larger  quantity  of  the  iodine.  Hydriodic 

many  branches  of  industrial  art ; and  to  the  chemist 

acid  may  be  obtained  with  considerable  facility  by 

IODINE. — Iodides. 
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passing  the  gas  through  a solution  of  iodine  in 
alcohol ; but  it  is  accompanied  by  a product  of 
disagreeable  odour  arising  from  the  action  of  the 
sulphydric  acid  on  the  alcohol.  Naumau  operates 
at  first  on  a small  scale,  until  the  reaction  is  accel- 
erated by  the  solubility  of  the  iodine  in  the  hydriodic 
acid  produced.  The  liquid  is  then  cooled,  and 
iodine  and  water  are  added  from  time  to  time  as 
the  action  slackens.  In  this  manner  a very  rapid 
stream  of  hydrogen  sulphide  is  completely  absorbed, 
and  in  a short  time  large  quantities  of  hydriodic 
acid  are  obtained  of  specific  gravity  1‘56. 

Hydriodic  acid,  prepared  according  to  the  first 
of  these  methods,  is  a colourless  gas,  soluble  in 
water,  and  capable  of  strongly  reddening  litmus ; 
it  has  a very  pungent  odour,  somewhat  similar  to 
hydrochloric  acid.  When  allowed  to  escape  into 
the  air  it  produces  dense  white  vapours,  which  are 
very  suffocating  when  inhaled.  Its  specific  gravity 
is  4-4429  ; it  is  neither  a combustible  body  nor  a 
supporter  of  combustion.  It  may  be  liquefied  by 
pressure,  and  solidifies  at  — 51°  C.  ( — 59‘8°  Fahr.). 
In  this  state  it  is  perfectly  transparent  and  colour- 
less, but  intersected  with  fissures  like  ice.  The  ten- 
sion of  the  vapour  at  0°  is  2-9  atmospheres.  Steam, 
sulphurous  acid,  chlorine,  bromine,  and  a few'  other 
bodies,  are  capable  of  decomposing  hydriodic  acid 
with  the  separation  of  iodine.  The  gas  is  composed 
of  equal  volumes  of  iodine  vapour  and  hydrogen, 
wiUiout  condensation.  In  the  liquid  state  hydriodic 
acid  is  colourless,  and  possesses  an  odour  similar 
to  that  of  the  gas.  Upon  exposure  it  gradually 
suffers  decomposition,  and  on  prolonged  contact 
witli  the  air  oxidation  causes  the  -liberation  of  the 
iodine,  w'hich  separates  in  fine  lamellar  crystals. 

Sulphuric  acid,  when  concentrated,  sets  free  the 
iotline,  forming  sulphurous  acid  and  water.  It  is  also 
decomposed  by  nitric  acid,  chlorine,  and  bromine. 

This  acid  is  capable  of  decomposing  the  oxides  of 
most  of  the  metals  affording  metallic  iodides  and 
water.  The  following  table  shows  the  relative 
strength  of  aqueous  hydriodic  acid  at  different 
specific  gravities ; — 


Specific  Gravity  at  59®  Per  Cent,  of 

Fahr.  (lo®  C.).  Acid. 

1-708  51-9 

1-.5.51  47-2 

1-442  39-2 

1-297  30-3 

1-175  18-5 

1 053  5-9 


Oxygen  Adda. — Iodine  forms,  with  oxygen,  com- 
pounds of  various  degrees  of  oxidation.  The  best 
known  are  iodic  acid  (HlOg)  and  periodic  acid 
(IIIOj^).  These  form  salts  with  the  metallic  bases, 
called  iodates  and  periodates,  respective!}'. 

With  sulphur,  phosphorus,  chlorine,  and  bromine, 
iodine  produces  several  conqiounds  W'hich  are  very 
interesting  to  the  chemical  student. 

Iodide  of  Nitroyen. — The  combination  of  iodine 
with  nitrogen  is  remarkable,  in  being  analogous 
to  the  chloride  of  nitrogen,  although  its  explosive 
properties  are  much  kss  violent.  When  iodine 
is  digested  with  a stiong  solution  of  pure  ammonia. 


this  compound  is  precipitated  as  black  powder.  The 
powder  should  be  washed  on  a filter  with  water,  to 
remove  the  excess  of  ammonia  and  the  iodide  of 
ammonium  w'hich  forms.  Another  method  is  to 
dissolve  the  iodine  in  alcohol,  and  add  excess  of 
strong  solution  of  ammonia.  After  briskly  agitating, 
the  mixture  is  diluted  with  water,  upon  which  the 
iodide  of  nitrogen  precipitates,  and  may  be  w’ashed 
in  the  cold.  The  compound  is  dried  carefully  iq-)on 
bibulous  paper  at  the  ordinary  temperature.  In 
performing  this  operation,  care  should  be  taken  to 
divide  the  mass  into  small  portions,  which  ought 
to  be  placed  at  a distance  from  one  .another,  in 
order  to  preclude  the  possibility  of  an  explosion 
of  any  considerable  quantity  of  the  s.alt. 

It  may  be  desicc.ated  with  safety  in  a receiver  filled 
with  ammoniacal  gas. 

The  slightest  agitation  will  decompose  the  iodide 
of  nitrogen  with  a violent  exjdosion,  and  the  evolu- 
tion of  a violet  light.  The  feather  of  a quill  drawn 
over  the  pow'der  is  sufficient  to  produce  this  effect, 
.and  if  contained  in  a dish  in  moder.ate  quantity,  the 
force  is  such  as  to  shatter  it  in  pieces.  Even  if 
rubbed  strongly  under  water,  an  explosion  takes 
pl.ace  ; but  the  causes  which  determine  this  ch.ange 
in  the  .air  are  incapable  to  effect  the  decomposition 
w'hen  it  is  mixed  w'ith  large  quantities  of  water.  It 
is  not  li.able  to  explode  by  mere  contact  with  oils 
.and  f.ats,  like  the  chloride  of  nitrogen.  When  moist 
it  decomposes  slowly  in  the  air,  evolving  nitrogen, 
iodic  and  hydriodic  acids.  It  differs  in  composition, 
but  all  the  analyses  point  to  the  constitution  of 
an  iodamide.  NHl.,  and  NHgl  have  been  dt  scribed. 

Iodide  of  Ammonia  (^lodamnwnmm,  Nllgl). — When 
dry  ammoniacal  gas  and  iodine  .are  brought  in  con- 
tact combination  takes  place,  and  a heavy,  blackish- 
brown,  very  tenacious  liquid  is  produced.  I’he 
compound  is  ejisily  decomposed  in  part  when  heated, 
ammonia  being  set  free  ; the  chief  portion  of  the 
iodine  salt,  however,  sublimes  in  violet-coloured 
vapours.  It  indicates  the  presence  of  ammonia  and 
iodine. 

Iodide  of  A mmonivm,  NII^I. — The  compound  w'hich 
is  met  with  in  commerce,  and  used  chiefly  in  photo- 
graphy, is  prep.ared  by  neutralizing  a solution  of 
ammonia  or  carbonate  of  .ammonium  with  hydriodic 
acid,  and  ev.aporating  the  liquid  in  a water  b.ath. 
AVhen  the  ev.aporation  is  conducted  c.arefully  under 
the  bell  jar  of  an  air  pump,  the  salt  crystallizes  in 
cubes  and  is  colourless ; but  if  exposed  to  the  .air, 
it  readily  deliquesces,  and  turns  brown,  ow'ing  to  a 
portion  of  the  iodine  being  set  free.  It  m.ay  be  pre- 
}>ared  likew'ise  by  bringing  ammoniacal  and  hydriodic 
acid  gases  in  contact,  or  by  decomposing  iodide  of 
iron  by  carbonate  of  ammonia,  filtering  off  tlie 
ferruginous  precipitate,  and  evaporating  the  solution 
till  the  iodide  crystallizes. 

The  iodide  of  ammonium  thus  prepared  is  a very 
deliquescent  salt,  very  soluble  in  w.ater  and  alcohol. 
By  keeping,  even  in  diffused  daylight  when  out  of 
contact  with  air,  it  decomposes,  turning  bnnvnish- 
yellow,  ammonia  being  evolved. 

Iodide  of  Peta.s-.s-boa.— When  potassium  and  iodine 
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are  brouo;l)t  together,  rapid  combination  takes  place, 
with  a considerable  rise  of  temperature  and  the 
evolution  of  a violet  light.  The  union  of  the  two 
eh  inents  is  often  attended  with  a violent  explosion. 
The  result  is  iodide  of  potassium. 

Tliis  salt  is  one  of  the  most  valuable  compounds 
of  iodine  ; it  is  of  great  importance  in  medicine;  and 
as  a reagent  in  the  laboratory  and  also  in  photo- 
graphy  it  is  in  general  use.  There  are  several 
metliods  adopted  in  its  preparation,  of  which  the 
following  are  most  generally  employed  : — 

Iodine  is  added  to  a solution  of  caustic  potassa  as 
long  as  it  dissolves.  The  point  of  saturation  is 
known  by  the  licpiid  acquiring  a brownish  tint.  The 
excess  of  iodine  is  redissolved  by  a proportionate 
quantity  of  the  alkaline  lye.  By  evaporation  there 
is  obtained  a wliite  residuary  mass,  consisting  of 
iodide  and  iodate  ; the  latter  is  decomposed  by  fusing 
the  mass  with  a little  charcoal,  when  the  iodate  is 
decomposed,  and  iodide  of  potassium  only  remains. 
The  temperature  must  not  be  too  elevated,  or  some 
loss  of  iodide  of  pohissinm  by  volatilization  is  sus- 
tained. No  iodine  is  liberated,  and  the  whole  of 
the  o.xygen  of  the  iodate  is  taken  up  by  the  carbon, 
which  is  thereby  converted  into  carbonic  acid. 
After  heating,  the  mass  is  exhausted  with  water, 
which  dissolves  out  the  iodide.  Alcohol  may  be 
substituted  with  advantage  when  a very  pure  pro- 
duct is  desired,  for  this  takes  up  only  the  iodide  and 
leaves  the  carbonate  of  potassium,  which  is  nearly 
always  present.  By  distillation  the  spirit  may  be 
removed,  and  the  iodide  crystallized  from  the  con- 
centrated alcoholic  solution  or  from  water. 

An  excellent  method  is  to  saturate  a solution  of 
carbonate  of  potassa  with  hydriodic  acid,  prepared 
by  the  action  of  sulphydric  acid  on  iodine,  and 
evaporate  the  solution  to  crystallization  ; or  it  may 
be  made  from  zinc  iodide.  Zinc  turnings,  water, 
and  iodine  are  agitated  together  in  a close  vessel, 
and  the  metiillic  salt  which  is  thus  produced  is  after- 
wards decomposed  by  addition  of  carbonate  of  potassa 
to  the  liquid  as  long  as  a precipitate  appears.  The 
carbonate  of  zinc  is  filtered  off,  and  the  solution 
evaporated  to  the  crystallizing  point.  The  objection 
to  this  method  is  the  extreme  difficulty  experienced 
in  washing  out  the  last  traces  of  iodide  of  zinc  from 
the  j)recipitated  carbonate.  In  order  to  obtain  a 
pure  salt  by  this  process,  Girault  gradually  pours 
the  cold  solution  of  the  iodide  of  zinc  into  a boiling 
hot  one  of  carbonate  of  potassium  as  long  as  tliere 
is  any  effervescence  observed ; cold  water  is  then 
a<lded  to  the  mixture,  and  tlie  whole  filtered,  and 
the  carbonate  of  zinc  washed  twice  with  water.  The 
tr.ice  of  zinc  still  held  in  solution  is  removed  by  the 
cautious  addition  of  carbonate  of  potassium,  the 
preo  pitate  filtered,  and  tlie  liquid  concentrated  and 
set  by  to  crvstidlize.  Iodide  of  iron  is  more  commonly  j 
used : 2 parts  of  iodine,  1 of  iron,  and  10  of  ' 
water  are  agibited  together  in  a close  vessel  till  the  I 
liquid  loses  its  brown  colour ; as  soon  as  this 
occurs  the  liquid  is  filtered,  and  precipitated  by  a 
boiling  solution  of  carbonate  of  potassium.  Care 
must  be  taken  that  the  air  is  as  much  as  possible 


excluded  during  the  production  of  the  iodide  of  iron, 
so  as  to  prevent  the  formation  of  a basic  iodide  of 
this  metal,  which  could  be  decomposed  only  by  an 
excess  of  alkali. 

Tliis  process  is  troublesome  on  account  of  the 
partial  solubility  of  the  carbonate  of  iron  in  the 
liquid  ; this  becomes  oxidised,  and  precipitates  out 
during  the  evaporation. 

Iodide  of  potassium  crystallizes  from  its  aqueous 
solution  in  the  form  of  cubes,  parallelepipeds,  pyra- 
mids, or  octahedrons;  and,  according  to  Ivaxe, 
sometimes  in  forms  belonging  to  the  square  pris- 
matic system.  The  crystals  are  soluble  in  about 
three-fourths  of  their  weight  of  water  at  ordinary 
temperatures,  reducing  the  temperature  about  75°‘2 
Fahr.  (24°  C.).  The  boiling  point  of  the  saturated 
solution  is  about  248°  Falir.  (120°  C.).  It  is  solu- 
ble in  less  than  half  its  weight  of  boiling  water. 
It  is  soluble  in  6'5  parts  of  alcohol  of  '850  specific 
gravity.  The  salt  melts  at  a temperature  below 
redness,  and  forms  pearly  crystals  on  cooling  ; if  air 
be  admitted  to  it  whilst  in  a state  of  fusion,  a por- 
tion volatilizes  undecomposed.  Schindler  found, 
when  performing  the  experiment  in  glass  tubes, 
that  the  volatilization  does  not  take  place  below  the 
fusing  point  of  the  glass.  Chlorine,  sulphurous 
acid,  .sulphuric  and  nitric  acids,  decompose  iodide  of 
potassium,  yielding  iodine  in  the  free  state  ; or  in  the 
case  of  sulphuric  acid  when  diluted,  hydriodic  acid, 
as  noticed  under  the  manufacture  of  iodine. 

Iodide  of  potassium  may  be  adulterated  with  car- 
bonate, chloride,  sulphate,  and  iodate  of  potassium, 
and,  under  particular  circumstances,  traces  of 
xanthate  of  potassium.  Carbonate  of  potassium, 
derived  from  the  imperfect  neutralization  of  the 
iodide  or  hycb'iodic  acid,  in  the  first  instance,  may 
be  discovered  by  the  effervescence  which  succeeds 
the  addition  of  hydrochloric  acid  to  a portion  of  tlie 
salt,  and  also  by  its  solution  giving  a precipitate  with 
lime  water;  this  impurity  remains  undissolved  when 
the  salt  is  treated  with  alcohol.  Traces  of  alkaline 
chlorides  and  sulphates  may  be  derived  from  the  car- 
bonate used  to  prepare  the  salt.  I'he  presence  of  a 
chloride  is  detected  by  its  giving  a precipitate  with 
nitrate  of  silver,  soluble  in  ammonia,  and  reprecipitated 
nitric  acid.  Sulphuric  acid  is  detecteil  by  adding 
to  a weak  acid  solution  a few  drops  of  chloride  of 
barium.  Alkaline  sulphates  are  also  left  undissolved 
by  alcohol.  Xanthate  of  potassium  is  only  produced 
when  the  iodide  is  prepared  by  the  action  of  sulphide 
of  potassium  upon  iodine  dissolved  in  alcohol. 
When  this  body  is  present  the  taste  of  the  salt  is  like 
that  of  assafoetida ; it  turns  greyish-brown  on  being 
heated,  and  evolves  sulphurous  acid ; when  the 
heated  residue  is  treated  with  water,  a substance 
remains  undissolved  which  is  composed  chiefly  of 
carbon,  but  traces  of  sulphates  are  found  in  the 
solution.  Iodate  of  potassium  is  detected  by  adding 
tivrtaric  acid,  by  which  hydriodic  acid  is  liberated ; 
this  reacts  upon  the  iodate,  its  hydrogen  combining 
with  tiie  oxygen  of  the  iodic  acid  of  the  latter,  and 
setting  the  iodine  free.  Thus — 

IHO3  + 5B1  = 3H.jO  + 61. 
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The  change  is  shown  by  a brown  coloration,  but  it 
may  be  made  more  delic.ite  by  the  addition  of  starch 
paste,  which  affords  a fine  blue  tint,  even  with 
minute ' traces  of  iodate.  The  disengagement  of 
iodine  is  indicative  of  the  presence,  not  only  of  an 
iodate,  but  likewise  of  any  other  of  the  higher  oxygen 
acids.  The  substances  mentioned  are  seldom  con- 
tained in  greater  proportion  than  1 to  2 per  cent.; 
chloride  is  the  principal  adulteration. 

The  British  Pharmacopoeia  allows  a small  per- 
centage of  free  carbonate,  sufficient  to  give  a feebly 
alkaline  reaction,  without  which  the  salt  does  not 
keep  well.  The  British  Phaimacopoeia  tests  are  a 
faint  precipitate  by  saccharated  solution  of  lime,  and 
a yellow  precipitate  by  silver  nitrate,  insoluble  in 
ammonia,  the  solution  not  giving  a precipitate  with 
nitric  acid.  Lead  is  an  occasional  impurity,  arising 
from  its  presence  in  the  iodine  ; a very  small  trace  of. 
it  imparts  a yellow  tinge  to  the  salt ; it  may  be  sejia- 
rated  by  sulphydric  acid. 

The  iodide  should  be  perfectly  soluble  in  alcohol 
of  90°  to  92°,  carbonate,  iodate,  sulphate,  chloride 
and  bromide  of  potassium  all  being  almost  insoluble 
in  this  menstruum.  Bromide  and  chloride  may  be 
detected  by  Rose’s  method.  One  gram,  is  mixed 
with  twice  its  weight  of  potassium  dichromate  in 
powder,  and  the  mixture  is  introduced  into  a small 
flask,  having  a capacity  of  60  or  100  grams.  : 2 
to  4 grams,  of  sulphuric  acid  are  added,  and  the 
flask  immediately  closed  with  a caoutchouc  cork, 
carrying  a small  tube  10  to  12  centimetres  long,  and 
bent  at  right  angles.  The  flask  is  heated  over  a spirit 
lamp,  and  the  evolved  vapours  are  received  in  20 
grams,  of  water  containing  3 grams,  of  ammonia. 
If  there  be  any  chloride  present,  clilorochromic  acid 
will  be  formed,  and  will  colour  the  ammoniacal 
liquor  yellow ; if  there  be  only  bromine,  it  will 
remain  colourless. 

Brunhde  0/  Potassium,  a salt  now  enormously 
u.sed  in  medicine  as  a gentle  anodyne,  is  made  in 
precisely  the  same  way  as  the  corresponding  iodide. 
Bromide  of  Ammonium  is  also  used  in  medicine,  and 
made  as  the  iodide.  These  two  salts  are  officinal  in 
the  British  Pharmacopoeia. 

Iodide  of  potassium  is  used  in  the  laboratory  as 
an  important  reagent  in  analysis,  and  as  a means  of 
producing  metallic  iodides.  It  is  used  largely  in 
photography  in  nearly  all  the  processes  employed. 
It  is  also  used  as  a precipitant  for  gold  and  silver  in 
recovering  these  precious  metEds  from  weak  copper 
ores.  The  principid  use,  however,  is  in  medicine, 
in  which  it  is  chiefly  employed  as  the  best  form  of 
administering  iodine. 

Iodide  of  Sodium,  Nal. — -The  description  given  for 
the  preparation  of  the  preceding  iodide  will  fully 
answer  for  the  manufacture  of  this  compound.  The 
crystals,  however,  retain  two  equivalents  of  water 
Avheu  they  form  in  an  aqueous  solution  of  the  SEdt ; 
they  are  larger  than  those  of  iodide  of  potassium, 
and  present  the  appearance  of  oblique  rhombic 
prisms ; they  melt  in  their  water  of  crystallization 
Avhen  heated,  giving  the  anhydrous  salt,  which 
dissolves  in  0’6  part  of  water.  It  is  little  used. 
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Iodide  of  Iron,  Fel. — This  salt  is  prepared  by 
agitating  water  and  iron  turnings,  or  fine  wire,  and 
iodine  together,  taking  the  precaution  to  retain  the 
presence  of  an  excess  of  the  metal.  The  iodine 
attacks  the  metal,  and  combines  with  it,  forming  a 
soluble  iodide  of  iron.  The  compound,  though 
readily  prepared  in  the  state  of  a pale  green  solution, 
is  more  difficult  to  obtain  as  a solid,  owing  to  its 
tendency  to  decompose,  yielding  free  iodine  and  a 
basic  iodide,  which  is  but  sparingly  soluble.  During 
the  concentration  of  the  solution  of  iodide  of  iron 
this  change  occurs,  unless  it  be  guarded  against  by 
the  evaporation  being  conducted  in  an  iron  vessel, 
or  in  contaet  with  iron  wire,  which  prevents  the 
oxidation  of  that  portion  of  the  salt  which  is  already 
formed.  Carefully  concentrated  thus,  the  compound 
may  be  obtained,  on  cooling,  in  the  state  of  a green 
crystalline  mass ; but  it  cannot  be  long  preserved  if 
exposed  to  the  air,  iodine  being  set  free,  and  an 
oxide  of  iron  mixed  with  iodide  remaining.  This 
salt  is  employed  in  medicine,  principally  in  the  form 
of  syrup,  which  promotes  its  preservation ; it  is 
also  occasionally  used  as  a photographic  agent. 

lodiiles  of  Mercury. — Mercury  forms  two  important 
combinations  with  iodine.  If  1 equivalent  of  mer- 
cury and  1 of  iodine  are  tritunited  together  in  a 
mortar,  .moistening  with  alcohol,  mercurous  iodide 
or  green  iodide  of  mercury  (Hg2l2)  is  obtained  in  the 
form  of  a greenish  powder ; the  same  compound 
is  formed  when  a solution  of  mercurous  nitrate  is 
precipitated  with  potassium  iodide.  If  a solution  of 
mercuric  chloride,  or  corrosive  sublimate  (IIgCl„), 
is  added  to  iodide  of  potassium,  also  in  solution,  a 
splendid  scarlet  precipitate  of  mercuric  iodide  or 
red  iodide  of  mercury  (Ilgl,,)  is  thrown  down.  If 
the  iodide  of  potassium  has  been  added  only  spar- 
ingly, the  tinge  will  be  duller,  in  consequence  of 
a portion  of  chloride  of  mercury  being  carried  down ; 
on  addition  of  a further  quantity  of  the  reagent, 
however,  this  is  displaced,  and  the  whole  of  the 
mercury  is  converted  into  the  brilliant -coloured 
precipitate.  Too  great  an  excess  of  the  iodide 
should  be  avoided,  as  the  precipitate  is  soluble  in 
iodide  of  potassium,  forming  a double  iouide  of 
mercury  and  of  potassium. 

The  red  iodide  of  mercury  may  be  obtained  by 
triturating  iodine  and  the  metal  together  in  the 
ratio  of  2 equivalents  of  iodine  to  1 equivalent  of 
mercury,  alcohol  being  added.  This,  however, 
should  be  done  with  only  sniEill  portions  at  a time, 
for  when  large  quantities  are  operated  upon,  the 
temperature  becomes  so  elevated  as  to  volatilize 
much  of  the  iodine.  A duller-tinted  compound  is 
produced  in  this  way  than  that  which  results  from 
precipitation. 

Both  of  these  iodides  may  be  sublimed  in  fine 
crystals.  The  red  iodide  is  the  most  stable ; it  is 
scarcely  soluble  in  water,  but  disolves  in  alcohol, 
ether,  glycerin,  fixed  oils,  and  iodide  of  potassium. 
When  first  sublimed  the  colour  is  yellow,  but  on 
cooling  it  suddenly  resumes  its  brilliant  scarlet  tint. 
This  change  can  be  easily  seen  by  spreading  the 
iodide  over  a sheet  of  paper  and  holding  it  before 
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the  fire.  The  composition  of  the  salt  is  unaltered, 
the  change  is  simply  one  of  ph\sical  structure; 
according  to  Hakkington  it  arises  from  rhoinboidal 
crystals  being  converted  into  octohedra  with  a 
square  base. 

I'he  red  iodide  of  mercury  is  used  as  a pigment 
under  the  name  of  Cliinese  vermilion. 

Iodide  oj  Sili-er,  Agl. — This  salt  is  easily  prepared 
by  adding  to  a solution  of  silver  nitrate  hydriodic 
acid  or  potassium  iodide.  It  forms  a light  yellow 
precipitate,  which,  when  dried  and  heated,  fuses  to 
a reddish  liquid  mass,  changing  to  a dirty  yellow. 

The  same  salt  is  formed  when  iodine  is  made  to 
act  upon  silver  foil,  or  when  concentrated  hydriodic 
acid  is  poured  upon  the  metal,  hydrogen  being 
eliminated.  It  is  found  native,  as  already  specified. 
Iodide  of  silver  is  soluble  in  an  excess  of  the  alka- 
line iodide  to  some  extent,  and  also  in  silver  nitrate, 
but  is  insoluble  in  water ; it  is  not  dissolved  by 
ammonia,  which  distinguishes  it  from  the  chloride. 
In  the  presence  of  moisture,  chlorine  decomposes 
the  iodide  of  silver,  yielding  a chloride  of  the  metal 
and  free  iodine,  which  may  be  expelled  by  slightly 
raising  the  temperature.  This  reaction  does  not 
take  place  at  a high  temperature.  M.  St.  Claire 
Deville  has  shown  that  hydriodic  acid  is  capable  of 
expelling  hydrochloric  acid  from  chloride  of  silver, 
and  producing  an  iodide  under  these  conditions ; 
but  he  also  found  that  on  making  a mixture  of 
hydrochloric  and  hydriodic  acids,  and  adding  it  to  a 
solution  of  a soluble  silver  salt,  only  iodide  of  silver 
was  produced.  Solutions  of  chlorides  of  potassium 
and  sodium  dissolve  iodide  of  silver  freely.  Strong 
nitric  and  sulphuric  acids  are  capable  of  liberating 
iodine  from  the  iodide  of  silver,  a nitrate  or  sulphate 
of  the  metal  being  formed  ; this  does  not  occur  with 
the  diluted  acids. 

The  chief  use  which  is  made  of  this  body  is  in 
various  processes  in  photography,  in  many  of  which 
it  forms  the  sensitive  medium. 

Several  other  iodides  are  used  in  photography  to 
a limited  extent,  as  iodides  of  magnesium,  cadmium, 
and  zinc.  Iodide  of  sulphur  and  iodide  of  lead  are 
used  in  medicine.  The  former  is  made  by  fusing 
together  the  two  elements  in  a flask,  and  the  latter 
by  precipitation  of  lead  nitrate  by  potassium  iodide. 
It  is  rather  soluble  in  cold  water,  very  soluble  in 
hot  water,  from  which  it  separates  on  cooling  in 
brilliant  micaceous  crystals. 

There  is  a great  tendency  to  the  formation  of 
double  iodides,  and  many  of  these  are  known. 

Estimation  of  Iodine  when  unconihined  and  in  com- 
bination.— The  minute  proportion  of  this  element, 
which  has  often  to  be  detected  in  plants,  minerals, 
waters,  and  even  in  the  air,  has  taxed  the  inventive 
powers  and  researches  of  chemists  for  methods  of 
great  delicacy.  Fortunately,  iodine  comports  itself 
with  a few  bodies  in  such  a characteristic  way, 
offering  indications  so  marked,  as  not  to  be  surpassed 
in  this  respect  by  any  other  substance  known. 
These  are  starch,  silver,  and  palladium ; and  by 
proper  modifications  in  the  applications  of  tliese 
three  reagents,  the  methods  for  the  estimation  of 


iodine,  free  or  com  ined,  are  extremely  sensitive 
and  accurate. 

Iodine  in  quantitative  determinations  is  never 
weighed  alone,  but  in  combination  with  the  metals 
copper,  silver,  or  palladium.  In  determining  the 
iodine  in  the  cupreous  iodide  imported  from  Peru, 
it  is  recommended  to  make  0‘8  gram,  of  powdered 
zinc  into  a paste  with  water,  then  add  0‘5  gram,  of 
the  cupreous  iodide  and  more  water;  metollic  copper 
is  thereby  precipitated,  and  the  iodine  remains 
combined  with  the  zinc.  As  a preliminary  to  the 
estimation  either  by  silver  or  palladium,  it  is  neces- 
sary to  convert  the  iodine  into  hydriodic  acid  or 
into  an  alkaline  iodide ; and  for  this  purpo.se  a 
sample  is  weighed,  and  treated  by  any  of  the 
methods  already  detailed  for  the  production  of 
hydriodic  acid  or  an  alkaline  iodide.  If  the  iodine 
is  mixed  with  potassa,  and  the  brownish  liquid 
treated  with  sulphide  of  hydrogen  till  it  becomes 
colourless,  iodide  of  potassium  results ; but  in  adopting 
this  process,  the  last  traces  of  the  sulphide  of  hydro- 
gen must  be  expelled,  so  that  they  may  not  interfere 
with  the  subsequent  precipitation  with  nitrate  of 
silver.  A solution  of  the  latter  salt  with  a little 
nitric  acid  is  then  added  as  long  as  any  precipitate 
is  formed.  By  placing  the  beaker  in  a warm  situa- 
tion, the  yellow  iodide  of  silver  falls,  and  the 
supernatant  clear  liquid  may  be  decanted ; the  resi- 
due in  the  beaker  may  be  washed  either  by  adding 
water  to  it,  agitating,  and  after  it  has  subsided 
pouring  off  the  clear  solution,  or  it  may  be  thrown 
upon  a filter,  washed  thoroughly,  and  dried  in  the 
water  bath.  The  bulk  of  the  precipitate  is  detached 
from  the  filter  and  introduced  into  a porcelain  cruci- 
ble ; the  paper  being  burned  on  the  lid  at  as  low 
a temperature  as  possible,  and  the  ashes  added  to 
the  matter  in  the  vessel.  Subsequently,  the  whole 
is  heated  to  a low  red  heat,  and  when  cold  weighed. 
From  the  weight  of  the  substance,  minus  that 
of  the  filter-ash,  that  of  the  iodine  is  calculated — 
100  parts  of  iodide  of  silver  being  equivalent  to 
54-128  parts  of  iodine. 

In  conducting  this  operation  it  is  better  to  wash 
the  precipitate  by  decantation,  and  afterwards  to 
transfer  it  into  the  crucible,  evaporating  the  water 
from  the  latter  in  the  bath,  and  finally  slightly  heat- 
ing over  the  lamp  and  weighing.  Lassaigne’s 
method  of  estimation  by  palladium  is  still  better, 
and  is  generally  preferred  to  that  just  described. 
It  affords  a means  of  determining  the  iodine  in  the 
presence  of  chlorine  and  bromine.  The  liquid  con- 
taining a weighed  portion  of  the  iodide  under 
examination,  or  of  the  iodine  converted  into  an 
iodide  or  hydriodic  acid,  is  to  be  slightly  acidulated 
with  hydrochloric  acid,  and  a solution  of  the  pro- 
tochloride of  palladium  added  as  long  as  a precipi- 
tate forms  ; the  vessel  is  then  placed  in  a warm 
situation  for  twenty-four  hours,  at  the  end  of  which 
time  the  clear  liquid  is  passed  through  a filter,  and 
the  russet-black  precipitate  collected ; it  is  washed 
with  warm  water,  and  subsequently  dried  till  the 
weight  remains  constant,  and  the  iodine  calculated 
from  the  quantity  of  palladium  iodide  thus  found. 
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As  it  is  somewhat  difficult  and  tedious  to  dry  the 
precipitate  when  washed  with  water,  some  alcohol 
should  be  poured  on  the  filter,  after  all  the  impuri- 
ties have  been  first  removed  by  the  hot  water. 
Fresenius  recommends  to  exsiccate  the  compound 
in  vacuo  over  sulphuric  acid.  As  the  palladium 
iodide  is  decomposed  by  heat,  the  weight  of  the  pre- 
cipitate is  taken  after  expelling  the  moisture,  as 
above  describe  1,  the  filter  being  tared  and  exposed 
some  hours  to  the  heat  of  a water  bath  : 100  parts 
of  the  dried  salt,  Pdl.^,  contain  70’45  parts  of  iodine. 
The  iodide  after  desiccation  may  be  heated  in  the 
usual  way  in  a platinum  or  porcelain  crucible,  and 
from  the  weight  of  the  palladium  which  is  left  the 
iodine  calculated  : 100  parts  of  palladium  are 

equivalent  to  238'5  parts  of  iodine.  Lassaigne 
found  that  the  4^()’oo5th  part  of  iodide  of  potassium 
could  be  determined  in  a liquid  by  this  means,  and 
Zengeu  more  recently  has  stated  it  at 

Upon  the  reaction  of  chloride  of  palladium  with 
hydriodic  acid  or  a soluble  iodide,  Kersting  has 
founded  a volumetrical  method.  He  prepares  for 
the  purpose  a number  of  test  liquors  with  pure 
iodide  of  potassium  and  protochloride  of  palladium ; 
the  iodide  of  potassium  solution  is  made  of  such 
a strength  as  to  contain  1 part  of  iodine  in  1000 
of  the  liquid.  This  is  done  by  dissolving  13'07 
parts  of  the  ignited  salt  in  10,000  parts  of  distilled 
water. 

The  palladium  test  liquor  is  prepared  by  dissolving 
1 part  of  the  metal  in  nitrohydrochloric  acid  with 
the  aid  of  heat,  evaporating  the  solution  to  dryness 
in  a water-bath,  and  adding  to  the  residue  50  parts 
of  concentrated  hydrochloric  acid  and  2000  parts  of 
water.  The  value  of  this  liquid  is  to  be  ascertained 
by  adding  to  a given  volume  of  it  the  iodide  of 
potassium  solution  in  successive  portions,  till  the 
whole  of  the  metal  is  thrown  down.  If  tiie  iodide 
test  liquor  be  poured  from  a burette  holding  1000 
grains  of  water,  and  divided  into  100  divisions,  the 
amount  of  palladium  in  the  volume  of  solution 
operated  upon  may  be  readily  ascertained  from  the 
number  of  measures  added,  since  each  division  con- 
tains exactly  O'l  grain  of  iodine,  which  is  equivalent 
to  0‘0-H9  of  palladium. 

Having  thus  ascertained  the  quantity  of  materials 
in  the  two  test  liquors,  the  iodide  to  be  examined 
is  dissolved  in  water ; a certain  measure  is  then  taken 
and  operated  upon  qualitatively,  in  order  to  arrive 
at  a knowledge  of  the  probable  quantity  of  iodine 
contained  in  it.  For  this  purpose  a number  of 
measures  of  the  palladium  liquid  is  taken  in  a flask 
and  heated  in  the  water-bath ; the  measures  of  the 
liquid  under  examination  are  diluted  till  the  10 
make  100  or  1000  grains.  After  the  palladium 
solution  is  warmed,  the  other  is  dropped  in  from  the 
burette  in  portions,  taking  care  not  to  add  too  much 
at  once,  and  also  to  shake  the  flask  after  each  addi- 
tion. The  precipitate  readily  falls,  and  by  drawing 
off,  by  means  of  a pipette,  two  portions  of  the  liquid 
into  two  tall  narrow  foot-glasses,  and  adding  to  one 
a few  drops  from  the  burette  and  comparing  it  with 
the  other,  it  will  be  readily  ascertained  whether  the 

whole  of  the  palladium  has  been  thrown  down.  If 
not,  a further  addition  is  to  be  made  to  the  solution 
in  the  flask,  to  which  the  portions  taken  out  for  trial 
tests  must  be  put,  and  the  whole  left  for  a short  time 
until  the  precipitate  luis  settled  on  the  w'ater-bath. 
It  is  needless  to  say,  that  as  the  precise  point  is 
approached  the  solution  of  iodide  of  potassium 
must  be  added  more  sparingly,  and,  when  gained,  the 
tw'O  liquids  ought  to  be  tested  with  the  iodide  of 
jiotassium  and  with  the  palladium  liquor,  using  the 
former  in  one  of  the  test-glasses,  and  the  latter  in 
the  other.  If  no  indication  is  obtained,  it  is  proof 
that  the  whole  of  the  palladium  has  been  precipitated. 
Should,  however,  an  excess  of  the  iodide  be  added, 
the  operator  ought  to  introduce  a few  measures  of 
the  palladium  test,  and  proceed  more  carefully  in 
the  precipitation  till  the  desired  point  is  attained. 
From  the  number  of,  measures  of  the  metallic  solu- 
tion operated  upon,  it  is  easy  to  ascertain  the  iodine, 
calculating  from  the  data  given  in  the  preceding. 
A second  test  may  now  be  performed,  employing  a 
given  number  of  measures  of  the  solution  containing 
the  iodine,  and  adding  the  other  test  solution  till 
there  is  no  further  separation  of  iodide  of  palladium, 
in  order  to  arrive  at  the  true  amount  of  iodine  with 
greater  certainty. 

If  the  iodide  under  examination  should  be  insolu- 
ble in  water,  or  not  well  adapted  for  immediate 
solution,  on  account  of  admixture  with  foreign  sub- 
stances, it  must  be  distilled  from  a small  retort  with 
sulphuric  acid,  diluted  with  two  parts  of  water. 
Should  the  distillate  contain  free  iodine  and  hydrio- 
dic acid,  a few  drops  of  starch  paste,  prepared  by 
boiling  1 part  of  starch  with  one-tenth  part  of  strong 
sulphuric  acid  in  24  of  water,  and  then  sulphurous 
acid  till  the  blue  coloration  occasioned  by  the  free 
iodine  and  starch  disappears,  or  is  on  the  point  of 
disappearing;  on  the  other  hand,  if  the  substance 
distilled  with  the  acid  contains  organic  matter, 
causing  during  the  operation  an  evolution  of  sul- 
phurous acid,  which  condenses  in  the  receiver,  a few 
drops  of  the  paste  must  be  introduced,  and  then  a 
solution  of  bleaching  powder,  till  a faint  bluish  tinge 
begins  to  appear.  This  is  an  indication  that  the 
whole  of  the  sulphurous  acid  has  been  converted  into 
sulphuric  acid;  it  is  necessary,  however,  to  destroy 
the  azure  tinge  in  the  liquor  by  a few  drops  of  solu- 
tion of  the  sulphurous  acid.  After  this,  the  testing 
with  the  palladium  liquor  is  proceeded  with  in  the 
manner  detailed. 

According  to  Kersting,  dilute  hydrochloric,  sul- 
phuric, nitric,  phosphoric,  and  acetic  acids,  and  also 
the  neutral  salts  of  those  acids  with  the  alkalies, 
have  no  influence  upon  this  method;  neither  have 
chloride  of  calcium  or  of  zinc,  acetote  of  lead,  sugar, 
uric  acid,  and  the  distillate  of  urine  with  sulphuric 
acid,  alcohol,  ether,  starch  paste,  oil  of  lemons,  and 
bromide  of  sodium,  in  the  presence  of  acetic  acid. 
The  test  is  interfered  with,  however,  by  the  presence 
of  alkaline  bromides  with  free  mineral  acids,  espe- 
cially upon  heating;  free  alkalies,  free  chlorine, 
bromine,  iodine,  and  cyanogen ; large  quantities  of 
nitric  acid  at  a high  temperature,  and  sulphurous 

IODINE. — Estimation.  233 


acid;  for  all  these  bodies  prevent  the  precipitation 
of  the  iodide  of  palladium.  For  free  iodine,  or 
iodine  in  combination  with  chlorides  and  bromides, 
this  test  is  tlie  best  that  can  be  employed,  but  it  is 
not  adapted  for  general  use  in  all  circumstances;  in 
the  estimation  of  iodine  in  kelp  or  seaweed  char- 
coal, when  cyanides  are  present,  it  gives  very  dis- 
cordant results,  and  is  not  at  all  reliable. 

The  best  method  of  estimation  in  these  crude  raw 
materials  is  a simple  volumetric  process,  in  which 
the  iodine  is  set  free  by  a mixture  of  nitric  and  sul- 
phuric acids,  and  the  solution  shaken  with  carbon 
disulphide,  which  dissolves  the  liberated  iodine  with 
a rich  red  colour;  the  depth  of  colour  is  compared 
with  standard  solutions  of  potassium  iodide  treated 
in  the  same  m:inner,  and  the  iodine  estimated  by 
comparison.  In  practised  hands  this  simple  method 
is  capable  of  great  accuracy,  and  is  very  generally 
available. 

Keusting  has  devised  another  mode,  founded  upon 
the  behaviour  of  mercuric  chloride  with  a metallic 
iodide,  tinged  blue  by  the  addition  of  a little  starch 
paste  and  bromine  water,  in  w’hich  case  coloration  is 
perceived  as  long  as  any  of  the  iodide  remains  unde- 
composed by  the  mercurial  salt,  but  by  the  decom- 
position of  the  last  traces  the  blueness  disappears. 
A test  liquor,  containing  a certain  knowm  weight  of 
mercuric  chloride  in  a given  volume,  is  prepared; 
the  iodide  to  be  examined  is  dissolved,  and  the 
liquor  so  diluted  that  it  will  contain  about  1 jiart  of 
iodine  in  1000,  being  previously  blued  by  a little 
bromine  water  and  starch  paste.  By  adding  the 
test  liquor  to  this  solution,  iodide  of  mercury  and 
chloride  of  the  metal,  in  combination  with  the 
iodide,  will  be  formed;  but  in  consequence  of  the 
solutions  being  so  diluted,  the  mercurial  iodide  dis- 
solves, and  so  does  not  prevent  the  observation  of 
the  blue  shade.  When  this  disappears,  the  number 
of  measures  of  test  liquor  required  are  read  off,  and 
from  them  the  iodine  is  calculated.  100  parts  of 
mercuric  chloride  are  equivalent  to  93'7  of  iodine. 
'When  chlorides  and  bromides  are  present,  also  free 
mineral  acids,  acetic  acid,  and  the  acetates,  the 
results  afforded  by  this  method  are  not  exact. 

I’knxy  hits  published  a process  for  testing  the 
quantity  ol  iodine  in  iodides,  volumetrically,  by  means 
of  potassium  bichromate. 

For  estimating  iodine  in  kelp  ■which  contains  sul- 
j)hur  compounds,  which  interfere  with  its  estimation 
by  Fkxny’s  process,  Wall.\ce  recommends  the  fol- 
lowing process  : — 500  grains  of  the  pulverized  sample 
are  boiled  with  water,  and  the  solution  nearly 
neutralized  with  nitric  acid,  and  evaporated  to  a 
small  bulk.  It  is  then  transferred  to  a platinum 
capsule,  and  evaporated  to  dryness.  The  residue  is 
fused  for  a few  minutes,  when  iill  the  sulphur  com- 
pounds are  converted  into  sulphates  without  decom- 
jiosing  the  iodide.  The  residue  is  dissolved  in  water, 
filtered,  and  a solution  of  silver  nitrate  is  iidded  in 
small  successive  portions,  until  the  precipitate  finally 
produced  is  quite  white.  Nitric  acid  is  now  added 
in  excess,  and  the  precipitate  well  washed  by  decan- 
tation. The  last  washing  is  decanted,  and  250  grains 
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measure  of  the  strongest  liquid  ammonia  is  added, 
and  the  mixture  vigorously  shaken  in  a small  tightly- 
corked  flask.  The  digestion  is  continued  for  several 
hours,  and  the  silver  iodide  is  then  collected  on  a 
small  tared  filter,  and  washed  first  with  liquid 
ammonia  and  then  with  hot  water,  dried,  and 
weighed.  Tlie  weight  of  the  precipitate  X T grain 
(dissolved  by  the  ammonia),  divided  by  5,  and  multi- 
plied by  ‘54,  gives  the  percentage  of  iodine  in  the 
kelp  ; and  this  multiplied  by  25‘2  gives  the  number 
of  pounds  of  iodine  per  kelp  ton  of  22J  cwts. 

For  kelp  mother  liquors,  or  “finished  ley,”  the 
process  is  modified  as  follows : — Half  a cubic  inch 
of  the  liquor  is  nearly  neutralized  with  sulphuric 
acid,  and  boiled  down  to  a small  bulk,  w’ater  is 
added,  and  the  solution  filtered  to  separate  sulphur. 
The  solution  is  evaporated  to  dryness,  the  residue 
fused  at  a gentle  heat,  and  potassium  nitrate  added 
in  small  portions  till  the  mass  is  quite  white,  show- 
ing that  the  sulphur  has  all  been  oxidized.  The 
analysis  is  then  conducted  as  already  described. 
Sufficient  ammonia  must  be  used,  as  the  precipitate 
is  bulky.  The  amount  of  iodine  obtained  is  multi- 
plied by  3456  to  find  the  quantity  in  a cubic  foot, 
or  by  554  for  a gallon. 

Tatlock  recommends  a method  founded  on  the 
difference  in  the  atomic  weights  of  iodine,  bromine, 
and  chlorine.  The  kelp  is  digested  in  hot  water, 
the  filtrate  and  washings  are  neutralized  with  hydro- 
chloric acid,  and  chlorine  is  passed  into  the  solution. 
The  liquid  is  then  shaken  up  with  one-fourth  its 
volume  of  carbon  bisulphide  to  dissolve  the  liberated 
iodine  and  bromine.  The  heavy  eoloured  solution 
is  drawn  off  by  a fine  syphon,  and  shaken  up  with 
water  and  zinc  filings,  and  a solution  of  zinc  iodide 
and  bromide  is  obtained.  The  solution  is  divided 
into  three  equal  parts,  one  of  which  is  precipitoted 
with  silver  nitrate.  The  second  is  treated  with  ex- 
ce.ss  of  bromine  water,  which  decomposes  the  iodide, 
and  then  precipitated  with  silver  nitrate,  wdiich 
throws  down  silver  bromide  and  chloride.  The 
third  part  is  treated  with  excess  of  chlorine,  which 
decomposes  both  the  iodide  and  bromide,  and  which 
then  gives  a precipitate  with  silver  nitrate  of  silver 
chloride  {Chemical  News,  December  17,  1869). 

The  follow’ing  rough  process  has  also  been  sug- 
gested for  the  separation  of  chlorides,  iodides,  and 
bromides ; — The  solution  is  precipitated  by  silver 
nitrate  ; the  washed  preeipitate  is  treated  with  5 
per  cent,  ammonia  water ; this  dissolves  the  argentic 
chloride,  leaving  the  argentic  bromide  and  iodide. 
The  argentic  chloride  is  precipitated  by  nitric  acid, 
and  the  bromide  and  iodide  treated  with  15  per  cent, 
ammonia,  which  dissolves  the  bromide,  leaving  the 
iodide  ; the  bromide  is  also  precipitated  from  solu- 
tion by  nitric  acid. 

Ten  grains  of  pure  potassium  biehromate  are 
dissolved  in  about  70  measures  of  the  burette, 
holding  1000  grains  of  water,  and  30  measures  of 
hydrocliloric  acid  are  added.  A weighed  quantity 
of  the  salt  to  be  examined  is  taken  and  dissolved 
in  like  manner  in  about  1000  grains  of  water, 
and  to  this  the  liquor  from  the  burette  is  added 
30 
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cautiously  till  the  whole  of  the  iodine  is  precipitated. 
This  is  ascertained  by  leiting  a drop  from  the  end 
of  the  glass  stirrer  fall  upon  another  of  a freshly- 
prepared  solution  of  ferrous  chloride,  mixed  with 
sulphocyanide  of  potassium,  and  observing  if  a red 
coloration  be  produced.  The  bichromate  solution 
is  carefully  added,  stirring  after  each  addition  till 
this  result  is  arrived  at,  and  then  the  number  of 
measures  read  off.  Knowing  that  every  10  divisions 
of  the  test  solution  contains  1 grain  of  the  bichrom- 
ate, and  that  their  quantity  effects  the  liberation 
of  2-437  grains  of  iodine  from  the  sample,  it  is 
easy  to  estimate  the  weight  of  iodine  in  the  quantity 
operated  upon.  This  process  is  not  available  in 
the  presence  of  the  sulphides,  sulphites,  hyposul- 
phites, or  sulphocyanides,  any  or  all  of  which  may 
occur  in  kelp. 

Bunsen’s  volumetrical  method  is  an  excellent  pro- 
cess for  estimating  iodine  in  the  free  state.  It  is 
formed  on  the  behaviour  of  sulphurous  acid  with 
iodine,  which,  in  the  presence  of  water,  converts  the 
iodine  into  hydriodic  acid — 


Sulphurous 

Acid. 


Sulphuric  Hydriodic 

Acid.  Acid. 


Sulphuri 

Acid. 

so. 


2HI  =z  21  + SO.^  + H-0. 


21  + H„0  + SO2  = SO3  + 2HI. 

This  reaction  is  one  among  the  many  that  the 
chemist  and  manufacturer  encounter,  and  which  at 
first  sight  appears  in^  onsistent.  since  the  converse 
can  be  effected  as  freely,  namely  : — 


The  state  in  which  the  substances  are  presented 
to  one  another  has  a great  influence  upon  the  nature 
of  the  change,  and  consequently  demands  careful 
study.  In  this  case  the  one  or  other  of  these  reac- 
tions which  result  is  dependent  upon  the  state  of 
concentration  of  the  materials  which  are  taken  to  pio- 
duce  the  effect.  By  careful  experiments  Bunsen 
found  that  the  first  reaction  only  is  produced  when 
a solution  of  sulphurous  acid,  containing  0-04  to 
0-0.5  of  real  acid,  is  brought  into  contact  with  iodine; 
hence,  when  this  condition  is  supplied,  1 equiva- 
lent of  sulphurous  acid  is  converted  into  sulphuric 
acid  by  2 equivalents  of  iodine. 

Standard  solutions  of  sulphurous  acid,  of  iodine, 
of  iodide  of  potassium,  and  some  starch  paste,  are 
employed.  The  iodine  test  liquor  is  prepared  by 
dissolving  5 grammes  of  the  purest  iodine  in  a 
concentrated  solution  of  pure  iodide  of  potassium,  in 
a flask  holding  20,000  grains  measure.  A perfect 
honiQgeneousness  of  the  liquid  should  be  effected  by 
agitation,  and  care  taken  that  it  does  not  show  any 
brown  tinge.  Each  division  contains  -0025  of  a 
gramme  of  iodine. 

The  sulphurous  acid  test  liquor  is  prepared  by 
saturating  distilled  water  with  sulphurous  acid  at 
the  common  temperature  ; this  liquid  should  be  kept 
in  well-stoppered  bottles  inverted  in  water.  From 
70  to  80  measures  of  this  should  be  added  to  every 
100  measures  of  distilled  water. 

The  iodide  of  potassium  test  liquor  is  prepared  by 


dissolving  1 part  of  pure  iodide  of  potassium  in 
10  parts  water.  The  starch  paste  must  be  fresh. 

Before  proceeding  to  operate  upon  samples  of  un- 
known composition,  it  is  requisite  to  find  the  relative 
proportion  between  the  iodine  and  sulphurous  acid 
solutions ; and  also  what  quantity  of  the  respective 
agents  is  present  in  a given  volume  of  them.  To 
effect  this  it  is  required,  in  the  first  instance, 
to  measure  off  two  burette  measures,  that  is,  200 
burette  divisions  of  the  diluted  sulphurous  acid  solu- 
tion, and  add  thereto  6 or  8 divisions  of  starch 
paste ; then  a solution  of  the  iodine  is  dropped  in 
from  the  burette,  and  the  flask  agitated  till  there  is 
a slight  excess  of  the  iodine,  and  the  starch  acquires 
in  consequence  a persistent  blue  colour. 

Operating  in  this  way,  and  supposing  that,  to 
convert  the  200  divisions  of  sulphurous  acid  into 
sulphuric,  108  of  the  iodine  liquor  were  required, 
it  is  evident  that  these  numbers  will  stand  in  the 
same  relation  to  one  another  when  the  iodine  is  to 
be  determined,  as  when  it  is  wished  to  estimate 
the  sulphurous  acid.  The  next  step  is  to  find 
how  much  pure  iodine  is  contained  in  each  degree  or 
burette  division  of  the  iodine  test  solution,  and  like- 
wise its  effect  upon  the  sulphurous  acid.  This  is 
done  by  weighing  off  0-40  gramme  of  dry  and  pure 
potassium  bichromate,  and  treating  it  in  a small  retort 
with  eoncentrated  hydrochloric  acid,  and  conducting 
the  evolved  chlorine  into  a solution  of  iodide  of  pot- 
assium. For  this  end  the  bichromate  and  acid  are 
put  into  a flask,  to  which  a tubulure  and  tube  are 
adapted,  and  secured  by  passing  a tube  of  caoutchouc 
over  the  neck,  cork,  and  portion  of  the  tube  ; a small 
glass  bulb,  with  its  long  neck  closed  by  the  blow-pipe, 
is  put  into  the  end  of  the  eduction  tube,  and  then 
introduced  into  an  inverted  retort,  containing  the 
solution  of  io  ,ide  of  potassium.  Heat  is  applied  by 
means  of  a lamp,  and  after  a few  minutes’  ebullition 
of  the  contents  of  the  flask  the  whole  of  the  chlorine 
will  have  passed  over. 

There  will  be  liberated  from  the  iodide  of  potass- 
ium, by  the  chlorine  evolved  from  the  quantity  of 
bichromate  operated  upon,  T024  of  iodine,  d'o  the 
solution  containing  the  mixture  of  iodine  and  iodide 
of  potassium,  the  diluted  sulphurous  acid  liquid 
must  be  added  from  the  burette  till  the  brown  colour 
of  the  fluid  has  comjdetely  disappe  .red,  and  the 
quantity  is  noted,  which  for  example’s  sake  may  be 
taken  at  1600  divisions.  It  is  needless  to  say  that 
there  has  been  an  excess  of  the  acid  employed 
on  this  occasion,  and  which  is  to  be  determined 
in  the  next  operation,  by  introducing  a little  starch 
paste,  and  as  much  of  the  standard  iodine  solution 
as  is  requisite  to  communicate  a blue  colour  to  the 
fluid.  If  for  this  purpose  20  divisions  of  the  burette 
are  taken,  from  the  following  calculation,  founded 
upon  the  preceding  tests,  the  value  of  the  solution  as 
to  the  iodine  it  contains,  and  the  sulphurous  acid  it 
changes  into  sulphuric,  is  arrived  at.  As  by  the 
previous  experiment  it  w-as  found  that  54  divisions 
of  the  iodised  solution  were  neeessary  to  oxidise 
200  of  the  sulphurous  acid  liquor,  it  follows 
that  432  of  the  former  will  be  required  to  oxidise 
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the  ICOO  measures  taken  of  the  latter;  but  as  the 
experiment  shows  that  the  iodine  liberated  from  the  ! 
iodide  of  potassium  is  equivalent  to  this  volume  of 
test  liquor,  minus  tlie  20  divisions  required  for 
the  excess — that  is,  432  — 20  = 412  divisions,  corre- 
sponding to  1’024  of  iodine — it  is  evident  that  each 
burette  division  of  the  iodised  test  liquor  contains 
•00248  of  a gramme  of  iodine. 

To  test  the  iodine  in  a sample  submitted,  a portion 
is  to  be  weighed  off  in  a flask,  and  dissolved  in  iodide 
of  potassium  of  tlie  strength  sjiecified  in  the  forego- 
ing, using  about  10  divisions  of  the  burette  for  each 
one-tenth  of  a gramme  of  the  iodine.  The  dilute 
sulphurous  acid  liquor  must  now  be  added  in  mea- 
sured quantities  from  the  burette,  till  all  colour  in  the 
solution  disappears ; the  quantity  thus  used  is  noted  ; 
a few  divisions  of  starch  paste  are  stirred  with  the 
menstruum,  and  the  iodine  test  liquor  carefully  drop- 
ped in,  stirring  well  after  each  addition  till  the  blue 
iodide  of  starch  appears.  The  volume  of  sulphurous 
acid  and  the  number  of  divisions  of  the  iodised  test 
liquor  which  are  required  to  oxidise  the  excess  of  the 
acid  above  what  was  necessary  to  convert  the  iodine 
in  the  sample  to  hydriodic  acid  being  known,  it  is 
easy  to  find,  by  the  following  mode  of  calculation, 
the  proportion  of  iodine  in  the  sample.  Thus,  sup- 
posing that  1000  divisions  of  the  acid  solution 
were  taken  in  the  first  instance,  and  that  to  oxidise 
the  excess  which  remained  of  this,  10  divisions  of 
the  iodine  liquor  were  required,  it  follows  that  the 
weight  of  the  sample  taken,  supposing  it  a gramme, 
contained  0'6448  of  iodine,  and  consequently,  64'48 
per  cent;  for,  as  found  by  the  foregoing  experiments, 
54  divisions  of  the  iodine  liquor  were  equivalent 
to  the  oxidation  of  200  of  the  sulphurous  one;  hence 
200  : 54  1000  : 270,  and  270— 10  = 200  X -00248 

— the  amount  of  iodine  in  each  division— gives 
0‘0448,  as  stated. 

For  the  detection  of  the  grosser  adulterations  of 
iodine,  such  as  plumbago,  oxide  of  manganese,  and 
sulphide  of  antimony,  a rough  estimate  may  be 
formed  of  the  amount  by  heating  a weighed  sample 
in  a porcelain  crucil  le  to  redness,  till  the  whole  of 
the  iodine  is  volatilized,  and  weighing  the  fixed  resi- 
due. These  substiinces  may  also  be  separated  by 
their  insolubility  in  alcohol. 

When  small  quantities  of  iodine  have  to  be  found 
in  the  ashes  of  plants,  in  sining  or  river  waters,  and 
other  substances  where  the  minutest  traces  have  to 
be  detected,  the  following  methods  are  recom- 
mended : — 

1’iuck’s  method  consists  in  operating  upon  the  solu- 
tion which  is  supiiosed  to  contain  the  iodide  with 
hydrochloric  acid  and  starch  mucilage,  and  then  adding 
a few  drops  of  a solution  of  nitrite  of  potassium,  when  a 
blue  coloration  from  the  iodide  of  starch  makes  its 
appearance.  The  hydrochloric  acid  liberates  hydri- 
odic acid  ; this  body  is  decomposed  by  the  nitrite, 
the  acid  of  which  is  set  free  by  the  excess  of  hydro- 
chloric acid — the  hydrogen  being  converted  to  water, 
and  the  iodine  liberated.  I\'hcn  much  iodide  is 
present  the  colour  of  the  liquid  is  dark  blue,  and  ap- 
pears immediately  ; but  when  only  a small  quantity 


is  contained  in  the  substance  operated  upon,  the 
shade  is  lighter,  and  a few  seconds  elapse  before  its 
appearance.  This  chemist  states  that  he  has  detected 
iodine  in  a solution  containing  not  more  than  the 
part  of  it,  and  that  there  is  no  diffi- 
culty in  ascertaining  the  presence  of  iodine  in  cod- 
liver  oil,  and  in  the  mother-liquor  from  a few 
pounds  of  sea-water,  by  its  aid. 

Grange  directs  the  transmission  of  a few  bubbles 
of  fuming  nitrous  acid  through  the  solution  to  be 
tested  and  already  impregnated  with  starch  mucilage; 
the  reaction  is  instantaneous;  and  when  the  iodine 
forms  about  the  fluid,  a pale 

rose  colour,  inclining  to  violet,  is  produced.  With 
a chemist  asserts  that  the  char- 

acteristic blue  tint  appeared  ; but  when  onlj'^  the 
TCToAinn)*^  of  iodine  is  present,  he  states  that  no  satis- 
factory results  can  be  attained  by  this  test.  Coup- 
ling it,  however,  with  another  method  published  by 
Rabourdin,  founded  upon  the  property  of  chloroform, 
of  dissolving  iodine  to  a red  colour,  it  can  be  ren- 
dered sufficiently  accurate  to  detect  the  minutest 
traces.  If  a portion  of  the  fluid  gives  no  indication 
with  starch  mucilage  and  nitrous  acid,  the  latter  is 
to  be  transmitted  through  the  solution  till  it  mani- 
fests an  acid  reaction  ; a small  quantity  of  chloroform 
is  agitated  with  it,  and  then  drawn  off  with  a pipette ; 
the  reddish  colour  is  removed  by  the  addition  of  a 
little  potassic  hydrate,  and  the  aqueous  solution 
then  decanted.  The  nitrous  acid  test  is  then  applied, 
when  it  does  not  fail  to  produce  the  characteristic 
blue  colour.  In  this  way  the  -g-ougo  o iodine 

is  easily  detected.  Bromides  do  not  interfere  w'ith 
these  reactions,  as  they  are  not  decomposed  by  the 
nitrous  acid. 

M.  Moride  has  proposed  a substitute  for  the 
chloroform  in  the  preceding  method,  which  offers 
advantages  in  giving  a solution  which  is  more  highly 
coloured  than  the  chloroform  becomes  under  similar 
circumstances.  According  to  this  chemist,  wher- 
ever iodine  is  indicated  by  starch  paste,  it  may 
be  proved  also  by  the  employment  of  benzine  more 
satisfactorily.  This  agent  is  rendered  more  valuable 
from  the  fact,  that  the  water  which  is  present,  or 
which  may  be  used  to  wash  it,  carries  away  any 
bromine  or  chlorine,  thus  leaving  the  iodine  isolated. 

Chlorine,  though  capable  of  setting  iodine  free 
from  its  combinations  in  aqueous  solutions,  is  now 
rarely  employed  to  detect  iodine,  since  an  excess 
of  the  agent  converts  the  iodine  into  a colourless 
combination  of  chloride  of  this  element.  Bromine 
comports  itself  differently,  for  although  it  is  cap- 
able of  liberating  it,  still  none  of  the  iodine  is 
redissolved.  I)e  Lecca  has  made  this  behaviour 
the  basis  of  a method  for  the  analysis  of  iodides  by 
means  of  a standard  solution  of  bromide,  coupled 
with  the  use  of  bisulphide-  of  carbon,  which  takes 
up  the  iodine  as  it  is  liberated  by  the  bromine 
liquor.  From  the  volume  of  the  latter  which  is 
expended  in  setting  free  the  whole  of  the  iodine — 
ascertained  by  the  sulphide  of  carbon  being  colour- 
less when  drawn  off  with  the  pipette — its  quantity 
is  found. 
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Kopp  has  recommended  the  following  process  for 
the  estimation  of  chlorine,  bromine,  and  iodine  in 
organic  compounds  : — A combustion  tube  about 
60  c.ni.  long,  and  5 to  6 m.m.  in  diameter,  closed  at 
one  end,  is  filled  up  to  12  to  18  c.m.  with  the  organic 
substance  mixed  with  pure  ferric  oxide.  A spiral 
of  fine  iron  wire  20  to  25  c.m.  long  is  then  intro- 
duced, and  finally  the  rest  of  the  tube  is  filled  with 
porous  anhydious  crystals  of  sodium  carbonate. 
The  spiral  is  then  first  heated,  the  heating  being 
extended  until  the  ferric  oxide  is  reached ; the 
halogens  then  given  off  will  be  retained  by  the  iron 
as  non-volatile  compounds.  Should  traces  of  the 
A'olatile  compounds  FeCl^,  FeBr^.  &c.,  be  present, 
they  will  be  decomposed  by  the  sodium  carbonate. 
When  the  combustion  is  completed  the  contents 
of  the  tube  are  treated  with  water,  the  iron  com- 
Iiounds  decomposed  by  sodium  carbonate,  and  the 
halogens  precipitated  by  silver  iiitrate  from  the 
solution. 

Iodine  is  used  very  largely  in  medicine ; the  fol- 
lowing preparations  are  officinal  in  the  British  Phar- 
macopoeia ; — Cadmium  iodiduin,  Empla:^trum  plumbi 
iodidi,  Ferri  iodiduin,  Ilydrargip'um  iodidum  rubrum, 
IL/drargprum  iodidum  viride,  Liuimmtum  iodi,  LinimuH- 
tum  potassii  iodidi  aim  sajione,  Liguor  iodi,  Pihda  Jerri 
iodidi,  Potassii  iodidum,  iSidjihuris  iodidum,  Sip'upus 
ferri  iodidi,  Tinctura  iodi,  Umjuentum  cadmii  iodidi, 
Umjneutum  iodi,  Umjuentum  phwibi  iodidi,  Umjuentum 
sidphuris  iodidi,  and  Vapor  iodi. 

I^or  the  detection  of  iodine  in  seawater,  Soxstadt 
mixes  200  c.c.  with  a few  drops  of  slightly  alkaline 
solution  of  sodium  sulphide,  and  adds  2 or  3 c.c.  of 
a saturated  solution  of  silver  acetate,  and  then  about 
one-fourth  its  volume  of  strong  hydrochloric  acid 
free  from  chlorine.  The  liquid  is  allowed  to  rest, 
filtered,  and  the  precipitate  washed  with  dilute 
hydrochloric  acid,  then  with  water.  The  filter  and 
precipitate  are  moistened  with  solution  of  sodium 
hydrate,  and  heated  in  a covei’ed  crucible  to  low 
redness  for  a few  minutes. 

After  cooling  it  is  dissolved  in  water,  and  the 
filtered  solution  is  strongly  acidified  with  sulphuric 
acid,  and  shaken  with  carbon  bisulphide  and  very 
dilute  chlorine  water ; the  iodine  is  shown  by  its  red 
colour.  lie  states  that  lUO  c.c.  of  sea  water  will 
give  this  reaction. 

For  quantitative  estimation  he  takes  500  c.c.  of 
sea  water ; after  adding  a little  solution  of  arsenious 
acid  in  hydrochloric  acid,  and  a little  cupric  sulphate, 
he  evaporates  to  dryness,  and  redissolves  in  water. 
The  insoluble  residue  is  washed  and  weighed.  The 
filter  is  ignited  with  sodium  hydrate,  and  titrated 
with  very  dilute  chlorine  water  and  carbon  bisulphide. 

lodate  of  potassium  is  poisonous,  and  Melsexs 
has  shown  that  chlorate  of  potassium  should  not  be 
given  with  the  iodide,  as  it  decomposes  it,  forming 
the  iodate,  which  is  very  dangerous.  It  is  also 
largely  used  in  photography ; in  the  original  Daguerro- 
type  process  it  w'as  employed  in  the  free  state,  and  in 
some  form  of  iodide  it  enters  into  the  composition 
of  almost  all  the  sensitive  films  employed,  the  chief 
being  silver  iodide.  It  was  for  some  time  largely 

used  in  the  manufacture  of  iodide  of  ethyl,  for  the 
production  of  IIoffjian’s  aniline  green.  It  is  a very 
portable  and  useful  disinfectifnt. 

IRON. — Per,  French;  Eisen,  German;  Ferrum, 
Latin.  Symbol,  Fe.  Atomic  weight,  56. — Metallic 
iron  has  probably  never  been  found  as  a natural 
product.  In  Saxony  and  elsewhere,  cases  have  been 
recorded  of  the  discovery  of  masses  of  brown 
hematite  covering  a core  of  native  metallic  iron  ; but 
it  is  more  than  probable  tlnat  the  iron  core  wavs  the 
production  of  man,  and  that  the  hematite  covering 
was  the  result  of  subsequent  oxidation.  Masses  of 
undoubted  meteoric  origin  are  frequently  found,  in 
which  metallic  iron  forms  the  chief  constituent, 
alloyed  mainly  with  nickel  (which  is  probably  more 
nearly  allied  to  iron  than  any  other  metal),  and  often 
mixed  up  with  earthy  matter.  The  following 
analyses  will  give  an  idea  of  their  composition : — 

Locality.  Analyst. 

Silieria VG  to  3'2o  1 

America, 97-5  2't>  1 y,  . 

11  HZ'  - o CL  r X roust, 

lliiijgfirv, y6*o  0*5  j 

Buliemia 98’.a  1’5  J 

Eastern  Coidilleras,  91 ‘41  8 59  Boiissingault. 

Louisiana, 9002  9 '07  Blieppard. 

Roberts,  the  chemist  to  the  Royal  Mint,  has  found 
that  these  bodies  often  contain  a large  quantity  of 
occluded  hydrogen. 

As  exhibiting  the  nature  of  the  earthy  matter 
accompanying  these  curious  bodies,  the  following 
analysis  of  a meteorite  (by  IVI.  Dufkenoy)  which 
fell  at  Chateau  Renard,  12th  June,  1844,  may  be 
cited : — 

Iron 7‘7 

Nickel, 1-.55 

Silica 30' 13 

A'timiiia 3-82 

Magnesia 2813 

Lime, . . . 0 14 

Eerric  oxide 29‘44 

Potash, 0-27 

Soda, 0-8G 

Sulphur, 0-39 

Oxide  of  manganese, trace. 

Analysis  of  so-called  “native  iron,”  a meteorite 
w’eighing  26  tons,  found  at  Santa  Catarina  in  Brazil, 
analyzed  by  1\I.  Damour  in  the  laboratory  of  M. 
Boussingault: — 

Iron, 63-r.9 

Cobalt 1-48 

Sulphur, '16 

Phosphorus, '05 

Carbon,  *20 

Silicon, '01 

99-56 

It  is  now  generally  conceded  that  the  mode  of  ex- 
tracting iron  was  not  discovered  till  bronze  had  been 
long  in  use.  This  would  seem  to  be  in  accordance 
with  what  might  be  expected  from  the  relative 
affinities  of  metals  for  oxygen.  Doubtless  the  noble 
metals,  which  have  the  least  attraction  for  oxygen 
and  most  often  occur  free  in  nature,  were  those  first 
used  by  the  ancients.  These  would  probably  be 
followed  by  bronze,  because  copper,  which  forms 
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its  base,  also  occurs  in  the  native  state,  though  less 
frequently.  Bronze  of  Viirying  composition  would 
doubtless  be  formed  during  the  melting  of  this 
native  copper,  owing  to  the  simultaneous  reduction 
of  some  of  the  other  metallic  oxides  accompanying 
the  native  metal.  In  this  way  it  is  probable  that 
the  ancients  discovered  the  efficacy  of  fire  to  extract 
metals  from  their  earths,  and  it  is  feasible  to  sup- 
pose that  the  more  easily  reduced  metals  would  be 
those  firet  extracted.  However  this  may  be,  it  is 
certain  that  articles  of  gold,  silver,  and  bronze  occur 
with  great  frequency  in  ancient  remains,  long  before 
there  are  any  indications  of  the  existence  of  iron. 
The  recent  di.scoveries  of  Dr.  Schliemann  have 
shown  that  while  the  ancient  inhabitants  of  Mycenae 
have  left  ample  evidence  of  their  possession  of,  and 
great  skill  in  working,  gold,  silver,  and  bronze,  there 
is  no  indication  that  they  were  acquainted  with  iron 
in  the  metallic  state. 

Against  this  generally  adopted  opinion  I.  L.  Bell 
states  that  it  should  be  borne  in  mind  that  the  mere 
absence  of  iron  in  buildings  of  high  antiquity  does  not 
necessarily  imply  ignorance  of  the  existence  of  this 
metal  by  those  who  constructed  them.  The  prone- 
ness of  iron  to  oxidation  might  doubtless  obliterate 
all  trace  of  its  having  been  used  long  before  copper  or 
bronze  were  much  affected  by  atmospheric  influence. 

Again,  the  ores  of  iron  occur  in  such  immense 
abundance,  that  it  requires  no  stretch  of  the  imagi- 
nation to  regard  the  accidental  exposure  of  one  or 
other  of  the  natural  products  containing  the  metal 
to  heat  in  presence  of  charcoal.  The  iron  would 
be  reduced ; and  the  apparatus  necessary  for  con- 
tinuing the  operation  in  a systematic  way  is  so 
simple,  that  few  among  the  rudest  savages  are  un- 
acquainted with  the  means  of  producing  the  metal 
in  its  malleable  form. 

It  would  scarcely  seem  possible  that  the  Egyptians 
could  have  erected  their  mighty  pyramids  without 
the  aid  of  iron;  but  we  have  no  positive  evidence 
upon  the  point,  although  it  is  probable  that  this 
wonderful  people  possessed  much  knowledge  which 
was  lost  to  succeeding  ages. 

Dr.  Percy  says:  “That  the  Assyrians  were  well 
acquainted  with  iron  is  clearly  established  by  the 
explorations  of  Layard,  who  has  enriched  the  col- 
lection of  the  British  Museum  with  many  objects 
of  iron  from  Nineveh  of  the  highest  interest.  Among 
these  may  be  mentioned  tools  employed  for  the 
most  ordinary  purposes— such  as  picks,  hammers, 
knives,  and  saws.  There  is  a saw  similar  in  con- 
struction to  that  now  used  by  carpenters  for  sawing 
large  pieces  of  timber  across.  It  was  found  in  the 
North-west  Palace  at  Nimroud;  and  it  is  computed 
that,  while  it  could  not  be  later  in  date  than  880 
B.C.,  it  may  have  been  considerably  earlier.” 

Among  the  ancient  Greeks  bronze  evidently  pre- 
ceded iron;  but  many  passages  in  Homer  show  that 
iron  was  common  in  his  time,  and  that  even  the  art 
of  tempering  iron,  by  plunging  the  hot  tool  into  cold 
water,  was  well  known.  The  Romans  were  early 
acquainted  with  the  art  of  extracting  iron,  and  carried 
it  out  on  a very  large  scale.  They  carried  the  art 


with  them  into  the  countries  which  they  conquered; 
and  S])ain,  Elba,  and  other  localities  attest  the  mag- 
nitude of  their  operations  by  the  vastness  of  the 
ddbris  wliich  they  left  behind,  in  the  shape  of  cinders 
from  their  furnaces,  &c. 

The  Britons,  even  before  the  time  of  the  Roman 
invasion,  appear  to  have  understood  the  mode  of 
extraction,  and  after  the  Roman  occupation  numer- 
ous ironworks  were  kept  going  in  and  near  the 
Forest  of  Dean,  in  Yorkshire,  and  other  parts  This 
is  proved  by  the  discovery  of  many  Roman  coins 
buried  amongst  the  large  heaps  of  iron  cinders  in 
these  districts.  The  Anglo-Saxons  held  the  workers 
of  iron  weapons  and  armour  in  high  repute.  Ac- 
cording to  “Domesday-Book,”  Gloucester  paid  a 
tribute  of  ten  bars  of  iron  and  100  iron  rods  for  nails, 
&c.,  for  the  use  of  the  navy. 

The  oil  enceinte  walls  of  Cardiff  Castle,  at  its 
south-east  corner,  where  it  was  11  feet  thick  and  30 
to  40  feet  high,  were  built  upon  a heap  of  iron 
cinders,  without  any  foundation  whatever.  Samples 
of  these  cinder’s  from  under  the  wall  gave  the  fol- 
lowing analysis : — 


Ferric  oxide. 3'571 

Fernius  oxide, 5.'i’9‘28 

Alnniimi, 

Oxide  of  manganese, 'Col 

l.ime 2’3U0 

magnesia, 1’802 

f-nli)hnric  acid ’5.al 

Pluis]ilioric  acid, 2’404 

Potash,  UGI 

Soda, ’Odd 

Insoluble  residue  as  under 30’U50 


99-276 

IK.SOI.UBI.E  RESIDUE. 

Silica, 27-825 

Alumina, -900 

Lime, 1 0.50 

magnesia, trace. 


Several  cavities  in  the  cinders  contained  ad- 
herent portions  of  charred  M'ood,  from  which  it 
is  highly  probable  that  charcoal  was  the  fuel  used 
for  smelting.  G.  Clark  of  Dowlais,  who  minutely 
examined  these  cinders  in  situ,  considers  that 
the  walls  built  upon  them  certainly  date  back  to 
the  twelfth  century,  and  without  doubt  the  slag 
heap  upon  which  they  are  built  woirld  be  very  much 
older. 

The  iron  made  in  these  early  times  was  doubtless 
all  malleable,  and  produced  in  furnaces  of  the  type 
used  by  the  natives  in  India  and  Central  Africa. 
The  date  of  the  discovery  of  cast  iron  is  obscure  ; but 
it  appears  to  have  been  made  in  the  fourteenth  cen- 
tury, inasmuch  as  a cast-iron  slab,  with  an  orna- 
mental cross,  and  the  inscription  “Pray  for  the  soul 
of  John  Collins,”  occurs  in  Burwash  Church,  Sussex, 
which  dates  back  to  this  period.  Agricola,  about 
the  commencement  of  the  fifteenth  century,  writes 
thus — “ Iron  smelted  from  ironstone  is  easily  fusible, 
and  can  be  tapped  off.”  Cannons  of  cast  iron  appear 
to  have  been  made  by  Ralph  Hodge  in  the  year 
1543.  He  employed  a Frenchman,  named  Bawd,  as 
assistant;  and  Thomas  Johnson,  the  son  of  a servant 
of  Bawd,  is  reported  to  have  made  in  and  before  the 
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year  1.595  “42  cast  pieces  of  great  ordnance  of.| 
iron  for  the  Earl  of  Cumi5EP,l,\nd,  weighing  6000 
lbs.  (or  3 tons)  a-piece.  So  itnj>ortant  had  the  iron 
manufacture  become  by  this  time,  that  Acts  of  Par- 
liament were  promulgated  to  limit  the  number  of 
works,  in  order  to  prevent  the  too  rapid  destruction 
of  timber. 

In  1584,  the  twenty-seventh  year  of  the  reign  of 
Elizabeth,  an  Act  was  passed  for  the  preservation  of 
timber  in  Sussex,  Surrey,  and  Kent.  This  Act  sets 
forth,  “that  whereas  by  over-great  negligence,  or 
number  of  ironworks  which  have  been,  and  j^et  are, 
in  the  wealds  of  the  counties  of  Sussex,  Surre}',  and 
Kent,  it  is  thought  that  the  great  quantities  of 
timber  which  hath  beeii  grown  in  those  parts  hath 
been  greatly  spoiled  and  wasted,  and  in  a short  time 
will  be  utterly  consumed  if  some  remedy  be  not 
provided.”  And  then  enacts  “ that  no  person,  from 
and  after  the  feast  of  Easter  next,  shall  erect  in  any 
place  within  the  said  counties  an^'  manner  of  iron 
mills,  furnace,  finary,  or  blomary,  for  the  working 
or  making  of  iron  or  iron  metal,  other  than  either 
up)on  such  old  and  former  bayes  or  ])cns,  whereupon 
hath  lately  been  or  at  the  time  of  the  new  erection 
shall  be  then  standing  some  iron  mills,  furnace,  or 
hammer,  or  else  in  or  upon  such  lands  as  the  party 
so  erecting  any  such  new  intended  works  shall  con- 
tinually furnish  the  same  with  a sufficient  supply  of 
wood  standing  and  growing  upon  their  own  proper 
soil  or  land,  being  to  him  or  them  in  fee  simple,  &c.” 

Up  to  this  time  charcoal  alone  was  used  as  the  fuel 
for  iron  making;  but  in  1611  a patent  was  granted 
by  James  I.  to  Simon  Sturtevant  for  the  use  of  “sea 
coale,”  or  “ jjit  coale.”  It  is  questionable  how  far 
Sturtevant  really  succeeded,  and  the  credit  of  being 
the  first  to  successfully  use  coal  (or  rather  coke)  for 
iron  smelting  is  generally  awarded  to  Dud  Dudley, 
who  published  an  account  of  his  discoveries  in  his 
“ Metallum  Martis,”  or  “ Iron  made  with  pit  coale,” 
&c.,  in  the  year  1665.  There  appears  to  be  no 
doubt  that  Dud  Dudley  did  smelt  iron  in  Worces- 
tershire with  coke,  and  that  he  thereby  made  much 
cheaper  iron  than  his  neighbours;  but  he  met  with 
very  great  difficulties  and  much  opposition.  His 
discovery  died  with  him,  and  the  complete  solution 
of  the  problem  was  left  for  Adraham  Darby,  of  the 
Colebrook  Dale  Works,  Shropshire,  about  the  year 
1735. 

While  the  output  of  furnaces  w’as  small,  and  char- 
coal the  fuel  used,  bellows  answered  sufficiently  well 
for  producing  the  blast;  but  with  the  introduction  of 
coke  more  powerful  blowing  machinery  was  needed. 
Blowing  cylinders  with  pistons  were  first  introduced 
by  Dr.  Roebuck  at  the  Carron  Ironworks  in  1760. 
Even  as  early  as  1676  the  blast  furnaces  in  the  Forest 
of  Dean  had  grown  to  be  about  40  feet  high,  and 
8 to  10  feet  wide  at  the  boshes.  They  were  blown 
by  a [lowerful  pair  of  huge  bellows  driven  by  a water- 
wheel. The  pig  iron  produced  was  converted  into 
malleable  iron  in  a finery  with  coal  as  the  fuel. 

d'he  introduction  of  coke  for  smelting,  and  of 
reciprocating  p>istons  for  blowing,  caused  a very  great 
increase  in  the  output  of  pig  iron,  and  rendered  an 
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improvement  in  the  production  of  malleable  iron 
highly  desirable.  Up  to  this  time  pig  iron  had 
been  rendered  malleable  by  melting  it  in  an  open 
hearth  partly  filled  with  fuel,  and  exposing  the  iron 
as  it  meltetl  to  the  highly  oxidising  influence  of  the 
blast  of  air.  The  metal  was  thus  gradually  decarbur- 
ized,  and  the  pasty  mass  taken  out  with  tongs,  ham- 
mered, reheated,  and  hammered  again,  until  it 
assumed  the  form  of  bars.  Various  modifications  of 
the  general  plan  were  follow'ed  in  different  localities, 
but  the  process  was  both  a slow  and  a wasteful  one, 
although  it  [>roduced  good  iron.  With  the  pressing 
need  for  improvement  aj)peared  the  man  destined  to 
inaugurate  it.  This  was  IIenry  Cort,  who  patented 
his  plans  for  the  use  of  grooved  rolls  for  rolling  in 
the  place  of  hammering  in  1783,  and  for  puddling 
in  1784.  CoRT,  like  many  other  inventors  who  have 
benefited  mankind  by  their  discoveries,  was  ruined 
in  the  end;  but  it  is  not  often  that  the  British  Gov- 
ernment can  be  charged  with  such  gross  injustice  as 
they  exhibited  towards  poor  Cort.  Because  Coin’s 
partner,  Adam  Jellicoe,  deputy  paymaster  of  the 
Navy,  w'as  found  to  have  defrauded  the  Govern- 
ment to  the  extent  of  £27,000,  the  patent  rights  and 
property  of  Cort  were  confiscated,  and  Cort  thereby 
ruined,  notwithstanding  that  it  was  subsequently 
proved  that,  had  the  royalties  under  the  patent  been 
properly  collected,  they  would  have  been  sufficient 
to  have  paid  Jellicoe’s  debt  six  times  over.  The 
story  of  Ccrt’s  wrongs  re.ads  more  like  a romance 
than  a statement  of  the  acts  of  public  men,  and 
those  interested  in  the  matter  should  refer  to  the 
records  of  the  case  collected  by  Dr.  Percy.  While 
the  merit  of  bringing  the  puddling  process  to  a 
practical  success  must  undoubtedly  be  awarded  to 
Cort,  it  should  in  justice  be  mentioned  that  George 
and  Thomas  Cranage,  of  Colebrook  Dale,  devised 
and  patented,  in  1766,  a very  similiar  method  of 
w'orking  iron:  also  that  Peter  Onions,  in  1783, 
patented,  described,  and  illustrated  plans  that  might 
certainly  have  been  worked  out  to  a like  practical 
success. 

For  a number  of  years  no  important  improvement 
was  made  upon  Cort's  plans  for  puddling;  but  in 
1818  Samuel  Rogers,  of  Nantyglo,  substituted  an 
iron  bottom  coated  over  with  various  substances  for 
the  bed  of  sand  used  by  Cort  in  the  puddling 
chamber,  thereby  greatly  improving  the  iron  and 
increasing  the  output  of  a furnace.  The  modification 
termed  “ boiling”  has  been  the  only  change  of  import- 
ance in  the  puddling  process  from  that  date  to  the 
present  time.  The  severe  labour  of  the  puddler, 
however,  caused  many  active  minds  to  try  to  devise 
means  for  performing  this  work  by  machinery ; but 
although  we  may  now  fairly  chaim  that  the  difficulty 
has  been  finally  overcome,  and  that  mechanical  pud- 
dling is  a practical  success,  the  credit  must  be  shared 
by  many.  Undoubtedly  the  largest  share  belongs 
to  Danes,  of  Cincinatti,  but  Tooth  was  one  of 
the  first,  if  not  the  first,  to  devise  machinery  for 
the  purpose,  and  he  had  nearly  reached  the  goal; 
while  Menelaus,  of  Dowlais,  rendered  valuable 
service  in  experimenting  upou  the  subject,  and  in 
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recording  the  experience  gained  for  the  guidance 
of  others. 

I.  L.  Rell  saj's  that  the  the  invention  of  Danes 
was  regarded  as  complete  in  its  character,  and  accord- 
ingly five  houses  were  induced  to  expend  very  con- 
siderable sums  in  the  erection  of  forges  according  to 
tlie  system  which  it  was  supposed  had  proved  entirely 
successful  in  the  United  States.  Three  out  of  five 
works  were  discontinued  after  a comparatively  short 
period  of  trial.  The  other  two  firms — viz.,  Robebt 
Heath  of  Stoke  and  Messrs.  Hopkins,  Gilkes,  & 
Co.  of  Middlesbrough — have  persevered  ; and  after 
many  failures  and  difficulties,  this  mode  of  puddling 
iron  may  now  be  considered  as  successful.  It  is 
perhaps  doubtful  whether  up  to  this  period  any 
great  economy  has  attended  the  application  of 
mechanical  puddling,  either  by  the  apparatus  of 
Danes  or  any  other  system  devised  for  the  super- 
cession of  severe  human  exertion.  According  to  a 
paper  * recently  read  before  the  Iron  and  Steed 
Institute,  there  seems,  however,  good  reason  for 
believing  that  the  product  is  superior  in  quality  to 
that  obtained  by  common  hand  puddling. 

While  these  changes  were  going  on  in  the  finished 
iron  manufacture,  the  production  of  pig  iron  also 
underwent  great  change.  The  discovery  of  black 
band  ironstone,  by  David  Mushet,  about  the  year 
1800,  gave  great  impetus  to  the  iron  manufac- 
ture in  Scotland.  In  1828  James  B.  Neilson,  of 
Glasgow,  patented  the  heating  of  the  blast  used 
in  the  furnace ; and  so  great  was  the  economy 
effected  by  the  very  slight  increase  of  temperature 
then  obtained,  that  by  1835  nearly  every  blast 
furnace  in  Scotland  w'as  blown  with  hot  instead  of 
cold  air. 

In  England  the  utilization  of  the  waste  gases 
from  the  tops  of  blast  furnaces  was  effected  sub- 
sequently to  the  introduction  of  the  hot-blast;  but 
our  neighbours  the  French  were  ahead  of  us  in 
this  matter,  and  the  merit  of  being  pioneer  is  due 
to  Aubektot,  who  obtained  a patent  for  his  plans 
in  1811.  Beutieh  published  an  interesting  account 
of  these  in  1814.  In  this  country  Ja.mes  Palmek 
Budd  was  the  first  to  use  the  waste  gases  for 
heating  stoves  in  1845;  but  the  modern  appliance 
termed  cup  and  cone,  now  almost  universally  em- 
ployed for  charging  furnaces,  and  at  the  same  time 
enabling  the  gas  to  be  collected  and  utilized,  was 
first  used  by  George  Parry  at  the  Ebbw  Vale 
Works  in  1850. 

In  Scotland  and  Staffordshire,  says  I.  L.  Bell,  the 
great  economy  due  to  the  application  of  the  waste 
gases  for  heating  the  air  and  obtaining  the  necessary 
power  for  blowing  and  other  purposes,  has  made 
little  way.  In  South  Wales,  and  in  the  works 
smelting  the  Cleveland  ironstone,  it  is  universally 
adopted.x  In  the  latter  the  annual  saving  of  coal 
by  its  use  may  be  tiiken  at  something  like  one  and 
a quarter  million  tons,  besides  a large  economy  in 
wages  for  firemen  and  ash  wheelers. 

'Phe  invention  of  the  steam-hammer  by  J.  Nasmyth 

* On  the  separation  of  Carbon.  Silicon,  Sulphur,  and  Phos- 
]>hurus  from  Pig  Iron,  by  1.  Luwtbiau  Hell. 


in  1838,  patented  in  1842,  enabled  the  manufacturer 
to  deal  with  much  larger  masses  of  iron  than  had 
hitherto  been  possible,  and  rendered  him  indepen- 
dent to  some  extent  of  water  power. 

The  year  1856  is  most  memorable,  since  it  heralded 
the  great  inventions  of  Henry  Bessemer  for  con- 
verting pig  iron  into  “steel  or  malleable  iron  with- 
out the  use  of  fuel,”  of  Frederick  C.  Siemen.s’ 
regenerative  furnace,  and  of  Robert  Mushet's 
addition  of  molten  spiegeleisen  to  the  decarburized 
Bessemer  metal.  This  latter  invention  has  within 
the  last  few  years  been  so  developed  by  the  produc- 
tion of  ferro-manganese  on  the  large  scale,  that  it  has 
enabled  the  manufacturer  to  produce  what  might 
almost  be  regarded  as  two  new  metals,  viz.,  the  soft 
malleable  steel  now  used  by  the  Admiralty  for  ship 
plates,  and  a class  of  steel  from  which  castings  can 
be  made  that  rival  the  compressed  steel  of  Whit- 
worth for  density  and  strength.  The  merit  of 
developing  these  branches  of  the  manufacture  is 
due  to  the  skilful  men  at  the  head  of  the  Terre 
Noire  Works  in  France.  The  credit  due  to  them 
is  all  the  greater,  inasmuch  as  their  discoveries  are 
not  due  to  fortuitous  causes  or  lucky  hits,  but  have 
been  the  result  of  patient  and  skilful  investigation. 

Great  economy  in  blast-furnace  yields  has  resulted 
from  raising  the  furnaces.  The  first  great  step  in 
this  direction  is  due  to  John  Vaughan,  who,  in 
rebuilding  one  of  the  Middlesborough  furnaces  in 
1864,  increased  the  size  from  42  feet  high  by  13  feet 
bosh  to  75  feet  by  16  feet  4 inches,  and  thereby 
clearly  demonstrated  the  great  saving  effected  by 
the  increase  in  height  and  capacity. 

The  cause  of  this  saving  was  at  the  time  experi- 
mentally examined  into  by  I.  Lowthian  Bell  in  his 
“Chemical  Phenomena  of  the  Blast  Furnace,”  in 
which  this  writer  assigns  his  reasons  for  supposing 
how  far  economical  working  can  be  jwomoted  by 
extending  the  dimensions  of  the  furnace,  or  by  rais- 
ing the  temperature  of  the  blast.  At  present  it  may 
suffice  to  remark,  that  in  the  district  where  furnaces 
of  large  dimensions  were  first  introduced  the  sav- 
ing has  not  been  under  10  cwts.  of  coke  per  ton 
of  iron. 

Combinations  of  Iron  ayith  other  Elements — 
Iron  and  Oxygen. — Iron  unites  with  oxygen  in  several 
distinct  proportions.  The  following  combinations 
are  well  recognized  and  definite  in  composition. 

Ferrous  oxide  (FeO),  containing  56  parts  of  iron 
and  16  of  oxygen,  or  77-78  per  cent,  iron  and 
22-22  per  cent,  oxygen.  It  is  a powerful  base, 
and  absorbs  oxygen  with  great  avidity,  so  that  its 
isolation  is  somewhat  difficult.  It  is  described  as 
black,  non-magnetic,  and  easily  burning  in  air  to  a 
higher  oxide.  Its  hydrate  or  compound  with  water 
is  easily  prepared  by  adding  potash  or  soda  to  an 
aqueous  solution  of  its  salts,  such  as  green  vitriol, 
which  is  the  protosulphate  of  iron  (ferrous  sulphate), 
Hydrated  ferrous  oxide  is  a white  flocculent  sub- 
stance, which  in  contact  with  air  absorbs  oxygen, 
and  turns  first  green  and  then  red,  passing  ultimately 
into  ferric  oxide.  Ferrous  oxide  never  occurs  free 
in  nature,  but,  combined  with  carbonic  acid  and 
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niixL'd  up  witli  varying  proportions  of  eartliy  and 
soiiietinies  with  carbonaceous  matter,  it  forms  a 
very  large  class  of  iion  ores.  It  occurs  also  in 
combination  with  silica;  but  the  silicates  of  iron 
are  rarely  used  as  iron  ores. 

Faric  Oxide  (Fe.,Ojj). — This  is  the  most  stable 
oxide  of  iron.  It  consists  of  112  parts  iron  and  48 
of  oxygen,  or  70  per  cent,  iron  and  30  per  cent, 
oxygen.  It  is  abundantly  diffused  through  nature, 
either  in  the  free  state  (sometimes  beautifully  crys- 
tallized), or  combined  with  water  as  a hydrate.  The 
anhydrous  peroxide  forms  the  basis  of  a very  numer- 
ous class  of  iron  ores,  termed  sjiecular  ore,  red  hema- 
tite, micaceous  ore,  etc.  It  is  distinguished  by  giving 
a red  or  brownish-red  streak.  Its  specific  gravity 
is  5T9  to  5-23.  It  is  infusible,  except  at  the  very 
highest  temperature.  It  is  easily  reduced  to  the 
metallic  state  when  heated  with  carbon,  carbonic 
oxide,  hydrogen,  cyanogen,  or  ammonia.  Under 
favourable  circumstances  I.  L.  Bell  has  shown  that 
this  compound  loses  its  oxygen  at  temperatures  as 
low  as  140°  C.  (284°  Fahr.).  The  reduction  of  amass 
takes  place  from  the  outside,  and  the  formation  of 
metallic  iron  is  preceded  by  that  of  magnetic  oxide, 
then  probably  ferrous  oxide,  and  possibly  even  a 
suboxide. 

M(i(jnetic  Oxide  (Fp,^0^)  contains  1C8  iron,  64 
oxygen,  or  72'4  per  cent,  iron  and  27'59  oxygen.  It 
frequently  occurs  in  nature,  and  often  in  well- 
defined  octahedral  crystals,  having  a black  or  blue- 
black  colour  and  metallic  lustre.  It  is  magnetic, 
and  in  mass  is  often  strongly  polar.  Its  specific 
gravity  is  4'‘J8  to  5‘2.  It  is  not  volatile,  but  is  more 
fusible  than  the  ferric  oxide.  It  is  often  produced  in 
metallurgical  operations.  When  clean  surfaces  of 
iron  are  exposed  to  the  action  of  dry  steam  at  a high 
tcmjierature,  a closely  adherent  film  of  this  oxide  is 
formed  upon  the  metal  by  the  decomposition  of  the 
steam.  Professor  Bahif  has  lately  projiosed  to 
make  use  of  this  property  to  form  a protective  coat- 
ing over  the  surface  of  iron.  When  iron  is  heated 
in  the  presence  of  moisture,  or  in  air,  a coating  of 
oxide  is  rapidly  formed  upon  its  surface,  which  is  of 
very  variable  comjiosition.  It  is  technically  termed 
Kcede,  and  is  the  cause  of  very  great  waste  in  the 
heating  of  iron  during  manufacturing  operations. 
Ingots  of  steel  weighing  half  a ton,  and  having  a 
sectional  area  of  12  inches  by  12  inches,  lose  about 
3 per  cent,  of  their  weight  in  being  raised  from  cold 
to  a bright  red  heat,  even  in  a Siemens’  furnace,  and 
piles  of  iron  lose  considerably  more.  Ferrous  oxide 
appears  to  be  first  formed,  then  gradually  magnetic 
oxide,  and  ultimately  ferric  oxide,  when  the  heating 
is  effected  in  contact  with  moist  air.  Fusl  is 
hydrated  ferric  oxide.  This  is  rapidly  formed 
upon  the  metal  when  exposed  to  actual  moisture  in 
the  air.  Pure  water  perfectly  freed  from  oxygen 
has  no  action  upon  iron  at  ordinary  temperatures, 
but  at  high  temperatures  a slight  coating  of  magnetic 
oxide  appears  to  be  formed,  which  protects  the  metal 
from  further  corrosion.  This  has  been  well  demon- 
strated by  the  durability  of  the  tubes  in  the  Perkins’ 
boiler.  Perkins  showed  at  the  meeting  of  the 
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from  his  high  pressure  boilers,  which  had  been 
working  nearly  thirteen  years,  and  were  yet  in  a 
high  state  of  preservation ; while  he  stated  that  many 
sets  of  his  high  pressure  heating  ai)paratus  had  been 
woi'king  for  lorty  years  with  the  water  originally 
inclosed,  without  the  iron  unuergoing  decay. 

Iron  and  iStdjdtiir. — Iron  forms  with  sulphur  a 
series  of  compounds  somewhat  similar  to  the  oxygen 
series;  but  of  these  only  one  is  important  to  the 
iron  manufacturer,  and  this  only  because  it  forms  a 
secondary  product  which  has  lately  been  produced 
in  very  large  quantities,  and  being  a bye  product 
forms  a cheap  source  of  iron.  This  is  the  bisulphide 
of  iron  or  iron  pyrites  (FeS^).  It  is  found  abun- 
dantly in  nature,  and  has  within  recent  times  become 
the  chief  source  of  sulphuric  acid.  Certain  varieties 
contain  small  portions  of  copper,  silver,  and  gold. 
After  the  sulphur  has  been  burnt  off,  the  copper 
is  extracted  by  a process  originally  devised  by 
Henderson.  There  is  left  behind  a moderately  pure 
and  rich  ferric  oxide.  It  is  termed  “purple  ore” 
and  “blue  billy,”  and  is  largely  used  lor  fettling 
puddling  furnaces.  Several  attempts  have  been 
made  to  effect  its  direct  reduction,  as  it  occurs  as  a 
fine  powder,  which  is  difficult  to  smelt  in  the  blast 
furnace.  Sulphur  is  one  of  the  worst  enemies  of  the 
iron  and  steel  worker,  as  even  in  quantities  so  small 
as  T per  cent,  it  causes  decided  “ red  shortness  ” in 
malleable  iron  and  steel.  In  pig  iron  for  castings  it 
is  not  so  deleterious,  and  indeed  the  Swedes  con- 
sider that  it  adds  strength  to  cast  metal. 

Iron  and  riwKjdwnis.  — Phosphorus  unites  very 
readily  with  iron,  and  since  most  iron  ores  contain 
more  or  less  phosphates  which  are  very  easy  of 
reduction,  the  pig  iron  produced  from  them  is  found 
to  contain  nearly  the  whole  of  this  element  which 
existed  in  the  ore  or  the  fuel.  It  confers  fusibility 
upon  cast  iron  and  also  brittleness.  'The  fine  Berlin 
castings  are  made  from  an  iron  containing  a con- 
siderable quantity  of  phosphorus,  which  accounts  for 
the  sharp  and  delicate  impression  the  iron  takes. 

Scotch  pig  iron  generally  contains  about  half  ('5) 
per  cent,  of  phospliorus,  and  being  also  highly  car- 
burized is  well  suited  for  foundry  work.  The  Mid- 
dlesborough  and  Northampton  pig  irons  contain  from 
1 to  T5,  or  even  more,  per  cent,  phosphorus.  Ex- 
tremely small  quantities  of  phosphorus  confer  “cold 
shortness”  (that  is,  brittleness  when  cold)  upon 
malleable  iron  and  steel:  1 per  cent,  in  steel  renders 
it  distinctly  brittle,  and  the  effect  of  even  half  this 
quantity  can  be  readily  detected  mechanically. 

'While  sulphur  can  to  a large  extent  be  removed  in 
the  slag  by  an  excess  of  lime  in  the  blast-furnace 
charge,'no  means  has  yet  been  discovered  of  keeping 
phosphorus  out  of  pig  iron ; and  while  the  greater 
part  can  be  removed  by  efficient  puddling,  tlie 
Bessemer  process  fails  to  remove  even  a trace.  It 
is  therefore  of  the  highest  importance  to  select  those 
ores  and  fuels  for  making  Bessemer  pig  iron  that 
contain  the  smallest  possible  quantity  of  this  delete- 
rious element. 

According  to  some  recent  experiments  described 
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by  15ei.i.,  it  is  the  high  temperature  which  prevents 
any  separation  of  phosjjhorus  from  iron  in  tlie 
Ressemer  converter ; and  which  also,  in  a modified 
degree  of  intensity,  is  the  cause  of  this  element 
being  only  partially  expelled  during  the  process 
of  puddling.  By  moderating  the  temperature,  he 
found  that  oxide  of  iron  was  capable  of  almost  com- 
pletely freeing  Cleveland  pig  from  its  phosphorus, 
while  the  carbon  w’as  still  retained  in  sufficient 
quantity  to  keep  the  iron  in  a fluid  condition. 

Where  strengtli  is  required  in  castings,  phosphoric 
pig  should  be  avoided ; but  a moderate  quantity  of 
phosphorus  renders  the  iron  so  much  more  fluid, 
that  for  all  ordinary  purposes  such  iron  as  the 
Scotch,  or  a mixture  of  Cleveland  with  less  phos- 
phoric brands,  is  almost  universally  preferred  to  the 
purer  hematite  irons  for  foundry  work.  The  sound- 
ness of  the  casting  from  such  pig  in  some  measure 
compensates  for  want  of  strength.  In  like  manner 
the  puddler  does  not  object  to  a moderate  quantity 
of  phosphorus,  because  it  tends  to  keep  his  iron 
fluid,  and  facilitate  the  removal  of  carbon. 

Iron  and  Silicon. — Silicon  is  never  found  in  nature 
in  a free  state,  and  is  very  difficult  to  isolate.  Yet 
it  is  invariably  found  in  pig  iron,  and  sometimes 
in  very  large  quantities,  even  up  to  10  per  cent,  or 
more.  It  renders  iron  brittle,  and  when  present  in 
quantities  over  about  4 per  cent,  the  pig  is  technically 
termed  “glazed  iron.”  Such  iron  is  frequently 
formed  when  a large  excess  of  fuel  is  used  in 
the  blast  furnace,  and  especially  if  the  charge  is 
siliceous.  In  some  respects  silicon  resembles 
carbon,  but  its  oxide,  silica  (SiO^),  is  a solid,  while 
the  corresponding  oxide  of  carbon  (CO^)  is  a gas. 
This  is  a point  of  very  great  importance  in  the 
metallurgy  of  steel.  While  the  quantity  of  carbon 
which  iron  holds  in  solution  is  moderately  constant, 
never  exceeding  5 per  cent.,  and  usually  ranging  from 
2^  to  4^,  the  silicon  is  most  variable.  'I  he  product 
of  a furnace  will  vary  in  a few  hours  2 or  3 per 
cent,  in  its  contents  of  silicon.  To  the  Bessemer 
steel  manufacturer  silicon  is  of  the  utmost  impor- 
tance, as  it  is  tlie  oxidation  of  this  body  which  pro- 
duces the  greater  part  of  the  heat  developed  during 
the  “blow;”  and  while  it  is  necessary  to  have  at 
least  2 per  cent,  silicon  in  the  pig  that  is  to  be 
remelted  in  a cupola,  in  order  to  insure  the  blown 
‘metal  being  fluid  enough  to  cast  without  setting  (or 
forming  a “ skull  ”),  anything  over  3 per  cent, 
endangers  the  success  of  the  process,  by  leaving  a 
variable  and  unknown  quantity  of  silicon  in  the 
metal  when  all  the  carbon  has  been  burnt  out,  and 
the  blow  is  apparently  finished. 

Iron  and  Carbon. — No  element  is  of  more  conse- 
quence in  its  relations  to  iron  than  carbon.  It  is  the 
only  reducing  agent  capable  of  effecting  the  separa- 
tion of  the  metid  from  oxygen,  which  is  at  the  same 
time  both  ciieap  and  abundant.  But  this  is  not  all, 
for  the  metal  is  ca{)able  of  uniting  with  variable 
quantities  of  carbon  up  to  about  5 per  cent.,  and  the 
effect  of  different  doses  of  carbon  is  most  marvellous. 
While  pure  iron  is  weldable,  highly  malleable,  does 
not  sensibly  harden  when  heated  and  plunged  into 
voi,.  IT. 


water,  is  ductile,  and  fuses  only  at  exti’emely  high 
temperatures,  the  presence  of  from  ^ to  1^  per  cent, 
of  carbon  lowers  the  fusing  point  of  the  metal, 
causes  it  to  harden  when  heated  and  cooled  in 
water,  increases  the  difficulty  of  welding,  reduces  its 
malleability  and  ductility,  but  greatly  increases  its 
strength.  When  the  quantity  of  carbon  rises  above 
2 per  cent,  the  alloy  becomes  easily  fusible,  but  loses 
its  malleability  and  ductility  almost  entirely,  and  is 
incapable  of  being  welded.  What  is  still  more 
curious  is  that  the  carbon  may  be  present  in  this 
higher  alloy  in  two  different  conditions.  So  long  as 
the  metal  is  in  a molten  state  the  carbon  is  probably 
wholly  in  solution  throughout  the  metal ; but  as  it 
solidifies,  some  of  the  carbon  often  separates  out 
from  the  alloy,  and  would,  if  time  allowed,  gradually 
float  to  the  top;  but  as  solidification  takes  place 
rapidly,  nearly  the  whole  of  this  liberated  carbon  is 
locked  up  at  the  moment  of  setting  between  the 
crystals  of  metal,  from  which  it  can  easily  be  detached 
by  the  finger  nail.  This  gives  rise  to  two  very 
different  classes  of  iron,  viz.,  “grey ’’and  “white,” 
and  between  these  two  extremes  we  get  the  varieties 
of  “forge”  and  “mottled.”  If  the  iron  has  been 
fully  saturated  with  carbon,  the  separation  may  be  so 
rapid  that  some  of  it  may  even  rise  to  the  surface  in 
flakes,  and  float  on  the  fluid  metal.  This  liberated 
carbon  is  termed  “ kish  ” by  the  workmen.  The 
slower  the  rate  of  cooling  the  greater  is  the  separa- 
tion of  carbon ; while  very  rapid  cooling  may  not 
only  prevent  the  formation  of  kish,  but  may  so  lock 
up,  as  it  were,  all  the  carbon  that  the  metal  remains 
white.  In  this  state  the  iron  is  much  harder,  and 
more  brittle  than  it  would  be  if  allowed  to  set 
slowly  and  become  grey  by  the  liberation  of  the 
carbon.  It  has  been  customary  to  term  the  carbon 
as  it  exists  in  white  iron  “ combined,”  and  that  which 
separates  out  when  the  iron  cools  slowly  “uncom- 
bined,” or  graphite.  This  nomenclature  has  arisen 
from  the  fact  that  when  white  iron  is  dissolved  in 
hydrochloric  acid  no  separation  of  carbon  takes 
place,  but  carbonic  acid  and  hydrocarbons  are  formed, 
while  when  grey  iron  is  dissolved,  a large  portion  of 
the  carbon  remains  unacted  upon  by  the  acid. 

Another  most  singular  fact  in  connection  with  this 
element  is  that  iron  may  take  up  carbon  while  in  the 
solid  state  as  in  cementation  ; and  even  the  oxide 
when  heated  possesses  the  power  of  absorbing  and 
decomposing  carbonic  oxide,  and  precipitating  finely 
divided  carbon  through  its  mass  to  a very  great 
extent. 

Combinations  of  iron  with  oxygen,  sulphur,  and 
phosphorus  may,  and  undoubtedly  do,  bike  place  in 
atomic  proportions ; but  the  compounds  produced 
are  brittle  substances  entirely  devoid  of  metallic 
lustre.  No  similar  compound  of  iron  and  carbon  is 
known.  On  the  other  hand,  iron  may  contain  very 
considerable  quantities  of  the  former  elements  without 
losing  its  metallic  lustre,  and  yet  most  minute  pro- 
portions confer  extremely  marked  characters  upon 
the  product.  When  we  consider  that  the  proportions 
of  sulphur,  phosphorus,  carbon,  &c.,  which  unite 
I with  iron,  nniy  rise  by  infinitely  small  proportions, 
31 
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it  is  a question  wltether  we  can  recognize  any  of 
tliese  metallic  alloys  as  definite  cliemical  compounds. 
It  seems  far  more  feasible  to  regard  the  union  as  one 
of  solution.  Two  views  may  be  held — first,  we  may 
suppose  that  the  iron  dissolves  variable  quantities  of 
the  elements  themselves ; second,  that  the  iron  holds 
in  solution  varying  quantities  of  simple  but  atomic 
compounds  of  the  metal  with  these  metalloids.  The 
balance  of  probabilities  appears  to  be  in  favour  of 
the  first  of  these  hypotheses,  but  both  may  hohl 
good.  We  know  that  when  a No.  1 (grey  pig)  iron 
is  slowly  cooled  under  slag,  a large  quantity  of  carbon 
or  kish  separates  from  the  iron,  and  either  floats 
on  the  surface  or  becomes  locked  up  between  the 
crystals  as  they  form  during  solidification.  The 
writer  has  shown  that  this  kish,  if  separated  from 
the  mechanically  adherent  portions  of  iron,  is  really 
pure  carbon. 

It  would  appear,  according  to  I.  L.  Bell,  that  the 
condition  in  which  carbon  e.xists  in  cast  iron  is  deter- 
mined by  temperature ; for  when  white  iron  is  exposed 
to  a high  degree  of  heat,  it  is  changed  to  grey  jiig. 

Iron  appears  to  possess  the  power  of  dissolving  so 
much  greater  quantities  of  phosphorus,  silicon,  and 
sulphur,  that  we  either  never  reach  the  point  of 
saturation,  or  else  they  stand  in  regard  to  iron  just 
as  common  salt  does  to  water,  being  as  soluble  at 
one  temperature  as  another.  Hence  we  never  find 
these  bodies  separating  from  the  iron  in  a free  state, 
while  the  .se[)aration  of  carbon  is  quite  common. 

If  graphitic  pig  iron  be  subjected  to  a heat  just 
barely  above  its  melting  point,  and  in  an  atmosphere 
that  is  very  slightly  oxidising,  the  metal,  with  a certain 
quantity  of  carbon  and  silicon,  will  liquate  away,  and 
leave  behind  a porous  mass  of  graphite  and  silica, 
of  the  form  of  the  pig,  but  having  no  tenacity  whatever. 
This  is  a most  curious  phenomenon,  and  has  been 
noticed  more  than  once  by  G.  J.  Snelus,  when  a 
cupola  charged  with  pig  iron  has  scaffolded,  and  the 
charge  has  had  to  be  drawn  out  when  cooled  down. 

If  grey  pig  iron  is  melted  at  a temperature  con- 
siderably above  its  point  of  fusion,  the  iron  possesses 
the  power  of  dissolving  u[)  the  free  carbon.  On  the 
other  hand,  if  the  iron  is  rich  No.  1,  and  is  merely 
kept  molten  for  some  time,  as  is  now  done  in  carry- 
ing the  iron  direct  from  the  blast  furnaces  to  the 
Bessemer  converter,  the  graphite  rises  to  the  surface 
in  such  quantities  that  it  may  occasionally  be  col- 
lected by  the  cwt. ; but  in  this  state  it  generally 
carries  off  with  it  particles  of  iron  and  slag  from 
which  it  is  difficult  to  separate  it. 

Iron  is  known  to  alloy  with  several  other  metals  ; 
but  it  is  most  prone  to  unite  with  those  which  are 
most  nearly  allied  to  it  in  their  chemical  character- 
istics. Thus  the  most  common  metal  that  is  found 
alloyed  with  iron  is  manganese. 

Iron  and  Manganese. — Manganesian  oxides  are  so 
often  found  associated  with  those  of  iron,  that  the 
alloy  of  the  two  metals  has  long  been  known.  Spa- 
those  ores  are  seldom  free  from  manganese,  and  in 
Styria,  Siegen,  and  other  districts  where  these  ores 
are  used,  the  pig  iron  produced  contains  a consider- 
able quantity  of  manganese.  Such  alloys  are  generally 


white,  and  solidify  in  large  crystals.  The  facets  of 
these  are  often  an  inch  or  two  across,  and  being 
very  brilliant  the  Germans  gave  it  the  name  of 
spiegeleisen,  or  looking-glass  iron.  The  oxide  of  man- 
ganese has  a great  affinity  for  sulphur,  and  as  some 
invariably  passes  into  the  slag,  pig  iron  containing 
much  manganese  rarely  contains  any  sulphur.  Hence 
malleable  iron  and  steel  from  such  pig  is  also  free 
from  this  element.  The  importance  of  manganese 
was  never  known,  however,  till  Mushet  discovered 
its  use  in  the  Bessemer  process.  Since  that  time 
the  manufacture  of  a special  alloy  of  iron  and  man- 
ganese has  been  of  growing  importance.  For  a long 
time,  although  the  alloy  first  used  by  Mushet  was 
produced  from  Brendon  Hill  (Somerset)  ores,  the 
supply  of  spiegeleisen  came  from  the  Siegen  district 
in  Germany,  where  rich  manganiferous  ores  are  more 
p)lentiful  than  in  England.  Within  the  last  six  or 
Seven  years  a large  deposit  of  iron  ore,  much  richer 
in  manganese  than  the  German,  has  been  worked 
in  the  south  of  Spain,  and  this  has  afforded  the 
means  of  increasing  the  percentage  of  manganese 
in  the  allo)'  from  about  10  per  cent,  to  over  20.  The 
Swedes  have  also  discovered  and  used  an  ore  rich  in 
manganese,  and  yielding  a similarly  hig!i  class  spieg- 
eleisen, while  the  Americans  have  for  some  years 
produced  the  alloy  from  the  mineral  Franklinite, 
after  having  extracted  the  zinc.  Very  early  in  the 
history  of  the  Bessemer  process  Hendeiison,  at 
the  instigation  of  Bessemeii,  succeeded  in  jno- 
ducing  a much  richer  alloy  than  any  yet  mentioned, 
by  reducing  the  spent  manganese  ores  of  the  bleach- 
ing powder  manufacturer  in  a Siemens’  furnace;  but 
his  process  lay  dormant  for  a long  time,  until  the 
Terre  Noire  Company,  after  some  years  of  experi- 
menting, succeeded  in  producing  an  alloy'  containing 
up  to  7.5  per  cent,  manganese.  They  at  the  same 
time  showed  the  immense  value  of  this  alloy,  known 
in  commerce  as  ferro-manganese,  in  producing  the 
softer  kinds  of  steel,  and  now  it  has  become  imiis- 
pensable  to  the  steel  manufacturer.  The  action 
of  manganese  will  be  discussed  under  the  head 
Steel;  but  the  production  of  these  rich  alloys  will 
form  a fitting  sequel  to  the  manufacture  of  pig 
iron.  Alloys  containing  from  5 to  20  per  cent, 
manganese  are  very  fluid ; but  as  the  manganese 
increases  beyond  this  point  the  fusibility  decreases, 
and  the  alloys  lose  their  crystalline  texture,  although 
they  are  still  brittle.  With  the  increase  of  man- 
ganese in  the  alloy  its  magnetism  decreases,  and  this 
fact  has  been  made  use  of  for  determining  the  per- 
centitge  of  manganese,  by  pow'dering  the  samples  and 
weighing  the  quantity  of  each  which  a given  magnet 
could  retain.  On  comparing  the  weight  with  a table 
deduced  from  similar  experiments  upon  alloys  of 
known  composition,  the  percentage  of  manganese  can 
be  roughly  determined. 

Chromium  has  within  the  last  year  or  two  attracted 
attention  as  an  alloy  with  iron.  Some  pig  iron  pro- 
duced from  Tasmanian  ores,  lately  introduced  into 
England,  contains  up  to  7 per  cent.  Cr.,  while  over 
10  per  cent,  chromium  has  been  alloyed  with  iron 
in  the  crucible.  Chrome  steel  is  said  to  be  of  very 
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fine  quality.  There  is  little  doubt  that  chromium 
may  take  the  place  of  manganese  to  some  extent  in 
steel,  but  there  appears  to  be  a difficulty  in  puddling 
chrome  pig.  With  10  per  cent,  the  iron  is  white  and 
brittle,  with  an  irregular  fracture.  Chrome  steel 
has  a very  fine  close  texture.  Chrome  iron  is  almost 
insoluble  in  nitro-hydrochloric  acid,  but  soluble  in 
dilute  sulphuric. 

Titanium. — At  one  time  this  element  was  supposed 
to  alloy  with  iron,  and  form  a compound  having 
wonderful  steely  properties;  but  the  general  opinion 
of  competent  metallurgists  at  present  is  that  the 
alloy  is  of  very  doubtful  existence.-  Titanium  is 
frequently  found  in  nature,  and,  according  to  Rilet, 
is  one  of  the  most  widely-diffused  substances,  though 
in  small  quantities  ; but  it  mostly  passes  into  the 
slag  in  the  blast  furnace,  altliough  small  quantities 
may,  however,  pass  into  the  pig  iron.  In  many 
respects  titanium  resembles  silicon  ; and  titanic  ores, 
such  as  ilmenite  (which  exists  in  large  quantities  in 
Sweden  and  Norway),  may  be  smelted  by  treating 
them  in  the  same  way  as  a highly  siliceous  ore  would 
be  treated — viz.,  by  using  a large  proportion  of  lime 
or  other  base,  to  flux  off  the  titanic  acid.  The  iron 
produced  from  such  ores  is  dark,  close-grained,  and 
free  from  suljihur  and  phosphorus  ; but  it  is  expen- 
sive to  produce. 

Tnmj.Kten  is  another  substance  which  alloys  with 
iron.  It  appears  to  hold  a somewhat  intermediate 
place  between  silicon  and  titanium.  Meshet’s 
patent  ‘‘  special  ” steel  is  an  alloy  of  iron  and  tung- 
sten. It  possesses  the  property  of  hardening  after 
forging  without  being  cooled  in  water,  but  is  brittle. 
For  certain  purposes  it  is  a very  useful  alloy.  It 
has  a high  capacity  for  magnetism. 

Ores  of  Iron. — The  following  are  the  chief : — 

1.  Red  Hematite,  specular  ore  or  iron  glance,  and 
micaceous  ore,  are  all  varieties  of  anhydrous  ferric 
oxide.  It  sometimes  occurs  nearly  pure,  as  in 
the  kidney  ore  of  Cumberland,  the  crj-stals  of 
specular  ore  of  Elba,  and  the  dense  massive  ore 
from  Missouri  and  from  some  of  the  mines  around 
Lake  Superior.  It -is  a most  widely  diffused  and 
.abundant  ore  of  iron,  and  is  found  in  large  quanti- 
ties in  Liincashire,  Cumberland,  Ayrshire,  Glaujor- 
ganshire,  Devon,  Cornwall,  North  Ireland,  Spain, 
j)arts  of  Germany,  on  the  shores  of  Lake  Superior, 
in  Missouri,  Ohio,  'I’ennessee,  and  Alabama  as  red 
hematite ; in  Norway,  Missouri,  and  Georgia  as 
mic.aceous  ore ; in  Elba  as  specular  ore.  It  vaiies 
in  specific  gravity  from  4'o  to  5’3,  and  is  characterized 
by  tlie  deep  red  .streak  which  its  powder  gives.  It  is 
u.sually  comparatively  free  from  phosphorus  .and 
sulphur,  and  on  this  account  is  the  ore  most  fre- 
quently used  for  m.aking  Bessemer  iron  ; but  this  is 
not  always  the  case,  .as  a sample  of  red  hematite 
from  the  North  of  Spain  conUiins  over  3 per  cent, 
phosphoric  .acid,  .and  amongst  some  of  the  Cumber- 
liind  ores  masses  of  pyrites  occasionally  occur.  It 
sometimes  occurs  in  veins,  often  very  large,  as  in 
Missouri  and  the  I>ake  Superior  district ; sometimes 
in  enormous  pockets  in  the  limestone,  as  in  Cumber- 
land and  Ijuicashire;  and  occasionally  forms  a true 


bedded  deposit,  as  in  ALabama,  where  it  lies  in  a bed 
over  100  feet  thick  .above  the  Devonian  limestone 
and  below  the  coal,  dipping  .at  an  angle  of  .about  10°, 
and  extending  over  miles  of  country.  Its  mode  of 
formation  in  Cumberland  and  L.ancashire  is  a dis- 
puted point,  but  the  most  generally  accepted  theory 
is  that  it  was  deposited  from  suspension  in  water. 
There  are  some  indications  of  its  h.aving  been  pre- 
cipitated from  solution  in  particular  cases.  Many 
inst.ances  have  been  noticed  where  the  deposit  is 
evidently  a drift  material,  possibly  the  accumul.ation 
of  the  denuded  veins  of  older  deposits.  G.  J.  Snelus 
possesses  a curious  specimen  from  Missouri,  showing 
the  passiige  of  spathose  into  specuhar  ore.  This 
would  probably  be  due  to  the  .action  of  intense  heat 
accompanied  by  oxidation.  In  the  Cumberland 
district  in  the  vicinity  of  the  ore  deposits,  cases  are 
very  numerous  where  the  oxide  of  iron  passes  into 
and  appears  to  saturate  the  adjacent  limestone  or 
sandstone, givingrise to  theideathat  theiron  h.ad  been 
in  solution,  and  had  permeated  the  adjacent  rocks 
and  there  been  precipitated.  Red  sandstone  contains 
a notable  quantit}'  of  ferric  oxide,  apparently  pre- 
cipitated in  this  imp.alp.able  form ; and  it  is  a curious 
fact  that  in  Cumberland  the  best  deposits  of  ore  are 
generally  found  where  the  limestone  and  red  sand- 
stone are  contiguous.  In  the  Cumberland  district 
the  deposits  are  classified  as  hard  and  soft  ores,  the 
former  occurring  in  rocky  masses  impregnated  with 
veins  of  csirbonate  of  lime  and  crystals  of  quartz;  the 
latter  forming  deposits  of  fine  soft  e.arthy  material, 
often  very  unctuous  to  the  touch  and  very  rich, 
j Further  south  the  Lancashire  deposits  are  mostly  of 
this  soft  e.arthy  kind,  and  generally  contain  more 
oxide  of  m.anganese  and  silica  than  the  Cumberland 
ores.  These  ores  being  dense  and  impervious  to  gas 
are  not  easy  of  reduction,  but  being  generally  ver^' 
rich  can  be  smelted  with  a compiaratively  small 
quantity  of  fuel  (see  Table  L). 

2.  Mmjnetite,  or  Magnetic  Ore,  often  occurs  crystal- 
lized in  beautiful  octohedra.  It  is  also  an  abundant 
ore  most  widely  diffused,  and  generally  occurs  in 
veins,  but  sometimes  in  enormous  quantities  like 
sand,  fis  in  Canada  and  New  Zealand.  These  sands 
i .are  generally  titaniferous.  The  massive  ore  occurs 
in  A’orkshire,  North  Wales,  Devonshire,  Norway, 
Sweden,  Lapland,  Russia,  France,  Germany,  Spain, 
Portugal,  Italy,  Greece,  north  coast  of  Africa,  New  Jer- 
I sey,  districtof  Lake  Superior,  Mexico,  Brazil.  Australia, 

! New  Zealand,  Northern  India.  It  is  not  plentiful  in 
I England,  but  is  the  principal  ore  of  Norw.ay,  Sweden, 

I Russia,  New  Jersey,  and  India.  It  is  a dense,  iron- 
black  ore,  magnetic  and  olten  highly  pol.ar,  the  cry- 
stals possessing  semi-metallic  lustre.  Specific  gravity, 
4'9  to  5'2.  It  is  generally  more  difficult  of  reduction 
than  ferric  oxide,  being  even  less  porous,  though 
when  compo.sed  of  ni.asses  of  aggregated  small  cry- 
stals, as  is  the  case  with  the  ISlarbella  ore,  it  disin- 
tegr.ates  under  the  influence  of  heat  and  a reducing 
atmosphere.  It  sometimes  occurs  free  from  sulphur 
and  phosphorus,  but  often  contains  a large  excess  of 
phosphoric  acid,  .and  is  frequently  mi.xed  with  iron 
pyrites  (see  Table  II.). 
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3.  Broicn  Iron  Ore,  brown  hematite,  limonite, 
bog-irou  ore,  and  turgite.  are  varieties  of  hydrated 
ferric  oxide.  It  generally  results  from  the  oxida- 
tion of  the  carbonate  of  iron.  It  occurs  in  the 
more  recent  formation  in  beds,  but  in  the  primary 
rocks  as  veins,  often  forming  the  gossan  of  copj>er 
lodes.  It  occurs  largely  in  Northampton,  Lincoln, 
Gloucestershire,  Oxfordshire,  Belgium,  France, 
Spain,  Portugal,  North  and  South-west  Germany, 
north  coast  of  Africa,  Tennessee,  and  Alabama. 
In  point  of  purity  it  is  most  variable,  the  deposits 
in  Northampton  and  Lincoln,  evidently  changed 
carbonate  of  iron,  are  highly  phosphoric,  while 
the  enormous  deposits  of  the  north  and  south  of 
Spain  and  north  of  Africa  are  generally  free 
from  this  deleterious  ingredient.  Hence  these  last 
deposits  are  now  being  very  extensively  opened 
out  to  supply  smelters  with  a substitute  for  Cum- 
berland hematite,  hitherto  exclusively  used  for  mak- 
ing Bessemer  pig.  Large  deposits  of  great  purity 
occur  in  Alabama  as  true  brown  hematite.  No  ore 
varies  so  much  in  its  characteristics.  It  is  brown, 
yellow,  or  red,  seldom  massive,  and  often  cindery 
in  appearance.  Being  genera'ly  very  porous  and  a 
hydrate,  it  is  very  easy  of  reduction  ; but  is  often 
mixed  up  with  large  quantities  of  earthy  matter, 
sometimes  sandy,  and  sometimes  full  of  carbonate  of 
lime.  Bi’own  ores  are  rarely  free  from  phosphorus, 
except  when  they  result  from  the  peroxidation  of 
spathose  ore  (see  Table  III.). 

4.  Curhonute  of  Iron  is  very  widely  diffused.  It 
sometimes  occurs  comparatively  pure,  when  it  is 
termed  spathose,  sparry  ore,  or  siderite,  and  is  fre- 
quently well  crystallized  in  rhombohedra ; but  it  is 
generally  found  massive  in  veins,  which  are  often  of 
great  thickness.  'I'his  variety  is  found  in  Cumberland 
(Alston  Moor),  Durham  (IVeardale),  Glamorgan- 
shire, Somerset,  Devon,  Cornwall,  Isle  of  Man, 
Styria,  Carinthia,  Westphalia,-  Anhalt,  Pyrenees  and 
Basque  provinces,  and  south  of  Spain.  It  is  very 
frequently  associated  with  carbonate  of  manganese, 
and  when  this  is  present  it  rapidly  loses  its  pink- 
white  colour,  and  turns  brown,  from  peroxidation 
on  exposure  to  moist  air.  It  often  happens  that  the 
top  part  of  a vein  is  found  to  be  brown  ore,  and  the 
lower  part  sjmthose ; the  former  being  evidently 
produced  by  the  oxidation  of  the  carbonate.  Car- 
bonate of  magnesia  is  sometimes  associated  with 
this  variety  in  large  quantity.  Spathose  occurs  most 
frequently  in  the  older  rocks,  from  the  carboniferous 
downwards.  Enormous  quantities  of  an  impure 
carbonate  occur  as  a bedded  deposit  in  the  lias  of 
Yorkshire.  This  has  given  rise  to  the  largest  pig-iron 
producing  district  in  the  world,  that  of  Cleveland. 
The  development  has  taken  place  at  a most  rapid 
rate,  and  last  year  (1876J  the  production  of  pig  iron 
reached  the  enormous  quantity  of  over  2,000,000 
tons.  The  ore  is  of  a greenish-grey  colour,  and 
coarse  sandy  nature.  Somewhat  similar  ore  occurs 
in  the  oolite  of  Northampton  and  Oxfordshire; 
but  in  these  districts  it  appears  to  have  under- 
gone almost  complete  peroxidation.  It  not  un- 
frequently  happens  that  masses  are  met  with  in 


Northamptonshire  which  appear  to  have  undergone 
curious  metamorphoses.  In  the  centre  of  a large 
block  of  brown  ore  there  will  be  found  a r/reen  core, 
having  the  form  of  dogtooth  spar,  and  consisting  of 
this  impure  carbonate  of  iron.  It  would  thus  seem 
probable  that  carbonate  of  lime  had  first  been  formed, 
then  a pseudomorph  of  carbonate  of  iron,  and  lastly 
(by  peroxidation),  brown  iron  ore. 

Probably  the  most  widely  diffused  variety  of  car- 
bonate of  iron  is  that  known  as  clay  iron  stone,  in 
consequence  of  its  generally  occurring  in  the  clny 
bands  of  the  coal  measure.s.  Sometimes  it  is  found 
in  bands,  but  more  frequently  in  nodules,  or  “ iron 
stones.”  The  composition  of  these  clay  ironstones 
varies  very  greatly,  but  each  particular  band  is  toler- 
ably constant.  This  ore  has  formed  the  basis  of  the 
iron  industry  of  Great  Britain  for  the  last  century. 
One  variety  is  found  to  be  mixed  up  with  a large 
quantity  of  carbonaceous  matter,  and  is  hence  termed 
“black  band,”  from  its  glossy  black  colour.  Clay- 
band  ironstone  is  generally  of  a dark  bluish-gray 
colour.  These  varieties  occur  more  or  less  in  most 
coal  formations;  but  they  are  particularly  important 
in  Scotland,  Warwickshire,  Staffordshire,  Soutli 
\ Yorkshire,  and  South  Wales.  It  also  occurs  in 
Shrojisliire,  North  Wales.  Belgium,  West[)halia, 
France,  Maryland,  Virginia,  Kentucky,  Pennsyl- 
vania, Ohio,  Indiana,  Tennessee,  and  Alabam.a. 

While  the  ores  previously  named  are  generally 
smelted  in  tlieir  raw  state,  the  varieties  of  carbonates 
are  usually  roasted  and  converted  into  higher  oxides  by 
a preliminary  process.  The  spathose  ores  are  gener- 
ally moderately  free  from  phosphorus  and  sulphur, 
and  yield  a very  pure  iron ; the  clay  ironstones  of 
the  coal  measures  yield  a pig  iron  containing  about 
half  of  1 per  cent,  of  j)hosphorus  and  sulphur;  while 
the  Cleveland  stone  is  very  rich  in  phosphoric  acid, 
and  produces  a pig  with  from  Ij  to  IJ  per  cent, 
phosphorus.  These  ores  after  roasting  are  porous 
and  easy  of  reduction ; but  the  variation  in  the 
gangue  which  they  are  mixed  up  with  is  very  con- 
siderable, and  requires  careful  attention  from  the 
iron  smelter  (see  Table  IV.). 

Modes  of  Extracting  Iron  from  its  Ores.— In 
order  to  produce  metallic  iron,  it  is  necessary  to  sub- 
ject the  ore  to  heat  in  a reducing  atmosphere.  This 
the  ancients  and  all  primitive  workers  in  iron  effected 
by  embedding  the  ore  in  a mass  of  fuel,  generally 
charcoal ; and  in  order  to  facilitate  the  operation 
adopted  various  plans  to  produce  a draught,  so 
as  to  urge  the  heat.  The  most  simple  jilan  would 
evidently  be  to  scoop  out  a deep  hole  in  the  side  of 
a bank,  so  as  to  form  a chamber  for  holding  the  fuel 
and  ore,  and  so  placing  the  openings  at  the  bottom 
for  the  admission  of  air  that  the  best  draught  could 
be  obtained.  This  plan  is  even  now  followed  in 
Burmah,  no  artificial  blowing  power  being  used. 
The  furnaces  are  10  or  12  feet  high,  and  the  air  is 
admitted  through  clay  tubes  inserted  in  the  bottom 
of  the  chamber.  The  clay  tubes  are  made  by  mould- 
ing clay  around  pieces  of  stick,  drying,  and  burn- 
ing them.  After  the  furnace  has  been  heated  up, 
charges  of  charcoal  and  ore  are  put  in,  until  the 
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furnace  is  full.  It  is  then  allowed  to  burn  for  about 
twenty-four  hours,  and  small  openin"s  are  made  at 
the  bottom  from  time  to  time  to  allow  the  slag  to 
flow  away;  and  when  the  whole  has  burnt  down  an 
opening  is  made  at  the  bottom,  and  the  crude  lump 
of  malleable  iron  drawn  out.  The  inhabitants  on 
the  west  coast  of  India,  the  Deccan,  and  Carnatic 
go  a step  further,  and  make  a chamber  purjiosely  of 
tempered  clay  2 to  4 feet  high,  generally  circular  in 
form,  from  10  to  1.5  inches  diameter,  with  two  open- 
ings in  the  bottom,  one  for  the  blast,  and  the  other 
to  remove  the  cinders  and  lump  of  iron ; while 
they  also  supply  an  artificial  blast  from  a crude 
bellows  made  out  of  the  skin  of  a kid  or  goat.  Two 
earthen  twyers,  12  inches  long  and  1 inch  diameter, 
are  inserted  in  one  side  of  the  furnace,  and  con- 
nected w'ith  separate  bellows.  The  furnace  is  h.alf 
filled  with  charcoal,  a fire  kindled  on  it,  and  when 
the  fire  has  burnt  (loiai  sufficiently,  the  ore  and  char- 
coal are  charged  on  top,  and  the  blast  kept  up  till 
the  whole  has  burnt  down,  which  takes  four  to  six 
hours.  The  front  of  the  furnace  is  then  removed, 
and  the  lump  of  iron  withdrawn.  The  inhabitants 
of  Central  India  and  the  Xorth-w'estern  Provinces 
make  the  furnace  rather  larger,  form  the  iron  into  a 
ball  in  the  furnace,  by  means  of  an  iron  bar  worked 
through  the  toj),  and  then  draw  the  ball  out  with  a 
pair  of  tongs.  In  this  way  the  furnace  can  be  worked 
continuously,  and  six  lumps  of  iron,  about  20  lbs. 
each,  are  obtained  in  the  day  of  sixteen  hours.  This 
variety  is  in  reality  the  type  of  the  Catalan  furnace 
of  the  south  of  France  and  north  of  Spain,  and  was 
jirobably  the  kind  of  furnace  used  by  the  Romans. 
Similar  furnaces  are  used  by  the  Hottentots  of 
Southern  Africa.  The  Catalan  furnaces  gradually 
developed  themselves  into  a four-sided  cavity ; one 
side  sloping  off  to  afford  facility  for  working  the 
iron,  the  blast  passing  through  a twyer  inserted  in 
the  opposite  side.  'I  he  twyer  was  a conical  tube  of 
copper.  Bellows  were  first  used  to  sujiply  the 
blast;  but  ultimately  water  power  was  applied  to 
generate  a blast,  by  means  of  the  apparatus  termed 
a trompe. 

The  lump  of  iron  obtained  from  the  Indian  fur- 
naces is  shaped  and  worked  upon  a small  flat  jriece  of 
iron  forming  an  anvil,  with  hand  hammers;  but  as 
larger  lum2>s  were  obtained  heavier  hammers  were 
required,  and  strong  levers  with  a heavy  mass  of  iron 
at  one  end  were  used;  these  being  lilted  by  means 
of  cams  on  a wheel,  which  was  driven  by  water- 
power. The  Catalan  form  of  furnace,  or  “ bloomery,” 
as  it  was  termed,  gradually  increased  in  height  till 
the  (lerman  “Stiickofen,”  or  “high  bloomery”  was 
obtained ; and  as  these  got  higher,  conditions  became 
favourable  for  the  production  of  cast  iron,  which  was 
first  considered  an  annoyance  to  the  smelter,  but 
subsequently  became  liis  chief  product.  For  a time 
malleable  iron  and  cast  iron  were  made  in  the  same 
furnace  by  modifications  of  the  plan  of  working;  but 
when  cast  iron  became  the  chief  product,  subsequent 
processes  were  rendered  necessary  in  order  to  pro- 
duce malleable  from  cast  iron.  Many  attempts  have 
been  made  to  get  back  to  the  ancient  direct  plan  of 


making  malleable  iron  from  the  ore,  but  so  far  none 
have  been  thoroughly  successful.  Clay  endeavoured 
to  reduce  ore  in  retorts  by  heating  a mixture  of  rich 
hematite  ore  with  one-fifth  its  weight  of  charcoal, 
coke,  coal,  &c.  His  patents  bear  date  18.37  and 
1840.  Quite  recently  this  plan  has  been  revived  by 
Larkin,  who  thus  reduces  the  finest  magnetic  ore, 
then  separates  the  metallic  product  by  a magnet,  and 
melts  it  up  in  crucibles  with  an  admixture  of  spiegel- 
eisen  to  form  steel.  The  product  obtained  is  of 
excellent  quality,  and  possibly  for  such  high-priced 
steel  the  jirocess  may  pay ; but  Clay  soon  found  it 
would  not  pay  to  make  common  iron  in  this  way. 
He  then  attempted  to  effect  the  reduction  of  ore  in 
the  pudaling  furnace,  and  above  lO'lO  tons  of  bar 
iron  were  made  in  a small  forge  at  Workington  by 
this  process;  but  the  amount  of  waste,  and  the  cost 
of  fuel  and  labour  combined  with  the  sm.all  yield,  was 
so  great  that  it  ended  in  a commercial  failure.  A 
somewhat  similar  process  was  tried  at  Cincinnati  and 
Newark  by  Renton,  which  also  ended  in  failure. 
Chenot,  at  Clichy-la-Garenne,  Baracaloo,  near 
Bilbao,  and  several  other  places,  carried  out  the 
direct  formation  of  metallic  iron  from  the  ore  on  a 
large  scale  for  some  years,  from  1846  to  186.5.  His 
reducing  furnace  consisted  essentially  of  a number 
of  vertical  rectangular  chambers,  or  retorts,  heated 
by  outsi/k  flues,  and  widening  towards  the  bottom  to 
facilitate  the  descent  of  the  charge.  Two  methods 
of  effecting  reduction  were  tried;  first,  the  ore  was 
mixed  with  carbonaceous  material  to  deprive  it 
of  its  oxygen  ; secondly,  the  reduction  was  effected 
by  a current  of  hot  carbonic  oxide,  this  gas  being 
generated  in  a separate  producer  by  blowing  air 
through  charcoal.  The  reduced  material  was  dropped 
into  a close  waggon  by  a special  arrangement  for 
preventing  access  of  air.  The  metallic  sponge  thus 
obtained  was  balled  in  a charcoal  hearth,  and  a very 
fine  soft  iron  was  thus  obtained,  but  at  a great  cost. 

Various  other  attempts  have  been  made  in  the 
same  direction,  and  many  feasible  plans  have  been 
suggested,  but  not  tried.  Among  these  latter  may 
rank  the  plan  patented  by  Henderson  of  Glasgow, 
and  afterwards,  but  quite  independently,  by  G.  J. 
Snelus,  which  consisted  in  reducing  the  ore  to  a fine 
powder,  and  after  drying  and  mixing  with  reducing 
material,  allowing  it  to  fall  through  the  form  of  fur- 
nace known  as  the  “ Gherstenofer,”  the  chamber 
being  either  heated  externally,  or  else  by  heated 
carbonic  oxide  gas.  The  Gherstenofer  furnace  is  a 
vertical  brick  chamber,  conttiining  a number  of  hori- 
zontal angular  bearers  in  series  one  above  the  other, 
so  arranged  that  the  ore  fed  in  at  the  top  is  inter- 
cepted in  its  course,  and  drops  from  bearer  to  bearer 
to  the  bottom.  The  original  furnace  has  been  used 
very  successfully  for  calcining  copper  pyrites,  and  it 
was  thought  that  by  keeping  the  chamber  filled  with 
a reducing  atmosphere  in  place  of  an  oxidising  one 
metallic  iron  would  readily  be  formed.  Experiments 
made  some  years  ago  proved  that  under  favourable 
conditions,  i.c.,  with  very  finely  divided  material,  and 
in  a good  reducing  atmosphere,  oxide  of  iron  could 
be  reduced  in  a minute  or  two,  and  at  comparatively 
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low  temperatures.  Tlie  process  suggested  would  be 
a continuous  one,  cheaply  worked,  and  capable  of 
dealing  with  considerable  quantities  of  material  in  a 
short  time.  It  may  yet  be  worked  out  to  a success. 
The  reduced  iron  would  be  in  the  form  of  a fine 
powder,  and  would  require  to  be  compressed,  and 
then  melted  up  in  a Siemens  or  other  furnace. 


The  most  recent  attempts  at  producing  iron  direct 
from  the  ore  have  been  made  by  Blair  of  Pittsburg. 
Ireland  is  now  attempting  to  introduce  his  plan 
into  this  country.  The  following  is  a description  of 
this  modification  of  Chenot’s  ideas: — A is  the  cham- 
ber, in  which  the  ore  is  placed  in  medium  sized 
lumps,  being  charged  through  the  hopper,  b is 

Fig.  1. 


the  gas  producer,  charged  with  coal  through  the 
hopper,  g ; o,  o,  o,  are  openings  for  admission  of  air, 
which  is  drawn  in  by  the  action  of  the  steam  jet,  m ; 
k k IB  a.  water  casing  to  assist  in  cooling  the  reduced 
ore  before  drawing  it  at  the  door,  n;  e is  the  gas 
main,  and/ a valve  for  allowing  a portion  of  the  gas 
to  pass  into  the  producer,  so  as  to  prevent  it  work- 
ing too  fast. 


A very  curious  mode  of  reducing  iron  ore,  and  at 
the  same  time  refining  pig  iron,  was  tried  in  this 
country  some  eight  years  ago  by  Blair,  who  had 
been  working  it  previously  in  the  United  States.  It 
was  called  the  Ellershausen  process  from  its  inventor, 
and  consisted  in  mixing  molten  pig  iron  in  layers 
(sandwich  fashion)  with  iron  ore,  and  then  subjecting 
the  sandwich  to  heat.  This  caused  the  ore,  carbon. 
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and  silicon  in  the  pig  to  react  upon  each  other,  and 
while  the  carbon  and  silicon  were  oxidised  the  ore 
was  reduced,  and  the  mass  thus  became  malleable 
iron.  The  product  obtained,  however,  was  very 
irregular,  the  operation  wasteful,  and  it  was  soon 
abandoned. 

This  process  is  to  some  extent  similar  in  principle 
to  the  Uchatius  process  of  steel  making,  which 
created  considerable  stir  at  the  Paris  Exhibition  in 
1855.  By  this  plan  granulated  pig  iron  and  iron 
ore  were  melted  together  in  certain  proportions,  in 
crucibles.  The  carbon  and  silicon  in  the  iron  were 
burnt  out  by  the  oxygen  of  the  ore,  and  steel,  more 
or  less  hard,  was  the  result.  The  process  failed  in 
most  places,  because  the  effects  of  phosphorus  and 
sulphur  were  not  then  well  known.  It  was,  how- 
ever, carried  on  for  some  years  at  Wykmanshyttan, 
in  Sweden,  where  very  pure  pig  iron  and  magnetic 
ore  were  used.  The  manufacture  is  costly  when 
the  melting  is  conducted  in  pots ; but  the  Landore 
Steel  Company  have  made  the  plan  a practical  success, 
by  melting  the  pig  iron  and  ore  upon  the  open 
hearth  of  the  regenerative  furnace.  The  further 
consideration  of  tliis  plan  must  be  reserved  for  the 
article  on  Steel,  as  it  can  scarcely  be  deemed  a direct 
method  of  obtaining  iron.  Dr.  Siemens  has,  how- 
ever, invented  another  plan  of  getting  at  this  much 
to  be  desired  object.  lie  has  been  w'orking  at  the  sub- 
ject for  some  years  past,  and  the  plans  are  now  fairly 
j)erfected.  The  furnace  (see  Plates  II.  and  III.  of 
article  Fuel)  consists  of  a wrought-iron  drum,  10 
feet  long  by  8 feet  C inches  in  diameter  inside,  is 
mounted  on  four  antifriction  rollers,  and  by  means 
of  a small  engine  can  be  rotated  quickly  or  slowly 
as  desired.  The  drum  is  lined  inside  with  2^  inches 
ordinary  firebrick,  and  the  ends  with  bauxite  bricks. 
Roll  scale  is  melted  on  the  bricks  and  allowed  to  set 
in  flats  round  the  drum,  until  a lining  from  4 to  6 
inches  thick  is  formed. 

The  source  of  heat  is  the  usual  Siemens’  pro- 
ducers, with  two  gas  and  two  air  regenerators. 
The  extremities  of  the  cylindrical  rotative  chamber 
are  closed,  with  the  exception  of  the  central  portion, 
4 feet  in  diameter;  the  one  on  the  side  of  the  regener- 
ators serves  for  the  introduction  of  the  heated  gas 
and  air,  as  well  as  for  the  exit  of  the  products  of 
combustion,  and  the  other  facing  the  working  plat- 
form is  closed  by  a door  hung  in  the  usual  manner. 
The  passage  for  the  introduction  of  gas  and  air 
from  the  regenerators  is  separated  by  a vertical 
diametrical  wall,  15  inches  thick,  from  the  passage 
tlirough  which  the  products  of  combustion  pass 
away,  the  gas  and  air  being  reversed  in  the  ordinary 
way.  A tap-hole  is  provided  at  the  front  of  the  fur- 
nace, on  a level  with  the  lining,  for  discharging  the 
slag  into  a cave  below,  where  it  is  received  into  com- 
mon slag  bogies. 

The  charge,  consisting  of  a mixture  of  ores,  lime- 
stone, and  coal,  is  broken  up,  by  means  of  a crushing 
mill,  into  small  fragments  about  the  size  of  peas,  and 
well  mixed  togetlier.  This  is  then  thrown  into  the 
furnace  by  means  of  scoops.  As  soon  as  the  charge 
is  in,  the  damper  is  shut  down,  the  gas  and  air  are 
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completely  shut  off,  and  the  furnace  slowly  rotated 
until  the  hydrocarbons  are  nearly  burnt  off ; then  the 
gas  and  air  are  gradually  turned  on  and  the  mass  is 
thoroughly  heated.  The  coal  combines  with  the 
oxygen  of  the  ore,  which  is  formed  into  a lower 
oxide  (FcgOg  -h  C = 2FeO  + CO),  and  this  again 
becomes  reduced  to  metiillic  iron  when  it  comes  in 
contact  with  more  coal  (FeO  -b  C = Fe  + CO),  whilst 
the  silica  of  the  ore  combines  with  ferrous  oxide 
and  lime  to  form  a fusible  slag.  During  this  last 
reaction  a minimum  amount  of  gas  and  a maximum 
quantity  of  heated  air  are  admitted  into  the  furnace. 
A great  economy  of  heat  is  thus  effected,  as  the  car- 
bonic oxide  which  is  being  evolved  combines  with 
the  oxygen  of  the  air  and  gives  out  an  intense  heat, 
forming  carbonic  acid.  When  this  reaction  is  nearly 
completed  the  amount  of  gas  entering  the  furnace  is 
gradually  increased,  and  only  enough  air  is  admitted 
to  form  a complete  combustion  with  the  gas.  A 
great  heat  is  thus  obtained,  and  the  slag  becomes 
perfectly  liquefied ; the  rotator  is  then  stopped  in 
a suitable  position,  and  the  slag  is  tapped  off.  The 
rotator  is  again  set  in  motion,  and  the  particles  of 
spongy  metallic  iron,  on  coming  in  contact  with  one 
another,  adhere  together  and  form  into  six  or  eight 
balls,  which  are  grasped  by  means  of  large  tongs  and 
lifted  out  of  the  front  orifice,  carried  to  a steam 
hammer,  and  shingled  in  the  usual  way  of  consoli- 
dating puddled  balls. 

A few  rough  lumps  of  any  very  refractory  ore  are 
then  thrown  in  the  bath  of  cinder  which  has  formed 
at  the  bottom  of  the  furnace,  and  these  are  allowed 
to  set  so  as  to  make  the  lining  as  rugged  as  possible, 
the  charge  being  thus  turned  over  more  effectually 
than  by  a smooth  surface.  So  the  furnace  really  is 
self-fettling,  and  the  lining  can  be  kept  any  thickness 
without  much  trouble.  As  soon  as  the  lumps  and 
cinder  have  set,  the  furnace  is  ready  for  another 
charge.  The  time  occupied  by  a charge  is  about 
three  hours,  and  six  or  seven  charges  can  conveni- 
ently be  made  in  twenty- four  hours.  The  loss  of 
iron  has  been  found  to  be  about  20  per  cent.,  and  the 
iron  produced  is  almost  chemically  pure,  though  the 
ores  and  fuel  may  contain  large  amounts  of  phos- 
phorus and  sulphur. 

Up  to  the  present  time  the  blast  furnace  has 
afforded  the  only  means  of  reducing  iron  upon  the 
large  scale  economically.  Essentially  the  blast 
furnace  consists  of  a vertical  chamber,  somewhat 
like  a barrel  on  end,  but  very  tall  in  proportion  to 
its  diameter.  The  ore,  fuel,  and  a flux  are  charged 
into  the  top.  and  air  is  blown  in  through  apertures 
near  the  bottom.  A hole  at  the  bottom  serves  for 
drawing  off  the  molten  iron,  and  one  a little  higher 
up  for  the  slag.  Great  modifications  have  taken 
place  in  the  size  and  slnape  of  blast  furnaces  during 
the  present  century,  the  object  being  to  increase  the 
production  per  furnace,  and  to  reduce  the  quantity 
of  fuel  required  for  the  process  (see  Plate  II.). 
The  discovery  of  the  effect  of  heating  the  blast  was 
made  by  Neilson,  and  the  economy  in  fuel  thereby 
produced  has  led  to  a constant  increase  in  its  tem- 
perature, until  it  is  now  often  used  red-hot.  The 
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short  stroke.  In  a modified  form  of  this  type  the 
cylinders  are  jdaced  side  by  side,  and  the  piston  rods 
joined  to  a cross  head. 

'I'he  following  description  (Fig.  2,  Plate  IT.)  will  serve 
to  explain  the  principal  parts  of  a blast  furnace  : — h is 
the  crucible  or  well  of  the  furnace.  The  bottom  of  this 
is  termed  the  hearth.  The  furnace  gradually  widens 
out  above  the  crucible,  forming  an  inverted  cone, 
the  sides  of  which,  </,  are  termed  the  boslies.  There 
has  been  very  great  variation  in  the  steepness  of 
these  sides,  or  “angle  of  the  bosh.”  Formerly  they 
were  very  flat,  making  an  angle  of  about  4.5°  with 
the  horizontal ; but  the  modern  tendency  is  to  make 
them  much  steeper — up  to  an  angle  of  75°  or  80°. 


The  top  of  the  boshes  is  the  widest  point  in  the 
furnace,  and  the  tenn  “ diameter  of  the  bosh  ” is 
understood  to  mean  diameter  at  this  point.  From 
the  top  of  the  bosh  the  furnace  gradually  narrows 
into  the  mouth,  h.  The  mouth  of  the  furnace  is  now 
usu.  lly  closed  by  a cup  and  cone  of  iron,  the  cone 
being  su.spended  below  the  cup,  so  that  by  lowering 
the  former  an  annular  space  is  left  for  the  materials 
to  pass  into  the  furnace.  AVhen  the  cone  is  drawn 
I up,  it  closes  the  aperture  in  the  cup  completely, 

I and  an  opening  is  therefore  left  in  the  side  of 
' the  furnace  below  the  cup  for  the  escape  of  the  gases 
' going  off  from  the  furnace.  As  these  gases  contain 
, a large  portion  that  is  combustible,  they  are  led  off 


heating  of  the  blast  requires  a separate  ajiparatus, 
which  is  termed  a stove.  The  hot-blast  stoves 
have  also  undergone  great  modifications,  until  now 
they  take  up  more  room  and  are  about  as  costly  as 
the  furnace  itself. 

Ihe  blast  engines  of  the  present  day  are  very 
perfect  contrivances,  and  frequently  run  from  year’s 
end  to  year’s  end  -without  stopping.  Three  distinct 
types  are  recognized : — 

1.  The  heum  engine,  which  is  illustrated  by  Figs. 
2 and  3,  and  Plate  I.  It  will  be  seen  from  this  that 
a heavy  reciprocating  beam,  o.  moved  by  the  piston 
rod,  I,  of  steam  cylinder,  c,  on  one  side,  moves  the 


piston  of  a larger  cylinder,  </,  on  the  other  side,  in 
which  the  blast  is  raised  to  the  required  pressure. 

2.  The  grasshopper  engine.  In  tliis  type  the 
beam  is  supported  at  one  end  by  a vibrating  arm, 
and  at  the  other  end  it  is  joined  to  the  piston  rods 
of  the  steam  and  blast  cylinders,  the  two  cylinders 
being  in  line  with  the  beam. 

3.  The  vertical  engine.  This  type  is  largely  used  in 
the  Middlesborough  district.  The  beam  is  dispensed 
with,  the  two  cylinders  are  placed  vertically  one 
above  the  other,  and  the  piston  rods  are  made  con- 
tinuous. This  engine  can  be  run  at  higher  speeds 
than  the  beam  engine,  but  it  has  the  defect  of  a 
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tlirough  tlie  “ gas  box,”  c,  and  “ down-corner,”  d,  to 
be  burnt  either  in  the  stoves  or  under  the  boilers. 
The  openings,  I /,  iu  the  top  of  the  crucible  are 
termed  tire  twver  rooms.  The  pipes  which  convey 
the  blast  into  the  furnace  are  termed  the  blast  mains. 
A circular  main,  hi,  surrounds,  or  partly  surrounds, 
the  furnace,  and  is  termed  the  horse-shoe  main. 
From  this  branches  de.scend  to  distribute  the  blast 
around  the  furnace.  The  ends  of  these  branches 
are  formed  in  separate  pieees.  The  portions  pro- 
jecting into  the  furnace  are  termed  the  twyers, 
and  the  next  piece  whieli  fits  into  these,  /,  is  termed 
the  swan  ueek  or  belly  piiie.  IVhen  hot  blast  is  used. 


the  twyers  have  to  be  kept  cool  by  water.  There  are 
several  metl.ods  of  doing  this.  The  coil  twyer  (Figs. 
4,  5)  consists  simply  of  a wrought-iron  tube  twisted 
into  a cone-shaped  spiral,  the  water  being  forced  in 
at  one  end  and  issuing  at  the  other.  The  spiral  is 
luted  on  the  inside  with  clay,  and  the  wrought-iron 
nose  of  the  twyer  is  forced  into  it.  Sometimes  cast 
iron  is  run  around  the  spiral,  thus  forming  a solid 
twyer,  wdth  a W'ater-coui  se  through  it.  The  water 
circulating  through  these  twyers  is  supplied  at  a 
considerable  pressure ; and  wlien  the  nose  of  the 
twyer  gets  burnt  off  (an  accident  that  very  often 
occurs),  the  water  forces  itself  into  the  furnace,  and 


occasionally  causes  a serious  explosion.  Frequently, 
however,  the  escape  of  water  into  the  furnace  does 
no  more  than  derange  the  working  of  the  furnace. 
'I'he  exact  cause  of  the  violent  explosions  which 
sometimes  occur  is  rather  obscure;  but  it  is  probably 
owing  to  a considerable  volume  of  water  entering 
the  furnace,  and  a sli[)  of  the  material  above  taking 
place  at  the  same  time,  some  molten  iron  falls  into 
the  water,  and  either  decomposes  it  into  oxygen  and 
hydrogen,  which  afterwards  reunite,  or  else  produces 
instantaneously  a large  volume  of  steam.  The  sharp 
nature  of  the  report  favours  the  first  view ; and  it 
is  well  known  that  when  molten  steel  falls  into 


[ water,  the  explosion  is  still  more  violent,  and  no 
large  volume  of  steam  appears  to  be  disengaged. 
At'hen  water  is  run  on  to  molten  iron  or  steel,  no 
I violent  explosion  takes  place,  although  plenty  of 
steam  is  generated. 

As  it  is  most  important  not  only  to  prevent  explo- 
sions, but  also  to  guard  against  the  derangement  of 
the  furnace,  it  is  obviously  advisable  to  use  twyers 
thfit  are  not  subject  to  this  defect.  Lloyd’s  patent 
spray  twyer  (Fig.  G)  fortunately  overcomes  the 
difficulty. 

There  is  considerable  difference  of  opinion  as  to 
the  best  number  of  twyers  for  a furnace.  In  prac- 
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tice  they  generally  vary  from  three  to  eight.  Five 

iron,  the  other  higher  up,  for  running  off  the  slag. 

is  by  far  the  most  usual  number.  It  is  important  to 

In  the  older  forms  of  furnaces  it  was  customary  to 

distribute  the  blast  evenly  and  sufficiently,  but  at 

leave  a considerable  opening  in  the  front  part  of  the 

the  same  time,  it  is  necessary  to  keep  a sufficient 

crucible,  and  to  make  a chamber  on  the  outside. 

volume  passing  through  each  twyer,  that  it  may 

which  was  termed  the  fore-hearth.  An  arch  was 

force  its  way  into  the  centre  of  the  furnace  and  not 

turned  over  the  opening,  termed  the  tymp  arch. 

creep  up  the  sides.  For  the  same  reason,  it  is  often 

and  a water-cooled  rectangular  casting  was  placed 

found  advisable  to  push  the  nose  of  the  twyer  well 

under  the  arch,  sometimes  horizontally,  and  some- 

into  the  furnace,  sometimes  as  much  as  12  inches 

times  with  its  flat  face  vertical.  I’his  was  termed 

from  the  brickwork.  The  size  of  the  twyeres  must 

the  tymp  plate.  The  front  part  of  the  fore-hearth 

be  regulated  to  the  volume  of  the  blast  which  they 

was  protected  by  a similar  water-cooled  plate,  termed 

are  to  carry  into  the  furnace.  Like  everything  else. 

the  dam  plate.  This  had  a notch  at  its  top  edge. 

the  tendency  has  been  to  increase  their  size.  For- 

termed  the  cinder  notch,  and  over  this  the  cinder 

merly  they  were  from  2^  to  3 inches  diameter;  now 

was  allowed  to  flow.  A hole  in  the  bottom  of  tlie 

5 inches  is  no  uncommon  size,  and  the  Solway  Com- 

dam  plate  formed  the  tap  hole  for  the  metal.  This 

pany,  when  making  the  very  large  quantity  of  over 

hole  was,  however,  frequently  put  on  one  side  of 

800  tons  of  Bessemer  iron  per  week  from  one  fur- 

the  dam  plate,  so  that  it  could  be  the  more  easily 

nace,  used  one  5^-inch  and  five  6j-inch  twyers. 

raised  if  the  furnace  was  working  badly,  and  the 

while  at  the  Lucy  Furnace,  Pittsburg,  8-inch  twyers 

material  setting  on  the  bottom  of  the  hearth.  The 

are  used. 

In  addition  to  the  openings  into  the  bottom  of  the 
furnace  for  twyers,  there  are  two  others,  one  at  the 
bottom  of  the  crucible  for  the  exit  of  the  molten 

Fig.  4. 

Fig.  5. 

and  were  laboriously  scraped  out  with  a long  iron 
scraper  after  each  tap|)ing.  In  modern  practice, 
even  where  the  fore -hearth  is  retained,  this  un- 
necessary and  wasteful  process  is  avoided,  the 

fore-hearth  was  usually  partially 

filled  up  with  ashes  after  each  f'W 

tapping,  which  lifted  as  the  mol- 

ten  slag  and  iron  accumulated, 

The  tap-hole  is  usually  stopped 
up  with  clay.  It  is  important  to  PI  |fl 

use  clay  for  this  purpose,  which,  | ‘ f I 

on  the  one  hand,  will  not  melt 

fore-hearth  being  covered  with  a covering  of  clay. 

too  easily,  and  on  the  other  does  not  bake  too  hard. 

which  , is  weighted  down,  and  the  slag  is  allowed 

A mixture  of  2 parts  fire  clay  and  1 of  small  coal 

to  flow  through  a small  hole  made  by  pushing 

ground  together  forms  a very  useful  black  stopping 

an  iron  bar  through  tlie  clay.  Luhrman  does 

clay,  which  rarely  if  ever  leads  to  “ hard  taps,”  as 

away  with  the  fore-hearth  altogether,  and  provides 

they  are  termed. 

two  separate  openings  in  the  crucible,  one  for  the 

In  order  to  get  at  the  twyers  easily,  the  super- 

exit  of  the  slag  at  a point  about  15  inches  below  tlie 

structure  of  the  furnace  is  supported  either  by  four 

twyers,  and  the  other  at  the  bottom  of  the  crucible 

or  five  brick  pillars  or  by  iron  columns.  A strong 

for  the  metal.  The  slag  hole  is  protected  with  a 

circular  iron  casting  (generally  made  in  segments)  is 

water-cooled  block,  having  a perforation  in  it  about 

placed  on  the  top  of  the  pillars  or  columns,  and  the 

6 inches  in  diameter,  and  into  this  is  placed  a smaller 

upper  part  of  the  furnace  rests  upon  this.  The 

water-cooled  block  of  brass,  having  a hole  in  it  just 

furnace  itself  is  built  of  the  best  fire  brick,  and  the 

large  enough  to  allow  the  slag  to  run  through  as 

upper  part  is  either  altogether  cased  with  three- 

fast  as  made.  This  is  a very  neat  arrangement,  and 

eighths  wrouglit-iron  casing,  or  is  braced  together 

answers  well.  Occasionally,  when  the  slag  gets  veiy 

by  a series  of  iron  hoops.  It  is  highly  important 

thick  from  containing  too  much  lime  or  alumina,  it 

that  the  bricks  used  for  the  lining,  at  least,  of  the 

will  not  flow  tlirough  the  small  hole,  and  the  little 

furnace,  should  be  free  from  oxide  of  iron,  as  it 

block  itself  has  to  be  removed  and  the  slag  allowed 

has  been  shown  by  Pattinson  and  Wood  that 

to  run  out  of  a temporary  hole  made  in  the  clay- 

carbonic  oxide  will  reduce  the  oxide  of  iron,  and 

stopping  put  in  its  place.  AVith  ordinary  care,  how- 

that  the  process  of  carbon  deposition  discovered 

ever,  this  does  not  often  occur. 

by  I.  L.  Bell  may  go  on  to  such  an  extent,  as 
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to  entirely  disintegrate  the  bricks  and  thus  destroy 
the  furnace. 

The  top  part  of  the  furnace  is  covered  in,  and  so 


expanded  as  to  form  a gantry,  giving  sufficient  room 
around  the  charging  hole  for  the  charging  barrows 


to  be  wheeled  conveniently.  The  charging  hole  is 
generally  protected  by  a cylindrical  structure  of  sheet 
iron  (sometimes  lined  with  brickwork),  termed  the 
tunnel  head.  Openings  in  this  admit  the  charging 
barrows  to  be  tipped.  In  England  these  charging 
barrows  are  usually  made  so  as  to  hold  about  5^ 
cwts.  coke  and  8 to  10  cwts.  of  ore  and  limestone, 
and  sufficiently  handy  for  one  man  to  wheel.  Figs. 
7 and  8 will  explain  themselves. 

At  Creuzot,  in  France,  much  larger  charges  are 
used,  and  the  trucks  are  run  right  over  the  charging 
cones,  and  the  bottoms  dropped. 

Hot  Blast. — Since  Neilson’s  discovery  of  the  use 
of  the  hot  blast  numerous  modifications  have  taken 
place  in  the  apparatus  used  for  heating  the  blast. 
The  apparatus  is  usually  termed  a “ hot-blast  stove,” 
and  two  forms  are  now  well  recognized.  The  oldest 
is  the  cast-iron  stove,  in  which  the  blast  is  heated  by 
p.assing  it  through  a series  of  iron  pipes,  which  are 
kept  at  a dull  red  temperature  by  either  a coal  fire 
or  by  burning  the  waste  gases  of  the  blast  furnace. 
'J'he  more  modern  or  fire-brick  stove  was  an  adapta- 
tion by  CowpEK  of  Siemens’  regenerative  principle. 
This  was  further  improved  by  Whitwell.  The  plan 
consists  in  using  two  or  more  air-tight  chambers 
lined  with  fire  brick,  and  with  an  arrangement  of 
loose  brickwork  in  the  interior,  so  disposed  that  the 
gases  which  are  burnt  at  one  point  give  up  most  of 
their  heat  to  the  brickwork  before  they  leave  the 
chamber.  When  the  brickwork  has  been  sufficiently 
heated  the  gas  is  stopped  off.  and  the  blast  admitted 
in  such  a v.'ay  that  before  leaving  the  stove  it  has 
passed  over  the  hot  brickwork  and  become  raised  to 
the  required  temperature.  While  one  stove  is  being 


Fig.  9.  Fig.  10. 


cooled  down  by  heating  the  blast  the  other  stove  is  ; iron  stoves  is  limited,  because  the  cast-iron  pipes  soon 
being  heated  up  to  be  in  turn  cooled  down.  The  I become  destroyed  if  the  heat  is  too  great.  A constant 
temperature  to  which  the  blast  ciin  be  raised  in  cast-  j temperature  of  about  1000°  Fahr.,  or  sufficient  to 
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keep  zinc  melted,  is  a very  good  result  from  cast-iron  present  time,  a is  the  gas  inlet;  6,  combustion  chain- 
stoves;  but  with  fire-brick  stoves  it  is  easy  to  get  ber;  c,  fire-place  for  use  when  coal  is  burned  ; r/,  cast- 

iron  pipes  through  which  the  blast  is 
passed ; e,  cold  blast  main  ; /,  hot 
blast  main.  Fire-brick  stoves  were 
first  patented  by  Cowrei:,  but  those 
of  WniTWEi.L,  whicli  are  more  easily 
cleaned,  are  most  in  favour.  Figs. 
11,  12,  lo,  and  14  represent  'Whit- 
well’s  stoves.  Fig.  11  is  a section 
through  A — I),  Fig.  12;  Fig.  12  a 
section  through  E — F.  Fig.  11 ; Fig.  13 
asection  through  C -D,  Fig.  12;  Fig. 
14  is  a plan,  a is  the  hot  blast  outlet ; 
B.  gas  inlet;  C,  combustion  chamber; 
D,  air  holes ; and  E,  cold  blast  inlet 
and  gas  outlet. 

Method  of  Collecting  the  Gas  from 
Blast  Ftiniaces. — 'N'arious  plans  of 
taking  off  the  gas  from  the  tops  of 
furnaces  have  been  devised ; but 
these  have  now  nearly  all  given  place 
to  the  cup  and  cone  arrangement. 
By  this  plan  the  top  of  the  furnace 
is  closed  in,  and  into  the  mouth  is 
fitted  a cast-iron  frustum  of  a cone, 
point  downwards.  Another  cone, 
point  ujipermost,  is  suspended  in  the 
opening  of  the  cup ; and  having  its 
base  slightly  larger  than  the  0[)ening 
in  the  cup,  it  is  capable  of  closing 
that  opening  altogether  when  drawn 
up.  The  materials  forming  the 
charge  are  tipped  into  the  cup,  and 
when  the  cone  is  lowered  they  fall 
1500°  to  1000°  of  heat.  The  accompanying  sketches  ' into  the  furnace  through  the  annular  space  between 
will  sufficiently  explain  the  leading  principles  of  the  i the  cup  and  the  cone.  They  thus  distribute  them- 
selves regularly  around  the  furnace, 
and  the  larger  lumps  naturally  roll 
into  the  centre.  This  is  a point  of 
extreme  importance,  because  by  so 
doing  the  centre  of  the  furnace  is 
kept  open  for  the  ascending  gases, 
which  conduces  greatly  to  the  regular 
working  of  the  furnace.  If  the 
lumps  are  all  allowed  to  fall  on  one 
side,  the  gases  will  work  up  that  side 
and  the  material  will  come  down 
most  irregularly,  producing  variable 
and  low  gra<les  of  iron.  The  furnace 
being  closed  against  the  escape  of 
gas  at  the  top  by  the  cone,  an 
opening  is  left  in  the  side,  and  an 
iron  box,  termed  the  “ gas  box,”  is 
fixed  at  this  point.  A large  wrought- 
iron  tube,  termed  the  “ down- 
comer,” is  joined  to  the  gas  box, 
and  the  gases  pass  off  through  the 
side  opening  in  the  furnace,  gas  box, 
and  down-comer  to  the  “gas  main  ” 
or  “culvert,”  to  be  utilized  at  the 
two  classes  of  stoves.  Figs.  9 and  10  are  those  ' stoves  or  boilers. 

designed  by  J.  Gjers,  which  are  much  used  at  the  i The  iron  cup  is  suspended  at  one  end  of  a balanced 
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iron  beam,  the  other  end  of  wliich  is  coupled  to  a j Dn/in(i  ami  Blmn'nf/  in. — After  a furnace  has  been 
winch  or  hydraulic  arrangement  by  which  it  is  lifted  | built  it  requires  very  careful  drying.  This  is  usually 

done  by  building  a fireplace  in  the 
crucible  (taking  c.are  to  protect  the 
crucible  bricks  from  the  fiercest  heat), 
and  keeping  a moderate  fire  burning 
continuously  for  two  or  three  months. 
When  quite  dry  a quantity  of  timber  is 
placed  in  the  crucible,  and  then  a few 
tons  of  coke,  after  whicli  a liglit  charge 
(tl  at  is,  one  in  which  the  coke  prejion- 
derates  over  the  ore)  is  added,  till  the 
furnace  is  nearly  full.  The  timber  is 
then  lighted  and  allowed  to  burn  up  very 
slowly,  the  bell  being  kept  carefully  open 
all  the  time,  until  tlie  steam  has  dis- 
appeared and  the  gas  “fires”  at  the  top 
o.f  the  furnace.  The  blast  may  then  be 
put  on,  and  when  the  gas  at  tlie  top  is 
burning  well  tlie  bell  may  be  closed. 

Method  o/' liai.shiif  Material  to  the  Tops  of 
Finiiaces. — At  some  old  works,  such  as 
Dowlais,  the  furnaces  are  built  against 
a steep  bank,  so  tl  at  the  materials  c 
be  wheeled  from  depots  on  the  bank 
direct  to  the  furnace  tops ; but  at  most 
works  some  plan  for  hoisting  the  material 
is  necessary.  The  most  simple,  and  pio- 
bably  the  cheapest  in  working,  is  a small 
pair  of  reversing  engines,  so  arranged 
as  to  give  motion  to  a small  driving 
pinion  which  is  coupled  to  a large 
tooth  wheel  placed  upon  the  same  shaft 
with  a couple  of  drums.  A wire  rope 
is  fastened  to  each  drum,  and  thence 
passes  over  a large  pulley  placed  upon  heail 
gear  at  the  top  of  the  furnace,  and  is  securely 
attached  at  the  other  end  to  the  cage  for  lifting 
the  baiTow-8.  The  cages  carry  “ shot  s.”  which  work  on 
guides  from  the  bottom  to  the  top  of  the  furnace. 
The  ropes  are  so  arranged  that  while  one  cage  is  going 
up  the  other  is  coming  down,  and  they  thus 
balance  each  other.  The  framework  of  the 
“hoist”  is  sometimes  formed  by  four  or  more 
iron  columns  braced  together,  and  these  carry 
the  guide.  Three  st.ff  columns  form  a very 
simple  and  efficient  hoist  for  a coiqile  of  cages, 
if  well  ]iut  together.  Sometimes  the  hoist  is 
walled  in,  forming  a tall  shaft  in  which  the  cages 
work.  Where  a natural  head  of  water  can  be 
obtained  a water  balance  hoist  is  very  economical.  In 
this  ca.se  the  two  cages  are  connected  by  a wire  rope 
which  passes  over  a large  pulley  at  the  top  of  the  fur- 
nace. Under  the  barrow  jilatform  of  each  civge  there 
is  a water  box  that  can  be  filled  at  the  to]>  of  the 
furnace,  and  empties  itself  at  the  bottom.  Matters 
are  so  arranged  that  when  water  is  run  into  the 
box  under  the  einjity  cage  at  the  top  of  the  furnace, 
it  overbalances  the  other  cage  with  its  loaded  bar- 
rows  and  empty  box.  and  therefore  lifts  it  to  the  top 
of  the  furnace.  Severe  frost  is  the  chief  drawback 
to  this  simple  and  cheap  arrangement.  Pneumatic 
and  direct  steam  hoists  are  idso  employed  at  various 


Fig.  14. 

into  its  place  when  the  charge  has  dropped  into  the 
f urn. ice. 
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works,  but  are  less  common  than  the  above.  Figs. 
15  and  16  is  Gjer’s  pneumatic  hoist — o,  air  pump  ; b, 
tube  ; c,  piston  ; tl,  barrow  cage.  At  Creuzot  a direct 
hydraulic  lift  is  used,  and  answers  well  for  moderate 
heights;  and  at  ihe  Clarence  Works  all  the  furnaces 
are  fed  by  a neat  hydraulic  arrangement  constructed 
by  Sir  W.  Armstrong,  in  which  the  stroke  of  the 
ram  is  multiplied  by  passing  the  rope  around  a five 
sheave  pulley  attached  to  the  head  of  the  ram. 

Slafigini/  Arraiujements. — The  earthy  matter  of  the 
ore  and  fuel  unites  with  the  flux  to  form  a slag, 


which  is  either  run  off  from  the  furnace  down  the 
“fall”  continuously,  or  is  tapped  off  at  intervals. 
As  tlie  quantity  of  the  slag  is  very  considerable, 
varying  from  10  to  30  cwts.  per  ton  of  iron,  organized 
means  for  removing  it  are  necessary.  It  is  usually 
run  into  iron  boxes  placed  loosely  upon  bogies,  and 
when  the  boxes  are  full  the  bogies  are  drawn  on  one 
side  to  cool.  As  soon  as  the  slag  has  set  the  loose 
box  sides  which  taper  upwards  are  drawn  off,  and 
the  ball  of  slag  is  tipped  over  the  slag  heap. 

It  is  very  convenient  to  have  matters  so  arranged 


Fig.  15.  Fig.  16, 


that  a number  of  bogies  with  their  boxes  sit  close  up 
to  the  furnace,  under  separate  distributing  spouts 
at  the  “fall.”  They  can  then  remain  in  place  till 
the  slag  is  set,  and  the  frames  can  be  lifted  before 
the  bogies  are  removed. 

If  the  fluid  slag  be  run  into  water  it  becomes 
granulated,  and  in  this  form  can  be  utilized  for  ballast, 
concrete,  or  mortar.  The  calcareous  slags  from 
Bessemer  pig  iron  form  strong  cements  when  ground 
up  with  a little  fresh  lime.  Excellent  bricks  are  now 
being  largely  made  from  blast-furnace  slags.  Various 


I plans  are  in  use.  Perhaps  the  simplest  is  to  grind 
in  a mortar  mill  about  4 parts  granulated  slag  and 
1 1 part  fresh  lime,  and  mould  the  bricks  at  once. 
I LOiirmann  mixes  about  6 granulated  slag  with  1 
of  lime  cream,  in  a mixing  machine,  and  then  com- 
presses the  mixture  in  a brick  press.  Bodmer  mixes 
I the  finely  ground  slag  with  dry  lime  and  some 
I gypsum  by  means  of  a very  ingenious  mixing 
^ machine,  slightly  moistens  the  mixture,  and  com- 
presses by  hydraulic  pressure.  This  plan,  slightly 
modified  by  V"00D,  is  now  carried  on  largely  at  the 
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Middlesborough  slag  brick-woiks.  The  Moss  Bay 
Company  merely  grind  up  the  calcareous  slag  to  rcry 
fine  powder,  moisten  it,  and  compress  in  a brick 
machine.  Bricks  made  by  either  process  harden 
gradually  by  exposure  to  air,  and  after  a few  weeks 
rival  stone  in  hardness. 

The  molten  iron  is  usually  tapped  from  the  furnace 
into  a series  of  rough  moulds  made  in  sand  on  the 
pig  bed.  The  moulds  are  about  4 feet  long,  and 
branch  off  from  a general  runner  termed  the  “ sow.” 
The  “pigs”  (as  the  short  castings  are  termed)  are 
broken  off  from  the  sow  while  full  red  hot  by  forc- 
ing the  point  of  a long  bar  between  two  of  them  and 
using  it  as  a lever.  At  a red  heat  the  iron  is  com- 
paratively weak  and  easily  broken.  Each  pig  weighs 
about  1 cwt.  ora  little  more.  When  cold,  the  pigs  may 
be  broken  by  dropping  them  across  a A shaped  anvil, 
and  the  quality  is  judged  from  the  appearance  of  the 
fracture.  If  tlie  fracture  is  largely  crystalline,  and 
dark  grey  coloured,  it  is  ranked  as  a No.  1 foundry. 
As  the  grain  gets  smaller  and  lighter  in  colour  the 
grades  pass  to  No.  2 foundry.  No.  3 foundry.  No. 
4 forge.  At  this  point  the  iron  just  begins  to  show 
light  coloured  patches,  and  if  these  are  very  marked 
it  is  ranked  as  a “ mottled  iron.”  When  all  traces 
of  dark  patches  disappear,  the  iron  becomes  “ white  ” 
iron,  which  is  the  lowest  grade. 

Dimensions  anil  Makes  of  Blast  Furnaces. — The 
accompanying  diagram  by  Mr.  Gjers  (Plate  III.) 
will  show  the  changes  that  have  taken  place  in 
the  dimensions  of  blast  furnaces  in  the  Middles- 
borough district.  Similar  changes  have  gone  on  in 
other  districts. 

The  size  of  a furnace  must  to  some  extent  depend 
upon  the  material  being  smelted,  and  on  the  fuel 
u.sed.  With  charcoal  as  the  fuel,  about  CO  feet  is 
the  maximum  height  found  to  be  workable.  In  the 
hematite  district  of  the  West  Coast  of  England,  fur- 
naces from  70  to  75  feet  find  most  favour.  In  this 
district  the  height  is  limited  by  the  dense  nature  of 
the  ore,  but  some  economy  of  fuel  has  followed  the 
raising  of  furnaces  from  55  to  70  feet,  while  the 
“ makes  ” have  been  proportionately  increased.  The 
greatest  make  of  any  furnace  has  been  803  tons  in 
one  week.  In  the  Cleveland  district,  with  an  open 
calcined  ironstone  and  good  hard  coke,  furnaces  90 
feet  high  work  well,  and  although  the  ore  is  much 
less  rich  than  the  hematite,  from  4('0  to  500  tons  per 
week  can  be  obtained  from  the  best  furnaces.  The 
talle.st  lurnaces  are  those  of  Ferry  Hill,  103  feet  high, 
but  these,  having  regard  to  their  cubic  capacity,  are 
not  noted  for  extraordinary  results. 

Theory  of  Action  of  the  Blast  Furnace. — When 
oxide  of  iron  is  kept  in  contact  with  a reducing 
agent  at  a high  temperature  it  parts  with  its  oxygen, 
and  metallic  iron  is  left  in  a free  state.  The  only 
reducing  agent  which  is  both  sufficiently  abundant 
and  cheap  is  coal.  Some  kinds  of  coal  are,  however, 
too  soft  and  friable  to  be  used  satisfactorily  in  a 
blast  furnace  ; but  Dud  Dudley  discovered  that 
much  of  this  soft  coal,  on  being  subjected  to  a partial 
combustion,  parted  with  most  of  its  volatile  consti- 
tuents, and  the  remaining  carbon  became  baked 
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together  into  a dense  hard  coke,  which  answered 
admirably  for  smelting  purposes.  In  some  eases, 
therefore,  as  in  Scotland,  Derbyshire,  South  Wales, 
Indiana,  t&c.,  coal  is  used  as  the  reducing  agent,  and 
also  as  the  fuel  to  afford  the  necessary  heat  for  the 
process,  and  in  most  other  cases  coke  is  used.  In 
earlier  times,  before  the  discovery  of  coal,  and  in 
districts  where  wood  is  plentiful  even  now,  charcoal 
is  often  used;  but  as  forests  are  of  slow  growth, 
and  the  consumption  of  charcoal  for  a single  furnace 
soon  clears  off  the  growth  of  a century,  this  agent 
cannot  compete  with  coal. 

All  iron  ores  are  mixed  up  more  or  less  with 
earthy  matter,  generally  consisting  of  clay  and  quartz. 
The  coal  or  coke  also  contains  a certain  quantity  of 
the  same  earthy  materials;  and  as  clay  and  quartz 
in  themselves  are  difficultly  fusible,  it  is  usual  to 
add  limestone  to  the  charge  to  form  silicate  of  lime 
and  alumina,  which  is  a moderately  fusible  body. 
Thus,  then,  the  charge  for  a blast  furnace  usually 
consists  of  oxide  of  iron,  coal  or  coke,  and  lime- 
stone for  a flux.  The  proportions  used  depend 
upon  the  nature  of  the  ore  and  fuel,  and  also  upon 
the  size  of  the  furnace  and  temperature  of  the  blast. 
It  is  usual  to  put  the  ore  and  limestone  into  one 
barrow,  and  the  coke  into  another,  to  keep  the 
weight  of  the  fuel  constant,  and  to  increase  or 
decrease  the  weight  of  the  ore.  A certain  number 
of  barrows  forms  a “round”  or  “charge.”  This 
charge  is  put  upon  the  bell,  and  then  the  whole  is 
lowered  into  the  furnace.  Thus,  for  a hematite 
furnace  making  Bessemer  pig  the  charge  may  con- 
sist of  six  barrows  of  hematite  ore  of  9 cwts.  each, 
with  cwt.  of  limestone  on  each  barrow,  and  six 
barrows  of  coke,  averaging  5|  cwts.  each.  If  the 
charge  should  contain  an  excess  of  silica,  about  a 
quarter  cwt.  of  Belfast  aluminous  ore  may  be  added 
to  each  barrow  of  ore,  the  object  being  in  all  cases 
to  produce  the  most  fusible  cinder  (see  Table  V.). 

We  will  now  follow  the  material  through  the  fur- 
iiiice.  It  is  understood  tliat  air,  at  a temi)erature  of 
say  1000°  Fahr.,  is  being  blown  into  the  furnace 
thiough  the  twyers  at  the  bottom,  forming  the  “hot 
blast.”  This  is  forced  in  at  a pressure  of  about 
4 lbs.  to  tlie  inch.  The  fuel  which  has  reached  the 
bottom  of  the  furnace  enters  into  intense  combus- 
tion, but  as  carbon  is  in  excess,  carbonic  oxide  is 
the  result.  This,  with  the  free  nitrogen,  passes  up 
through  the  furnace,  carrying  heat  with  it,  so  that 
the  material  even  near  the  top  of  the  furnace  be- 
comes gradually  raised  to  a red  heat.  But  the 
carbonic  oxide,  at  a temperature  below  this  point, 
reduces  oxide  of  iron,  becoming  itself  converted 
into  carbonic  acid,  which  escapes  from  the  top  of 
the  furnace.  The  metallic  iron  thus  produced  is 
left  in  a porous  spongy  state.  There  is,  however,  a 
further  action  taking  place  at  this  early  stage,  and  a 
most  important  one.  This  is  what  is  termed  “carbon 
deposition,”  and  the  discovery  of  this  remarkable 
phenomenon  is  due  to  I.  L.  Bell.  It  appears  that 
the  oxide  of  iron,  before  it  is  even  wholly  reduced, 
possesses  the  power  of  splitting  up  carbonic  oxide, 
and  retaining  the  carbon  to  such  an  extent  that  a 
33 


:?58 


IRON. — Blast  Furnace.  Theory  of  Action. 


TABLE  V. — ALUMINOUS  ORI  S. 


Irish  Ore,  County 
Autriio. 

Irish  Ore  from 
County  Cavau. 

Red  Bay  from 
Londonderry  Co. 

Aluminous  Ore 
from  Dr  Ritchie, 
Belfast. 

Irish  Ore,  County 
Antrim, 
Gleuarme. 

From  West  Chester 
County, 

New  York  State. 

Ferric  oxide 

58-00 

50-00 

57-50 

28-74 

33-89  d 

45-86 

Ferrous  oxide 





trace 

-78 

•79 /• 

Manganese  dioxide 

— 

— 

trace 

— 

'55 

Manganous  oxide, 

trace 

10 -.55 

— 

trace 

— 

— 

Alumina, 

17-80 

7-.i5 

22-00 

41 -.10 

39-11 

39-36 

I.ime, 

-,50 

-10 

-78 

1 70 



-47 

Magnesia, 

•G6 

-10 

•26 

-23 

— 

7-18 

Potash, 

— 

— 

— 







Silica, 

12-50 

23-00 

14-90 

14-05 

3-82 

•51 

Carbonic  acid, 

— 

1-70 

— 







Phosphoric  acid, 



-025 

•0‘J5 

— 

•22 

Phosphorus, 

— 

— 

— 

— 

— 

Sulphide  of  Iron. 

Sulphuric  acid, 

— 

— 

— 

-020 

— 

2 '53 

Sulphur, 

trace 

— 

-020 

trace 

— 

— 

Titanic  acid, 

4-45 

— 

— 

-30 

— 

2-41 

Water, 

6 00 

5-40 

3-40 

13  85 

21-56 

1-18 

Organic  matter, 

— 

— 

— 

— 

— 

— 

Total, 

100-00 

98-20 

9!) -485 

100  995 

99  17 

100-37 

Total  metallic  iron, 

40-00 

35-00 

40-25 

•20-74 

24-13 

34-44 

piece  of  ore  may  take  up  nearly  4 times  its  weight 
of  carbon.  According  to  Gruner,  this  action  can 
only  take  place  in  the  presence  of  metallic  iron  and 
protoxide  of  iron,  and  the  reactions  are  as  follows: 
(1),  3FeO  + CO  = FegO^  + C ; (l>),  FcgO^  + CO  = 
3FeO  + CO.,.  The  reduced  iron  then  becomes  im- 
pregnated with  this  deposit  of  carbon,  and  as  the  metal 
travels  through  the  furnace  and  gradually  reaches 
the  lower  portion,  or  zone  of  fusion,  it  is  melted  in 
contact  with  the  carbon,  and  while  melting  dissolves 
up  a certain  portion,  so  that  the  melted  metal  is  no 
longer  pure  iron,  but  an  alloy  of  iron  and  carbon. 
There  is  another  element  which  the  iron  takes  up  in 
a somewhat  similar  manner.  This  is  silicon.  Un- 
der the  influence  of  a powerful  reducing  agent, 
and  at  very  high  temperatures,  silica  is  decomposed 
when  in  contact  with  iron,  and  the  molten  iron  dis- 
solves also  a cerfciin  quantity  of  silicon.  The  quan- 
tity of  carbon  which  the  iron  will  dissolve  is  very 
limited,  and  usually  varies  from  2 to  4|^  per  cent.; 
but  the  percentage  of  silicon  is  much  more  vari.ible. 
It  may  be  as  low  as  T per  cent.,  or  as  high  as  20  per 
cent.,  or  more,  but  usually  varies  from  to  4 per 
cent.  Other  elements  may  also  enter  into  combina- 
tion with  the  iron;  but  only  phosphorus,  sulphur, 
and  manganese  will  be  considered  here.  Nearly  all 
iron  ores,  and  most  fuels,  contain  some  small  quan- 
tities of  phosphates.  These  become  reduced  in  the 
blast  furnace,  and  almost  the  whole  of  the  phos- 
phorus unites  with  the  iron.  The  quantity  of  phos- 
phorus in  jiig  iron  varies  from  mere  traces  up  to 
about  3 per  cent.  Therefore,  in  making  Bessemer 
))ig  for  steel  purposes  only  such  ores  and  fuel  as 
contain  mere  traces  of  pliosphates  are  available. 
.Sulphide  of  iron  is  a very  common  impurity  in  iron 
ores.  .Sulphur  also  exists  more  or  less  in  all  coal  and 
coke,  even  the  best  Durham  cakes  containing  from  one- 
half  to  three-fourths  per  cent.  Unlike  phosphorus, 
however,  the  sulphur  may  be  prevented  to  a great  ex- 
tent from  entering  the  iron  by  using  an  excess  of  time 
in  the  charge,  and  keeping  the  iron  grey.  In  this  case 
only  a trace  of  sulphur  enters  the  pig;  but  if  the 


iron  becomes  white,  and  the  slag  stony  or  siliceous, 
1 per  cent,  or  more  sulphur  may  easily  pass  into 
solution. 

Many  iron  ores  contain  manganese,  and  although 
this  element  is  more  difficult  of  reduction  than  iron, 
still,  if  any  exists  in  the  ore,  a portion  will  usually 
become  alloyed  with  the  iron. 

Thus,  then,  the  melted  product  of  the  blast  fur- 
nace may  confcun  carbon,  silicon,  sulphur,  phos- 
phorus, and  manganese.  The  following  series  of 
analyses  will  give  an  idea  of  the  average  composition 
of  different  clas  es  of  pig  iron  (see  Tables  VI.  and 
VII.). 

As  has  before  been  stated,  the  earthy  m.attcr  of 
the  ore  and  fuel  unite  with  the  flux  to  form  a slag, 
which  is  melted  by  the  intense  he.at  of  the  furnace, 
and  is  run  off  into  the  slag  bogies,  to  be  thrown  to 
the  slag  heap  as  a rule.  Slags  of  necessity  vary  with 
the  nature  of  the  ores  used.  The  following  table 
will  give  an  idea  of  their  composition  (see  Table  VIII.). 

It  will  be  noticed  that  slags  from  furnaces  making 
Bes.semer  pig  are  white  (or  “ grey,”  as  they  are 
technically  called).  This  is  due  to  the  fact  that  all 
the  iron  has  been  reduced  by  the  excess  of  fuel  used, 
and  that  the  slag  contains  an  excess  of  lime.  The 
excess  of  lime  is  used  to  take  up  the  sulphur  from  the 
charge,  and  prevent  it  entering  the  iron.  The  sul- 
phur a[>pears  to  exist  in  the  slag  as  sulphide  of 
calcium,  and  when  these  grey  slags  are  exposed  to 
moist  air  the  sul[ihide  is  decomposed,  sulphuretted 
hyilrogen  and  lime  being  formed  (CaS  + IlgO  - H.,S 
+ CaO).  The  slag  thus  becomes  disintegrated,  and 
crumbles  to  powder.  Such  slags,  mixed  with  a little 
fresh  lime,  form  quick  setting  cements,  and  bricks 
are  now  being  largely  made  tlierefrom.  It  has  been 
proposed  to  use  blast  furnace  slags  for  making  glass, 
and  there  seems  no  reason  why  this  plan  might  not 
be  carried  out.  'I'hese  grey  slags  are  peculiarly 
fitted  for  glass  making,  as  they  are  practically  free 
from  oxide  of  iron,  which  imparts  a green  colour 
to  glass. 

Slags  from  furnaces  making  foundry  iron  are  also 
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TABLE  VI. — PIG  IRONS. 


Fig  Irou  from  Cleveland  District. 

Scotch. 

Various  Bessemer  Pig  Irons  from  West  Coast. 

Iron, 

93*000 



94-24 

93-04 

92-91 

91-41 

92-36 

_ 

93-406 

93-108 

93-102 

93-767 

94-059 

93-46 

Com.  carbon,. . 

•130 

— 

•65 

-.55 

•36 

•18 

•72 



•250 

•360 

•220 

•180 

•350 

•175 

Grapliite, 

3-000 

2-70 

2-15 

3-00 

2-40 

2 80 

3-05 

2-60 

3 -.550 

3-530 

3-366 

3-430 

2-570 

3-320 

Silicon, 

1-yio 

1-77 

1-38 

1 68 

2-17 

3-31 

1 54 

1-47 

2-685 

2-895 

2-795 

2-510 

2-780 

2-900 

Sulphur, 

Phosphorus,. . . 

•000 

•04 

•07 

•05 

•11 

•12 

0-12 

•03 

•0.V2 

•052 

•015 

•027 

•049 

•003 

1-780 

1-00 

1-27 

•92 

1-13 

1-.52 

1-78 

•96 

•057 

•056 

•012 

trace 

-028 

•034 

Manganese, . . . 

not  estd. 

— 

•69 

•85 

•50 

•81 

0-43 



trace 

trace 

•490 

•086 

•164 

•100 

Arsenic, 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Copper, 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Total. . . 

99-91 

— 

100-45 

100-09 

99-58 

100-15 

100-00 

— 

100  000 

100  000 

100  000 

100-000 

lOO-OOO 

100-000 

Table  vi. — pig  iwss.— Con  tinned. 


“9 

9 

U 

9.^ 

£ 

Welsh  Grey  Pig 
for  making 
Tin  Plates. 

§ i 

S d 

ills 

i •„ 

llll 

Swedish  Bessemer 

Pig.  , 

I J See  below  for 
Slag. 

Arsenical  Pig  Iron. 
Analyses  by  HeiT  MU- 
beregger. 

S 

© 

a 

iO'Ai 

A 

£ >. 
O 

ou 

^ 2 I 

1-2  i 
i*  ^ 

S' 

8 Sm 

" s 

n S 

A p d-5 

A 2 d-5 

04 

Light 

Grey 

Pig. 

White 
Graph- 
itic Pig. 

White 

Pig. 

W 

Iron, 

93-298 

92-510 

93-881 

94-8.50 

92  884 

93-34 

93-694 

94-10 

94-42 

89  830 

91-045 

94-790 

94-845 

93-380 

95-.573 

Com.  Carbon, 

150 

*36 

2-310 

2-512 

|3-130 

•38 

-480 

-81 

•94 

1-950 

3 342 

•955 

1-555 

1-9-25 

trace 

Graphite, .. . 

2-595 

2-753 

— 

— 

3-39 

3-160 

2-54 

2-14 

2-151 

1-710 

1-300 

•880 

•550 

2-700 

Silicon 

2-253 

2-151 

•895 

1-091 

3-238 

2-28 

1-.58U 

2-33 

2 15 

1-390 

•748 

•648 

•576 

Calcium 

192 

Calcium 

8-6O0 

Sulphur, .. . . 

•130 

•016 

•763 

•722 

•108 

•03 

•065 

•01 

•06 

trace 

•005 

— 

•0.50 

•075 

trace 

Phosphorus,. 

•632 

1-040 

2-176 

•567 

•216 

•10 

•143 

•07 

•05 

■015 

•031 

•440 

•015 

•041 

■0.32 

Maiiji^anesef . 

•914 

1-0U8 

•115 

•201 

•4--'4 

•17 

•878 

•14 

•24 

4-665 

3-119 

•722 

*759 

2-0-20 

3-095 

Arsenic,. . . . 

— 

— 

— 

— 

— 

— 

— 





— 

— 

1-012 

1-290 

1-698 

— 

Copper, .... 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

•133 

■029 

•no 

— 

Total, . . 

99  972 

99-838 

100-140 

99-943 

lOO-'OO 

■99-6', 

100-000 

100-00 

100-00 

100-000 

100-000 

100-000 

99-999 

99  99 

100-000 

TABLE  VII. — SPIEGELEISEN,  ETC. 


Variou.s  English 
Spiegeleiseus. 

A.U. 

German 

Spiegel, 

German 

Spiegel. 

Chromeisen. 

Iron.  

75-962 

7-2-S-23 

76-2.39 

84-.570 

86-880 

o-ru* 

6 8.'^  * 

10  41  * 

10-0* 

Combined  carbon 

5 252 

3 863 

4-627 

5-500 

4-500 

2-82 

2-82 

4-05  ■ 

3-00 

Silicon 

■367 

397 

•61  ) 

■569 

•625 

208 

2-22 

— 

1-00 

Sulphur 

frt-e 

trace 

trace 

trace 

■038 

trace 

tnice 

— 

trace 

Pbosjihorus, 

■064 

•075 

•092 

•102 

-250 

■118 

•03 

— 

•03 

Manganese, 

18-355 

23-472 

18-43-2 

9-509 

7 491 

trace 

trace 

— 

trace 

Copper 

— 

— 

— 

•047 

•216 

— 

— 

— 

— 

100-000 

100-540 

100-000 

100  297 

100-000 

— 

— 

— 

— 

* chromium. 


VIII.  — BLAST  FURNACE  SLAGS. 


Varlou*  Bessemer  Slags  from 
West  Coast  District.  (Colour  Grey.) 

Bessemer 

Slag 

that  falls 
to  Powder 
on  Cooling. 

Granulated 
Bessemer  &llag 
that  sets 
quickly  as 
Mortar. 

Black  Slag 
from 
Bessemer 
Iron. 

Swedish 

Bessemer 

Slag. 

Green 
Spiejel- 
eiseu  Slag. 

Blue 

Bessemer 

Slag, 

from 

Barrow. 

Cleve- 

land 

Slag. 

Clarence 

Furnace. 

Silica, 

35-00 

36  00 

39-60 

36-80 

37  20 

25-65 

29-00 

37-60 

47-00 

33-50 

46-683 

27-65 

Alumina, 

18  20 

15-40 

12-40 

13-70 

14-00 

1 1 -35 

16-60 

17-40 

2-40 

14-28 

5-769 

24  69 

Ferrous  oxide 

— 

— 

— 

— 

— 

■63 

— 

1-43 

•4o 

— 

1-208 

•72 

Manganous  oxide, 

— 

- 

— 

— 

— 

— 

— 

1-01 

4*46 

11-64 

1-062 

•35 

Lime, 

46-03 

44-79 

47-59 

45-45 

37-64 

.56-35 

.50-55 

41  -50 

26-75 

33-65 

39-l(^ 

40-00 

Mai^nesia, 

— 

, 

— 

— 

— 

— 

1-44 

— 

18  10 

1 05 

•987 

3-55 

Soda 

— 



— 

— 

— 

— 

— 

— 

•41 

— 

1-276 

■99 

Potash 

— 



— 

— 

— 

— 

— 

— 

•62 

Cas-J  3-30 

■967 

•46 

Snlplmr 







— 

— 

— 



— 

•on 

— 

2-074 

1-95 

Piiosphoric  acid 

— 

— 

— 

— 

— 

— 

— 

— 

— 

trace 

— 

•-26 

Total 

- 

— 

- 

— 

— 

03-98 

97-49 

98-97 

100-201 

97-42 

99-194 

100-62 

jrrey,  but  are  usually  more  siliceous,  or  “stony,” 
than  those  from  Ressemer  iron. 

When  ores  containing  much  manganese  are  being 
smelted,  the  slags  are  either  green  or  brown.  This 
is  the  case  when  spiegeleiseii  is  being  made.  A glassy 
green  slag  indicates  a healthy  working  of  the  fur- 
nace, a brown  slag  the  reverse. 


Occasionally  slags  are  met  with  of  a beautiful 
blue  colour.  Tliis  appears  to  be  due  to  the' 
presence  of  small  quantities  of  sulphide  of  iron 
in  an  otherwise  colourless  slag.  The  colour  can 
be  produced  at  will,  by  running  some  grey  slag 
around  an  iron  bar.  The  blue  slag  will  be  formed 
in  concentric  layers  around  the  bar.  Pale  pink 
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slags  are  produced  when  magnesia  is  present  in 
the  charge. 

Glassy  black  slags  are  formed  when  insufficient 
fuel  is  used  to  reduce  the  whole  of  the  oxide  of  iron 
in  the  charge,  and  the  furnace  is  therefore  making 
white  iron.  This  kind  of  slag  is  most  frequently 
formed  when  “ cinder,”  as  it  is  termed  (slag  from 
puddling  and  reheating  furnaces),  is  used.  This  is 
not  because  these  substances  cannot  be  reduced  per- 
fectly. It  is  quite  possible  to  make  grey  pig  from 
cinder  alone,  but  at  the  expense  of  an  excess  of  fuel. 

The  worst  kind  of  slag  that  can  come  from  a blast 
furnace  is  a curly  reddish-brown.  It  is  termed  a 
“scouring”  cinder,  and  is  caused  by  the  ore  passing 
through  the  furnace  without  being  reduced.  It 
merely  melts  and  mixes  with  the  slag.  This  un- 
healthy condition  is  generally  the  result  of  a “ slip,” 
as  it  is  termed,  when  a mass  of  ore,  &c.,  having 
accumulated  in  a certain  portion  of  the  furnace, 
perhaps  hanging  from  one  side,  termed  a “ scaffold,” 
suddenly  breaks  away  and  carries  the  unreduced  ore 
at  once  into  the  zone  of  fusion.  When  started  it  is 
sometimes  difficult  to  stop  this  scouring  cinder, 
because  the  charge  passes  through  the  furnace  so 
rapiiily  that  there  is  no  time  for  reduction.  It  has 
a most  injurious  action  on  the  brickwork  of  the 
furnace;  the  slag  or  cinder  being  largely  charged 
with  oxide  of  iron  and  very  basic,  readily  dissolves 
up  the  silica  of  the  bricks.  It  is  evident  that  such 
scouring  cinders  cause  great  waste  of  iron. 

From  what  has  been  said  it  will  be  patent  that 
the  character  of  the  slag  is  a point  of  great  import- 
ance. It  is,  in  fact,  the  best  possible  guide  to  the 
working  of  a furnace,  the  experienced  eye  detecting 
in  a moment,  by  a glance  at  the  slag,  not  only  how 
the  furnace  is  working,  but  the  quality  of  iron  which 
may  be  expected  from  it  at  the  next  “tap.”  The 
scientific  furnace  manager  will  carefully  determine 
the  quality  of  the  slag  beforehand,  and  will  add  such 
materials  to  the  ore  and  fuel  he  is  compelled  to  use 
as  shall  produce  the  most  fusible  slag  w'ith  least 
waste  of  metal.  As  a rough  rule  a blast  furnace  slag 
should  consist  of  about  3 silica,  2 lime,  1 alumina; 
but  the  lime  must  to  some  extent  be  proportioned 
to  the  sulphur  present  in  the  charge,  and  to  the 
quality  of  iron  required. 

In  a few  exceptional  cases,  as  in  the  Lincolnshire 
distiict,  the  gangue  of  the  ore  consists  largely  of 
carbonate  of  lime.  In  this  case  it  is  evident  that 
s lica  in  some  form  or  other  must  be  the  added  flux. 
It  is  usual,  not  to  add  free  silica,  but  either  an  extra 
siliceous  ore,  or  mill  and  forge  cinders,  which  are 
mainly  silicates  of  iron.  In  some  eases,  as  in  the 
Cleator  district,  the  ores  contain  very  little  alumina, 
but  a considerable  proportion  of  silica.  In  this  case 
an  aluminous  ore  from  the  North  of  Ireland,  near 
Belfast,  serves  as  a flux  to  bring  up  the  composition 
of  the  slag  to  the  right  point.  Analyses  of  these  ores 
will  be  found  in  the  table. 

Componition  o/  the  Wunte  Gases  from  Bias*  Furnaces. — 
The  character  of  the  gases  evolved  from  blast  fur- 
naces will  differ  greatly  according  to  the  fuel  being 
used,  and  the  quality  of  iron  under  manufacture. 


All  the  nitrogen  which  enters  the  furnace  as  air  goes 
off  as  such.  Some  of  the  moisture  becomes  decom- 
posed, and  small  quantities  of  free  hydrogen  pass 
away  ; but  the  most  important  gases  to  consider  are 
carbonic  acid  and  carbonic  oxide.  Bell  has  found 
the  conditions  of  equilibrium  for  these  gases  in  the 
presence  of  metallic  iron  to  be 


Low  red  heat, 150  vol.  carbonic  acid,)  For  each  100 

Full  red  heat, 47  “ “ “ > (JarlH)nic 

Approaching  white,  11  “ “ “ J oxide. 


In  reducing  calcined  Cleveland  ores  the  same 
authority  maintains  that  when  the  mixed  gases  exist 
in  the  proportion  of  40CO.,  to  lOUCO  the  CO  is  no 
longer  able  to  effect  reiluction  in  the  blast  furnace. 
Tunner  has  shown  that  in  charcoal  furnaces  making 
white  iron  from  easily  reducible  ores,  the  relative 
proportion  of  carbonic  acid  may  be  very  largely  / 
increased.  On  the  other  hand,  from  Crossley’s 
experiments,  it  apjiears  that  when  hematite  is  being 
smelted  the  proportion  of  carbonic  acid  is  decreased. 

The  following  analyses  will  give  an  idea  of  the 
composition  of  the  w'aste  gases  under  different 


circumstances : — 

Cleveland 

Faniaue. 

Hematite 

Furnace. 

Charcoal 

Furnace. 

Carbonic  acid, 

11  75 

8 36 

20-9 

Carbonic  oxide, 

34-97 

23-81 

Hydrogen, 

2-16 

•39 

Nitrogen, 

54-51 

54-9 

It  will  be  seen  that  every  sample  of  gas  contains 
a large  quantity  of  carbonic  oxide,  and  it  is  this  gas 
which  is  available  as  fuel.  According  to  the  authority 
above  quoted  48'73  per  cent,  of  the  heat-producing 
power  of  the  fuel  used  in  smelting  passes  off  in  the 
waste  gases,  in  addition  to  the  sensible  heat  they 
contain. 

The  following  statement  shows  the  actual  heat 
development  in  the  furnace,  and  how  it  is  appro- 
priated. The  case  refers  to  a furnace  smelting 
Cleveland  ore: — • 

HE.XT  UNITS  DEVELOPED  PER  TON  OF  IRON. 

Centigrade  Scale. 


Due  to  oxidation  of  carbon, 81..5.j() 

Contributed  by  blast, ll.blO 


<J3,455 

HEAT  UNITS  ABSORBED  PER  TON  OF  IKON. 


F.vapor.alion  of  water  in  coke, 312 

Reduction  of  Fe^Og, 33.108 

Carbon  iminegnation, 1,440 

Expidsion  of  CO,,  from  CaCOg, -5,054 

Decomposition  of  COg .5,248 

Decomposition  of  H.^O, 2,7'.'0 

Reduction  of  P-gOg.SOg.SiOg, 4,17  4 

Fusion  of  pig  iron, 6,600 

Fusion  of  slag, 16,720 

Radiation  from  walls  of  furnace, • 3,658 

Carried  off  in  twyer  water, 1,818 

Carried  off  in  gases, 8,860 

Expansion  of  Idast,  loss,  <ic., 3,743 


93,455 

Reference  has  been  already  made  to  the  value  of 
an  increase  of  capacity  in  the  blast  furnace.  At  or 
about  the  same  time  that  this  had  been  demonstrated 
attention  was  drawn  to  the  power  of  heating  the 


IRON. — ^Temperature  of  Blast  Furnaces.  2C1 


blast  to  2000°  Falir.,  alletfed  to  be  possessed  by 
the  stoves  suggested  by  Cowper,  and  afterwards 
modified  by  Whitwell.  It  was  urged  with  some 
show  of  reason  that  if,  by  doubling  the  cubical 
contents  of  a furnace,  the  consumption  of  fuel  had 
been  materially  reduced,  why  should  not  a corres- 
))Oiiding  saving  attend  a still  further  addition  to  its 
capacity.  In  like  manner  why,  if  it  had  been  proved 
advantageous  to  increase  the  temperature  of  the 
blast  from  600°  or  700°  Fahr.  to  1000°,  might  not 
air  of  2000°  prove  also  beneficial. 

These  two  imporUint  questions  were  treated  as 
follows  by  I.  L.  Bell.  This  author  proved,  experi- 
mentally, that  oxide  of  iron  was  susceptible  of  reduc- 
tion bj'  carbonic  oxide  at  a temperature  much  below 
that  described  by  previous  writers  as  being  required 
for  the  operation.  In  a very  few  minutes,  therefore, 
after  the  ore  is  shot  into  the  throat  of  the  blast 
furnace  reduction  begins,  and  in  most  cases  before 
it  has  travelled  12  or  13  feet  downwards  this  divi- 
sion of  the  process  may  be  said  to  be  completed. 
Below  this  level,  omitting  any  chemical  action  con- 
nected with  the  formation  of  cyanogen  salts,  the 
value  of  height  in  the  furnace  must  only  be  regarded 
as  a means  of  intercepting  the  heat,  which  is  carried 
upwards  by  the  rapid  current  of  gases  generated  by 
the  combustion  of  the  fuel  of  the  twyers.  These 
gases  arrive  speedily  at  the  point  of  exit,  and  in  the 
event  of  the  furnace  not  being  of  sufficient  height, 
they  carry  with  them,  in  the  form  of  sensible  heat, 
the  useful  effect  of  a considerable  portion  of  the 
combustible  employed  in  the  operation.  In  a 
furnace  of  48  feet  in  height  the  loss  from  this  cause 
was  found  by  Bell  to  amount  to  16  per  cent. 

In  a furnace  80  feet  high,  with  a capacity  of 

12.000  cubic  feet.  Bell  found  that  something  like 
9 per  cent,  of  the  heat  evolved  in  the  furnace  was 
carried  off  in  the  escaping  gases,  which  had  a tem- 
perature of  something  like  600°  Fahr.  Instead  of 
there  being  any  material  reduction  in  the  loss  arising 
from  this  cause,  he  found  that  the  gases  left  a 
furnace  with  a height  of  80  feet  and  a capacity  of 

26.000  cubic  feet  as  hot  as  they  did  from  one  of  less 
than  half  the  size,  'I'liis,  be  it  remembered,  took 
place  although  the  time  the  ascen  ling  stream  of  gas 
was  in  contact  with  the  descending  current  of  solids 
was  greatly  increased,  inasmuch  as  the  work  per- 
formed by  the  larger  furnace  was,  having  regard  to 
the  relative  sizes  of  the  two,  35  per  cent,  less  than 
that  of  the  smaller. 

This  constancy  of  temperature  in  furnaces  above 
a certain  capacity  was  shown,  experimentally,  to  be 
due  to  the  deoxidation  of  the  ore  being  attended  by 
an  actual  increase  of  temperature.  Under  these 
circumstances,  and  as  the  change  must  always  take 
place  near  the  top  of  the  furnace,  any  further  addi- 
tion to  the  height  was  followed  by  a corresponding 
removal  of  the  zone  of  reduction  from  the  hearth. 

A second  source  of  loss,  and  which  has  already 
been  alluded  to  in  low  furnaces,  was  the  elevated 
temperature  of  the  upper  or  reducing  zone.  As 
formerly  stilted,  the  product  of  the  action  of  carbonic 
oxide  on  oxide  of  iron  is  carbonic  acid;  but  if  the 


the  last  named  compound  of  carbon  and  oxygen 
meets  carbon  at  a full  led  heat  carbonic  oxide  is 
again  formed  (CO.^  + C = 2CO).  This  reaction  is 
not  only  attended  with  a loss  of  heat,  but  so  much 
carbon  as  would  otherwise  reach  the  twyers  is  dis- 
solved within  a few  feet  of  the  top,  and  represents 
so  much  waste. 

'I'he  action  of  carbon  deposition,  also  already 
referred  to  (2CO  = CO2  + C),  is  also  one  of  a heat 
evolving  character  of  itself,  and  besides,  has  the 
advantage  of  returning  carbon  to  the  zone  of  com- 
bustion at  the  twyers.  Moderate  temperatures  are 
best  suited  for  this  action ; indeed,  at  a bright  red 
heat  the  action  is  all  but  suspended. 

The  correctness  of  these  views  regarding  the 
inexpediency  of  raising  the  height  of  the  furnace 
beyond  80  feet  has  been  confirmed  by  no  gain 
having  resulted  from  going  beyond  this  altitude. 

Owing  to  the  generally  spread  belief  that  the  heat 
of  the  hot  blast  possessed  some  virtue  peculiar  to 
itself,  it  was  more  difficult  for  iron-masters  to  satisfy 
themselves  that  the  advantages  it  afforded  at  the 
less  elevated  temperature  of  about  600°  Fahr.  would 
not,  practically  at  all  events,  hold  good  up  to  2000°. 
It  was  a favourite  argument  to  point  out  that,  after 
making  proper  allowance  for  collateral  benefit  derived 
from  heating  the  blast,  as  Neilson  obtained  it,  8 
cwts.  of  coal  burnt  in  tlie  hot  air  apparatus  saved  30 
cwts.  of  coke  in  the  furnace.  Surely,  therefore, 
some  approximation  must  hold  good  were  the  air 
heated  to  double  this,  or  1200°  Fahr.  Bell’s  con- 
tention is,  that  there  is  no  mysterious  virtue  in  the 
heat  conveyed  into  the  furnace  with  the  air  that 
drives  it,  and  that  the  very  same  effect  may  be,  and 
has  been,  secured  by  a mere  addition  to  the  dimen- 
sions of  the  furnace,  without  heating  the  blast. 

By  making  the  air  a vehicle  of  conveying  a portion 
of  the  heat  into  the  hearth,  the  volume  of  gases 
pa.ssing  through  the  furnace  for  a given  amount  of 
duty  performed  is  reduced.  This,  in  other  words, 
is  equivalent  to  an  increase  of  its  effective  capacity 
twice  in  the  various  reactions,  constituting  an  im- 
portant element.  So  far,  there  does  not  appear  any 
reason  why,  under  any  condition,  a given  number 
of  heat  units  contained  in  the  hot  blast  should  not 
be  as  effectual  as  the  same  number  evolved  by  the 
combustion  of  the  carbon  in  the  hearth,  and  that, 
therefore,  the  one  might  be  indefinitely  replaced  by 
the  other.  Doul.th'ss,  were  the  sole  operation  of 
the  blast  furnace  one  of  the  mere  application  of  heat 
to  effect  fusion,  it  would  be  immaterial  how  this 
heat  were  produced.  This,  however,  is  not  so,  for 
in  the  upper  zone  regard  has  to  be  had  to  the  con- 
ditions required  for  the  proper  performance  of  the 
reduction  of  the  ore,  which  is  essentially  dependent 
on  chemical  action.  This,  as  has  already  been  said, 
consists  in  the  power -carbonic  oxide  has  of  robbing 
oxide  of  iron  of  its  oxygen.  This  power,  however, 
is  not  unlimited ; and  according  to  Bell,  as  soon  as 
one-third  of  the  carbon  in  the  gases  has  passed  into 
the  state  of  carbonic  acid  further  action  as  a reducing 
agent  is  suspended,  'i'he  quantity  of  heat  absorbed 
by  the  operation  is  such  that,  of  the  total  quantity 
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IRON. — Sfiegeleisen  and  Fehuo-manganese. 


required,  sometliing  like  13  per  cent,  may  be  supplied 
by  the  hot  air  before  the  oxidation  of  the  gases,  by 
the  reduction  of  the  ore,  has  converted  one-third  of 
the  carbon  into  caibonic  acid. 

An  estimate  based  on  the  conditions  described  in 
the  foregoing  observations' brings  out  the  maximum 
quantity  of  the  best  South  Durliam  coke  required 
for  smelting  a ton  of  iron  from  Cleveland  stone, 
containing  42  per  cent,  of  iron  in  its  calcined  form, 
at  about  20j  cwts. ; and  according  to  the  writer’s 
opinion,  this  is  as  easily  done  in  a furnace  containing 
15,000  cubic  feet  driven  with  air  of  1000°  Fahr.,  as  it 
is  in  one  of  double  the  size  with  blast  at  1500°  Fahr. 

Sjiiefie/eiaen  and  Fenv-maiif/anese. — Compounds  of 
iron  and  manganese,  containing  from  about  7 per 
cent,  manganese  and  upwards,  have  usually  a silvery 
white  fracture  and  largely  crystalline  structure. 
Hence  the  term  spiegeleisen,  or  looking-glass  iron. 
This  class  of  iron  is  easily  produced  whenever  the 
ore  contains  sufficient  manganese.  Until  Mushet 
discovered  the  value  of  such  an  alloy  as  an  adjunct 
to  the  Bessemer  process,  it  was  only  made  as  it 
were  accidentally,  and  only  valued  for  the  iron  it 
contained.  Besee.mer  soon  saw  the  value  of  the 
manganese  in  his  process,  and  instigated  Hen- 
derson of  Glasgow  to  produce  an  alloy  n)uch  richer 
in  manganese  than  any  that  had  hitherto  been  made 
in  the  blast  furnace.  This  he  did  by  reducing  car- 
bonate of  manganese  in  a Siemens  furnace,  and 
melting  it  up  with  a small  portion  of  pig  iron.  The 
product  was  very  rich  in  manganese,  and  was  termed 
ferro-manganese.  For  a long  time  it  was  assumed 
that  these  rich  alloys,  containing  30  per  cent,  and 
upwards  of  manganese,  could  not  be  made  in  the 
blast  furnace;  but  since  the  introduction  of  the 
highly  manganiferous  ores  of  the  south  of  Spain 
(see  Table  IX.)  for  spiegel  making,  the  manufacturer 


has  gradually  discovered  that  manganese  can  be 
reduced  and  melted  in  the  blast  furnace  with  nearly 
the  same  ease  as  iron.  Hence  ferro-manganese  of 
very  good  quality  is  now  a regular  blast  furnace 
product,  although  the  highest  allo}-s,  containing  up 
to  75  per  cent,  manganese,  are  still  made  according 
to  Henderson’s  plan. 

In  making  spiegel  and  ferro-manganese  in  the 
bla.st  furnace,  care  must  be  taken  to  have  sufficient 
silica  in  the  charge  to  flux  away  a portion  of  the 
manganese  so  as  to  make  a fluid  slag.  For  this 
reason  the  burden  of  fuel  must  not  be  so  great  as  to 
reduce  the  whole  manganese  to  the  metallic  state. 
A greater  quantity  of  coke  is  required  for  making 
spiegeleisen  than  for  ordinary  foundry  pig,  in  con- 
sequence of  the  greater  difficulty  of  reduction.  This 
is  the  case  also  when  very  siliceous  pig  is  required. 
There  is  every  probability  of  highly  siliceous  and 
highly  manganiferous  iron  becoming  far  more  im- 
portant to  the  steel  maker  than  they  have  hitherto 
been.  Compounds  of  iron  and  chromium  are  also 
likely  to  be  useful  in  the  manufacture  of  special 
kinds  of  steel.  At  present  these  are  partly  produced 
in  the  blast  furnace  and  partly  in  the  crucible.  In 
order  to  obtain  a more  intimate  mixture  between 
the  coke  and  the  ore,  so  as  to  facilitate  reduction, 
the  plan  has  been  tried  of  grinding  up  the  ore  with 
small  coal,  and  coking  the  mixture,  thus  producing 
a metalliferous  coke,  which  is  used  alone  for  the 
blast  furnace  charge. 

The  importance  of  these  new  alloys  renders  it 
desirable  that  some  systematic  terms  should  be  used 
to  designate  them.  It  would  be  convenient  to  name 
the  alloy  of  iron  and  manganese,  manganeisen  ; of 
iron  and  chromium,  chromeisen ; while  the  triple 
alloy  of  iron,  silicon,  and  manganese  might  be  termed 
mangan-silicon-eisen. 


TABLE  ]X. — MANGANIFEROUS  ORES. 


Manganiferous 

Garruclia  or 

Manganese  Ore 
frum  North 
Coast  of  Spain, 
near  Bilbao. 

Manganiferous 
Ore  from 

Manganiferous 
Ore  from 

Manganiferous 

Manganiferous 

Manganese 

from  (Jrossfell. 
England 

Ralamores 

BlackSpauish). 

Onolaim  Mine, 
near 

Carthagena. 

Isidoro  Mine, 
near 

Carthagena. 

Ore  from 
Carthagena. 

Ore,  sliipi>ed 
at  Carthagena. 

Ore.  siiipped 
at  Furman. 

Iron. 

Iron. 

Ferric  o.xide, 

G5-90 

7 7 "23 

— 

33-.50 

27-.50 

48-25 

48-57 

39-57 

Oxygen. 

Oxygen. 

Ferrous  oxide, 

— 

— 

trace 

1975 

20-77 

— 

— 

— 

Manganese  dioxide,  .... 

6-4,5 

14  04 

80-820 



— 

25-41 

29-47 

21-20 

Manganese. 

Manganese. 



__ 



17-21 

22*.il 



3-46 

3-06 

Alumina, 

1-00 

1-85 



3 "20 

4-80 

2-33 

3-3z 

3*65 

trace 





2-84 

•2-98 

1-60 

2-00 

7 00 

trace 

1-50 



■43 

1-05 

1-58 

BaO. 

BaO. 











■64 

■59 

Res. 

Silica 

IJW 

2-00 

13-700 

6 -.50 

-5-65 

11-35 

10-80 

11-15 













1-55 

5 -.50 

Pliosphoric  acid, 

■178 

*25 

■214 

— 

— 

■08 

■05 

■08 

Pho>phonis 













— 

— 

Sulphuric  acid 









— 

— 

— 

trace 

■14 



1-32 

■62 

■09 

■04 

■03 

Zinc. 

Zinc. 

Titanic  acid, 

— 

— 

— 

-.57 

1 race 

— 

— 

— 

Water, 

1-2-70 

3-24 

7-300 

not  est 

imateil 

9-80 

6-00 

6-90 

ZnO. 

ZnO. 

Organic  matter, 













•2-90 

■o6 

Total 

99 -228 

100-25 

102-034 

84-89 

84-63 

99-34 

99-85 

99-81 

46*13 

54*06 







33-78 

24-35 

25  70 

“ manganese, .. 

51-12 

— 

— 

20-43 

14-65 

IKON. — Malleable  Ihon  from  Cast  Iron. 
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Fume  from  Blast  Furuares. — A very  large  quantity 
of  dense  white  fume  is  noticed  to  escape  from  the 
tops  of  blast  furnaces,  along  with  the  escaping  gases. 
In  the  case  of  a Cleveland  furnace,  I.  L.  Bell  has 
estimated  that  2'6  cwts.  of  fume  were  sometimes 
escaping  for  every  ton  of  metal  produced.  The 
following  analyses  wiU  e.xplaiii  the  nature  of  this 
substance:  29  grains  were  collected  from  1 cubic 
metre  of  gas  of  which  14-78  grains  were  soluble  in 
water. 


Soluble 
ill  water. 

Insoluble 
iu  water. 

Loss  on  healing, 

10-46 

— 

Silica, 

1-37  

11-00 

Alumina  with  trace  FcjO-j 

12-2 

10-76 

Lime, .... 

Magnesia, 

trace  .... 

2-06 

trace  .... 

trace 

Chlorine, 

•57  Carbonic  ac- 

d,  7 00 

Sulphuric  acid, 

.... 

— 

Zinc  oxide, 

4-58 

13-28 

Carbonates  of  potash  and  soda. 

22-90 

52-67 

3-07 

47-17 

Production  of  Malleable  Iron  from  Cast  Iron. — One  of 
the  most  simple  plans,  though  one  of  the  latest  in 
chronological  order,  consists  in  embedding  the  cast 
iron  in  powdered  oxide  of  iron,  and  subjecting  the 
wliole  to  a moderate  but  long  continued  heat.  This 
process  is  somewhat  similar  in  character,  though  j 
reverse  in  its  action,  to  the  old  cementation  process 
for  making  steel.  The  plan  is  not  applicable  to  large 
quantities  of  material,  or  to  large  masses;  but  is 
much  used  for  making  what  are  called  malleable  cast- 
ings. Tlie  small  castings  are  embedded  with  oxide 
of  iron  in  cast-iron  chests,  and  six  or  eight  of  these 
chests  are  placed  in  a furnace.  Sometimes  they  are 
placed  on  the  bed  of  an  ordinary  reverberatory  fur- 
nace. A better  plan  is  to  place  them  upon  a rotat- 
ing bed.  They  are  kept  at  a bright  red  heat  for  five 
or  six  days,  and  then  gradually  cooled.  The  follow- 
ing analyses  of  two  samples  (about  a quarter  of  an  inch 
thick),  before  and  after  annealing,  will  show  what  j 
influence  the  process  has  upon  the  impurities  in 
the  iron.  The  unannealed  castings,  when  broken, 
showed  a white  fracture,  all  the  carbon  being  in  the 
combined  state.  It  is  important  to  have  the  carbon 
in  this  state. 


CASTING  I. 
Before 

After  First 

After  Second 

Auuea.ing. 

Auuealiug. 

Annealing. 

Silicon, 

•438 

•449 

Phosphorus,  . . . 

...  -315 

•327 

•315 

Manganese,. . . . 

. . . -529 

•585 

*525 

.-'ulphur, 

Total  curbuii,.. . 

. . . -059 

•067 

•083 

1-51 

below  -10 

CASTING  II. 
Before 

After  First 

After  Seeond 

Annealing, 

Auitealiug. 

Anuealing. 

Silicon, 

Phospliorus,  . . . 

•614 

•614 

. . . -280 

•290 

-295 

Manganese, .. . . 

. . . -585 

*616 

•575 

Sulphur 

Total  carbon,  .. 

•147 

•162 

...  3-48 

•43 

below  -100 

From  the  above  it  will  be  seen  that  the  carbon  is 
thoroughly  oxidised  and  removed,  while  no  reduc- 
tion takes  place  in  the  absolute  quantity  of  the  other 
elements ; indeed  the  sulphur  slightly  increases. 
'1  his  is  j)robably  due  to  the  absorption  of  the  sul- 


phur given  off  by  the  fuel.  It  is  important  that  the 
iron  be  fairly  free  from  silicon,  phosphorus,  and 
sulphur,  otherwise  the  castings  become  very  weak 
after  annealing.  When  the  casting  is  moderately 
thick  it  would  appear  that  while  the  carbon  near  the 
surface  may  have  been  removed,  that  in  the  interior 
may  become  altered  from  combined  to  graphitic 
carbon,  thus  producing  what  is  technically  termed 
“ black  heart.” 

Sometimes  the  annealed  castings  become  very 
brittle  from  some  at  present  obscure  cause.  The 
following  analyses  of  specially  weak  and  very  tough 
specimens,  seem  to  favour  the  idea  that  weakness 
may  result  from  absorption  of  oxygen  (as  in  the 
Bessemer  process)  after  the  carbon  has  been  all 
removed. 


VF.UY  WEAK  SAMPLE. 

Once  Annealed.  Twice  Annealed. 


Silicon, . . . . 
I’hospliorus, 
Manganese, 
Sulphur,.. .. 

Uarhon,  . . . , 


Xaarge  Crystalline 
Facets. 

Crystalline  Facets 
ext  eliding  right 
across  Fractui'e. 

-450 

....  -589 

-212 

*2-^3 

•153  . 

•139 

, . . . *105 

•10 

J none  or  slightest 
"(  trace. 

VERY  TOUCH  CASTING. 


Could  be  bent  cold  through  angle  of  90°  without 
fracture. 


Silicon -719 

Phosphorus, -201 

idanganese, -270 

Sulphur, -096 

Carbon, 1-812 


The  oxide  ol  iron  used  in  the  process  gradually 
loses  its  power,  and  becomes  exhausted  even  when 
only  reduced  to  the  state  of  ferrous  oxide,  as  will  be 
seen  from  the  following  analysis  of  spent  ore  from 
making  malleable  castings: — 


Ferric  oxide  75-09 

l-'errous  oxide  (FeU) 5-14 

Manganous  oxide  (MnU), -23 

Alumina, 1-92 

Lime, 2-39 

Magnesia, -52 

Silica, 14-43 

Sulpliur,  -04 

Phosphoric  acid, -08 

Moisture, -04 

99-93 

Metallic  iron, 62  00 


The  manufacture  of  small  articles  requiring  con- 
siderable strength  is  now  largely  carried  on  by  this 
plan,  but  it  is  not  applicable  to  -articles  that  require 
subsequent  forging. 

Probably  the  oldest  method  of  producing  malle- 
able or  wrought  iron  from  cast  iron,  consisted  in 
melting  the  pig  iron  in  a fnery  or  hearth  in  contact 
with  the  fuel,  but  exposed  to  the  oxidising  action  of 
a blast  of  air.  Charcoal  -was  the  fuel  employed. 
By  this  means  the  iron  was  first  melted,  and  then 
the  carbon  and  silicon  burnt  out,  leaving  a pasty 
lump  of  iron  in  the  hearth.  In  order  to  insure 
perfect  oxidation  of  the  carbon  and  silicon,  the  iron 
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■was  lifted  from  time  to  time  into  the  blast  until  the 
whole  beeame  pasty,  when  the  ball  was  removed, 


Fig.  17. 


and  of  the  basic  silicate  of  ferrous  oxide  remaining 
in  the  hearth  at  the  close  of  the  last  operation 
upon  the  molten  pig  iron,  the  latter  is  decarbur- 
ized  to  a considerable  extent,  and  in  consequence 
becomes  less  fusible  and  more  pasty.  After 
perfect  fusion  of  the  metal  the  refining  proper 
begins.  This  consists  in  incessantly  breaking  up  the 
metal  with  an  iron  bar,  and  carrying  towards  the 
twyer  the  raw  portions,  which,  being  more  highly 
carburized  and  more  fusible  than  the  rest,  always 
run  down  to  the  bottom,  and  there  harden.  The 
metal,  which  has  thus  more  or  less  solidified,  is 
broken  up  and  submitted  to  the  action  of  the  blast 
until  all  is  sufficiently  refined : this  operation  lasts 
about  half  an  hour.  Subsequently  all  the  metal  is 
brought  up  to  the  top  of  the  hearth,  and  again 
heated  to  form  the  ball ; fresh  charcoal  being  thrown 
into  the  hearth,  and  the  unmelted  portions  being 
kept  up  at  intervals  with  an  iron  bar,  to  prevent 
their  adhering  to  the  ball  before  having  been  melted. 


Fig.  18 


and  hammered  under  a tilt  hammer  into  rough  bars, 
Various  modifications  of  this  plan  were  adopted  in 
different  countries;  but  all  with  the  same  object 
in  view,  and  having  the  same  general  plan  of 
working. 

The  plan  in  its  most  perfect 
state  is  still  used  in  Sweden, 
under  the  name  of  the  Lanca- 
shire hearth  process.  Figs. 

17,  18,  and  19,  taken  from 
Dr.  Percy’s  work,  illustrate 
the  furnace  and  mode  of 
working  — a,  blast  pipes;  B, 
twyer ; c,  hearth  ; u,  valve ; 

E,  table ; F,  stack ; and  G, 
water  pipes. 

Manijndation. — All  being  in 
working  order,  and  the  ball 
obtained  in  the  last  heat 
removed,  &c.,  charcoal  dust 
is  spread  out  on  the  foreside, 
and  the  hearth  is  filled  with 
clean  charcoal.  The  pig  iron, 
which  is  in  plates  2 or  3 
inches  thick,  and  has  been 
previously  heated  on  the  plate 
in  the  flue,  is  transferred  to 
the  hearth,  the  charge  being 
200  lbs.  Fresh  charcoal  is 
added  and  the  blast  turned 
on,  when  in  about  half  an 
hour  the  metal  will  have  com- 
pletely melted  down,  and  in 
dropping  through  the  blast 
from  the  twyer  have  become  partially  oxidised. 
By  the  action  of  the  oxide  of  iron  thus  formed. 


The  ball  is  then  taken  out,  and  hammered  into  a 
prismatic  shape,  which  is  cut  into  pieces  to  be  welded 
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in  another  fire.  The  Avhole  process  lasts  from  an 
hour  and  a quarter  to  an  hour  and  a half. 

I'iu-  20. 


c 

] 

r 

Pn 

U 

1 

be  manipuliited,  and  the  great  waste  of  iron  during 
the  operations.  But  the  quality  of  the  product  is 
excellent,  even  when  in- 
ferior pig  has  been  used. 

During  the  process  of 
melting  down  pig  iron  a 
certain  amount  of  refining 
takes  place,  even  in  a 
cupola;  and  this  action 
goes  on  to  a much  larger 
extent  in  the  melting  down 
in  an  open  hearth.  By 
continuing  the  blast  from 
inclined  twyers  the  refin- 
ing is  still  further  pro- 
moted, even  though  the  iron 
be  left  in  the  hearth.  Hence 
the  refinery,  or  running 
out  fire,  was  much  used  in 
South  Wales  for  preparing 
the  iron  for  the  puddling  process.  The  refinery 
consists  essentially  of  a rectangular  hearth  inclosed 
at  the  back  and  sides  by  water-cooled  iron  blocks. 
The  front  is  formed  by  a solid  cast-iron  plate  with 
a tap  hole  in  the  bottom.  One,  two,  or  three  water- 
cooled  twyers  are  inserted  through  the  sides  of  the 
furnace,  and  inclined  at  an  angle  of  about  80°,  so  as 
to  blow  down  upon  the  iron.  Figs.  20,  21,  and  22, 
also  from  Dr.  Peucv,  represent  a refinery  at  the 


© 
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The  blast  is  frequently  used  at  a 
temperature  of  100°  C.,  and  at  a 
pressure  of  2^  inches  of  mercury. 

The  cut  up  pieces  to  be  drawn 
out  under  the  hammer  are  welded  and  heated  in 
hearths  much  resembling  in  size  and  construction 
the  charcoal  finery  itself ; but  the  furnace  now  most 
extensively  used  for  this  purpose  is  the  gas-welding 
or  reheating  furnace  invented  by  G.  Ekman. 

The  production  of  wrought  iron  by  these  means 
is  costly,  on  account  of  the  small  quantities  that  can 

VOI.  II. 


Bromford  Iron  Works — A,  hollow  sides  of  cast  iron ; 
B,  water  troughs  of  cast  iron  ; C,  dam  plate  ; D,  run- 
ning out  bed  of  cast  iron ; E,  water  box ; f,  blast 
pipes ; G,  twyers ; h,  valve ; J,  water  tank ; K, 
stack  ; L,  flat  bottom  ; Ji,  water  pipes. 

The  operation  is  carried  on  as  follows : — The  fire 
being  lighted  and  the  hearth  partially  filled  with  coke 
34 
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a charge  of  about  a ton  of  pig  iron  is  piled  upon  the 
coke.  Fresh  coke  is  thrown  over  the  whole  and  the 
blast  turned  on.  In  from  one  to  one  and  a half 
hour  the  whole  of  the  pig  iron  has  been  melted, 
but  the  blast  is  continued  for  about  half  an  hour 
longer.  The  refiner  judges  from  the  character  of 
the  pig  the  amount  of  refining  required,  but  ascer- 
tains when  the  operation  is  complete  by  the  appear- 
ance of  the  cinder  and  iron  which  he  brings  out  by 
means  of  a long  iron  bar.  The  metal  and  cinder  are 
then  tapped  out  together,  and  run  into  a water-cooled 
cast-iron  bed.  Water  is  thrown  over  the  whole, 
which  chills  the  iron  and  promotes  the  separation  of 
the  cinder.  The  slabs  of  metal  are  then  removed  from 
the  chills  by  hooks  suspended  from  a pair  of  large 
wheels,  and  broken  up  by  a double-handled  sledge. 

It  requires  about  4 cwts.  of  coke  to  produce  1 
ton  of  refined  metal.  Formerly  at  Dowlais,  the 
metal  was  run  direct  from  the  blast  furnace  into  the 
refinery,  thus  saving  some  fuel,  and  quickening  the 
process.  The  refinery  forms  a convenient  means  of 
melting  up  heavy  masses  of  iron,  such  as  old  rolls, 
&c.,  which  can  be  pushed  forward  into  the  furnace 
as  they  melt  down. 

The  pressure  of  the  blast  is  generally  from  2 to  3 
lbs.,  and  is  usually  taken  from  the  same  mains  that 
supply  the  blast  furnaces.  The  action  is  at  all  times 
an  oxidising  one,  and  hence  there  is  considerable 
loss  of  iron  in  the  process,  varying  from  8 to  15  per 
cent. ; but  if  the  blast  be  allowed  to  impinge  too 
directly  on  the  iron,  it  may  become  much  greater. 

The  refining  can  be  carried  out  to  any  extent ; 
but  if  pushed  too  far,  the  iron  becomes  over-refined, 
and  full  of  honeycomb.  The  object  is  to  burn  out 
the  greater  portion  of  the  silicon.  If  carried  out 
properly,  the  refined  iron  is  solid,  bright  on  fracture, 
with  an  almost  silvery  appearance.  It  approaches 
in  character  to  hard  steel.  The  following  analyses 
will  sho.w  the  character  of  the  change  that  takes 


place : — 

Dowlais  White 

Refined  Metal 

fig  Iruu. 

from  same. 

Iron,  

..  96-485 

{combined  carbon. 

. . 2-428 

■128 

•5.')3  . . 

•144 

-886  . . 

•815 

-050  . . 

, , trace 

lOO-UOO 

100-000 

The  slags  produced  in  this  process  are  generally 
more  free  from  phosphorus  than  those  from  the 
charcoal  finery  (when  using  the  same  iron) ; but, 
like  them,  contain  a large  quantity  of  iron,  as  will 
be  seen  from  the  following  analysis  of  a sample  such 
as  would  be  produced  when  refining  the  above  pig:— 


Silica, 

Ferrous  oxide 

Manganous  oxide, 

33-33 

54-94 

2-71 

5-75 

1-19 

Magnesia,  

-50 

Suli.h.de  of  n-on,  , 

-10 

Phosphorus,  

-99 

Copper, 

99-68 

From  the  above  analyses  it  will  be  seen  that  while 
the  carbon  is  very  slightly  reduced  absolutely,  the 
silicon  and  sulphur  are  largely  eliminated,  but  phos- 
phorus is  only  very  partially  removed.  It  must  be 
borne  in  mind  that  a considerable  waste  of  iron 
goes  on  in  the  process ; so  that  although  the  per 
cent,  of  phosphorus  in  the  sample  of  refined  iron  is 
nearly  as  high  as  in  the  pig,  the  absolute  quantity 
has  been  reduced,  and  some  has  passed  into  the  slag. 

Twenty  or  thirty  years  ago  the  refining  process 
was  largely  used,  particularly  in  Wales.  There  and 
elsewhere  it  has  been  all  but  discontinued,  and  pig 
iron  without  any  preliminary  treatment  is  employed 
in  the  manufacture  of  malleable  iron.  Some  of 
the  best  brands,  particularly  those  known  as  best 
Yorkshire,  are  almost  exclusively  made  from  refined 
metal. 

Fuddling. — Since  the  time  of  CoRTthe  process  of 
puddling  has  gradually  been  improved,  until  it  has 
practically  superseded  all  other  modes  of  making 
wrought  iron  in  large  quantities.  The  essential 
difference  between  puddling  and  the  modes  of  pro- 
ducing wrought  iron  just  considered,  consists  in  the 
separation  of  the  metal  in  the  puddling  furnace 
from  all  contact  with  the  fuel.  Thus  a commoner 
fuel  can  be  employed  without  injury  to  the  iron. 

Description  o/  a PudiUinp  Furnace  and  the  Mode  o/ 
WorkiiKj. — It  consists  of  a fire-place  in  which  the 
fuel  is  burnt,  a reverberatory  chamber  in  which  the 
metal  is  treated,  and  a chimney  to  create  the  neces- 
sary draught,  with  a damper  for  regulating  it. 
Figs.  23,  24,  and  25  show  the  construction  of  an  ordi- 
nary puddling  furnace  : — Fig.  23  is  an  end  view  of  fire 
place;  Fig.  24  is  a sectional  plan  along  the  line  C — D, 


Fig.  23. 


Fig.  25 ; and  Fig.  25  is  a sectional  elevation  along 
the  line  a — b.  Fig.  24.  a is  the  furnace;  b,  charging 
door  for  coal;  C,  bridge;  D,  puddling  chamber;  e,  fire 
bridge ; F,  Rastric  boiler;  G,  ash  pit ; Hj  working  door. 
The  pig  iron  is  placed  upon  the  bed  of  the  furnace 
and  gradually  melted  down.  The  workman  then, 
with  a long  hooked  iron  bar,  termed  a “rabble,”  con- 
tinually agitates  the  bath  of  metal,  so  as  to  expose 
fresh  portions  to  the  action  of  the  lining  of  the  fur- 
nace, and  to  the  hot  gases  passing  over  the  surface. 
He  thus  mixes  the  whole  up,  and  prevents  one  por- 
tion from  becoming  refined  before  another.  When 
all  the  iron  has  been  melted  the  damper  is  usually 
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put  down  for  a while,  to  keep  down  the  tempera-  producing  the  “boil.”  as  it  is  termed.  This  is  a 
ture  of  the  metal  to  the  point  most  favourable  for  violent  ebullition  which  takes  place  shortly  after  the 


Fis.  24. 


Scale  of  Feet. 


whole  has  melted,  and  is  due  to  the  escape  of  car- 
bonic oxide,  formed  by  the  oxidation  of  the  carbon. 
This  appears  to  take  place  most  violently  directly 
after  the  bulk  of  the  silicon  has  been  burnt  out. 
Hence  it  comes  on  more  quickly  after  melting,  when 
white  iron  is  under  treatment,  than  when  the  pig 
is  grey. 

Soon  after  the  boiling  is  over  the  metal  loses  its 
fluidity,  and  pasty  masses  are  formed.  The  metal  is 
then  said  to  be  coming  “to  nature,”  or  “dropping.” 
Up  to  this  point  the  work  of  agitating  the  metal,  or 
“ rabbling,”  is  generally  done  by  the  “under-hand.” 
The  “fore-hand”  now  takes  his  turn,  and  pushes 
back  the  more  advanced  portions,  and  brings  for- 
ward the  remainder.  He  then  gathers  the  whole 
into  one  mass,  and  afterwards  divides  it  into  sepa- 
rate “ balls,”  which  are  quickly  drawn  from  the 
furnace  and  “ shingled  ” under  a squeezer  or  a 
hammer. 

In  reference  to  this  process  I.  L.  Rf.ll  has 
recently  given  the  result  of  some  experiments  in  a 
paper  read  before  the  members  of  the  Iron  and 
Steel  Institute.  A careful  examination  of  the  vari- 
ous processes  connected  with  the  manufacture  of 
iron,  and  with  the  conversion  of  pig  iron  into  steel 
by  the  Bessemer  proce.ss,  led  him  to  infer  that  by 
keeping  molten  cast  iron  in  contact  with  oxide  of 


iron  at  a low  temperature,  nearly  the  whole  of  the 
phosphorus  can  be  removed  before  the  carbon  is 
greatly  reduced  in  quantity.  Should  his  expecta- 
tions be  realized,  we  may  hope,  from  pig  such  as 
that  of  Cleveland,  to  obtain  a material  which  at 
present  can  only  be  produced  by  using  ores  com- 
paratively free  from  phosphorus. 

Theory  of  the  Process. — The  reactions  taking  place 
in  the  puddling  furnace  are  essentially  those  due  to 
oxidation.  The  agents  of  oxidation  may  be  the  free 
oxygen  of  the  heated  gases  passing  over  the  metal, 
or  fluid  oxygen  in  the  form  of  oxide  of  iron.  For- 
merly the  effect  of  the  oxide  of  iron  was  lost  sight 
of,  but  now  it  is  clearly  demonstrated  that  either 
ferric  oxide  or  magnetic  oxide  are  capable  of  giving 
a portion  of  their  oxygen  at  a high  temperature  to 
combine  with  the  carbon,  s licon,  sulphur,  and  phos- 
phorus existing  in  the  pig  iron,  and  thus  remove 
them.  It  is  therefore  found  advisable  to  line,  or, 
as  it  is  termed,  “ fettle,”  the  puddling  chamber  with 
rich  oxides  of  iron.  Portions  of  this  lining  become 
melted  with  the  iron,  and  form  a bath  of  cinder  in 
which  the  fluid  iron  is  agitated.  Inasmuch  as  it  is 
impossible  to  get  absolutely  pure  oxide  of  iron,  some 
silica  being  always  present,  and  as  this  is  increased 
by  the  melting  of  the  bricks  in  the  roof  of  the  fur- 
nace, the  bath  is  usually  of  varying  composition,  but 
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it  is  always  highly  basic ; and  hence  as  the  silicon, 
sulphur,  and  phosphorus  are  oxidised  to  their  re- 
spective acids,  these  are  neutralized  and  combined 
with  the  oxide  of  iron  in  the  bath,  and  are  thus 
removed  to  a great  extent.  It  is  possible  that  some 
sulphur  and  phosphorus  may  be  removed  as  gaseous 
products.  The  carbon  is  oxidised  to  carbonic  oxide, 
jets  of  which  may  be  seen  burning  with  a blue  flame 
all  over  the  bath  at  a certain  period  in  the  process. 
As  the  carbon,  silicon,  &c.,  are  removed  the  iron 
becomes  less  fusible,  and  assumes  the  condition  of  a 
pasty  mass.  In  this  condition  the  particles  of  iron 
possess  great  power  of  cohesion  when  brought  into 
intimate  coiibtct.  They  thus  stick  together,  or 
become  “welded,”  as  it  is  termed.  Welding  then 
consists  in  the  union  of  two  pieces  of  iron  by  virtue 
of  cohesion,  and  perfect  welding  can  only  take  place 
when  the  surfaces  are  absolutely  clean.  Whatever, 
therefore,  tends  to  free  the  surface  of  iron  from  all 
foreign  matter  promotes  welding.  Thus  a reducing 
atmosphere  in  which  any  scale  of  oxide  of  iron 
becomes  reduced  to  the  metallic  state,  or  a flux 
which  will  dissolve  up  such  scale  and  leave  a fluid 
slag  that  can  be  squeezed  from  between  the  metallic 
surfaces,  promotes  this  operation.  The  puddled  iron 
that  has  been  gathered  together  in  the  furnace  into 
a ball  is  of  so  spongy  a nature  that  it  is  full  of  such 
a fusible  slag ; and  when  the  ball  is  brought  to  the 
hammer  or  squeezer  this  fluid  slag  is  easily  expressed, 
and  the  iron  welded  into  a solid  mass. 

From  what  has  been  said  it  will  be  gathered  that 
the  sides  and  bottom  of  the  furnace  require  to  be 
constantly  renewed  or  “fettled,”  and  such  is  the 
case.  Any  rich  iron  ores  free  from  silica  serve  for 
this  purpose,  and  also  iron  scale  and  “ tap  cinder,” 
as  it  is  termed,  which  is  nearly  pure  oxide  of  iron 
formed  by  the  oxidation  of  metallic  iron  during  the 
process  of  heating.  Frequently  scrap  iron  is  in- 
tentionally oxidised  in  the  puddling  furnace  to  pro- 
duce fettling.  When  sulphury  pig  is  being  puddled 
manganese  ore  is  found  to  be  a valuable  fettling 
material,  on  account  of  its  great  affinity  for  sulphur. 
The  various  nostrums  advocated  as  “ physic  ” for 
the  puddling  process  generally  include  more  or  less 
manganese  oxide ; but  in  order  to  be  efficacious  the 
material  must  be  used  in  sufficient  quantity,  far  in 
excess  of  what  theory  would  point  out. 

The  manual  labour  demanded  from  the  puddler 
is  so  excessive,  that  for  years  the  attention  of  in- 
ventors has  been  devoted  to  the  discovery  of  some 
means  for  performing  the  operation  mechanically. 
Tooth  was  one  of  the  first  to  suggest  a fairly  prac- 
ticable puddling  machine;  but  after  years  of  labour 
and  much  patient  investigation,  Menelaus  had 
nearly  given  up  hope  of  success  when  Danes  of 
Cincinnati  showed  that,  by  using  oxide  of  iron  as 
the  lining  material,  and  in  an  improved  form  of  | 
Tooth’s  apparatus,  very  satisfactory  results  w’ere 
produced.  The  statements  made  by  Danes  were 
fully  corroborated  by  a commission  sent  out  to 
America  by  the  Iron  and  Steel  Institute;  and  although 
the  first  attempts  to  use  his  revolving  puddling  fur- 
nace in  England  disclosed  many  difficulties  yet  to  be 


overcome,  it  may  now  be  confidently  asserted  that 
the  problem  of  mechanical  puddling  is  fully  solved, 
ilessrs.  Hopkins  & Gilkes,  of  Micldlesborough,  are 
at  present  constantly  running  six  of  these  rotating 
furnaces,  day  and  night,  and  producing  nearly  6 
tons  per  shift  out  of  each  furnace,  while  the  produc- 
tion of  an  ordinary  hand-furnace  is  only  about 
one -fourth  this  quantity.  At  present  mechanical 
puddling  scarcely  affords  any  advantage  in  point  of 
economy  over  hand  work;  but  this  is  due  to  defects 
in  the  designs  of  the  machinery,  which  will  doubtless 
be  rapidly  remedied.  The  iron  produced,  however,  is 
far  superior  to  that  from  hand- worked  furnaces,  and 
there  is  also  an  advantage  in  point  of  yield.  Plate 
IV.  will  sufficiently  explain  the  constructio)i  of  the 
Danes’  revolving  furnace,  while  Figs.  26  and  27  show 


Fig.  26. 


Fig.  27. 


the  alterations  recently  suggested  by  J.  Williajis 
of  Pittsburg.  U.S.,  who  has  devoted  a great  deal  of 
attention  to  this  matter. 

Crampton  has  invented  an  ingenious  and  very 
successful  method  of  burning  coal  dust,  and  has 
devised  a mechanical  puddling  furnace  having  only 
a single  chamber,  the  fuel  being  burnt  and  the  pud- 
dling performed  in  it.  The  casing  is  of  boiler  plate 
and  double,  the  space  between  having  a current  of 
water  flowing  through  it.  By  this  means  the  shape 
of  the  furnace  is  kept  perfect. 

Various  mechanical  tools,  such  as  oscillating  rab- 
bles, &c.,  have  been  devised  to  assist  the  puddler, 
but  these  need  not  be  further  alluded  to. 
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The  following  analyses  made  by  Snelus  duving 
the  investigation  of  the  DaNks’  furnaces  w'ill  serve 
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Further 

Puddled 

Puddled 
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* Under. 


to  explain  the  chemical  changes  taking  place  during 
the  process  of  puddling. 


SLAGS  PRODUCED. 


Tap  Cinders. 

Slag  at  end  of 
Process. 

Ferrous  oxide, 



56  .571 

Ferric  oxide, 



6-857 

Silica, 

21-54 

6-730 

*Titanic  acid,.  

18  .500 

Phosphoric  acid, 

2-3.53 

2-770 

Sulphur, 

•387 

•207 

91-635 

Iron, 

60  34 

48  8 

* Ilmenite  had  been  used  for  fettling  the  furnace. 


Iron, 

Carbon, 

Silicon, 

Sulphur,. . . . 
Pho8|)honis, 
Manganese,. 
Titanic  acid. 
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Fuddled  Bar. 

Puddled  Bar. 

Iron 
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— 
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“grey  pig,”  used  FOR  MAKING  TIN  PLATE — METAL. 
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— 
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Cittder. 
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1417 
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Metallic  iron, 

— 
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Pig  Iron. 
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Partly  Refined. 

Puddled  Bar. 

Tap  Cinder. 

Iron,  
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3-30 
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■407 

•3.'-6 

Maiig.-niese, 

■115 

— 

— 
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“ VrillTE  PIG  IKON  ” FOR  MAKING  ORDIXAIIY  BARS— ME l A I,. 


Pig  Iron. 

Fuddled  Bar. 

Iron 

94-8,50 



Carhon, 

2-.512 

— 

Silicon 

1-091 

•312 

Sulphur, 

•7-->2 

•0(18 

Phosphorus 

•.507 

•230 

Manganese, 

•201 

•028 

00 -943 

- 

Snhseqttent  Treatment  of  the  Pialdlcd  Iron.  — After 
the  ball  of  puddled  iron  is  brought  from  the  furnace 


it  is  rouehly  hammered  or  squeezed  into  a flat  slab, 
and  then  rolled  out  into  a bar.  The  bars  are  of 
various  widths  and  thicknesses,  according  to  the  pur- 
pose for  which  they  are  to  be  subsequently  devoted. 
If  the  object  is  to  make  merchant  iron,  the  bars  are 
usually  6 or  6 inches  wide  and  about  three-quarters 
thick;  if  for  plates,  the  bars  are  made  from  12  to 
16  inches  wdde  and  1^  inch  thick.  After  this  first 
rolling  the  iron  is  denominated  puddled  bar,  or 
muck  bar.  In  this  state  it  has  a very  rough  ragged 
appearance,  and  contains  a good  deal  of  cinder. 

The  bars  are  cut  into  lengths  of  3 or  4 feet,  six 


Fig.  29.  Side  Elevation. 


or  seven  of  tlicse  piled  together,  heated,  and  rolled  j plates  are  the  object  of  manufacture,  puddled  bar 
down  into  ‘‘No.  2”  iron,  which  may  be  cut  up,  piled,  | slabs  are  used  for  the  to[i  and  bottom  of  the  pile,  the 
and  rolled  into  a superior  quality  of  merchant  bar.  If  shearings  from  jrreviously  rolled  plates  arc  placed 


<1  a 11} 
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between  them,  and  the  whole  heated  and  rolled  into  a j around  Bowlin"  and  Lowmoor,  a much  more  careful 
finished  plate.  This  is  the  ordinary  course  of  manu-  j mode  of  proceeding  is  adopted.  In  the  celebrated 

works  of  this  district  the 

FIs.  30.— Side  Elevation.  puddled  iron  (which  is 

/Pv  /BV.  fS\.  /nV  /Bv  worked  in  small  chanresl 

^ II  1 ^ '^1  * slab, 

* — - again,  again  heated, 

facture.  and  a somewhat  similar  plan  is  followed  for  hammered,  and  then  rolled  into  a plate.  Figs.  28, 
making  iron  rails;  but  in  the  South  Yorkshire  district  29,  30,  31,  and  32  will  explain  the  ordinary  coal 

heating  furnace  for  plates.  A is  the  fire  place ; B, 

Fig.  31.— Section  on  line  F— E.  coal  charging  hole  ; C,  bri  'ge  ; D,  furnace  bed  ; F, 

lllllll miltlWlIl  charging  door;  G,  ash  jiit.  The  gas  furnace  of 

|! g 1 ilil  1 1 1 1 SiE.MENs’  is  now  much  used  for  heatin"  iron  and 

1 j ®*'ccl,  and  is  clean  and  economical  in  coal.  The 

Ponsard  furnace  is  a modification  of  Siemf.n.s’,  the 

1 pTodneer  being  put  close  up  to  the  furnace  proper. 

1 Plate  V.  illustrates  a new  form  of  heating  furnace 

1 ilcsigned  by  Price.  In  this  the  fuel  itself  is  heated 

1 retort,  H,  by  the  waste  heat  which  is  passed 

around  it  before  escapimr  to  the  chimney.  The  air 
ia  also  beatoii  by  tile  same  means  in  passinn  tbronnb 

Fip.  32  — Section  on  line  A — B. 

good.  The  soft  steel  recently  introduced,  which  is  of  more  severe  tests  every  way  than  Lowmoor  iron, 
excellent  and  trustworthy  quality,  capable  of  standing  1 and  can  be  made  at  a much  less  cost  by  either  the 
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Bessemer  or  the  Siemens  process,  will  undoubtedly 
gradually  take  the  place  of  these  high-chtss  iron 
plates.  Plates  are  made  from  piles  (varying  in 
weight  according  to  the  size  required)  by  heating 
to  a full  white  heat,  and  then  passing  several  times 
through  a pair  of  cylindrical  rollers  termed  the  “soft” 
rolls,  by  which  the  different  portions  are  welded 
togetiier  and  formed  into  a rough  plate,  d'his  is 
then  reheated  and  passed  between  a pair  of  finishing 
or  “hard”  rolls,  which  are  kept  carefully  turned  to 
a true  surface.  If  the  piles  are  not  heavy,  they  are 
rolled  off  from  the  soft  rolls  without  further  heating. 
For  light  plates  the  rolls  are  about  18  to  20  inches 
diameter  and  4 feet  long,  and  the  plate  after  passing 
through  the  rolls  is  returned  over  the  top  roll,  and 
so  on  till  it  is  reduced  to  the  right  thickness,  the 
top  roll  being  balanced  and  screwed  down  after 
each  pass.  For  very  thin  plates,  and  for  tin  plates, 
the  rolls  are  shorter  and  the  plates  are  doubled  and 
doubled  again,  so  that  several  are  rolled  together 
and  opened  out  after  cooling.  For  plates  of  10  cwts. 
and  upwards  larger  rolls  are  employed,  and  they  are 


made  to  reverse  either  by  a clutch  arrangement  on 
the  driving  shaft,  or  by  reversing  the  engines  after 
each  pass.  Rolls  36  inches  in  diameter  and  11  feet 
long  are  now  being  employed.  Armour  plates  are 
rolled  in  a similar  way,  but  from  much  larger  piles. 
Merchant  bars  are  formed  by  passing  the  piles 
between  grooved  rolls,  of  such  a form  that  the  section 
of  the  pile  is  gradually  changed  to  the  required  form. 
Rails  are  rolled  in  a similar  waj%  For  light  merchant 
bars  the  rolls  should  run  at  about  120  revolutions 
per  minute,  and  for  very  small  sections  and  for  wire 
still  faster.  For  rails  a speed  of  from  60  to  80  revolu- 
tions is  generally  employed.  The  plate  engraving  of  a 
rail  mill  train  (Plate  VI.)  will  show  the  arrangement 
employed  for  this  purpose.  The  pile,  which  is  now 
generally  made  sufficiently  heavy  for  two  lengths  of 
rails,  is  heated  and  cogged  or  roughed  down  into  a 
bloom  about  8 inches  square.  This  is  usually  done 
in  a pair,  or  a set  of  three  grooved  rolls.  At  Dow- 
lais  and  Ebbw  Vale  a special  arrangement,  termed 
While’s  blooming  mill,  is  employed  for  this  purpose. 
This  consists  of  a set  of  two  pair  of  horizontal,  and 


Fig.  33. 


one  pair  of  vertical  grooved  rolls  running  between 
them,  so  arranged  th.-it  by  one  pass  of  the  pile  it 
gets  squeezed  on  all  sides.  1 his  avoids  the  necessity 
for  turning  over  the  pile,  an  operation  which  is 
requisite  when  blooming  in  ordinary  rolls.  After 
cogging  the  bloom  is  reheated,  or  “wash”  heated, 
and  passed  first  through  a set  of  “roughing”  rolls 
and  finally  through  the  “finishing”  train.  Great 
skill  is  required  on  the  part  of  the  roll  turner  to 
arrange  the  draught  of  the  rolls,  so  that  the  work 
done  at  each  pass  may  be  as  equal  as  possible,  and 
that  a perfect  section  may  be  obtained  at  finish. 
For  light  rails,  as  for  plates,  a “pull  over”  mill  is 
employed,  but  for  heavy  rails  a reversing  mill  or 
three-high  rolls  are  necessary  to  save  time  and  the 
Labour  of  passing  the  bar  over  the  top  roll.  In  all 
cases  it  is  necessary  to  place  side  guards  on  a framing 
in  front  of  the  rolls  to  lead  the  piece  into  the  grove, 
and  guides  to  prevent  the  piece  coiling  around  the 
roll  when  passing  through.  Where  threc-high  rolls 
are  used  the  top  guides  are  hung  from  a frame  and 
balanced.  A.  Thomas,  of  Clabecq,  Belgium,  has 
lately  devised  a plan  of  three-high  rolls  by  which 


a considerable  saving  in  weight  is  effected,  as  is  shown 
in  Figs.  33.  34,  35,  36,  37,  38,  39,  and  40.  The  first 
housing  holds  the  pinions,  the  second  the  roughing 
rolls,  and  the  third  the  finishing  rolls.  Accompany- 
ing are  five  other  dispositions  of  trains. 

Figs.  33,  34,  35,  39,  and  40  are  various  modes  of 
construction  of  these  mills ; Fig.  36  that  of  a two- 
high  mill ; Figs.  37  and  38,  of  the  ordinary  three-high 
mills  in  common  use. 

These  five  modes  of  establishing  rolls  are  all  for 
the  same  number  of  grooves  of  equivalent  sizes.  It 
may  be  remarked  that  the  length  of  table  of  Fig.  36, 
the  two-high  mill,  is  1'70  metre  for  a diameter  of  0‘600 
metre.  The  new  trains.  Figs.  35,  39,  and  40,  have 
exactly  the  same  width  and  the  rollsthesame  diameter; 
whereas  in  the  ordinary  three-high.  Fig.  37,  for  the 
same  number  of  grooves,  the  table  has  to  be  2'110 
metres  in  breadth,  and  the  diameter  of  rolls  increased 
in  consequence  to  0'644  metre,  so  as  to  obtain  the 
same  amount  of  resistence.  In  order  to  have  the 
same  number  of  grooves  on  the  three-high.  Fig.  38, 
as  on  Figs.  35,  39,  and  40,  the  table  must  be  2'043 
metres,  and  the  rolls  have  a diameter  of  0‘637  metre 
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Kilos. 

Total  weight  of  ordinary  three-high  mill,  Fig.  37.  is  14,244 
“ “ Fig.  38,  is  13,193 

“ new  “ Fig.  35,  is  9,479 

Fig.  39,  is  8,. 522 
P ig.  30,  is  7,541 
Fig.  40,  is  7,477 


ordinary  two-high  mill, 
new  three-high  mill, 


Fig.  34. 


As  will  be  noticed,  the  last  combination  of  three- 
high  rolls  weighs  less  than  the  corresponding 
ordinary  two-high. 

Lauth  has  also  modified  the  three-high  plate  mill 
by  making  the  middle  roll  smaller  than  the  others, 
and  allowing  it  to  run  free.  Fig.  41  shows  the 

Fig.  36. 


i.lOO  ■ 


M-N- 


Fig.  33 


w 

Fig.  40. 

arrangement  of  rolls  in  Brown’s  mill ; the  piece 
passes  through  a hole  in  the  first  pair,  and  out 
freely  through  an  open  groove  in  the  second  pair. 

Menelaus  also  uses  four  rolls ; Fig.  42  shows  the 
arrangement. 


Fig.  41. 


Fig.  42 


P.  Kirk  of  Workington  has  recently  introduced  a 
five  roll  system  for  roughing,  shown  in  Fig.  43. 

By  this  plan  the  piece  is  squeezed  twice  at  one 
pass,  and  once  on  the  return. 

One  of  the  most  effective  arrangements  for  rail 
rolling  is  that  designed  by  Holland.  He  uses  a 
three-high  mill  for  roughing,  and  a twO-high  revers- 
ing mill  for  finishing,  placing  the  two  close  together, 
so  that  the  rail  has  but  little  distance  to  pass  over  in 
changing  from  one  to  the  other. 

Angles  and  girders  are  rolled  in  a similar  way 
as  rails. 

After  the  rails  have  been  rolled  they  are  cut  to 

Fig.  43. 


length,  while  hot,  by  a circular  saw  revolving  about 
1000  times  per  minute.  When  cold  they  ai'e 
straightened  by  a series  of  impacts  from  a reciproc.at- 
ing  press,  success  depending  entirely  upon  the  eye 
and  skill  of  the  man  in  charge. 

Tlie  enormous  development  of  railways  has  led  to 
a corresponding  increase  in  rolling  mills,  and  the 
liroduction  of  rails  has  now  become  one  of  the  most 
important  manufactures  in  the  country.  The  great 
improvements  that  have  taken  place  in  the  manu- 
facture of  steel  have,  however,  so  cheapened  its  cost 
that  steel  rails  can  now  be  sold  for  little  more  than 
iron ; and  as  they  are  far  more  durable,  the  iron  rad 
VOL.  11. 


has  almost  entirely  given  place  to  steel.  Doubtless, 
before  many  years  are  past,  the  same  will  have  to 
be  said  with  regard  to  plates.  At  present  only  the 
purest  ores  can  be  used  for  making  pig  iron  that  is 
designed  for  conversion  into  steel;  but  all  the  energy 
of  the  trade  is  being  devoted  to  free  the  poorer  ore 
from  its  phosphorus,  or  to  remove  this  deleterious 
element  in  some  of  the  subsequent  processes;  and 
whenever  this  is  accomplished,  the  manufacture  of 
steel  will  receive  a great  impetus.  Cleveland  pig 
iron  would  be  perfectly  suitable  for  conversion  into 
steel  were  it  not  for-the  phosphorus;  and  it  is  confi- 
dently believed  that  its  expulsion  from  the  iron  as 
So 
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easily  as  carbon  and  silicon  will  before  long  be  an 
accomplished  fact. 

SUitistics  of  the  Iron  Manufacture. — The  Hon.  A.  S. 
Hewitt,  of  New  York,  gives  the  following  estimate 


of  the  worla’s  production  of  iron.  The  figures  for 
Great  Britain  and  France  are  for  1874,  Austria  and 
Hungary,  1873,  other  countries,  1872  or  1871. 

Great  Britain, 5.991,000 

United  States 2,401.000 

Germany, 1,600.000 

France, 1,360,000 

Belgium 570. OUO 

Austria  and  Hungary, 365,000 

Russia, 360,000 

Sweden  and  Norway, 306,000 

Italy, 73,000 

Spain, 73.000 

Switzerland, 7.000 

Canada, 20,000 

South  America, 50,000 

Japan 9,000 

Asia, 40.000 

Africa, 25,000 

Australia, 10, 000 


13,260,000 

The  make  of  pig  iron  in  two  of  the  most  important 
centres  of  the  United  Kingdom  has  been — 


1868 

Cleveland. 

Tuns. 

1,233,418  .. 

Scotland. 

Tons. 

..  1,068,000 

1869 

..  1,150,000 

1870, 

..  1,206,000 

1871 

..  1,160,000 

1872 

. . 1,090,000 

1873, 

993,000 

1874 

806,000 

1875, 

..  1,050,000 

1876, 

..  1,103,000 

The  exports  from  the  United  Kingdom  have  been 
in  ton.s — 


1873. 

1874 

1875. 

1876. 

Pig  iroTij 

1,142,065 

286,845 

758,014 
29,445 
■[201, .570 
120,638 
282,000 

776,116 

258,953 

782,665 

36,692 

168,430 

122,960 

257,069 

947,827 

276,068 

545,981 

43,221 

204,483 

138,363 

239,869 

905,029 

227,714 

413,656 

44,959 

192,381 

132,397 

243,482 

Bar,  angle,  holt,  O 
and  rod  iron, . . j 
Railroad  iron  of) 

all  sorts J 

Iron  or  steel  wire.. . . 
Hoops,  sheets,  boiler 
and  armour  plate,.. 

Tin  plates 

Unemimerated  cast  ( 
and  wroughtiron,  j" 

Fig.  41  is  a diagram  sliowing  the  changes  that 
have  taken  place  in  the  price  of  steel  and  iron  over  a 
period  of  years. 


Fig.  44. 


DIAGRAM 

OF 

AVERAGE  PRICES  OF 

BESSEMER  PIG  IRON, 
IRON  RAILS, 

AND 

STEEL  RAILS. 

Scales — each  Vertical  Square,  5«. ; 
each  Horizontal  Square,  3 Mouths. 


mSTEEL  RAILS 


BBBH  BHBB SB ■■&■■■  BBMB  BHBB  BBM8  BGBIIB  BDBB  BBBB  BBBQ  ■■ns 

--■■■■HBBBBIBIBtOHflDaBHaBaOaBigBaiaBoSSnSSSSSBSaBBBBBS 

!■  Ik  «'?  BBEBB  EBBS  BSBB  BOHI  QBaB  BBaa  OBBB  BBBB  BBQB  BBai  BBBB  BBBB  SSSS  EBBB  SbbS 
IB  OB ' B .-^OBB  mama  Bnaa  mmam  9amm  \aama  bbbb  aBBs  bbbb  bbbb  bbSS  eaaS  aSae  SaSS  aaSS 
I"  oBMa  I'staa  bbob  asaa  anaa  oana  aana  aaaa  Baae  aaaa  a-na  enao  aaaa  aaaa  aiiBa 
IBBO  B1LV . inisa  HBUa  fiHBB  BBBB  BBQB  BBB»  BBBB  BBH9  B'  II  IB  BSBB  B3DB  BBBB  SflBB  BBaS 

aasB  BBBB  Bi^aa  fl'icsB  essa  asB«  sbqb  BBao  bbbb  bbbb  BiiBa  a II  a bbbb  bhbb  SSna  aSSa  aSaS 
Bixea  aaaa  auoa  a eae  Ccsoa  yaaa  aaesa  bbibb  aaaa  aacia  aasa  a oi  !8  aaaa  Saoa  SSoi  aaSa  aaaa 
aaaa  BBaa  bbbb  a van  aaoa  oana  aaaa  aaon  Raaa  bbbo  bobs  a aa^a  eaBB  aaaa  Baaa  aaaB ■■■■ 
bbbb  bbbb  bbbib  bi  imm  SBSia  nsna  enaa  qqcb  asBi  bbqb  bbbb  r cm  i sSSe  aSaS  bdSb  aSaa  anSS 
BBBB  BBBIB  uisaaB&  BaaQOBBHaaan^aBOBB  anus  QBBa  BBignriBB  PsaoSaBB  BHHBBBBaBBaS 
BBBB  BBBB  BaBB  UB IB  ao:^D  BBBB  BBaa  BBaa  BBOB  BBDa  BBaU  IBBI I BBBa  bSSb  aBBB  BBBa  BBaS 
BBBB  BBBB  BBDBaaivaaa»e  eaBBaBaaBBenaaBB  anaaaDBaa9Bnagc,:!i;aBnBaaE]aBBanBHBa 
BBBB  BHBB  BBBB  BiBkBBBaB  BBBB  BBBB  BaBB  SaBEBBUOaBBr  BBBI  IBB^B  SbqI  BBBB  BCBB  BBBa 
BBBB  BBaa  saaa  bbb.i  bbbb  bdbb  bbbb  bbbb  bbbq  asaa  bcw  t osb  • bbwb  boIb  esbb  aaBa  aSSa 
BBBSBBaa  azBBBBKi  BBaa  BQBe  bbbb  anas  acBBaarse  BBS  jbubiiooob  EB3a  oana  aaSSaaBB 
brbb  asaa  obbb  bbcb  .^obb  aaaa  bbbb  bbbb  bbob  Baaa  bbb  a bbdb  ocaa  sasa  aaea  bbbb  bbbb 

BBBB  BBBB  BBBB  BBBB  B.-^BB  BBBB  BBBB  BBBa  BBOB  BCSB  BHI  B nBBk  BBBa  o"bb  SSbI  BBflB 

Baas  BDBB  BBBB  BBBU  BB.^B  fiBBB  BBBB  BMBB  BBBO  BBBB  BBI IB  BBBB  VneS  91100  SDBD  BBBB  BBBB 

aoBB  Bcaa  bbbb  bbbb  bbb.'s  aasa  bbbb  bbbb  aaaa  aaaa  bbi  ta  bbbb  jaaa  SsBa  iiaa  aaSa  aaaa 
BBBB  BBBB  aaea  aaaa  aaaa  aaaa  BBBB  aaaa  aoaa  BBBB  aaaa  naaa  aaaa  aaea  aana  aaea  aana  aoi  is  DOBDk  f3BjB«ai?anaBa  ■■■■■■■■ 
BiiBi  QBBBBBOH  BBBB  bbeb  BBBB  aaaa  naaa  aaaa  BBB9  naHa  bbbb  k««BBa'ja  bbbb  BaiiaaBtiaBaiaaoxBatiiBataiiBaBBa  8888888! 
ROBB  aanB  bbbb  bbbb  bbbb  bbbb  bbbb  SBBB  bbbb  bbbb  bbbb  bbbb  BBk''B  NM2S  BQBB  BBBa  BBBB  BB  IB  SrRB  B «BR  QBaS  cSSS  8888  8888 
Baaa  aoBB  BBBB  aasa  aaaa  aDBBaaaBCDen  bbbb  aaaa  bbbb  bbbb  asa.^  aaQaanaa  aaaaBBBoaa  sa  aaaa  ak'aaa8na  68888883  3888 

BBBB  BBBB  OBBa  BaBB  BBBB  BBBB  BBBa  BBBB  BBaa  aBBO  aBBB  aBBB  BaBB  BaBB  BBOB  aBBD  OF  QB  BBBB  BB  tO  BaSB  BaBB  BBaa  ■■■■ 

aaaa  BBBB  BBBB  BBBB  BBflB  BBBB  BBBB  BBBB  BBaa  BHBB  BBBB  BDBB  anBBBBL'B  BBBB  BBBB  aaBB  B^iBS  BBIIB  BB1B  RnSQ  §888  88883888 
BaBB  BBBB  ailDBSaBaaaBa  BBBB  OBBB  BODBBB9B  BBBB  BBBB  BaBB  BBBBBBBS.  RBBB  BBBB  BBBBf  BBB  BBQB  BBlin  aOBB  3flSS  88S83S8S 
BBUB  BDoa  eeca  aaaa  aaaa  aoBB  asaa  aaaa  Baao  uaaa  aaaa  aaaa  acaa  aaaa  yaaa  Daais  aaaa  '^aaa  aaaa  aoi  'Q  aSoS  b8SS  3888  8888 
rnaDBaDBBBna  aaaa  aaaa  aBBB  aaaa  aaaa  aaaa  aaan  aaaa  bbbb  aaas  aaaa  ak'aBB^Baaaar  aBBBr^iaBBaBGnBaanaaaaaaoBaEn 
BBaBaDaaBDnscDBOBHaBaeaBaoHMaHaaBBBa  BOHaaDaBaDDaaDBBaBnaaB.iBeaBiBDajaBaaiiinBaoaiaQiBaB  ua8BBSSBSSS8 
BUBB BBaa BBHB BBBO BBBB BBBO BBBB ROBB BBBB aOBB BBHD BHBB BaBB BBBB BOkO BBBO BB'JB BBBB MIBB BBBil  BBaR HBbB DBBO 8388 
oHoa  BaaB  aaaa  aaaa  aaaa  aaaa  BBaa  aaaa  aaaa  uhbb  aaaa  aaaa  bbbb  Bsaa  asa.^  aaaa  a^aa  aaaa  t mz^  bebi  ' aiuaa  eaS8  bSSb  8888 
ORBE  eooa  BBBa  aaan  aaaa  aaaa  aaaa  bbbb  oBaa  Baaa  Baaa  Baan  aaaH  aaaa  mmoi ' aaaa  '..Baa  aaao  i laea  jcat  aoaa  aaaa  aaaB  aaaa 

BBEBBaBS  BBSS  BIIBI  BBBB  BBBBilBMB  BBBB  BBSa  BBBB  aOkTa  BBIIB  BBBR  BaPIHCBRl  088^8899  BBPI' IffiDB  MB£B  BBaeBBaB  BBaa  8888 
DBBB  BBB9  CBBB  BBBB  BBBB  BBBB  BBBB  BBBB  BBBB  HDBB  BBBB  BBBB  BnCB  BBBO  BBIIIB  IBCil  BBBN  BB  dR  inBBB  I BBO  1009  BBBa  BaBB  3888 

aaes  OBaa  aaaa  aaaa  aaaa  aaaa  aana  aaaa  obbu  aaaa  aasa  aaaa  oaaa  aaaa  caoa  bbab  bb  aa  oaaa  a cro  k.^Qa  bobb  aaaa  aaaa 
OBBB  cBBa  aaaa  BBaa  aaaa  aaMu.  aaaa  aaaa  aaaa  aaaa  anaa  aaaa  aaaa  aoiaa  aaoB  oana  assia  as  aaBaaD  aaaa  aavSBaaBBoaBDaeoa 

9BHh  OBBO  QB9B  BBBB  8988  BBBB  CBBa  BBBB  BflBB  BBQD  rEBB  SCBB  aOUB  OBBB  3B0R  BaBB  BBUO  BfiCIB  QBBB  B.1QB  UBR^  HBBB  BBBB  8888 

BBoa  QBna  bbbb  bbbb  bbbb  bbdb  eaaa  bbbb  bbdb  bbbo  sbbb  neao  bbbs  oBaa  Bans  bbbb  bbbb  b'iqd  bbbb  bhbr  OBBa  ^bbb  bbsb  bbbb 
aasa  easa  aaaa  aaaa  aaaa  caaa  aaaa  asaaaBaa  bbbb  Baaa  aaaa  aanaoiaBaBBBanuea  aoaa  a ffiB*«aDBEQ'OB  bhbb  y^aa  aaaa  aaaa 
aaau  aaaa  aaao  BB9B  aaaa  eannpiDBaaBBB  eaaa  anao  paaaaaaaaBnn  aaaB  ar^aaBBae  aaaa  i.ara  aaaa  aaaa  aaaB  aaga  aaaa  aaaa 
HB9B  bbbb  saaa  bbbb  sbsb  aeon  eaBa  aBBB  rbdib  Rsraa  Bnan  BBaa  bdbb  nsaa  ueaa  pbbb  asBa  i (bi  is  aai  ib  orbs  bbqb  bb^^i  bbbb  bbbb 

BBBB  yOBB  uaaa  Baa*  BBBB  BBBB  SOBB  BBBB  BBBB  OBBB  BB99  nBSB  0809  BBBB  aBBB  tBOB  BBBB  1 IBI  IB  QBI  IB  BSkI!!  SaOB  SBRa  BBBR  BBBB 

aaaue'^ii  iron  ra  i l sbed  aaaa  eaaa  bbbb  aaon  aasa  QsataaaaiaBEniDEBDBQBiisianaDBOEB'ia'ia  bos  <9  oas'iaeRoaHom' aaaa  aaaa 

BREB  riahE  BBBB  BBBB  BaBB  RBBa  BaBB  BBnB  OBBa  8900  BOan  BOZin  BBIBB  SBieD  BRBB  flOinB  QD  IB  ama  8001 01506  UBBa  1888  aBBB 

ansf  9CT90  bb  aHsa  asBRi  rbds  bbsd  edbo  bbos  uDoa  eens  nasa  cans  a8!*9  eiiBa  cbbb  beir?  uvrb  bbo  v SB«Bk'  OBiea  asaa  k'BDB  bbbb 

BBB’^  Gaau  &B9B  ESiaQ  flBBO  QBBB  BSBB  SHaQ ' QBI13B  BBina  B9QB  9889  BHaB  OroiQ  BBBO  HaBlI  BCSSI  <990  BBBB  B9BB  BBBB 

oaraaaaisatA'aBoaaoBBBBBaBCDaBQaaBaaaD  otk?;:..s(£aaaaaBEaEiBGcaar  aaerziEJ^aaniiBiiBBauas  aaBB.^QBBBBoaak'Baaaaa 
nm  sm  brcsb  aana  aaae  mmam  aaaa  aaan  aaiaa  oan*  sena  k i^aaa  oann  aona  ^con  nno  j ai  ibis  bbbsi  QBca  eaao  aa  la  aaaa 
or, as  BCDB  osaa  ibbs  bbsb  BaKB  Baao  Nsaa  beb'i  bfiqr  b.^bh  bsbo  cbei  ABoa  eacs  bbbb  v isr  bbbg  ibbq  bbbb  iBy'iJ  bbbb 
asBB  noon  ciaao  k s'ibb  bbbb  bobr  oiBaB  nasi  i ssas  Bfcnis  Bh*?;:?  aiiei^o  orinT  saas  asino  fliaaa  s fiea  bsbb  uaas  bbbd  bbbb  bbob 
aaaa  aaao  eaeo  acaa  irfkanBaBaBHaBEaaaAaaiaaDKjeaaasBBu-ianaROBGiaciiaaBtj  aaao  oaDKiF  ana  sawn  lasaauBBkr'aB  eaaa  Baao 
arsBB  aaca  osaa  aaan  aotnaaBaa  e^.  eo  aa^;^  a w e emaiD  eaon  oink  a ana  i caac!  bbdo  eann  'inea  aesau  n osn  acica  Bayn  bqdo  aaaa 

aaaa  bbbb  caoa  nauB  ack.  .^bbr  (7o.ta  a^.mm  o>  na  UBOifl  naasi  ^sOk.'  L«aa  sniBB  bbbb  sai»r>  bbbs  saaa  biibb  bbbb  eoBb  ;:=3g  bbob 
UBBB  aasD  RMEia  BBBa  aasa  ^sii'a  reaa  oi  .cuh  BEfiug  a^ac  anss  bbmb  aanp  cbbu  sqgb  bbbb  rbud  aacio  bi  iqb  bbbr  tBBB  bbbb  bbbs 
aBBB  BBOB  Baoe  saaa  Eisaa  aacia  bob  * asau  buiieq  acaa  aaaa  UBao  onao  acoa  CBaa  onaa  bbi^/B  ojdbb  aaaa  as  ao  eaaa  aaaa  aaeu  gcbb 
anaa  aaren  nans  Baaa  aaaa  acaa  aaaa  usao  eaaa  amam  QBsn  oBBa  qqibc  raaias  bc3Q  Boan  bb  is  naaB  aaan  an  go  BBao  {saaa  bbbb  aaaa 
Baan  bbbb  sni^n  BBaa  obbo  bheib  bbbq  sbbb  bbbd  aaiaQ  ooaiB  sBioa  osan  bbbs  r::«88  eoBo  bbbb  on.^n  bbbb  bbbb  bbd9  hbbb 

RBBB  bbbo  GIIRO  9BBB  aBBB  BBBB  BKCB  Oaon  QOEP.  HSIBS  1119.^3  B51BD  H@Ba  B&IBB  ABBO  BKIfi  DBBO  b"^BB  BBBa  QBUa  BBaai 

aaaa  auas  uoaa  oaaa  aaaa  aaca  osaa  soBa  aaai  i uaaa  dbe'*  ddbb  aaaa  mma'^  aaaa  qbbb  bbbo  aaal  aaaa  aaaa  OBaa  BBaa 

Rf'aa  GHTB  aaaa  oana  saea  aaac  oiaaa  aana  oasii  i asisB  sBaa  aaos]  aas.''  onaa  eaaa  ca’'.<n  naaa  qibbb  oaca  aaaa  qbl'*  "b.^b  bbbb  aaaa 
kiUBB  snaiB  aaim  anon  bbbb  aaao  aaao  nsDa  Bxgj  oiriRia  asan  obbb  ubdb  -»aa  aaaa  sebc  BBaa  Baan  bbbb  ak^"  BBaa  UHas 
naBMBBB'jnaBEBnaRaBBi  bessemer  pig  aa<6  saaa  DBaaesaoBtiafiaE^a  bbb*:  aaaa  bbob  OBaanBaa  bbbb  aeBBBBi=9k=aL<iiBBB 
Qsiaa  aneu  oaua  aaaa  BBaa  aaao  ■■■■  anne  zzttm  aasa  aaao  anaia  BaaB  aaioa  oBaa  aaaa  aasa  Baaa  asna  esaa  raaaa  BBaa  aaaa  aoaa 
BOBO eaaa oaaa nana BBBB aaao Baaa aaaa seaoorcQ aeaaaaDnDnaaBBan aaaa aaan QnaaoDBD rare aaaa aaaa aaaa aaaa aaao 
niiiBa  aasa  aana  Baan  oBBa  aaaa  Baaa  aass  aaaa  asBB  bbbb  raaa  auaa  bbbi  opena  BBaa  auaa  naaa  afien  laaB  BBaa  aaaa  BBaa  aaaa 
BOBB  Boran  anna  GBaa  BBBa  BBiin  Baaa  nnss  bbbb  eaES  brbb  (isBff:!  ysaocBiiB  bdbb  laBo  bbbb  bbbd  anao  BBaa  Baas  bdbb  bbbb  aoaa 
aaaa  anan  «<qaa  oBao  b^bb  aaaa  aaaa  Baao  Kiaaa  osaa  bbbb  maco  hbbb  CKaan  auaa  bbob  peaa  OKaa  aauo  bbbid  aaaa  aaae  aaaa  aaaa 
eaaB  aaao  aaaa  aaaa  bbbb  aaaa  aaaa  aaBa  BBaa  naao  aaaa  aaao  oana  BBaa  aaaa  bbbb  aaaa  anaa  aaaa  naaa  aaaa  oaae  aaoB  aaaa 
bhbb  amiB  bbbb  bb9b  bbbb  aoBB  bbbb  BBaa  asoa  Raaa  bbbs  bbru  bbbb  bbbb  bdbb  anna  bbdb  ubbb  bbbb  iibbo  BBBa BBaa  BBaa  bbbb 

tSBBB  BBBB  8888  8888  BBBB  BBBl  BBBB  0888  BBBB  aHBB  BBBB  BBBB  tIHBB  BBBB  BBBB  BBBB  BBBB  BBBO  BBBB  BBQiS  BBBB  BBBB  BBBB  BBBB 
aaaBaaBcaaagB  aaaa  aaaa  aaaa  aaaa  aaaa  aaaa  aaaa  BBaa  BBaa  acaa  aaBa  aaaa  aaes  bbbb  aaqa  aaaa  bbmb  bbBbbbbb  aaaa  aaati 
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1865  1856  1857  1858  1859  1860  1861  1862  1803  1864  1865  1866  1867  1868  1869  1870  1871  1872  1873  1874  1875  1876  1877  1878 

Average  urice  of  Steel  Bails,  £18  10«.  per  ton  for  first  three  years.  Average  price  of  Iron  Rails,  £7  10,<.  per  ton  for  last  ten  years. 

Average  price  of  Steel  Rails,  £13  per  ton  for  last  ten  years.  Average  price  of  Iron  Rails,  £6  lOs.  per  ton,  ten  years  ending  1864 

Average  price  of  No  I Bessemer  Pig,  £4  15a  l<f.  per  ton,  for  last  ten  years. 


Method  for  Complete  Anahjsis  of  Iron  Ores. — After 
the  ore  has  been  sampled  and  pounded  so  as  to  pass 
through  No.  40  sieve,  determine  the  percentage  of 
moisture  (hygroscopic  water),  as  follows: — About 


5 grams,  of  the  ore  are  to  be  dried  in  a water  oven 
heated  to  100°  C.,  until,  on  weighing,  it  ceases  to  lose 
weight.  The  loss  in  weight  is  moisture. 

Determination  of  Iron. — About  1 gram,  of  the  ore, 
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after  being  well  dried  at  100°  C,  and  finely  pulver- 
ized, is  digested  in  a small  flask  witli  hydro- 
chloric acid,  a funnel  being  inserted  in  the  neck 
of  the  flask  to  j)revent  any  of  the  solution 
escaping.  After  digesting  for  about  twenty  minutes, 
the  residue  by  that  time  will  generally  be  found 
white  (unless  there  is  organic  matter  present  in 
the  ore).  The  solution  is  diluted  to  about  half 
a pint,  and  the  iron  is  reduced  by  adding  metallic 
zinc,  or  by  adding  a solution  of  protochloride  of 
tin,  until  on  testing  a drop  of  iron  solution  with  a 
drop  of  sulphocyanide  of  potassium  on  a porcelain 
slab,  it  ceases  to  give  a blood -red  coloration. 
When  the  iron  is  thoroughly  reduced,  the  solution 
vill  be  colourless.  When  this  is  accomi)lished  pro- 
ceed to  estimate  the  iron  by  following  process : — A 
solution  of  bichromate  of  potash  is  made  of  strength 
that  1 c.c.  equals  about  ‘01  jier  cent,  of  iron ; 42  grams, 
of  bichromate  of  potash  dissolved  in  2 litres  of 
water  give  the  desired  strength.  The  solution  is 
to  be  standardized  with  iron  or  steel  of  a known 
conqiosition.  'i'ransfer  the  iron  solution  to  a por- 
celain dish,  care  beng  taken  to  well  wash  the  fla.sk, 
and  to  add  the  washings  to  the  rest  of  the  solution 
in  the  basin.  The  bichromate  solution  is  then 
grtidually  run  in  from  the  burette,  and  the  mixture 
repeatedly  stirred  and  tested  by  taking  a drop  of 
iron  solution,  and  mixing  with  a drop  of  ferricyanide 
of  potassium  (of  strength  about  1 jiart  of  salt  to  45 
of  water).  A\’hen  the  solution  ceases  to  give  a blue 
coloration  when  tested  on  a white  slab,  the  divi- 
sions used  should  be  noted,  and  multiplied  by 
strength  of  bichromate  solution.  To  estimate  the 
quantity  of  ferrous  oxide  in  the  ore,  toke  about  "5 
gram,  of  ore,  digest  in  a test  tube  with  hydrochloric 
acid,  and  test  a drop  of  solution  with  ferricyanide  of 
potas.sium.  Should  there  be  a dark  blue  coloration, 
l)roto.\ide  of  iron  is  present.  If  it  is  required  to 
estimate  the  relative  quantities  of  ferric  iind  ferrous 
oxides,  as  in  the  case  of  a complete  analysis  of  a 
magnetic  ore,  two  estimations  must  be  made — one 
as  already  described,  and  tlie  other  as  follows: — 

About  1 gram,  is  to  be 
digested  with  hj-drochloric 
acid  for  20  minutes ; but 
instead  of  a small  funnel  in 
neck  of  fliisk,  a tight  fitting 
cork  with  a small  glass  tube 
must  be  inserted,  ai<d  the 
tube  led  into  a bettker  of 
water.  No  further  descrip- 
tion is  necessiiry,  as  it  must 
be  obvious  that  the  above 
arrangement  is  to  exclude 
the  air  in  order  to  prevent  the  FeO  becoming  oxi- 
dised to  Fe.^O^.  Fig.  45  will  explain  the  arrangement. 

As  soon  iis  the  iron  is  dissolved  take  away  the 
laiiq),  and  the  water  in  the  beaker  will  rush  into  the 
flask,  and  thus  dilute  the  solution  ready  for  estimating 
with  bichromate.  The  water  used  for  washing  the 
fhask  must  have  been  previously  boiled,  as  well  ;is  the 
water  in  beaker,  in  order  to  expel  the  air. 

Determination  of  Jkinen. — From  1 to  2 grams,  of 


ore  finely'  pulverized  is  digested  in  a mixture  of 
nitric  and  hydrochloric  acid,  and  evaporated  to  dry'- 
ness.  Redissolve  in  hydrochloric  acid,  dilute  with 
water,  and  filter.  Wash  filter  with  a weak  solution 
of  hydrochloric  acid,  and  ultimately  with  water. 
Filter  contains  insoluble  residue.  Ignite  ar.d  weigh. 
The  residue  generally  consists  for  the  most  part  of 
silica  and  clay,  but  often  contains  iron,  alumina, 
lime,  magnesia,  &c. 

If  it  is  necessary  to  examine  the  residue  further, 
it  must  be  fused  in  a platinum  crucible  with  mixed 
cai'bonate  of  potash  and  soda,  dissolved  in  water, 
decomposed  with  hydrochloric  acid,  and  evaporated. 
Digest  with  hydrochloric  acid,  then  dilute  and  filter. 
The  residue  is  silica,  which  must  be  well  washed, 
ignited,  and  weighed.  The  Al^Oj,  CaO,  MgO,  Fe20g, 
&c.,  are  separated  as  follows: — To  the  above  filtrate,  or 
to  the  filtrate  from  the  insoluble  residue,  add  bromine 
in  order  to  precipitate  manganese  (this  will  be  more 
fully  described  further  on),  then  ammonia;  boil,  and 
filter.  Precipitates  contain  iron,  alumina,  manganese, 
and  phosphoric  acid.  Dis.solve  in  least  quantity  of 
hydrochloric  acid,  and  boil  in  a platinum  dish  with 
excess  of  caustic  potash  ; by'  this  means  the  alumina 
along  with  the  phosphoric  acid  is  dissolved.  Dilute, 
and  filter.  To  the  filtrate  add  hydrochloric  acid  till 
acid,  and  then  add  ammonia.  Filter,  wash  well,  and 
weigh  precijiitate  as  alumina,  deducting  percentage  of 
phosphoric  acid,  as  determined  by  a separate  estima- 
tion. (For  e.stimation  of  manganese  see  further  on.) 

To  the  first  ammoniacal  .solution  add  oxalate  of 
ammonia,  boil,  filter  through  Swedish  filtering  paper, 
ignite,  and  then  add  a few  drops  of  sulphuric  acid  in 
order  to  convert  carbonate  of  lime  into  sulphate  ; 
ignite  again,  and  weigh  as  such.  Evaporate  filtrate  • 
from  lime  to  small  bulk  in  a beaker,  and  precipitate 
magnesia  with  phosphate  of  soda.  Allow  to  stand 
for  twenty'-four  hours.  Filter,  and  wash  with  slightly 
ammoniacal  water.  Ignite,  and  weigh  precipitate  as 
pyrophosphate  of  magnesia. 

Dt  termination  of  Munyanese. — ^The  following  des- 
cription by  Riley  embodies  the  results  of  his  recent 
investigations : — 

For  the  determination  of  manganese  in  mangani- 
ferous  iron  ores,  I would  suggest  that  about  1 gram, 
or  15  grains  of  the  ore  dried  at  212°  Fahr.  should  be 
dissolved  in  hydrochloric  acid,  the  siliceous  matter 
separated  by'  filtration,  and  the  larger  portion  of 
the  free  hydrochloric  acid  driven  off  from  the  acid 
portion  of  the  filtrate,  reserving  the  washings  to 
make  the  bulk  of  the  liquid  up  to  about  one-thii-d 
of  a litre  or  half  a pint;  the  solution  should  be 
allowed  to  stand  four  hours,  to  see  if  any  baryta 
separates  after  adding  previously  a few  drops  of 
sulphuric  acid. 

If  any  sulphate  of  barium  separates  it  must  be 
filtered  off ; if  not,  the  analysis  may  be  proceeded 
w'ith.  The  solution  should  be  diluted  to  about  1 
quart  or  1 litre,  made  neutral,  or  until  the  solu- 
tion is  slightly  turbid  with  ammonia,  and  acetate  of 
ammonia  added  ; the  solution  then  boiled,  after  boil- 
ing allowed  to  settle  and  filtered. 

After  filtration,  and  without  washing,  the  precipi- 
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tate  is  redissolved  in  hydrochloric  acid,  and  again 
precipitated  with  ammonia  and  acetate  of  ammonia. 
'I’he  basic  ferric  acetate,  after  settling,  is  filtered 
off  and  washed  3 or  4 times  with  boiling  distilled 
water,  adding  each  time  a few  drops  of  acetate  of 
ammonia  to  prevent  the  oxiiie  of  iron  passing  into 
the  filtrate,  and  to  facilitate  the  filtration.  The 
filtrate  must  be  reduced  by  evaporation  to  litre 
or  3 pints,  and  when  cold  bromine  is  added  (2  to  4 
cubic  centimetres).  The  solution  is  well  agitated  in 
the  flask  by  shaking  until  it  is  saturated  with  bro- 
mine, leaving  only  a little  at  the  bottom  undissolved  ; 
•880  ammonia  is  now  added  in  excess,  shaking 
violently  the  flask ; the  liquid  is  then  gradually 
warmed  up  to  the  boiling  point  for  about  an  hour, 
then  boiled  a few  minutes,  the  hydrated  binoxide 
of  manganese  allowed  to  settle,  then  filtered  off, 
and  the  precipitate  dried.  The  filter  first  incinerated 
thoroughly,  the  binoxide  of  manganese  added,  heated 
with  the  lid  on  for  a few  minutes  until  red  hot,  then 
ignited  from  a quarter  of  an  hour  to  twenty  minutes 
over  a Bunsen  burner,  or  better,  in  a muffle;  if  only 
over  a Bunsen  burner  it  should  afterwards  be  ignited 
over  a gas  blow-pipe  to  see  that  it  does  not  lose 
weight.  A platinum  crucible  should  be  used,  unless 
the  ignition  is  made  in  a muffle. 

The  tri-mangano-tetroxide  of  manganese  (Mn^O^) 
sliould  then  be  dissolved  in  a small  quantity  of 
hydrochloric  acid.  If  there  is  any  insoluble  residue, 
whicli  occasionally  occurs,  it  should  be  filtered  off, 
a drop  or  two  of  sulphuric  acid  added  to  see  if 
baryta  is  present ; if  any  precipitate  occurs,  it  must 
be  separated.  To  the  filtrate  or  solution  is  added 
aceta*^e  of  ammonia  in  excess,  and  sulphuretted 
hydrogen  is  passed  through  it  to  saturation. 

'Fhe  precipitate  (a  small  amount  is  universally 
obtained)  is  filtered  off  and  weighed.  Should  this 
weigh  more  than  ‘05  of  a grain,  or  3 milligrams., 
the  excess  over  and  above  tliis  should  be  deducted 
from  the  oxide  of  manganese  weighed. 

I think  this  small  amount  should  be  allowed,  as 
the  precipitate  occasionally  contains  traces  of  man- 
ganese, and  the  filtrate  from  the  precipitation  of  the  | 
manganese  by  bromine  and  ammonia  also  contains 
a faint  trace  of  manganese.  This  filtrate,  in  all 
cases,  should  be  evaporated  down  to  about  half  a 
litre,  or  nearly  a pint,  and  tested  with  bromine  and 
ammonia,  to  see  if  all  the  manganese  is  separated. 
As  a rule,  either  none  is  obtained  ora  mere  trace. 

Detenniiialion  of  Siiljiliur. — About  5 grams,  of  the 
ore  are  dige.sted  with  mixed  nitric  and  hydrochloric 
acids,  and  evaporated  to  dryness.  It  is  important 
to  test  both  hydrochloric  and  nitric  acids  for  sulphur 
compounds  by  a blank  analysis  (acids  that  are  sold 
as  pure  are  often  found  to  contain  sufficient  sulphur 
compounds  to  invalidate  the  result) ; redissolve  in 
hydrochloric  acid,  and  filter.  To  filtrate  add  chloride 
of  barium ; boil  for  about  an  hour,  then  allow  to 
settle  and  fiber  through  Swedish  filtering  paper; 
ignite  precipitate,  and  weigh  as  sulphate  of  barium. 

Detamiiiation  of  Phosphoric  Aciil. — If  the  percentage 
of  phosphoric  acid  is  approximately  known,  it  is 
advisable  to  take  as  much  ore  as  will  make  the  yellow 


precipitate  weigh  not  more  than  ’5  gram.  If  more 
is  suspected,  take  1 gram,  of  the  ore.  In  the  case 
of  a pure  ore,  such  as  Cumberland  hema'ite,  5 grams, 
should  be  taken  and  digested  in  mixed  nitric  and 
hydrochloric  acid ; evajiorate  to  dryness,  redissolve 
in  hydrochloric  acid,  and  filter.  To  the  filtrate  add 
ammonia  until  alkaline,  and  redissolve  in  slight  excess 
of  nitric  acid,  and  boil.  Then  addanaminoniacal  solu- 
tion of  molybdate  of  ammonia  more  or  less,  according 
to  quantity  of  precipitate.  Great  care  should  be  taken 
that  molybdic  acid  is  not  mistaken  for  phospho- 
molybdate  of  ammonia.  The  proper  precipitate  is 
fine  and  granular,  and  can  easily  be  distinguished 
from  molybdic  acid,  which  is  more  flocculent.  After 
the  addition  of  molybdate  solution  the  flask  is  to  be 
well  shaken,  and  then  allowed  to  settle  in  a warm 
place.  Filter  and  wash  with  water  containing  1 per 
cent,  of  nitric  acid.  Test  filtrate  with  more  molyb- 
date solution  and  shake  well,  and  allow  to  settle, 
to  see  if  all  phosphoric  acid  has  been  precipitated. 
Dry  precipitate  in  water  bath  at  100°  C.  AVIien  dry, 
detach  from  filter  paper  and  weigh.  Composition  of 
precipitate  is  as  follows 


Molybdic  acid, 91 '69 

Phosidioric  acid, 3-7'2 

Ammonia,  3-41 

Water, 118 


100-00 

Determination  of  Carbonic  Aa</.— The  usual  method 
adopted  in  this  estimation  is  by  noting  the  loss  on  a 
weighed  quantity  of  ore  after  the  addition  of  sul- 
phuric acid,  which  evolves  the  carbonic  acid. 

Fig.  46  shows  a convenient 
apparatus  for  this  estimation  : A 
contains  sulphuric  acid;  B con- 
tains water;  E is  a glass  tap;  C is 
stopped  with  a piece  of  india- 
rubber  tubing,  containing  a glass 
rod.  Take  about  1 gram,  of  ore 
in  B with  the  fresh  water,  and 
weigh  the  apparatus.  Tl.en  allow 
about  half  of  the  sulphuric  acid 
to  enter  B.  Put  on  a warm 
plate  until  no  more  carbonic  acid 
is  given  of.*,  then  remove  the  stop- 
per at  C,  and  attiich  an  india- 
rubber  tube  to  D,  and  draw  air 
through  c,  in  order  to  expel  the 
remaining  carbonic  acid  in  apparatus.  Allow  to 
cool  and  weigh.  The  lo.ss  is  carbonic  acid. 

Determination  of  Combined  Water, — About  1 gram, 
of  ore  dried  at  1.00°  C.  is  put  into  a bulb  of  hard 
glass,  attached  to  which  is  a tube  filled  with  chloride 
of  calcium.  On  weighing  the  calcium  tube  before 
igniting  ore  and  after,  the  increase  of  weight  gives 
the  combined  water. 

Determination  of  Alkalies. — Mix  1 part  of  the  finely 
pulverized  mineral,  5 to  6 of  carbonate  of  calcium, 
and  one-half  to  three-fourths  of  chloride  of  am- 
monium; introduce  the  mixture  into  a platinum 
' crucible,  and  heat  to  bright  redness  from  thirty  to 
j forty  minutes. 


Fig.  46. 
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The  mass  as  it  comes  from  the  crucible  is  placed 

ei-ofie  vcr/e,  French;  Eisriivilriol,  Schicefelsaures  eineu- 

in  a capsule  with  water,  and  then  heated  in  a sand 

ox)/fl. — This  salt  is  obtained  pure  by  dissolving 

bath  for  two  or  three  hours,  renewing  the  water 

iron  filings  or  turnings  in  dilute  sulphuric  acid, 

from  time  to  time  as  it  evaporates.  I'he  contents 

filtering  and  evapor.ating  the  solution,  and  setting 

of  the  capsule  are  next  thrown  on  a filter,  and  the 

it  aside  to  crystallize.  The  crystals  are  sea-green 

water  passes  through,  containing  the  chloride  of  the 

transparent  rhomboidal  prisms.  Expo.sed  to  dry  air. 

alkalies,  a little  chloride  of  calcium,  and  cau.stic  lime; 

they  effloresce ; in  moi.st  air,  the  s.alt  gradu.ally 

all  else  that  the  mineral  may  have  contained  remains 

absorbs  oxygen,  and  is  partly  converted  into  a basic 

on  the  filter,  except  baryta  and  strontia. 

ferric  sulpluite  and  ferric  oxide,  becoming  of  a rusty 

To  the  filtrate  add  carbonate  of  ammonium,  and 

or  reddish  colour,  whence  the  French  term  couperose, 

boil  for  some  time,  when  all  the  calcium  will  be  pre- 

corrupted  into  the  English  name  copperan.  Rons- 

cipitated  as  carbonate ; add  a few  drops  of  a solution 

DOP.FF  has  shown  that  when  perfectly  pure  it  does 

of  carbonate  of  ammonium  to  the  hot  solution,  to 

not  change  vegetable  blues,  though  generally  stated 

be  sure  that  all  the  calcium  is  precipitated.  Should 

to  do  so,  the  reddening  effect  being  oidy  produced 

this  be  the  case,  filter;  the  filtrate  will  contain  the 

when  some  of  the  iron  of  the  monoxide  passes  into 

chloride  of  the  alkalies  and  chloride  of  ammonium  ; 

a higher  state  of  oxidation.  It  is  soluble  in  2 parts 

it  is  evaporated  to  dryness  over  a water  bath  iti  a 

of  cold,  and  in  three-fourths  of  its  weight  of  boiling 

small  platinum  capsule.  The  capsule  is  carefully 

water.  Crystallized  ferrous  sulph.ate  contains  seven 

heated  to  expel  the  .sal-ammoniac,  and  finally  heated 

equivalents  of  water,  and  is  therefore  represented 

to  about  400°;  it  is  then  weighed  with  its  contents. 

by  the  formula,  FeS0^.7H„0.  When  heated,  it 

and  the  chlorides,  if  mixed,  separated  in  any  con- 

fuses  in  its  w.ater  of  crystalliz.ation,  and  gives  off  six 

venient  way.  It  is  gei.erally  found  that  a small 

equivalents  of  water  at  114°  C.,  but  retains  one 

amount  of  the  alkali  remains  behind,  amounting  to 

equivalent  till  heated  above  280°  C.  At  a red  heat 

from  two-tenths  to  1 per  cent,  of  the  mineral  used. 

it  evolves  sulphuric  anhydride,  and  by  this  process 

To  obviate  this  error  it  is  accomplished  in  the  fol- 

sulphuric  acid  used  formerly  to  be  prepared;  hence 

lowing  manner: — After  the  fused  mass  has  been 

it  was  termed  oil  of  vitriol.  The  residue,  consisting" 

treated  with  water,  filtered,  and  washed  as  above. 

of  ferric  oxide,  which  remained  in  the  vessel,  was 

the  filter  and  its  contents  are  dried ; the  latter  are 

known  under  the  name  of  Caput  mortumn  vitrioli,  or 

detached  from  the  filter  and  rubbed  up  in  a glazed 

colcotliar.  The  fuming  sulphuric  acid  is  still  prepared 

mortar  with  tin  amount  of  sal-ammoniac  equal  to 

from  the  sulphate  in  this  imanner. 

half  the  weight  of  the  mineral,  and  reheated  in  a 

The  copfier.as  of  commerce  is  usually  prepared 

platinum  crucible,  exactly  as  in  the  first  instance. 

from  the  pyritous  schists  of  the  coal  measures,  in 

treated  with  water,  thrown  on  a filter  and  washed. 

connection  with  the  manufacture  of  alum.  By 

the  filtrate  added  to  that  from  the  first  fusion,  the 

referring  to  the  article  on  that  subject,  it  will  be 

whole  treated  with  carbonate  of  ammonium,  and 

seen  that  iron  pyrites  (FeS2)  is  present  in  very  large 

completed  as  above  described.  This  method  will 

proportion  in  many  aluminous  schists,  and  that  it  is 

not  answer  wlien  boracic  acid  is  present.  Copper 

quite  as  indispensable  to  the  production  of  alum  as 

and  zinc,  with  several  other  elements,  .are  occasionally 

the  .alumina  itself.  When  the  schists  are  subjecterl 

present,  but  the  method  for  estimating  these  scarcely 

to  calcination  in  heaps,  the  sulphur  of  the  iron 

belong  to  the  present  article. 

disulphide  absorbs  oxygen  from  the  air,  by  which 

Salts  of  Ihon. — It  has  already  been  shown  that 

it  is  converted  into  sulphuric  acid,  and  this  combines 

iron  is  susceptible  of  three  definite  degrees  of  oxi- 

with  the  other  ingredients,  forming  an  aluminium 

dation,  forming  monoxide,  be.,  ferrous  oxide,  FeO; 

sulphate  and  ferrous  sulphate.  These  salts  are  ex- 

magnetic  iron  oxide,  i.e.,  ferroso-ferric  oxide,  FcgO^; 

tracted  by  lixiviation  in  the  same  waters;  and  there- 

and  sesquioxide,  i.e.,  ferric  oxide,  Fc20,. 

fore  the  next  operation  is  to  separate  the  iron  salt 

Ferrous  oxide  dissolves  readily  in  acids,  forming 

from  the  aluminous,  when  both  have  been  obtained 

ferrous  salts.  Idicse  are  mostly  soluble  and  crystal- 

in  solution  in  the  same  vat.  For  this  purpose  the 

I 

lizable.  They  h.ave  a white  colour,  tinged  with  blue 

solution  is  evaporated  in  large  cisterns,  by  c.arrying 

or  green,  when  dry.  and  are  commonly  pale  blue 

the  flue  of  a furnace  over  its  surface,  and  when  sufii- 

or  green  when  hydrated.  AVlien  exposed  to  the  air 

ciently  concentrated  is  run  into  coolers,  where  the 

they  greedily  absorb  oxygen,  and  are  converted  into 

sulphate  of  iron  crystallizes,  and  the  aluminium  sul- 

ferric  oxide  and  ferric  salts.  Solutions  of  ferrous 

phate,  being  the  much  more  soluble  salt,  remains  in 

salts  are  blue  or  blue-green  in  colour,  have  an  inky 

the  mother-liquors.  (See  Alum.) 

taste,  and  are  readily  oxidised. 

The  commercial  article,  prepared  as  above  de- 

Fixed  caustic  alkalies  precipitate  white  ferrous 

scribed,  generally  contains  a small  proportion  of 

hydrate  from  ferrous  solutions.  Ammonia  precipi- 

alum,  of  ferric  sulphate,  and  other  ingredients,  some 

tates  part  of  the  iron  only.  Alkaline  carbonates 

of  which  increase  its  value  for  particular  purposes. 

precipitate  white  ferrous  carbonate.  Ox.alic  acid 

In  dyeing  black,  for  example,  that  copperas  is  pie- 

colours  ferrous  salts  yellow,  and  ultimately  preciiii- 

ferreel  which  contains  ferric  sulphate,  and  is  known 

tates  yellow  ferrous  o.xalate.  Ferro-cyanide  of  potas- 

by  its  darker  green  colour.  The  excess  of  acid  m 

sium  gives  a white  precipitate,  ferri-cyanide  a deep 

some  kinds  of  copperas  is  objected  to ; and  those 

blue  one. 

in  which  the  crystids  are  small  do  not  fetch  so  high 

Feuuous  Sulphate. — Green  vitriol,  coppe)-as;  coup- 

a price  as  when  the  crystals  are  large. 
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At  Paris  aii(i  Ilonfleur  the  materials  employed  are 
iron  turnings  and  shavings,  and  sulphuric  acid  of  18° 
or  23°  Twaddell,  which  is  also  a residue  obtained 
from  the  rectification  of  certain  lamp-oils.  The  acid 
is  poured  into  rectangular  copper  vessels,  strength- 
ened by  iron  plates,  and  heated  by  means  of  a fire 
below,  the  flames  of  which  play  under  and  around 
the  sides  of  the  vessels.  The  iron  turnings,  pre- 
viously sifted,  are  then  introduced,  agitating  from 
time  to  time  with  wooden  stirrers,  and  adding  more 
turnings  in  proportion  as  they  dissolve  in  the  liquid. 
The  liquor  is  maintained  for  eighteen  to  twenty 
hours  in  a state  of  constant  ebullition,  by  which  it  is 
gradually  more  and  more  concentrated.  The  boiler 
is  covered  with  a hood,  from  which  the  gases  and 
vapours  are  conveyed  through  a wide  tube  into  a tall 
chimnej’^  creating  a powerful  draught. 

AVhen  the  concentration  has  reached  its  proper 
limit,  which  is  known  by  observing  the  crystalliza- 
tion wdien  some  drops  of  the  solution  are  put  upon 
a plate  of  porcelain  or  earthenware,  the  liquid  is 
drawn  out  with  a copper  pump,  and  flows  by  a 
gutter  into  a cellar,  where  it  is  left  for  eighteen  to 
twenty-four  hours,  to  deposit  the  matters  in  suspen- 
sion. The  clear  solution  is  then  transferred  by 
ineans  of  a siphon  into  sluices,  by  which  it  is  con- 
ducted into  other  vats,  measuring  about  7 feet  in 
diameter  bj'  3 or  4 in  depth. 

These  are  the  crystallizing  vats.  Planks  are  laid 
across  them,  pierced  with  holes,  through  which  slips 
of  wood  are  smspended  vertically  in  the  solution. 
The  crystals  which  form  on  the  sticks  and  on  the 
sides  of  the  vat  are  transparent,  and  exhibit  the 
ordinary  green  colmtr.  At  the  end  of  eight  or  ten 
days,  if  the  temperature  of  the  air  be  not  too  high, 
the  crystallization  is  finished ; and  the  mother-water 
is  made  to  flow  out,  to  be  conveyed  back  to  the 
boiler  along  with  the  sulphuric  acid  and  iron  turn- 
ings. The  sticks  are  taken  out,  and  the  cry.stals  at 
the  bottom,  mixed  with  impurities,  are  taken  to  be 
redissolveil.  The  crystals  adhering  to  the  sticks  and 
to  the  sides  of  the  vat  are  detached  and  rajndly 
dried,  to  avoid  the  formation  of  a rust-coloured 
salt,  which  would  tarnish  the  crystals.  They  are 
then  put  into  barrels  for  the  market. 

Copperas  is  extensively  used  in  dyeing  black, 
especially"  for  hats;  in  making  ink  and  prussian 
blue ; for  reducing  indigo  in  the  blue  vat ; in  calico- 
printing;  and  in  many  chemical  and  medicinal  pre-  ( 
parations.  Its  value  as  an  ingredient  in  dyeing 
black,  and  in  making  ink,  arises  from  the  special 
reaction  of  the  iron  with  the  tannin  contained  in  ! 
nut-galls,  oak-bark,  catechu,  and  different  tinctorial 
substances.  It  promotes  the  solution  of  the  indigo 
by  a deoxidation  of  the  colouring  principle.  On 
these  applications,  see  the  articles  Dyeing  and  Ink.  ' 

Ferric  salts  are  produced  by  the  solution  of  ferric  ' 
oxide  in  ticids.  or  by  double  decomposition.  They 
are  mostly  white  when  anhydrous,  yellow  or  orange- 
red  when  hj^drated.  The  chloride  is  brown-red,  the 
acetate  crimson-red,  the  nitrate  nearly  colourless.  ' 
iMost  ferric  salts  are  soluble  in  water,  and  are  difti-  | 
cult  to  obtain  in  the  crystalline  state.  They  are  j 


reduced  by  sulphuretted  hydrogen  with  precipitation 
of  sulphur  from  neutral  or  acid  solutions.  Am- 
monium sulphide  precipitates  black  sulphide  of  iron. 
Alkalies  and  alkaline  carbonates  throw  down  ferric 
hydrate,  insoluble  in  excess.  Potassium  ferro-cyanide 
precipitates  prussian  blue.  Potassium  ferri-cyanide 
forms  no  precipitate,  but  turns  the  liquid  brown. 
Potassium  sul[)ho-cj'anate  strikes  a blood-red  colour 
with  solutions  of  ferric  salts. 

Ferhic  SfLPHATE. — Sexqilixiilphate  of  Iron. — This 
salt  (Fe,,(SO^)jj)  is  formed  by  mixing  with  a solution 
of  ferrous  sulphate  exactly  half  as  much  sulphuric 
acid  as  that  salt  contains,  and  adding  to  the  mixture 
in  a boiling  state  successive  portions  of  nitric  acid 
until  nitrous  fumes  cease  to  ajipear.  The  solution 
is  tlien  evaporated  to  dryness  to  expel  the  excess  of 
nitric  acid,  and  the  ferric  sulphate  remains  as  a white 
salt.  It  is  formed  in  the  mother-waters  of  the  mono- 
sulphate, and.  according  to  Dumas,  the  two  salts  are 
capable  of  crystallizing  together  and  forming  a kind 
of  double  salt.  It  is  this  combination  which  imparts 
to  much  of  the  sulphate  of  commerce  a dingy  grass- 
green  colour,  whereas  the  pure  sulphate  of  ferrous 
oxide  furnishes  hydrated  crystals  which  are  of  a 
bright  bluish-green. 

Ferric  suljihate  is  also  formed  by  heating  brown 
hematite  with  strong  oil  of  vitriol,  and  expelling  the 
excess  of  acid  by  heat.  Hart  states  that  the  an- 
hydrous salt  is  formed  when  ferrous  sulphate  is 
added  to  boiling  concentrated  sulphuric  acid,  and 
separates  on  cooling  in  minute  crystalline  scales. 

Solution  of  ferric  sulphate  is  of  a fine  red  colour; 
evaporated  it  deposits  a light  yellow  paste,  which  is 
the  hydrate,  with  a small  quantity  of  acid.  This 
deposit  dissolves  readily  in  water.  Continuing  to 
heat  the  acid  and  water  are  expelled,  and  the  remain- 
ing anhydrous  salt  becomes  much  more  difficultly 
soluble.  At  a rod  heat  it  is  decomposed  into  fei  i ic 
oxide  and  sulphuric  acid. 

Ii'on  Cynidden. — Ferrous  cyanide  is  formed  when 
cyanide  of  potassium  is  added  to  a solution  of  a 
ferrous  salt.  Excess  of  the  potassium  salt  or  dilute 
potash  solution  converts  the  precipitate  into  ferro- 
cyanide,  thus — - 


Ferrous  Pota-ssium 

Cyanide.  Hydrate. 


Potassium 

Ferrocyaiiide. 


Ferrotts 

Hytlrule. 


3FeCy  + 2KHO  = K.,FeCy3  + 2FeHO. 
Ferric  cyanide,  Fe2Cy3,  has  never  been  isolated. 
On  mixing  ferricyanide  of  potassium  with  ferric 
chloride,  a dark  brown  liquid  is  produced,  which 
probably  contains  ferric  cyanide. 


Ferric  Chloride. 


Potassium 

Chlui’ide. 


Ferric  Cyanide. 


Potassium 

Ferricyanide. 

K,,Fe.,Cy„  FejClg  = 3K(  1 -I-  2Fe.3Cy3. 

On  evaporating  this  solution,  chlorine  or  cyanogen 
is  given  off  as  either  reagent  is  in  excess,  and  prussian 
blue  is  produced. 

Ferrocyanides  are  combinations  of  ferrous  cyanide 
with  other  metallic  cyanides ; they  have  the  consti- 
tution, (MCy)4Fe2Cy2  = M^Fe.,Cyg. 

Ferricyanides.  in  like  manner,  are  compounds  of 
ferric  cyanide  with  other  cyanides,  (MCy')3Fe2Cy3  = 
iM3Fe2Cyg.  (See  Potassium.) 

Steel  is  treated  of  in  a separate  article,  q.v. 
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LEAD. — French,  Pkmih ; German,  Bin;  Latin, 
P/innhum.  Symbol,  Pb  ; chemical  equivalent,  '207. — 
Tills  metal  was  known  at  an  early  perio  l,  and  is 
mentioned  in  the  books  of  Exodus,  Job,  and  Jere- 
miah. The  Phoenicians  obtained  lead  and  tin  from 
Pritain,  and  Camuen  states  that  lead  was  produced 
in  Cumberland,  Cornwall,  and  some  other  places, 
before  the  Christian  era.  Pliny  designated  the 
metal  plumhum  vir/ritm,  to  distinguish  it  from  tin. 
Pigs  of  lead  bearing  Latin  inscriptions  have  furnished 
abundant  evidence  that  the  Komans  worked  the 
British  mines  ; whilst  the  Saxons  have  left  traces  of 
their  industry  in  pursuit  of  the  metal,  as  in  the  case 
of  the  mines  near  Castleton,  in  Derbyshire,  one  of 
which  was  dedicated  to  Odin.  The  discovery  of  a 
sarcophagus  of  lead,  which  was  lined  with  linen,  has 
led  to  the  fact  that  the  mines  near  Wirksworth  were 
worked  before  the  year  714.  The  mines  of  the 
Peak  and  of  the  wapentake  of  Wirksworth  were 
the  projierty  of  the  sovereign,  and  the  district  was 
known  as  the  King’s  field. 

Pliipicdl  Pm/H’i  fk.f. — The  specific  gravity  of  pure 
lead  at  60®  Fahr.  is  11'44.^,  Behzelil'S  ; ordinary  lead, 
1 1 'JoS ; when  hammered  it  reaches  1 L387.  A freshly- 
c ,t  surface  of  lead  is  bluish-white,  not  unlike  polished 
steel,  but  it  soon  becomes  dull  by  oxidation  ; losing 
its  bright  metallic  lustre,  it  acquires  a colour  which 
is  commonly  defined  as  lead  gray.  It  is  the  softest 
metal  in  common  use  ; is  easily  cut  with  a knife,  and 
scratched  vith  the  finger  nail.  Pure  lead  is  very 
feebly  sonorous,  and  emits  a dull  sound  on  being 
struck  with  a hard  substance.  'Fhe  presence  of  a 
small  quantity  of  impurities,  especially  antimony, 
imparts  so  decided  a hardness,  that  the  distinction  of 
hard  and  soft  lead  in  commerce  is  well  understood 
to  define  the  qualities  in  the  market.  Although  as 
cry.stalline  as  tin,  it  yields  no  crackling  sound  on 
bending.  The  crystalline  character  may  be  observed 
on  skimming  the  surface  of  fluid  lead  shortly  before 
solidification,  when  beautiful  fern-leaf  forms  of 
crystals  are  manifested.  Upon  gently  raising  the 
solidified  crust  from  the  fluid  lead  beneath,  octa- 
hedral forms  may  be  distinctly  observed  amongst 
the  projecting  crystals.  Similar  forms  may  be  traced 
in  the  crystals  obtained  in  the  desilverizing  process 
of  P.vrriNSON  described  subsequently.  Ihe  most 
striking  view  of  the  crystalline  character  of  lead  is 
ol  tamed  by  heating  a pig  of  lead  upon  the  floor  of 
a l ed  lead  oven,  and  when  it  has  nearly  reached  the 
melting  point  breaking  it  with  an  iron  paddle.  The 
fracture  thus  obtained  with  pure  lead  presents  an 
irregular  columnar  structure,  somewhat  like  that  of 
the  htarch  of  commerce.  Indications  of  crystalline 
structure  are  also  displayed  etched  upon  the  surface 
of  lead  left  uncorroded  in  the  operation  of  making 
white  lead,  and  may  be  even  traced  on  the  portion 
of  white  lead  detached. 

.At  ordinary  temperatures  lead  is  very  malleable, 
tough,  and  flexible.  Its  ductility  is  not  great.  Lead 
wire,  of  about  one-sixteenth  of  an  inch  in  diameter,  is 
manufactured  for  gardeners’  use  for  nailing  trees  to 
walls.  AVhen  heated  to  a certain  degree,  solid  cylinders 
or  pipes  may  be  squeezed  out  in  continuous  lengths. 

According  to  Regnai'i.t,  the  specific  heat  of  lead 
between  10°  C.  and  100°  0.  is  0 0314;  for  molten 
lead  between  3.50'^  and  450°  Peiison  found  it  to  be 
0'040‘i.  Lead  is  easily  fusible;  the  melting  jioint 
according  to  Person  is  334°  C.,  corresponding  to 
326°'2  of  Regnault’s  air  thermometer.  When  jmre 
it  solidifies  abruptly ; but  a very  little  impurity, 
such  as  antimony,  tin,  or  sidphur,  produces  a jiasty 
condition  before  solidification.  The  latent  heat  is 
such  that  1 part  by  weight,  in  passing  to  the  solid 
condition,  evolves  heat  sufficient  to  raise  5‘369  parts 
of  water  one  degree  C.  Its  conductivity  for  heat 
and  for  electricity,  taking  silver  as  100,  is  8 5 for 
heat,  and  10'7  for  electricity. 

At  a bright  red  heat  fumes  of  oxide  of  lead  are 
evolved,  but  lead  cannot  be  distilled  like  zinc ; at 
a higher  temperature  it  burns  with  a livid  flame. 
I’hough  tasteless,  the  metal  has  a characteristic  odour 
when  rubbed  between  the  fingers.  Lead  may  be 
welded  cold.  The  experiment  is  best  made  by 
cutting  lead  with  a sharp  knife,  and  pressing  the 
clean  surfaces  together  with  a twisting  motion. 
Dobb.s  obtained  a patent  in  1805  for  producing  the 
cohesion  of  tin  and  lead  in  this  manner  by  passing 
the  ingots  through  rolls. 

Chemical  Pivpert/es. — In  dry  air,  free  from  carbonic 
dioxide,  lead  preserves  a bright  surface ; but  on 
e.xposure  to  the  ordinary  atmosphere  it  suffers  cor- 
rosion by  oxidation,  and  formation  of  the  hydrate  and 
carbonate.  Rain  water,  and  all  soft  waters,  act 
upon  lead,  evolving  hydrogen,  and  readily  dissolve 
a small  quantity  of  the  hydrate.  Lead  dissolves  in 
dilute  nitric  acid  ; with  .stronger  acid,  the  action  is 
arrested  by  the  formation  of  white  granular  crystals  of 
plumbic  nitrate.  It  is  but  slightly  attacked  by  either 
hydrochloric  or  sulphuric  acid,  unless  concentrated 
and  boiling.  Pure  lead  leaves  no  insoluble  residue 
in  nitric  acid.  When  antimony,  tin,  and  sulphur 
are  present,  a white  insoluble  matter  is  left  behind, 
consisting  of  the  oxides  of  these  metals,  together 
with  lead  sulphate.  If  antimonic  oxide  predominates, 
the  residue  has  a yellow  tint. 

There  are  three  oxides  of  lead — PbO,  Pb02,  and 
PbgO^,  or  thus  (POj.^PbO.,,  and  a suboxide  (di- 
plumbic  oxide)  Pb.^O. 

Phnnhic  Oxide,  PbO. — Obtained  by  heating  lead 
in  air  at  a moderate  heat,  and  constantly  exposing 
a fresh  surface  for  oxidation.  The  product  is  sepa- 
rated from  the  grains  of  unoxidized  metal  by  grinding 
and  levigation.  It  then  presents  the  appearance 
of  a brownish-yellow  powder,  called  massicot.  By 
heating  white  lead  (plumbic  carbonate)  it  is  obtained 
of  a clear  lemon-yellow  colour.  At  a heat  a little 
above  redness  it  melts,  and  crystallizes  on  cooling 
in  yellowish-red  scales,  called  litharge.  P.umbic 
oxide  dissolves  in  dilute  nitric  acid.  Caustic  alkalies 
also  dissolve  it  sparingly.  It  is  used  for  making 
lead  salts,  driers  for  paint,  and  for  glazing  pottery. 

Triphnnhic  0.vide,  Red  Lead,  Minium,  PbjjO^. — This 
oxide  is  obtained  by  submitting  powdered  litharge 
to  a regulated  heat  in  suitable  ovens,  where  by  con- 
stant stirring  it  absorbs  oxygen,  and  assumes  a 
bright  red  colour.  It  is  attacked  by  nitric  acid, 
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which  withdraws  the  protoxide,  and  leaves  an  in- 
soluble puce  coloured  oxide,  PbO„.  Red  lead  is 
completely  dissolved  if  a little  sugar  be  added  to 
the  dilute  nitric  acid.  The  commercial  article 
generally  contains  a trifling  residue  of  metallic  lead 
and  plumbic  sulphate,  besides  such  impurities  as 
antimony,  tin,  and  co})per  oxides,  derived  from  the 
lead  employed.  By  strongly  heating  it  is  converted 
into  the  yellow  plumbic  oxide. 

Plumbic  Dioxide^  PbOg. — This  is  a dark  brown 
powder,  used  in  the  laboratory  as  an  oxidizing  agent. 
Hydrochloric  acid  decomposes  it  with  the  aid  of 
heat,  forming  plumbic  chloride  and  evolving  chlorine. 

Plumbic  Nitrate,  Pb(N03)2,  is  a salt  which  crystal- 
lizes with  facility  from  water.  Its  hot  solution  is 
capable  of  dissolving  plumbic  oxide,  and  upon  this 
reaction  a process  for  making  white  lead  has  been 
founded,  the  excess  of  oxide  being  precipitated  by  a 
current  of  carbonic  acid  gas.  Nitrate  of  lead  is  used 
in  the  chrome  yellow  style  of  calico  printing. 

Plumbic  Chloride,  PbCl2. — This  salt  may  be  ob- 
tained as  a cimly  white  precipitate  by  the  addition 
of  hydrochloric  acid  to  a sol.ution  of  the  nitrate  or 
acetate.  It  is  soluble  in  hot  water,  but  only  spar- 
ingly in  cold.  By  slow  cooling  of  a saturated  solu- 
tion it  crystallizes  out  in  characteristic  needle-shaped 
crystals.  At  a moderate  heat  it  fuses,  and  has  the 
appearance  of  a horny  mass  when  cold.  A basic 
oxychloride,  Pb20Cl2,  is  prepared  on  the  large  scale  as 
a pigment,  and  known  as  oxychloride  of  lead  paint. 
A still  more  basic  compound  is  used  as  a yellow 
paint,  and  called  Cassel  yellow. 

Plumbic  Suljihate,  PbSO^.  is  a white  salt,  quite 
insoluble  in  water,  but  soluble  in  acids,  potash,  and 
many  neutral  salts,  especially  ammonic  acetate. 

Plumbic  Sulphide,  PbS,  is  precipitated  from  solution 
as  a black  powder  by  hydric  sulphide.  When  the 
.solution  contidns  free  hydrochloric  acid,  the  pre- 
cipitate is  at  first  red,  owing  to  the  formation  of 
PbS  + PbCl2,  but  this  is  soon  converted  into  the 
black  sulphide. 

Plumbic  Iodide,  Pbl2,  crystallizes  from  water  in 
beautiful  yellow  scales.  A soluble  iodide  forms  an 
excellent  test  for  the  presence  of  a small  quantity 
of  lead. 

Plumbic  Oxalate,  C2PbO^,  is  one  of  the  most  insol- 
uble of  lead  salts  m water,  and  is  used  in  the 
quantitative  analysis  of  solutions  containing  lead.  It 
dissolves  in  nitric  and  hydrochloric  acid. 

The  most  char.icteristic  tests  for  lead  are  the 
formation  of  black  sulphide,  the  crystals  of  plumbic 
chloride  soluble  in  hot  water,  and  the  yellow  precipi- 
tate formed  by  soluble  iodides  or  chromates.  Heated 
on  charcoal  before  the  blowpipe  with  reducing  fluxes, 
the  compounds  of  lead  yield  a malleable  bead  of 
metal,  and  the  charcoal  immediately  around  the  bead 
is  at  the  same  time  coate<i  with  an  incrustation  of 
oxide,  which  is  orange-coloured  while  hot,  but  be- 
comes lemon-yellow  on  cooling.  . 

OiiES. — The  chief  ore  of  lead  is  galena  or  plumbic 
sulphide.  The  carbonate,  sulphate,  and  certain 
phosphates  and  arseniates,  are  less  important  as 
sources  of  the  metal. 

Galena,  Bkif/lauz,  PbS. — Occurs  sometimes  in  fine 
crystals,  generally  cubical,  the  prevailing  forms  com- 
bining cubic  with  octahedral  faces.  The  cleavage  is 
very  perfect  on  the  cubical  planes.  Fracture  eon- 
choidal ; opaque,  lustre  metallic  ; streak  and  colour 
lead-grey.  Hardness,  2'5 ; spec,  grav.,  7A  to  7'6. 
Pure  plumbic  sulphide  contains — lead,  86'7 ; sul- 
phur, 13‘3.  It  is  not  (infrequently  found  with  less 
than  1 per  cent,  of  other  substances.  Silver  is  in- 
variably present,  and  also  minute  quantities  of  gold. 
In  some  galenas  the  whole  of  the  silver  may  be 
removed  by  washing,  whilst  other  specimens  treated 
in  the  same  way  part  with  very  little  silver,  showing 
tiiat  the  mode  of  existence  of  this  metal  in  the 
galena  is  different.  It  is  an  error  to  suppose  that 
large-grained  specimens  are  less  argentiferous.  Ga- 
lena melts  at  a strong  red  heat  into  a thin  liquid, 
which  rapidly  penetrates  clay  crucibles.  It  readily 
volatilizes,  and  when  oxygen  is  excluded  condenses 
in  a crystalline  form.  Cold  dilute  nitric  acid  decom- 
poses sulphide  of  lead  with  formation  of  plumbic 
nitrate  and  separation  of  sulphur.  Strong  fuming 
acid  converts  it  into  sulphate.  It  is  attacked  by 
hydrochloric  acid  with  formation  of  plumbic  chloride 
and  evolution  of  hydric  sulphide.  Plumbic  sulphide 
may  be  melted  with  metallic  lead  in  all  proportions ; 
but  the  product  when  cold  appears  to  be  a solidified 
solution  of  the  sulphide  in  the  lead.  When  more 
than  2 or  3 per  cent,  is  melted  with  lead,  unless  it  is 
cooled  very  quickly  soft  lead  liquates  out,  leaving  a 
pasty  mass  of  mixed  sulphide  and  metal. 

Carbonate  of  Lead,  Cerumte,  Blempalh,  PbCOg. — 
This  mineral  occurs  in  crystals  of  the  rhombic 
system,  isomorphous  with  aragonite  and  saltpetre, 
or  in  fibrous,  compact,  and  earthy  masses.  Hard- 
ness, 3 to  3'5 ; sp.  grav.,  6T  to  (i'6.  In  its  purest 
state  it  is  colourless  and  transparent  as  glass,  with 
highly  refracting  properties.  Its  composition  is  lead 
oxide,  83‘6;  carbonic  dioxide,  16‘4.  It  effervesces 
with  nitric  acid,  becomes  black  with  hydric  sulphide, 
and  on  charcoal  is  easily  reduced  before  the  blow- 
pipe flame  to  a button  of  lead. 

Sulphate  of  Lead,  Am/lesite,  Bier-  Vitriol,  PbSO^. — 
Resembles  the  carbonate  in  colour  and  lustre  of  the 
crystals,  but  is  distinguished  by  the  absence  of  effer- 
vescence with  nitric  acid.  Before  the  blowpipe 
flame  it  melts  to  a transparent  glass,  which  becomes 
milky  on  cooling.  Its  composition  is  lead  oxide 
73'7,  and  sulphur  trioxide  2(i‘;l. 

Phosphate  of  Lead — Pi/romorphite. — This  mineral 
exhibits  a variety  of  colours  between  green,  yellow, 
and  brown  — sometimes  of  a waxy  yellow.  Hard- 
ness, 3'5  to  4-{) ; sp.  grav.,  G‘5  to  7T,  or  slightly  less 
wlien  containing  calcic  phosphate.  A proportion 
of  plumbic  chloride  appears  an  essential  constituent, 
and  the  phosphoric  is  sometimes  partly  replaced 
by  arsenic  acid,  especially  in  the  yellow  varieties. 
Orange-red  crystals  from  Leadhills  contained  plum- 
bic phosphate  fl0'09,  and  plumbic  cldoride  9‘91. 
Ki.aproth’s  analysis  of  a specimen  from  Wanlock 
Head  gave  oxide  of  lead,  80;  phosphoric  acid,  18; 
chlorine,  1'6.  It  is  a brittle  mineral,  and  crystallizes 
in  forms  derived  from  an  obtuse  rhomboheJron.  On 
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cliareoal  it  fuses  without  reduction  to  a globule, 
which  on  cooling  assumes  a crystalline  polyhedral 
form — hence  its  name. 

Amenate  of  Lead,  Mimetcfite,  so  called  from  its 
resembling  pyromorphite  ; the  crystalline  form  is, 
however,  hexagonal,  often  occurring  jn  barrel - 
shai)ed  crystals.  The  colour  is  pale  yellow,  orange- 
yellow,  or  brown.  Hardness  and  specific  gnivity 
similar  to  the  last-named  mineral.  Analy.ses  by 
Dukkenoy  and  Kammelsbeiig  are  as  follows: — 

Cornwall.  Cumberland. 

Plumbic  arsenate, ....  71'70 

Plumbic  pbos])hate, 4' 50  ....  19‘00 

Plumbic  cliloiide, 9 05  ....  9-45 

It  is  easily  reducible  on  charcoal,  giving  off  arsenical 
fumes. 

Other  ores  are  of  interest  chiefly  to  the  mineralo- 
gist, as  they  do  not  occur  in  sufficient  abundance  to 
be  worked  for  the  metal.  Amongst  them  are  sul- 
phate-carbonate  and  cupreous  sulphate  of  lead, 
found  at  Leadhills  and  in  Cumberland.  Oxychloride 
occurs  at  Matlock  and  in  the  Mendip  district.  Vana- 
date, molybdate,  and  chromate  are  somewhat  rare. 

Dixlribiition. — Lead  ores  are  found  in  rocks  of  dif- 
ferent geological  age,  from  the  granite  and  clay  slates 
of  the  Devonian  to  the  Triassic  formations.  Lis- 
keard  and  Truro  in  Cornwall  have  been  productive 
localities,  the  veins  occurring  in  the  clay  slate  or 
killas,  as  in  the  celebrated  mines  of  Beer  .Alston  on 
the  Tamar.  The  Carboniferous  series  of  Devon- 
shire. or  black  slates,  have  yielded  very  little.  In 
the  Mendip  Hills  very  productive  lead  mines  are 
found  in  the  Carboniferous  Limestone  formation. 
Lead  lo  les  are  abundant  in  the  mountainous  dis- 
tricts of  Shropshire,  in  the  original  Silurian  rocks, 
and  in  Cardiganshire ; mines  are  worked  in  the  clay 
slates  and  grit  stones  of  the  lowest  Silurians.  The 
ndnes  of  the  ^Mountain  Limestone  formation  are  also 
in  Derbyshire,  Yorkshire,  Cumberland,  Northum- 
berland. and  Durham.  In  Scotland,  at  Wanlock  and 
the  Leadhills,  and  in  the  Isle  of  Man,  the  mines  lie 
in  the  .Silurian  rocks.  The  granite  district  of  Wick- 
low, Newtonards  in  County  Down,  and  some  other 
places  in  Ireland,  furnish  siijiplies  of  lead  ore. 

Lead  mines  in  other  countries  enumerated  in 
UiiKS  Dictionary  are  as  follows: — Poullaouen  and 
Huelgbet,  in  Finisterre  ; Villefort  and  Viallay,  de- 
partment of  Lozcre ; Pezey  and  Macot,  Savoy ; 
Vedrin,  near  Namur;  Saxony,  The  Hartz,  Bleyberg 
in  the  Eifel ; Villach,  in  Carinthia ; in  Bohemia, 
south  - west  of  Prtigue  ; Tarnovitz,  in  Silesia ; 
Joachimsthal  and  Bleistadt,  on  the  southern  slope 
of  the  Erzgebirge  ; Linares,  in  the  Sierra  Morena ; 
Catalonia,  Granada,  Murcia,  and  Almeira. 

Many  of  these  mines  are  highly  argentiferous,  and 
woiked  more  for  the  silver  than  lead. 

The  total  quantity  of  lead  ore  raised  and  sold  in 
the  United  Kingdom,  according  to  returns  made 
to  the  Mining  Record  Office  during  1875,  was  as 
follows: — 

QnwiUty.  Va1u6. 

Ler.d  ore, 77,740  tons £1,202,148 

Lead 57,4.45  “ 1,290,373 

Hlver, 487,358  OZ8 11,5,747 
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Summary  of  the  produce  of  different  counties — 


Lead  Ore. 

Lead. 

Tons. 

Tons. 

Cornwall, 

2,506 

1,932 

Devonsliire, 

335 

242 

Somerset iliire,  

],.546 

4.55 

Derbyshire 

2,283 

2,090 

Shropshire, 

7,932 

6,039 

Cumberland, 

2,128 

1,554 

Yorkshire 

4,049 

2,945 

Westmoreland, 

1,646 

1,106 

Durham  and  Northumbethuid. . 

22,304 

16,525 

Cardii^anshire, 

.5,835 

4,401 

Montgomeryshire, 

8,940 

6,718 

Denbighshire, 

2,600 

1,954 

Flintshire, 

3,003 

2,214 

Carnarvonshire, 

1,408 

1,046 

Isle  of  Man, 

4,429 

3,158 

Ireland, 

1,850 

1,387 

bcutlaiid, 

4,109 

3,078 

The  high  specific  gravity  of  the  ores  of  lead  renders 
the  operation  of  dressing  and  washing  them  from  the 
earthy  matters  comparatively  simple.  In  most  cases 
the  cleansing  is  done  contiguous  to  the  mine,  and 
the  finer  particles  separated  from  the  ore  by  iron 
wire  sieves  placed  in  water.  A common  method  is 
to  lead  a stream  of  water  on  to  a grate  upon  whicli 
the  lumps  of  stone  are  washed,  and  the  metallic 
parts  carried  through  on  to  an  inclined  plane,  which 
leads  to  a trough  in  which  the  better  quality  of  ore 
collects,  whilst  the  slimes  are  carried  forward  and 
recovered  in  suitable  settling  troughs.  Thus  it  is 
easj'  so  to  dress  ore  as  to  obtain  80  to  83  per  cent. 

MetalluuG5'. — Lead  AKsuy. — The  ores  of  lead  for 
the  purpose  of  assay  may  be  divided  into  two  classes. 
The  first  are  the  oxidised  ores — carbonates,  sulphates, 
and  phosphates ; the  second  are  the  galenas,  with 
ores  containing  arsenic  and  sulphur.  The  fluxes 
and  reducing  agents  required  for  the  first  class  are 
dried  carbonate  of  soda  and  finely  divided  carbon  or 
lampblack.  A little  borax  is  useful  when  the  pro- 
portion of  basic  substances  is  large.  When  much 
sulphate  of  baryta  is  mixed  with  the  ore  fluor  spar 
will  be  found  to  yield  an  easily  fusible  slag. 

With  the  second  class  of  ores  metallic  iron  is  the 
best  reducing  agent,  with  or  without  a small  propor- 
tion of  carbon,  and  with  sufficient  sodium  carbonate 
to  flux  the  gangue  or  earthy  matters  accompanying 
the  galena.  The  assay  furnace,  convenient  for  lead 
assays,  is  about  10  inches  square  internally,  and  the 
height  from  the  fire-bars  to  the  horizontal  flue 
' leading  to  the  chimney  about  14  inches.  The  chim- 
ney should  be  at  least  20  feet  high,  and  dampers  to 
' check  the  draught  at  the  proper  period  should  be 
i provided,  either  by  closing  the  ash-pit  with  a regu- 
! lator,  or  by  means  of  a door  in  the  breast  of  the 
chimney.  The  most  convenient  fuel  is  hard  coke 
I broken  into  pieces  about  2 inches  diameter.  If  clay 
crucibles  are  used  they  should  not  be  too  wide. 
Wrought-iron  crucibles  with  a thick  bottom  are  by 
far  the  best  for  the  assay  of  galenas;  they  should  be 
forged  out  of  a short  piece  of  round  bar  iron  by 
hammering  it  hot  over  a core  or  mandril.  A useful 
size  is  inches  in  height,  3 inches  diameter  at  the 
top,  and  2\  at  bottom,  which  is  nearly  1 inch  thick. 

^36 
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Tins  .size  will  conveniently  carry  1000  prains  of  ore, 
ami  the  necessary  flux  for  such  a quantity. 

The  assay  charges  for  such  crucibles  should  be 
as  follows : — 


Ore, 500  grains. 

Sodium  carbonate, 500  “ 

Cream  of  tartar,  50  “ 


For  poorer  ores  a portion  of  the  sodium  carbonate  is 
anvantageously  replaced  by  borax.  The  ore  being 
inixetl  with  four-fifths  of  the  bulk  of  the  flux,  is 
placed  in  the  fore  part  of  a suitable  copper  scoop, 
with  tlie  remainder  of  the  flux  immediately  behind, 
so  that  in  transferring  it  to  the  pot  the  charge  may 
have  a covering  of  flux  alone.  When  borax  is 
used  it  should  not  be  mixed  with  the  charge,  but 
put  on  the  top  in  the  same  way.  The  crucible  is 
first  heated  to  dull  redness,  taken  out  of  the  furnace, 
and  the  charge  shot  into  it  from  the  scoop,  taking 
care  to  bnish  all  particles  adhering  to  it  into  the 
pot.  AVhen  placed  in  the  furnace  the  heat  should 
be  very  gradually  raised  from  dull  to  full  redness, 
until  the  contents  are  in  a state  of  tranquil  fusion. 
At  this  stage  it  is  well  to  inspect  the  inside  of  the 
crucible,  to  see  if  any  matter  carried  up  by  the 
bubbling  of  the  flux  may  not  be  adherent  to  the  sides 
of  the  pot;  and  if  this  is  the  case  it  must  be  pushed 
down,  bv  means  of  a hot  stirrer,  into  the  melted 
mass,  after  which  the  furnace  is  kept  closed  for  a | 
few  minutes.  When  the  crucible  is  removed  from  i 
the  furnace,  care  must  be  taken  not  to  pour  out 
the  contents  too  hot,  as  a film  of  lead  is  then  apt  to 
remain  on  the  surface  of  the  iron  instead  of  running 
into  globules.  The  melted  lead  and  flux  are  re- 
ceived into  an  ingot  mould,  previously  warmed  and 
rubbed  over  with  plumbago,  after  which  the  pot 
is  again  e.xamined,  and  if  any  shots  of  lead  are 
obsei  ved  they  may  be  brought  together  by  a smait 
tap  of  the  inclined  crucible  on  the  top  of  the  furnace, 
and  poured  into  the  ingot  mouhl.  It  may  be  some- 
times necessary  to  throw  in  a little  sodium  carbonate 
and  cream  of  tartar,  and  to  return  the  crucible  to 
the  furnace  for  the  complete  fusion  of  the  residual 
matter,  and  then  to  pour  out  to  recover  the  remain- 
ing lead. 

After  solidification  and  cooling,  the  button  of 
lead  is  readily  detached  from  the  slag  by  striking 
it  sideways  on  a slab  of  iron.  If  any  particles  still 
adhere  to  the  metal  after  hammering,  they  may  be  ' 
removed  by  scrubbing  with  a brush  and  hot  water. 
'\^'hen  a clay  pot  is  used  it  is  necessary  to  supply  the 
iron  for  the  formation  of  sulphide  in  the  form  of 
nails,  or  a bent  piece  of  hoop  iron.  The  nails,  about  ; 
3 inches  long,  should  be  placed  with  heads  down- 
wards, and  the  ore,  mixed  with  its  own  weight  of 
sodium  carbonate,  should  be  pressed  tightly  about  the 
nails  and  covered  with  a layer  of  borax.  The  assay 
is  then  conducted,  as  in  the  former  case,  by  bringing 
the  pot  gradually  to  a red  heat.  When  perfectly 
fluid,  the  nails  or  iron  are  seized  with  the  tongs 
and  carefully  washed  in  the  liquid  slag  until  free 
from  adhering  lead.  It  is  a good  plan  to  smear  the 
inside  of  the  crucibles  with  common  black  lead,  and 
to  make  a second  assay  for  verification. 


All  the  ores  of  lead  may  be  assayed  in  clay  pots  ; 
but  the  oxidised  ores  do  not  require  metallic  iron, 
which  is  only  to  be  used  when  sulphides  and  arse- 
nides are  present.  Carbon,  however,  must  be  added 
to  reduce  the  oxide  of  lead,  and  may  be  used  in 
the  form  of  lamp  black,  finely-powdered  charcoal, 
or  cream  of  tartar.  The  button  of  lead  obtained  by 
the  various  methods  of  .assay  always  contains  greater 
or  less  proportions  of  other  metals  which  may  accom- 
pany the  lead  ore,  such  as  copper,  silver,  antimony, 
or  tin.  For  commercial  purposes  it  is  not  neces- 
sary to  subject  the  lead  to  a chemical  examination, 
i but  its  purity  is  usually  judged  of  by  its  colour  and 
softness. 

When  g.alenas  contain  ‘much  antimony,  they 
should  be  assayed  in  an  open  clay  crucible,  with 
three  times  the  weight  of  sodium  carbonate.  The 
lead  will  be  reduced,  whilst  the  antimony,  becoming 
oxidised,  unites  with  the  alkali,  and  remains  in  the 
sliig.  If  assayed  in  an  iron  pot,  both  metals  will  be 
liber.-ited,  and  yield  a button  of  hard  lead. 

Assn//  of  Lead  Ore  for  Sdrer. — The  value  of  lead 
ore  and  lead  can  only  be  estimated  wlien  the  amount 
of  silver  is  also  determined.  For  this  assay,  tl  e 
buttons  of  lead  obtained  in  the  v.aluation  of  the  lead 
ore  can  be  at  once  used  for  the  estimation  of  the 
more  precious  met  1.  In  the  reauction  of  the  lead 
all  the  silver  contained  in  the  ore  will  be  found  in 
the  metal,  even  if  the  assay  is  continued  so  long  as 
to  allow  of  considerable  loss  of  lead  by  oxidation. 

The  furnace  for  the  silver  assay  consists  es-enti- 
ally  of  a Q-shaped  retort  of  fire-clay,  called  a muffle, 
which  is  closed  at  one  end,  the  opening  of  the  other 
end,  which  is  set  in  the  face  of  the  furn.ace,  being 
closed  with  a movable  pflece  of  clay,  which  may  be 
furnished  wdth  a hole  to  afford  means  of  watching 
the  progress  of  the  assay.  The  muifle  is  placed 
either  on  fire-bricks  or  bars,  in  such  a manner  that 
it  may  be  equally  heated  all  over.  The  fuel  may  be 
either  coke  or  coal.  Small  cup-shaped  supports, 
made  of  bone-ash,  called  “cupels,”  are  placed  in 
the  muffle  until  red-hot;  the  button  of  lead  is 
c.arefully  placed  in  them,  and  the  heat  kept  up  to  a 
bright  red.  The  lead  at  once  melts,  and  commences  to 
form  litharge  (PbO),  which  is  absorbed,  when  melted, 
by  the  porous  substance  of  the  cupel.  The  button 
of  lead  diminishes  in  size,  until  at  last  the  film  of 
lead  oxide  on  the  metal,  showing  iridescent  colours, 
disappears,  and  the  phenomenon  of  “ brightening  ” 
(“  blicken  ”)  of  the  assay  takes  place.  The  operation 
is  now  complete,  and  the  bead  of  silver,  which  may 
also  contain  gold,  is  covered  by  another  hot  cupel 
to  prevent  sudden  cooling,  which  might  cause  the 
.metallic  globule  to  spirt,  and  a portion  of  it  to  be 
lost.  When  cold  the  bead  is  removed  by  pliers, 
cleaned  with  a stiff  brush,  .and  weighed. 

Smelting. — According  to  the  class  of  ores  treated, 
the  smelting  operation  consists  of  desulphuris.ation 
of  galena,  or  deoxidation  of  oxidised  ores,  or  both 
oper.ations  are  combined. 

1.  When  plumbic  sulphide  is  heated  in  air,  it 
may  be  oxidised,  and  a roasted  charge  of  ore  will 
contain  plumbic  oxide  and  plumbic  sulphate.  If  it 
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be  now  intimately  mixed  with  sulphide  of  lead,  in 
Rucli  a proportion  that  the  oxygen  in  the  roasted 
ore  is  equivalent  to  the  sulphur  in  the  unoxidiseil 
galena,  to  form  sulphurous  dioxide,  complete  re- 
duction of  the  lead  will  ensue.  This  reaction  is 
exhibited  in  the  following  chemical  equations  : — 

PI'S  + 2PbO  = 3Pb  + SOj 
PbS  + PbS04  = 2Pb  + 2SO2 

The  term  nh'-reduction  proreix,  or  the  (Uerman 
roast-reduction  process,  may  be  applied,  as  it  sug- 
gests the  .agent  by  which  the  removal  of  the  sulphur 
is  effected. 

2.  The  roasting  or  calcin.ation  m.ay  be  continued, 
and  the  subsequent  reduction  of  the  oxidised  pro- 
ducts effected  by  carbonaceous  matter. 

3.  When  metallic  iron  is  em]iloyed  as  .an  agent 
for  desulphurisation,  the  term  precipitation,  or  iru7i- 
rednclion  procexx,  is  used. 

In  some  cases  all  these  processes  are  employed  in 
combiiifition  ; .and  in  the  reduction  of  the  oxidised 
oi-es  both  carbon  and  iron  are  employed  as  agents 
of  reduction. 

In  the  air- reduction  process  both  kinds  of  fur- 
n.aces  .are  in  use — reverberatory  and  blast.  In  the 
Flintshire  furnace  and  the  Spanish  furnace,  or 
/lii/iclie,  the  lead  is  allowed  to  accumul.ate  in  the  fur- 
nace, and  is  tapped  out.  The  residue  is  r.aked  out  in 
pasty  lumps,  and  is  called  grey  slag  or  drawn  sl.ag ; or 
in  certain  cases  is  tapped  out  in  a molten  st.ate,  when 
it  is  called  run  slag.  When  the  flowing  furnace  is 
used,  the  ore  is  c.alcined  in  a se(>arate  furnace. 
'I'he  sl.ags  in  this  case  are  run  out  in  a molten  state. 
At  Hleiberg  the  lead  runs  out  of  the  furnace  as  soon 
as  it  is  reduced.  The  residue  is  pasty,  and  the  lead 
contained  in  it  is  extracted  from  it  in  the  same 
furnace  'I’he  blast  furnace,  called  the  ore  hearth, 
is  used  also  for  the  air-reduction  process,  when 
calcination  and  reduction  of  the  ore  occur  pnvl  pa, xxii, 
and  the  residue  is  raked  out  in  pasty  masses. 

Flhilxhii-e  Proce.x.x. — The  following  distinct  opera- 
tions are  comprehended  in  this  operation  : — 

1.  Calcination  at  a regulated  heat,  to  produce  a 
Certain  amount  of  oxide  and  sulphate  of  le.ad. 

2.  Raising  the  temperature  to  cause  fusion,  and 
determine  the  liberation  of  the  lead  by  the  reaction 
of  the  oxide  and  sulphate  upon  the  unchanged 
sulphide. 

3.  .\ddition  of  lime  and  incorporation  with  the 
charge,  now  becoming  too  fluid  to  allow  the  re- 
action to  continue.  At  this  stage  an  excess  of 
oxidised  products  are  formed,  and  small  coal  is 
sometimes  .added. 

4.  'l'a[)ping  the  reduced  le.ad,  and  subsequent 
removal  of  the  grey  slag  by  drawing  or  tapping. 

'I'he  furnace  employed  for  the  reduction  of  lead 
ores  by  the  Flintshire  process  varies  somewhat  in 
its  construction  and  dimensions.  'I'he  length  of  the 
hearth  is  usually  about  11  feet,  .and  its  width  9 feet, 
built  upon  an  arched  vault  extending  the  whole 
length  of  the  bed  to  the  fire-bridge.  'I’he  he.arth  is 
made  of  slags,  moulded  into  the  proper  fonn  when 
in  a plastic  and  semi-fused  state.  'I’owards  the 


centre  of  the  bed  there  is  a depression  for  the  metal 
to  accumul.ate,  at  the  bottom  of  which  is  the  tap- 
hole.  1 he  fire-place  is  at  one  end,  having  a grate 
.about  6 feet  by  4 feet  in  area.  Before  reaching 
the  bed  of  the  furnace,  the  flame  pas.ses  over  a fire- 
bridge about  2 feet  in  width,  and  from  12  to  14 
inches  below  the  arch.  At  the  oppo.site  extremity 
of  the  hearth  are  openings  communicating  with  the 
flue  in  connection  with  a lofty  chimney.  The  fire- 
hole  for  charging  coal  is  at  the  back,  and  the  gr.ate 
is  freed  from  clinkers,  or  cletmed,  at  the  front.  Six 
working  doors,  usu.ally  .about  9 by  12  inches,  are 
I placed  in  strong  c.ast-iron  frtimes  set  in  the  sides  of 
the  furntice,  with  a slight  inclination  inwards.  'I’he 
shag  bottom  is  made  ne.arly  level  with  the  doors  on 
one  side,  but  is  inclined  tow.ards  the  other  in  such  a 
Wily  as  to  be  from  1 8 to  20  inches  below  the  middle 
door  where  it  communic.ates  with  the  tap-hole.  A 

Fig.  1. 


cast-iron  pot  is  set  in  .the  ground  beneath  the  tap- 
f)ing  hole,  and  on  the  top  of  the  furnace  is  a large 
hopper  for  charging  the  ore.  'I’he  best  slags  for 
forming  the  bed  are  the  ordinary  grey  shags,  of 
which  .about  tons  .are  required  for  one  bottom. 
'I’he  true  working  bottom  v.aries  in  thickness  from 
6 to  12  inches,  being  thicker  towards  the  tap-hole. 
An  open  space  is  left  for  the  free  circulation  of  .air 
between  the  inner  fire-place  wall  and  the  adjacent 
end  wall  of  the  bed.  'I’he  whole  furnace  is  stiffly 
braced  together  by  wrought-iron  standards  and 
tie-rods.  Figs.  1 and  2 are  illustrations  of  a Flint- 
shire reverberatorj' furn.ace  ; a is  the  bed;  ft,  arched 
roof ; c,  c,  c,  working  doors ; e,  grate  ; fire-door ; rj, 
ash  pit;  ft,  fire-bridge;  f,  opening  to  chimney,  /, 
damper ; hi,  pot ; 11,  tie  rods  and  stand.ards ; o, 
depre.ssion  in  the  bed. 

Proce.xs  of  Smelting. — 'The  usu.al  charge  for  the  fur- 
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nace  is  21  cwts.  of  dry  ore,  which  is  let  down  from 
the  hopper  and  spread  evenly  over  the  bed,  care 
being  taken  to  prevent  it  dropping  into  the  deepest 
part,  or  well,  of  the  furnace. 

At  first  the  furnace  is  barely  red  hot  after  working 
off  the  previous  charge.  The  ore  is  now  frequently 
stirred  and  turned  over  for  two  hours ; the  tempera- 
ture being  regulateil  by  the  damper,  and  the  doors 
left  open,  or  only  partially  closed,  in  order  to  admit 
the  requisite  quantity  of  air.  Constant  stirring,  and 
the  highest  temperature  compatible  with  the  absence 
of  pastiness  or  clotting,  are  the  essential  conditions 
of  this  roasting  stage.  At  the  end  of  two  hours  the 
grate  is  freed  from  clinkers  and  filled  with  coal,  the 
fire  is  urged  until  the  charge  becomes  semi-liquid, 
and  any  portion  of  it  which  may  have  run  down 
towards  the  tap  hole  is  raked  up  to  that  which 
remained  on  the  upper  part  of  the  furnace  bed.  The 
fire  door  is  now  opened,  and  the  temperature  lowered 
until  the  charge  acquires  the  consistency  of  a stiff 
paste,  when  the  whole  of  it  is  pushed  towards  the 
bridge  and  back  part  of  the  furnace,  opposite  the  tap 
hole  side.  When  this  is  done  the  fire-door  is  again 
closed,  and  the  charge  melted  down  as  quickly  as 
possible  into  the  well ; slaked  lime  in  powder  is  then 
thrown  in,  and  well  raked  over  the  surface  of  the 
melted  mass. 

The  slag  and  unreduced  portion  of  ore  being 
thus  rendered  sufficiently  stiff  are  again  thrown  up, 
or,  as  it  is  termed,  “ set  up  ” on  the  sloping  sides 
of  the  bed,  there  left  to  cool  a little,  and  afterwards 
remelted.  Lime  is  again  added,  the  slag  is  pushed  back 
from  the  surface  of  the  lead  and  left  to  drain  a little ; 
the  lead  is  tapped,  and  the  slag  afterwards  raked  out 
of  the  furnace  in  pasty  lumps  called  “ grey  slag.’’ 

Variations  of  temperature  and  manipulation  are 
required  to  suit  particular  ores.  The  time  usually 
occupied  in  working  off  a charge  is  five  hours. 
Rapid  fusion  of  the  set  up  charge  les.sens  the  loss 
of  lead  by  volatilization.  A satisfactory  calcination 
will  always  yield  the  best  results,  the  first  stage  of 
the  process  being  highly  important.  The  quantity 
of  fuel  varies  with  its  quality  and  the  nature  of  the 
ore.  The  minimum  may  be  estimated  at  12  cwts., 
and  the  maximum  16  cwts. 

Percy,  from  whose  work  much  of  this  description 
is  drawn,  states  that  21  cwts.  of  good  Flintshire  ore 
yield  about  11|  cwts.  of  lead,  and  of  this  quantity 
about  91  per  cent,  of  the  lead  is  obtained  direct  from 
the  furnace,  and  9 per  cent,  from  the  slag  and  fume. 
The  ores  treated  yield  by  dry  assay  from  75  to  80 
per  cent,  of  lead. 

The  following  analytical  data  from  smelting  lead 
ore  at  Bagilt  are  given  in  Percy’s  “ Metallurgy:” — 


Ore  (talcined 

Grey  Slag 

2 hvui'M. 

after  tappiug. 

53-79  .. 



Sulphate  of  lead, 

2-84  .. 

18-73 

36-87  . . 

38-08 

Oxide  of  zinc, 

2-65  . . 

12-10 

Lime, 

1-63  .. 

....  13-50 

O-'JO  . . 

3-89 

0-71 

Silica, 

MO  .. 

12-32 

99-78  . . 

99-23 

The  quantity  of  grey  slag  produced  per  charge  is 
nearly  4 cwts.,  and  yields  from  63  to  55  per  cent,  of 
lead ; it  is  subsequently  treated  in  a blast  furnace. 

In  Derbyshire  the  furnace  used  for  smelting  lead 
ores  is  similar  to  the  furnaces  of  Flintshire ; but  is 
smaller,  and  has  two  bip  holes,  one  for  lead  and  the 
other  for  slag.  The  charge  is  16  cwts.,  and  is  worked 
off  in  41  to  5 hours.  The  slag  is  tapped  off.  and 
amounts  to  Sj  cwts.,  containing  about  8 to  10  per 
cent,  of  lead.  Occasionally  some  “drawn  slag”  is 
produced.  The  matrix  of  the  Derbyshire  ore  usually 
contains  sulphate  of  baryta  and  fluor  spar,  and 
when  much  of  the  former  mineral  accompanies  the 
ore  fluor  spar  is  purposely  added,  as  these  sub- 
stances intermixed  readily  melt  into  a thin  liquid,  so 
that  the  slag  can  be  easily  tapped.  This  run  slag  is 
compact,  opaque,  earthy  in  fracture,  and  yellowish 
or  brownish  grey.  From  its  vesicular  character  it 
was  formerly  termed  “ macaroni-slag.”  The  fol- 
lowing analyses  of  slags  from  the  Lea  Smelting 
Works,  near  Matlock,  are  given  by  Berthier. 


Kun  Sing. 

Drawn  Slag. 

1 

2 

1 

2 

Fluoride  of  calcium,. . 

16-0 

13-6 

....  72 

8-5 

Sulphate  of  baryta,. . . 

25-0 

300 

22-0 

24-4 

Sulphate  of  lime, 

22-5 

33  0 

....  1-6 

.5-6 

Sulphate  of  lead, 

22  0 

9-0 

12-0 

30  0 

Oxide  of  iron, ) 

4-5- 

f 2-0 

. ...  15-4 

5-6 

Oxide  of  zinc, j 

1 2-0 

....  7-2 

8-0 

8-0 

8-8 

14-0 

14-7 

Galena 

....  17-6 

2-0 

Carbonic  acid  and  loss, 

2-0 

1-6 

....  3-0 

1 2 

100-0 

100-0 

lOil-O 

100-0 

In  Cornwall,  at  the  Smelting  Works  at  Par,  and 
at  Point  on  the  Truro  river,  the  reduction  of  the 
ore,  which  is  an  impure  galena,  is  effected  in  two 
operations  requiring  separate  furnaces.  The  first 
process  is  the  calcination  of  the  ore  in  the  calciner — 
a reverberatory  fumice  with  flat  bed,  having  three 
doors,  one  on  each  side,  and  the  third  at  the  end 
near  the  stack.  A square  hole  in  the  bed  is  adjacent 
to  each  of  the  side  doors,  for  the  purpose  of  raking 
out  the  roasted  ore  into  the  arched  vault  beneath. 
Fig.  3 is  a plan  of  a Cornish  calcining  furnace,  of 
which  a is  the  bed  ; 6, 
fire  - bridge  ; c,  fire  - 
place  ; d,  d,  working 
doors ; /,  /,  holes  for 
raking  out  the  charge  ; 
e,  smaller  working 
door.  The  charge  is 
from  to  2 tons, 
assaying  from  65  to 
70  per  cent,  and  a 
great  part  of  it  being  in  fine  division  as  it  is 
dressed  and  obtained  from  the  “sieve  beds.”  'I he 
calcination  is  carried  on  for  fifteen  or  twenty 
hours,  the  ore  being  turned  over  once  an  hour, 
with  occasional  addition  of  lime  to  prevent  clotting. 
About  6 cwts.  of  coal  are  consumed  per  ton  of 
ore.  The  next  process  is  carried  on  in  the  “ flow- 
ing” or  “melting”  furnace,  which  is  only  a modifi- 
cation of  the  Flintshire  furnace.  Fig.  4 is  a plan 
of  a Cornish  flowing  furnace  ; a is  the  bed,  inclined 
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towards  the  tap  hole,  b ; c,  fire-place  ; fl,  cl,  d,  and  h, 
working  doors — under  tlie  working  door,  J\  is  an  iron 


Fig.  4. 


plate  with  slit  for  the  tap-hole;  g,  fire-bridge;  k, 
channel  for  slag  to  run  into  /;  i,  receptacle  for  matt. 
'J'he  charge  in  this  furnace  is  2 tons  of  calcined  ore, 
which  is  at  first  spread  over  the  sloping  bed,  and 
the  doors  closed.  The  heat  being  raised,  the  charge 
is  melted  in  two  to  three  hours,  and  with  good  ores 
the  reduced  lead  is  tapped  off  at  this  stage.  The 
liquid  charge  is  now  set  up  with  lime  and  “culm” — 
i.V;  anthracite — and  again  spread  over  the  bed. 
Fluor  spar  is  sometimes  used  as  a flux  ; and  from  1 
to  2 cwts.  of  scrap  iron  are  placed  in  the  furnace  at 
the  tap-hole,  with  the  object  of  decomposing  the 
sulphide  of  lead.  The  doors  are  again  luted,  and 
tlie  charge  fused.  Upon  tapping,  the  lead  flows 
into  the  pot,  fol'owed  by  a regulus  composed  chiefly 
of  sulpliide  of  iron.  When  slag  begins  to  run,  the 
tap-hole  is  enlarged  and  the  lip  of  the  pot  stopped 
up  with  ashes,  so  as  to  direct  the  flow  of  the  slag 
along  a gutter  which  conducts  it  to  a large  pit  out- 
side the  smelting  house.  The  operation  lasts  eight 
hours,  with  a consumption  of  8 to  9 cwts.  of  coal 
per  ton  of  ore.  The  slag  is  generally  sufficiently 
free  from  lead  as  to  admit  of  its  being  thrown  away. 
Most  of  the  copper  passes  into  the  regulus,  which 
requires  subsequent  treatment. 

'I’he  lead  obtained  is  usually  so  hard  as  to  require 
softening  by  calcination  at  a red  heat,  whereby  the 
antimony,  which  is  the  chief  cause  of  the  hardness, 
is  oxidised. 

.\t  Alport,  in  Derbyshire  (the  works  are  now 
closed),  the  sweepings  of  the  condensing  flues  were 
smelted  in  the  ri.  verberatoiy  furnace,  and  produced 
a very  excellent  quality  of  lead,  which  was  called 
soot  lead.  The  soot  was  charged  in  the  form  of  a 
stiff  mud,  and  when  dried  and  melted  was  set  up 
with  small  coal  and  lime.  The  Flintshire  furnace  and 
method  of  working  here  described  are  in  use,  with 
uiiimportimt  modifications,  at  the  Friedrichsliiitte, 
at  Tarnowitz,  at  Coueron,  Loire  Inferieure,  and  in 
Sj)  lin  and  Belgium. 

'I'he  Spanish  reverberatory  furnace,  or  “ boliche,” 
has  the  form  of  a rectangular  prism,  and  until  very 
lately  was  worked  with  fuel  consisting  principally  \ 
of  ilex  and  gum  cistus  of  about  four  years’  growth.  | 
At  La  Fortuna,  Linares,  the  jirocess  is  divided  into  I 
three  operations  ; — 1.  C’aldeo,  or  calcination,  hasting 
from  one  hour  to  an  hour  and  a half ; 2.  Blandeo, 
sweating  or  roasting,  for  four  and  a half  hours  to 
five  hours ; 3.  Corrida,  running  down,  which  occu- 
jiies  the  remainder  of  the  eight  hours’  shift 


} Carinthian  Proccus. — At  Bleiberg  the  ore  is  smelted 
in  a reverberatory  furnace  of  unusual  construction. 
The  bed  slopes  regularly  from  one  end  to  the  other, 
and  from  each  side  towards  the  median  line  ; the 
fire-place  is  parallel  to  the  long  axis  of  the  bed ; 
the  grate  is  of  stone,  with  four  or  five  openings  for  the 
admission  of  air.  AV'ood  is  generally  used  as  a fuel, 
but  in  some  instances  brown  coal.  The  charge  is 
not  more  than  3U0  lbs.  ; and  the  mode  of  conduct- 
ing the  operation  can  be  divided  into  three  stages, 
namely — 1.  Boasting,  for  oxidation  of  the  plumbic 
sulphide,  and  formation  of  oxide  and  sulphate  ; 2. 
Babbling  the  charge  (Bleiruhren),  so  as  to  bring 
I about  the  reaction  necessary  for  a flow  of  lead  ; 3. 
Beduction  of  the  oxidised  compounds  in  the  slag 
(Bki/iressen ).  This  is  accomplished  by  mixing  with 
the  liquid  grey  slag  a quantity  of  small  charcoal  and 
ashes ; and  after  setting  up  the  charge  on  the  bed, 
the  heat  is  got  up  considerably,  and  another  flow  of 
lead  obtained.  A quantity  of  slag,  amounting  to 
about  9U  to  100  lbs.,  called  gekriitze,  is  left  behind, 
which  is  stamped  and  washed  for  further  treatment, 
and  which  may  contain  50  to  60  per  cent,  of  lead. 
The  lead  produced  is  known  in  commerce  as  “ Vil- 
lacher  blei,”  and  is  classed  amongst  the  purest  and 
softest  kinds.  Streng  gives  the  following  analysis : — 

Lead, 99'96G0 

Copper, trace. 

Iron, 0'0039 

Zinc, 0 0011 

Antimony, O'O'iGO 

100-0000 

The  lead  obtained  during  the  first  period  of  the 
operation  is  of  better  quality,  and  is  called  “ jung- 
ferublei.”  According  to  Eschka,  in  1874,  the  com- 
position at  the  two  periods  was  the  following : — 


Copper 

Kostperiode.  or 
Calciuatiou. 

Pressarbeit,  or 
Slag'  Reduction. 

..  0-00075 

Silver, 

0-00025  . 

. . 0-00025 

Antimony,. 

traces. 

..  0-007(13 

Arsenic, 

. . 0-00721 

Iron 

....  0-00055  . 

..  0-00088 

Nickel, 



. . trace. 

Zinc, 

....  0-00076  . 

..  0-00082 

Sulphur, 

..  0-01785 

Lead  ;by  difference),  99 ‘98299 

..  99-96521 

Smelting  Lend  Ore  in  Blast  Furnaces. — The  ore 
hearth,  or  Scotch  furnace,  is  a small  rectangular  blast 
furnace  or  hearth,  composed  of  pieces  of  cast  iron 
set  in  brick  work  or  stone.  Figs.  5 and  6 represent 
the  ore  hearth.  It  is  contained  within  a chamber 
of  masonry  inclosing  the  hearth,  and  forming  a 
hood  over  it  which  communicates  with  the  chimney, 
leaving  it  open  only  at  the  front.  The  hearth 
itself  is  composed  of  twelve  pieces  of  cast  iron ; 
g,  hearth-bottom,  22  inches  square,  the  bottom  3 
inches  thick,  and  the  sides  3 inches  thick  and  4J 
inches  deep.  Between  the  hearth-bottom  and  the 
brick  or  stone  bed  on  which  it  rests  is  usually  inter- 
posed a layer  of  sand  a few  inches  thick.  The  work- 
stone,  m,  is  shown  sloj)ing3  inches  or  4 inches  from  the 
front  edge  of  the  hearth -bottom ; it  is  3 feet  long, 
1^  foot  broad,  and  '2^  inches  thick.  It  has  a raised 
border  1 inch  high  on  its  two  sides  and  in  front. 


■286 


LEAD. — Smelting  in  Blast  Furnacesl 


with  a channel  2 inches  wide  and  1 inch  deep  run- 
ning diagonally  across  it.  The  space  between  the 
under  surface  of  the  work-stone  and  the  brick  or 
stone  bed  is  generally  filled  up  with  fire-clay,  or  with 
a mixture  of  slime-ore  and  bone  ashes  duly  tempered 
with  water,  ft,  bearer,  a square  prism  6 inches  on 
the  side  and  26  inches  or  28  inches  long ; there 
is  one  on  each  side.  They  overhang  somewhat  the 
sides  of  the  hearth-bottom,  and  so  tend  to  keep  it 
firm  in  its  place  ; if  they  arc  made  full  long  they 
can  be  turned  when  worn  at  one  end:  a,  backstone, 
a prism  28  inches  long,  6^  inches  high,  and  5 inches 
broad ; the  bellows-pipe  rests  upon  this  piece.  /, 
pipe-stone,  a prism  10  inches  square  and  28  inches 
long,  with  an  opening  on  the  under  side  to  receive 
the  bellows-pipe.  e,  upper  backstone,  a prism  28 
inches  long,  4 inches  higli,  and  5 inches  wide,  which 
completes  the  back  of  the  lieartli.  <1,  forestone,  a 
prism  26  inches  long,  6j  inches  high,  and  5 inches 


broad,  c,  c,  keystones,  exact  cube.s,  10  indies  on  the 
side ; there  are  two  on  each  side.  The  two  nearest 
the  back  are  placed  upon  the  bearers,  ft,  so  as  to  be 
level  with  them  on  the  inside,  and  they  are  therefore 
22  inches  apart;  but  the  two  in  front  are  made  to 
lie  against  the  ends  of  the  forestone,  </,  and  they 
are  therefore  26  inches  apart,  /e,  pot  of  cast  iron  to 
receive  the  lead  a.s  it  trickles  down  the  channel,  n,  in 
the  work-stone.  The  forestone  is  movable  to  a cer- 
tain. extent,  and  can  be  placed  nearer  to  the  back- 
stone, or  raised  by  the  insertion  of  fire  bricks  at  each 
end  between  it  and  the  bearer.  The  bellows-pipe 
enters  the  hearth  6j  inches  above  the  level  of  the 
u])per  end  of  the  work-stone  ; but  when  the  furnace 
is  in  work  it  is  often  not  more  than  4 inches  above 
the  surface  of  the  lead.  Sometimes  the  hearth  is 
made  10  inches  deep,  so  as  to  increase  the  quantity 
of  lead  returned  in  it,  and  thus  lessen  its  tendency 
to  get  too  hot  during  the  process  of  smelting.  We 
are  indebted  to  II.  Pattinson  for  an  excellent  account 


of  this  furnace,  and  the  mode  of  working,  which  ap- 
peared in  the  “ Transactions  of  the  Nat.  Hist.  Soc. 
of  Northumberland,  Durham,  and  Newcastle-on- 
Tyne”  in  1831.  Two  men  are  employed,  and  a shift 
lasts  eight  hours.  The  fuel  is  coal  and  peat  cut  into 
prisms  9 inches  to  12  inches  long,  and  2-^  inches 
square.  The  agglomerated  mass  of  ore,  slag,  and  coke 
left  at  the  end  of  each  shift  is  called  the  “ browse,” 
and  the  hearth,  when  in  working  order,  should  have 
the  bottom  nearly  full  of  lead  after  the  last  shift. 
The  mode  of  working  is  as  follows : — “ A small 
quantity  of  coal  is  sjjread  on  the  lead  in  the 
hearth,  which  is  then  filled  up  with  peats,  well 
stacked  up  in  front,  while  smaller  pieces  are  tlirown 
in  behind.  Some  ignited  peats  are  then  placed  be- 
fore the  nozzle,  and  the  blast  let  on.  AVhen  the  fire 
has  got  up,  more  coal  is  added,  and  a little  of  the 
browse  from  the  last  shift  is  tlirown  behind  the  fore- 
stone. When  the  browse  is  worked  in,  lead  begins 
to  flow ; the  workman  stirs  up  the  contents  of  the 
hearth  with  a poker,  throwing  them  forward  away 
from  the  blast  on  the  work-stone.  At  tliis  moment 
tlie  nozzle  is  cleaned  from  any  slag,  and  a peat  placed 
in  front  of  it  to  dispense  the  blast  and  keep  open  tlie 
fire.  The  workmen  now  put  back  the  portions  of 
the  charge  which  have  fallen  on  the  work-stone  and 
set  up  the  contents  of  the  hearth,  so  that  the  blast 
is  well  distributed,  adding  ore  in  simll  quantities 
I where  the  fire  seems  hottest.  Lead  now  flows  freely. 
'I'he  stirring  up  of  the  charge  is  repeated  at  intervals 
to  d ffuse  the  blast,  and  each  time  a fresh  peat  is 
placed  before  the  nozzle  of  the  bellows.  From  the 
portions  which  fall  out  on  to  the  work-stone  lumps 
of  grey  slag  are  picked  out  and  laid  aside  for  subse- 
quent treatment.  The  pieces  of  brow.se  are  broken 
up  and  returned  to  the  hearth,  after  which  fresli  oi  e 
is  added.  When  the  receiving  pot  is  full  of  lead  it 
is  skimmed  and  ladled  into  jiig  moulds.  Towards 
the  end  of  the  shift  no  fresh  ore  is  added,  but  the 
browse  is  worked  up  alone,  .and  at  last,  when  the 
blast  is  stopped,  it  is  taken  out  and  separated  from 
the  grey  slag,  while  some  of  the  lead  in  the  receiving 
pot  is  ladled  back  into  the  hearth-bottom,  so  as  to 
fill  it  for  the  next  shift.  The  process  will  be  seen  to 
be  essentially  an  air-reduction  process ; the  object 
being  to  oxidise  the  ore,  and  then  to  intermix  with 
it  fresh  ore  to  obtain  the  reaction  explained  above. 
It  will  be  noticed  that  the  bed  upon  which  the 
charge  rests  is  fluid  lead.  Within  comparatively 
recent  periods  the  ore  used  was  only  subjected  to 
cai’eful  dressing  and  mechanical  treatment  before 
smelting;  lately  it  has  been  found  advantageous  to 
subject  them  to.  calcination,  so  as  to  remove  a portion 
of  the  sulphur  and  to  agglutinate  the  slimes,  in  order 
that  they  may  resist  the  force  of  the  blast  without 
being  carried  up  into  the  flues  in  the  form  of  dust. 

Aintricaii  Ore  Hearth. — Figs.  7 and  8 are  illustra- 
tions of  this  furnace;  a is  the  lead  reservoir;  ft, 
working  jjlate,  with  channel  conducting  to  the  lead- 
pot,  c;  fj,  hollow  iron  jacket  in  which  the  wind 
enters  at  rf,  and  then  through  e to  the  tuyer  at /.' 
This  furnace  was  first  introduced  at  the  Rossie 
mines,  in  the  State  of  New  York,  and  w,as  tried 
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at  Bleiberg,  in  Carinthia,  and  Przibrani,  in  Bohemia, 
but  has  now  been  abandoned.  The  fuel  was 
wood.  Tlie  furnace  differed  in  dimensions  from  that 


described  above,  and  the  air  was  led  into  a chest 
surrounding  the  hearth  so  as  to  keep  it  cool,  and 
at  the  same  time  to  furnish  a heated  blast  and 


Fig.  10. 


thus  economize  the  fuel.  It  has  been  stated  that 
1 Ion  of  wood  was  consumed  for  2-C  tons  of  lead: 
tlie  pressure  of  the  bl.  st  was  ecjual  to  a column 


of  water  15  to  22  inches  high.  At  Przibrain,  in  1856, 
ore  containing  74-88  per  cent,  of  lead  yielded  CO‘68 
per  cent.,  exclusive  of  that  subsequently  recovered 
from  the  slags.  In  twenty-four  hours  from 
60  to  74  centners  of  ore  were  treated,  with 
a consumption  of  53  4 cubic  feet  of  wood, 
and  50'1  cubic  feet  of  charcoal. 

Slag  Hearth. — IMien  the  slags  resulting 
from  the  treatment  of  lead  ores  are  not 
worked  up  in  the  smelting  furnace  itself, 
as  in  the  Bleiberg  process  and  the  Cornish 
furnace,  tliey  are  reduced  in  a special  blast 
furnace  called  the  slag  hearth.  This  furnace 
is  furnished  with  one  tuyer  only,  and  has 
the  form  of  a deep  hearth,  or  shallow  rect- 
angular furnace,  answering  to  the  krumm- 
qfeii  of  the  Germans,  and  the  fourneau 
a maiiche  of  the  French  ; as  shown  in 
Figs.  9 and  10.  It  is  made  of  fire  brick 
and  cast  iron  encased  in  common  brickwork 
or  stone,  leaving  an  opening  in  front.  The 
outer  casing  is  prolonged  upwards,  and 
connected  with  a long  flue  for  suitable  con- 
densation of  the  lead-fume.  A plate  of  cast 
iron  forms  the  bed-plate  at  the  bottom  of  the 
furnace,  and  slopes  downwards  and  forw'ards. 
Blocks  of  cast  iron,  named  bearers,  carry 
the  side  walls,  and  at  the  front  is  a plate 
of  iron  or  forcstone  placed  so  as  to  have  an 
interval  of  7 inches  between  its  lower  edge 
and  the  bed-plate.  The  back  is  formed  of  an- 
other plate  of  iron  below  the  tuyer.  In  front 
of  the  bed-plate  is  a trough  of  cast  iron  called  the 
lead-trough.  It,  sometimes  diviJeil  by  an  iron  partition 
into  two  unequal  parts;  the  larger  one  immediately 
in  front,  and  the  smaller  one  on  the  left.  There  is 
a hole  at  the  bottom  of  the  partition,  through  which 
molten  metal  may  flow  from  one  part  into  the  other. 
The  trough  is  cast  in  one  piece.  A slag  pit,  </,  is  also 
formed  in  the  ground,  in  front  of  the  furnace,  into 
which  water  is  conducted  by  the  channel  n.  The 
outer  brickwork  below,  which  surrounds  the  hearth, 
is  supj)orted  by  cast-iron  plates  braced  together  with 
wrought-iron  tie  rods ; the  tuyer  passing  through 
the  cast-iron  plate  which  supports  the  back-stone, 
on  which  the  nozzle  rests.  Above  the  hearth,  in 
front,  is  an  open  space  arched  at  the  top ; and  a 
similar  arched  opening,  but  smaller,  is  made  in  the 
left  wall  for  charging.  The  bed-plate  is  covered 
with  a layer  of  hard,  burned,  and  coarsely-sifted  coal 
ashes,  to  within  an  inch  below  the  pozzle  of  the  tuyer, 
forming  an  ash  bottom  which  slopes  with  the  bed- 
plate towards  the  lower  edge  of  the  forestone.  The 
space  in  front  of  the  ash  bottom  between  the  bearers 
is  jilastered  uj)  with  clay.  The  ash  bottom  acts  as  a 
filter  to  separate  the  lead  from  the  slag,  the  latter 
running  out  over  the  ash  bottom  through  openings 
made  in  the  claj'-stopping,  while  the  lead  percolates 
through  the  ash  bottom  to  the  bed-plate,  and  runs 
down  to  the  lead  trough.  The  larger  division  of  the 
lead  trough  is  filled  with  porous  cinders,  which  also 
act  as  a filter,  eausing  the  slag  to  flow  over  into  the 
slag  pit,  whieh  is  filled  with  water,  while  the  lead 


Fig 
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runs  through  the  bottom  and  finds  its  way  to  the 
smaller  division,  when  it  is  ladled  out. 

The  lead  wliich  is  produced  is  known  as  slag  lead, 
and  is  whiter  in  colour  and  much  harder  than  ore 
lead.  The  slag,  named  black  slag,  is  vitreous,  and  is 
thrown  away.  The  fuel  is  coke  and  peat.  The 
shift  lasts  eight  hours,  during  six  of  which  the  blast 
is  continued,  while  two  hours  are  consumed  in  pre- 
paring the  furnace  and  emptying  it  at  the  close  of 
the  shift.  The  hearth  is  lighted  with  peats,  and 
then  charged  with  about  1 cwt.  of  coke.  "When  the 
fire  is  well  burned  up,  more  coke  and  a little  of  the 
browse  left  from  the  previous  shift  are  added.  As 
it  becomes  hotter  the  hearth  is  charged  with  grey 
slag,  and  sometimes  a little  black  slag  and  browse 
are  thrown  in  until  the  slag  begins  to  melt.  An 
opening  is  then  made  in  the  centre  of  the  clay- 
stopping with  a pointed  bar  of  iron.  The  slag  now 
flows  freel}%  ami  the  hearth  is  kept  supplied  with 
fuel  and  material.  Sometimes  iron  slag  from  puddling 
and  re-heating  furnaces  is  found  useful  when  the 
grey  slag  contains  much  lime,  the  basic  silicate  of 
protoxide  of  iron  forming  with  it  a more  fusible 
compound.  In  cleaning  out  the  furnace  a good 
deal  of  the  material  of  the  hearth  and  clay-stopping 
slagged  together  is  cut  out,  and  laid  aside  to  be 
worked  again.  The  quantity  of  slag  smelted  in  a 
given  time  varies  with  the  quality  of  the  material. 
As  an  example  of  actual  work,  8<i  cwts.  of  grey  slag 
were  passed  through  in  six  hours,  with  a consump- 
tion of  9 cwts.  of  coke,  producing  18  cwts.  of  lead. 

The  Spauish  Slag  Hearth.  — This  furnace  was 
originally  designed  especially  for  the  treatment  of 
Roman  lead  slags.  It  is  circular  in  plan,  with  a 
sloping  bottom,  and  is  blown  by  three  water  tuyers. 
The  shaft  is  built  of  single  arch  fire-bricks,  and  tapers 
somewhat  at  the  upper  part.  There  is  an  arched 
opening  in  front,  and  a breast  pan  of  cast  iron, 
which  is  rather  deeper  than  semicircular  in  plan, 
and  is  oj)en  at  the  top  and  bottom.  The  breast  pan 
has  a slit,  in  which  a tap-hole  may  be  made  higher 
or  lower  as  required,  and  a notch  in  front  on  the  tojJ 
for  a poker  to  be  thrust  into  the  interior  of  the 
furnace.  The  breast  pan  is  filled  with  riddled  cinders, 
and  answers  the  purpose  of  the  lead  trough  in  the 
English  slag  hearths.  The  shift  lasts  twelve  hours, 
during  which  about  7 tons  of  slag  are  smelted.  In 
smelting  84  tons,  yielding  by  dry  assay  about  8 per  cent, 
of  lead,  10  or  12  tons  of  coke  are  consumed.  Forge 
cinders,  scrap  iron,  and  fluor  sj>ar  are  used  for  fluxes, 
as  occasion  requires.  Any  regulus  which  collects  on 
the  top  of  the  lead  is  taken  off  and  worked  over 
again.  At  Al])ort  in  Derbyshire  this  furnace  was 
found  to  yield  excellent  results,  but  it  is  not  so  well 
suiteil  to  the  smelting  of  the  richer  grey  slags  pro- 
duced in  the  Flintshire  furnace.  The  rough  lead 
was  softened  by  throwing  it  on  to  the  bed  of  a 
reverberatory  furnace,  where  the  soft  lead  was 
liquated  out  at  a moderate  heat.  This  operation 
was  termed  “ kettling." 

Castilian  Furnace. — This  furnace  is  circular,  usually 
about  3 feet  in  diameter,  and  is  constructed  of  fire- 
bricks. Its  height  is  about  8 feet  6 inches,  and  the 


thickness  of  the  walls  is  9 inches.  The  breast  is 
formed  by  a semicircular  iron  pan,  furnished  with  a 
lip  for  running  off  the  slags,  and  a longitudinal  slot 
for  tapping.  On  the  top  of  the  cylinder  of  brick- 
work is  a box-shaped  covering  of  masonry,  supported 
by  a cast-iron  frame  resting  on  four  pillars.  In  this 
is  placed  a door  for  feeding,  and  the  outlet  by  which 
the  flame  escapes  into  the  chimney.  The  bottom 
consists  of  a mixture  of  fire-clay  and  coke  dust, 
slightly  moistened  and  well  beaten  in  to  the  height 
of  the  top  of  the  breast  pan,  which  may  be  about  3 
feet  above  the  level  of  the  floor.  Above  the  breast 
pan  an  arch  is  turned,  so  that  when  the  breast  has 
been  built  up  it  may  form  an  interval  18  inclies 
wide  and  about  2 feet  high.  When  the  bottom  has 
been  properly  beaten  up  to  the  required  height,  it  is 
so  hollowed  out  as  to  lonii  an  internal  cavity  com- 
municating freely  with  that  of  the  breast  pan,  which 
is  likewise  filled  with  brusque  and  hollowed  to  the 
depth  of  the  internal  basin  of  the  furnace.  The 
blast  is  applied  by  means  of  three  water  tuyers  3 
inches  in  diameter  at  the  smaller  end,  and  inches 
at  the  other  extremity,  into  which  the  nozzles  are 
introduced.  The  blast  is  obtained  by  a fan,  and 
conveyed  to  the  tuyers  through  brick  channels  formed 
beneath  the  floor  of  the  furnace-house.  The  fore- 
hearth is  constantly  kept  covered  by  a layer  of  coke 
dust  and  cinders,  and  the  slags  flow  continuously 
from  the  breast  pan,  through  a spout  which  conducts 
to  cast-iron  wagons  in  the  form  of  inverted  trun- 
cated pyramids,  of  which  the  larger  base  is  about 
2 feet  square.  AVhen  a sufficient  amount  of  lead 
has  accumulated  in  the  bottom  of  the  furnace,  it  is 
tapped  into  an  iron  pot  by  removing  a plug  of  clay 
in  the  slot  of  the  breast  pan,  and  after  skimming 
from  dross  or  matt  of  sulphides,  it  is  ladled  into 
moulds.  The  slag  which  is  received  into  the  waggons, 
when  solidified,  is  tipped  out,  and  if  any  lead  or  matt  has 
collected  at  the  bottom,  it  is  readily  detached  when 
the  matt  is  sufficiently  cold.  It  is  not  found  advan- 
tageous to  work  charges  containi.ig  much  more  than 
30  per  cent,  of  lead.  The  coke  should  bo  thrown  in 
the  middle,  while  the  ores  and  slag  are  spread  next 
to  the  brickwork.  By  this  method  of  charging  tlie 
sides  of  the  furnace  are  prevented  from  becoming 
too  hot.  The  consumption  of  coke  is  about  2 cwts. 
to  the  ton  of  material  smelted,  and  the  black  slag 
should  not  contain  above  1 per  cent,  of  lead.  Scrap 
iron  is  occasionally  used,  especially  when  sulphides 
are  present  in  the  charge.  The  mouth  of  the  furnace 
should  be  kept  covered  with  fresh  material,  so  that 
no  flame  may  appear,  as  the  cooler  the  furnace  is 
woiked,  provided  the  slag  is  quite  fluid,  the  less  loss 
there  will  be  by  volatilization.  In  any  case,  it  is 
important  that  the  condensing  arrangements  be  as 
complete  as  possible.  Large  heaps  of  old  slags 
found  in  Derbyshire  have  been  smelted  in  these 
furnaces,  the  assay  of  which  was  frequently  only 
8 per  cent,  of  lead,  of  which  3^  only  were  obtained 
directly  in  the  metallic  form,  the  rest  being  recovered 
from  the  lead  soot  which  was  subsequently  reduced 
in  the  reverberatory  furnace.  If  galenas  are  smelted 
in  these  furnaces,  they  are  better  treated  by  previous 
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calcination  ; but  if  smelted  in  the  raw  state,  metallic 
iron  must  be  added. 

Iron -reduction  Process  (Niederschlag  - arheit). — In 
various  places  on  the  Continent  the  lead  ores  are 
too  poor  to  work  with  advantage  in  reverberatory- 
furnaces,  and  are  smelted  with  metallic  iron,  or  some 
ferriferous  material,  in  blast  furnaces.  When  the 
ores  are  siliceous,  as  at  Clausthal,  this  method  is 
employed.  The  charge  consisted  of  34  quintals  of 
ground  ore  and  schlich.  equivalent  to  24  quintals 
of  pure  galena ; 4 to  5 quintals  of  cupel  bottoms, 
strongly  impregnated  with  litharge ; 1 quintal  of 
“ abstrich,”  or  impure  litharge,  formed  on  the  sur- 
face of  the  cupel ; 39  quintals  of  slags  derived  either 
from  the  first  fusion  of  the  mineral  treated,  or  from 
the  remelting  of  matts;  4^  quintals  of  granulated 

Fig  12. 


cast  iron.  The  fusion  is  conducted  in  a small 
bl-ist  furnace  of  from  20  to  2b  feet  in  height,  and 
about  3 feet  square  in  the  widest  part.  Figs,  i 1 and 
12  represent  the  Clausthal  furnace  ; s is  the  fire- 
brick or  sandstone  bottom ; {/,  brasque ; fore 
hearth  ; n,  bip-hole  ; o,  pot ; r,  opening  in  front ; y, 
smoke  funnel ; i,  charging  door ; c,  opening  in  shaft ; 
t,  condensing  chambers;  C,  chimney.  The  hearth 
extends  beyond  the  breast  into  a small  raised  plat- 
form, V,  situated  immediately  before  it.  The  lining 
of  the  hearth  consists  of  refractory  firestone,  and  the 
bottom  is  hollowed  out  of  brasque,  (),  in  such  a way  as 
to  afford  a gentle  slope  from  the  side  of  the  tuyer  to 
beyond  the  front  wall.  A tapping  hole,  o,  is  provided 
at  the  lowest  part  of  this  basin,  in  order  to  draw  off 
its  contents,  when  accumulated  in  sufficient  quantity, 
into  a pot  placed  on  a level  with  the  floor.  The 
vni..  11. 


blast  is  supplied  by  two  tuyers  placed  side  by  side. 
In  charging  the  mineral  is  thrown  to  the  side  of  the 
tuyers,  while  the  fuel  is  directed  towards  the  breast. 
The  cold  air  entering  through  the  tuyers  chills  the 
slag  in  the  vicinity,  and  produces  round  the  nozzles 
cylindrical  prolongations  6 or  7 inches  in  length,  on 
the  proper  management  of  which  depends  in  a great 
measure  the  success  of  the  operation.  One  of  the 
principal  effects  of  these  nozzles  is  to  prevent  the 
oxidation  of  the  lead;  the  blast  being  brought  directly 
to  the  fuel,  without  having  to  pass  through  the  mineral 
charged  at  the  back  of  the  furnace,  cannot  so 
readily  give  rise  to  the  formation  of  fusible  silicates. 
The  smelter,  therefore,  directs  his  attention  to  the 
regulation  of  the  length  of  these  nozzles,  as  by  them 
the  economical  working  of  the  furnace  is  materially 
affected.  The  supply  of  air  and  fuel  must  also 
be  so  proportioned  that  the  upper  part  of  the 
shaft  may  not  become  too  strongly  heated.  The 
fume  is  made  to  pass  through  several  chambers 
built  of  brickwork  before  escaping  into  the 
chimney.  Doors  are  provided  for  removing  the 
lead  soot  when  neces.sary.  The  slags  flow  con- 
tinuously into  the  fore-hearth,  where  they  solidify 
and  are  removed  by  means  of  a stout  iron  hook, 
and  are  dragged  down  the  inclined  plane  to  the 
floor.  When  tapping  is  performed,  the  product 
which  collects  in  the  pot  is  readily  divided  into 
two  parts ; the  lower  portion  is  metallic  lead, 
the  higher  consists  of  sulphide  of  lead,  -with 
other  metallic  sulphides,  but  chiefly  sulphide  of 
iron.  This  is  called  the  first  matt,  and  as  it 
readi  y solidifies,  it  is  removed  from  the  surface 
of  the  melted  lead  by  an  iron  eye,  round  wliich 
a circular  cake  soon  forms.  From  a 
charge  of  the  composition  described  above 
19  quintals  of  lead  are  obtained,  and  8 
quintals  of  first  matt,  containing  from  30 
to  35  per  cent,  of  lead. 

When  these  first  matts  have  accumu- 
lated in  sufficient  quantity  they  are 
roasted  in  open  heaps,  by  which  operation 
a large  proportion  of  the  sulphur  is 
removed  as  sulphurous  acid  gas.  The 
calcination  occupies  three  or  four  weeks, 
and  has  to  be  repeated  upon  such 
portions  of  the  material  as  still  contain  sul- 
phides. For  this  purpose,  at  the  epd  of  the  opera- 
tion the  heap  is  carefully  picked  over,  and  only 
those  parts  which  have  been  properly  oxidised  are 
taken  to  a blast  furnace  of  smaller  dimensions  for 
reduction.  The  fuel  is  coke,  and  the  blast  supplied 
by  a single  tuyer.  Metallic  iron  is  supplied  with 
the  charge,  and  a second  matt  of  sulphides  obtained. 
The  second  matt  is  roasted  in  the  same  manner  as 
the  first,  and  thus  a third  and  fourth  are  produced; 
the  last  one,  becoming  rich  in  copper,  is  known  as  the 
copper  matt,  and  is  subsequently  treated  for  coarse 
copper.  Basic  silicates  of  iron,  such  as  refinery 
cinders,  have  to  a great  extent  superseded  the 
metallic  iron  in  the  smelting  works  of  the  Hartz. 
Still  more  recently,  highly  ferriferous  copper  slags 
have  been  employed. 
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Some  other  forms  of  blast  furnaces  have  been 
tried  at  various  works,  with  more  or  less  successful 
results.  The  Raschette  furnace  differs  essentially 
from  other  blast  furnaces  in  its  horizontid  section, 
being  long  and  rectangular,  and  in  its  having  a 
row  of  several  tuyers  on  each  of  its  long  sides,  with 
a tap  hole  on  each  end  or  narrow  side.  The  hearth 
bottom  slopes  downwards  towards  each  narrow  end. 
Water  tuyers  are  employed,  generally  four  or  five 
on  each  side.  The  body  of  the  hearth  is  also  kept 
cool  by  water  blocks.  The  first  trial  of  the  Raschette 
furnace  for  lead  smelting  was  made  at  the  Altenau 
Smelting  Works,  in  the  Upper  Hartz,  and  it  was 
afterwards  introduced  at  Ems,  Stolberg,  Saalfeld, 
Mausfeld,  and  Fahluii.  After  the  first  experiments 


top,  similar  to  the  iron  blast  furnaces.  The  height  of 
the  shaft  is  6'27  metres,  with  1'45  metre  diameter 
below,  and  2'35  metres  above.  At  Freiberg  tlie  Pilze 
furnace  has  been  lately  modified  with  advantage,  the 
shaft  being  more  cylindrical.  The  walls  round  the 
hearth  are  cooled  with  water,  or,  as  in  the  Ujiper 
Ilartz  example,  by  air  channels.  At  Pise,  near  Alais, 
the  fire-stones  at  the  level  of  the  tuyers  have  been 
replaced  by  iron  walls  cooled  with  water.  Before 
blowing  in  the  furnace  the  plates  inside  are  covered 
with  a layer  of  gypsum,  upon  which  is  plastered  a 
layer  of  slag;  by  this  means  a campaign  of  two  to 
three  months  is  accomplished  without  repairs.  The 
Pilze  furnace  is  worked  in  Nevada  with  a pipe  or 
canal  from  the  deepest  part  of  the  hearth,  by  which 
the  lead  continually  flows  into  a pot  in  front  of  the 
breast.  A regular  flow  of  lead  with  more  convenient 
work  is  thus  obtained.  The  product  is  more  pure, 
and  free  from  iron  and  zinc,  whilst  the  formation 
of  masses  of  iron  at  the  bottom  of  the  furnace 
is  avoided. 

The  blast  furnace  now  employed  at  Coueron 
has  been  described  by  Phillips  in  his  “ Ele- 
ments of  Metallurgy,”  and  is  of  a very  improved 
construction.  It  is  considerably  higher  than  the  ordi- 
nary Castilian  furnace.  It  is  employed  for  the  reduc- 
tion of  the  roasted  siliceous  ore  of  that  district,  and 
the  grey  slags  from  the  reverberatory  furnace.  A pro- 
portion of  agglomerated  lead-fume  and  iron  slags  also 
make  part  of  the  charge.  The  furnace  is  fed  at  the 
top.  The  brickwork  of  the  lower  part  of  the  furnace, 
which  ordinarily  burns  away  quickly,  is  replaced  to 
a height  of  about  3 feet  by  an  annular  cylinder  of 
cast  iron,  kept  cool  by  the  circulation  through  it  of 
a constant  stream  of  water.  This  cast-iron  body  is 
made  of  one  piece,  and  has  five  holes  for  as  many 
tuyers  equidistant  from  each  other,  and  converging 
towards  the  vertical  axis  of  the  furnace.  In  this 
furnace  as  much  as  25  to  30  tons  of  stuff  are 
smelted  in  twenty-four  hours,  the  slags  being 
reduced  at  the  same  time  to  a yield  of  one 
half  to  a quarter  per  cent,  of  lead.  A smelting 
campaign  lasts  three  months  without  inter- 
ruption. Generally  four  or  five  tappings, 
each  of  16  to  20  pigs,  are  made  every  shift 
of  twelve  hours.  The  consumption  of  gas 


at  IMlihlheim  on  the  Rhine,  it  has  not  been  successful 
in  Germany.  The  Pilze  furnace  is  externally  of 
eylindrical  form,  wider  at  the  top  than  the  bottom, 
with  circular  or  octagonal  section  inside,  and  sup- 
plied with  from  five  to  eight  tuyers,  somewhat  on  the 
principal  of  Sefstrom’s  assay  furnace.  The  Pilze 
blastfurnace  is  represented  on  Fig.  13;  A,  furnace 
shaft ; B,  cylinder  with  funnel  top,  C ; D,  bell  for 
charging  by  raising  it  up  ; a,  tubes  for  gas  ; 5,  h,  fire- 
brick surrounded  with  iron  plates;  c,  c,  water  tuyers  ; 
(1,(1,  nozzles;  e,  blast-pipe;  f,  hearth  made  of  brasque, 
h,  fire-clay ; i,  slag  bottom ; /,  tap-hole,  in  three 
troughs  or  pots  for  lead  and  matt ; m.  .«lag  vessel ; 
t.  funnel  with  sliding  plate  for  removal  of  lead  soot. 
The  furnace  is  covered,  with  iron  plates,  and  is 
furnished  with  a funnel  and  charging  cylinder  at  the 


coke  of  inferior  quality  is  10  per  cent,  of  the 
furnace  charge.  No  iron  is  added,  and  no  matt  is 
obtained.  The  slags  are  sometimes  so  highly  basic 
that  it  is  necessary  to  add  sand  to  the  mixture,  in 
order  to  render  them  sufficiently  fusible,  and  to 
prevent  the  furnace  from  gobbing.  The  most  fu.sible 
slags  contain  about  30  per  cent,  of  silica.  The  loss 
of  lead,  exclusive  of  fume  collected  in  the  flues,  is 
6 per  cent. 

Condensation  of  Lead  Smoke. — Besides  a large 
volume  of  sulphurous  acid  gas  which  issues  from 
the  chimneys  of  lead  smelting  works,  the  smoke  is 
white  with  lead  fume,  and  many  have  been  the  in- 
ventions to  condense  this  valuable  ingredient.  The 
fume  in  a fine  state  of  division  is  maintained  for  a 
long  time  in  a state  of  suspension  in  a perfectly  still 
atmosphere,  notwithstanding  its  great  density.  It 
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deposits  Very  slowly,  and  flues  of  j;reat  length,  as 
well  as  chambers  of  considerable  capacity,  are  re- 
quired for  the  purpose.  Jets  of  steam  and  water 
have  been  both  applied  to  facilitate  the  settling  of 
the  fume;  and  these  methods  have  the  advantage 
at  least  of  condensing  to  some  extent  the  sulphurous 
acid,  which  is  quite  if  not  uiore  hurtful  to  vegetation 
than  the  lead  smoke  itself.  Another  method  con- 
sists in  forcing  tlie  smoke,  by  means  of  pumps  or 
fans,  through  water.  In  Derbysliire  and  Cumber- 
land the  system  of  long  horizontal  flues  prevails, 
varying  from  2000  to  4UOO  yards  long,  and  termi- 
nating in  a vertical  chimney  of  sufficient  height  to 
estiiblish  a proper  draught.  In  184o  Stagg  patented 
a method  of  forcing  the  smoke  through  water,  wliich 
was  applied  at  the  Nent  Head  Works  at  Alston 
Moor,  and  at  the  Dee  Bank  AVorks  near  Holywell. 
The  pumps  are  worked  by  an  800  horse-power  engine. 
The  apparatus  is  subject  to  great  corrosion  from  the 
suli)hurous  acid.  The  oscillation  of  the  water  from 
the  action  of  the  pumps  is  prevented  by  packing  the 
chambers  with  brushwood  to  the  level  of  the  water. 
It  has  been  noticed  that  the  water  which  flows  from 
these  condensers  is  more  charged  with  lead  soot 
during  the  first  period  of  calcination  of  the  ore  in 
the  reverberatory  furnace  than  at  any  other  period  ; 
an  indication  that  it  is  at  this  stage  of  the  process 
that  the  greatest  loss  by  volatilization  takes  place. 
At  Keld  Head,  in  Wensleydale,  Stokoe’s  condenser 
is  in  use.  This  consists  of  tw'o  rectangular  chambers, 
each  divided  into  eighteen  compartments.  The 
bottom  of  each  chamber  is  covered  with  water,  and 
water  falls  constantly  from  the  top  in  the  form  of 
rain.  Two  floors  formed  of  open  joists  divide  the 
chamber  horizontally,  upon  which  fagots  are  laid. 
The  smoke  is  forced  by  a fan  successively  through 
the  eighteen  compartments ; whilst  meeting  with 
the  descending  jets  of  water,  the  fume  is  washed  off 
tlie  fagots,  so  that  the  filtering  apparatus  does  not 
get  obstructed. 

At  the  Eggleston  Mill,  near  Alston,  the  smoke 
from  the  furnaces  passes  into  the  low'cr  part  of  an 
arched  flue,  and  upwards  through  a layer  of  large 
pebbles,  resting  on  a bed  formed  of  rectangular 
pieces  of  stone  set  at  a proper  distance  apart  from 
each  otlier.  The  smoke  in  passing  through  the  Layer 
of  pebbles  meets  witli  water,  which  is  dashed  down 
upon  the  bed  intermittently  from  a series  of  troughs 
or  buckets  suspended  on  trunnions  at  their  ends. 
The  troughs  tilt  over  as  soon  as  filled,  and  are  thus 
self-acting. 

Some  curious  facts  have  been  recorded  regarding 
the  deposition  of  lead  smoke  ; and  the  fact  that  it  is 
more  readily  arrested  upon  dry  materials  has  been 
proved  by  filtering  it  through  porous  coke,  and  by 
the  observation  that  in  flues  near  tlie  furnace  con- 
taining 2 or  3 feet  of  stiignant  water  scarcely  any 
fume  deposits. 

The  lead  soot  itself  consists  mainly  of  lead  sul- 
phate, and  may  yield  by  assay  as  much  as  (JO  per 
cent,  of  metallic  lead.  It  varies  in  colour  from  grey 
to  white,  and  it  Inis  been  sometimes  ground  up  with 
oil  for  paint. 

Refining. — The  lead  produced  from  ore  in  rever- 
beratory furnaces  is  sometimes  so  free  from  impuri- 
ties that  it  may  be  at  once  used  for  most  technical 
purposes.  It  is  usually  submitted  to  an  operation 
called  poling,  which  consists  in  holding  a log  of  green 
w'ood  beneath  the  surface  of  the  molten  metal,  by 
which  means  the  small  proportions  of  sulphur, 
antimony,  zinc,  and  copper  are  separated  and  re- 
moved by  skimming.  AYhen,  however,  the  metal 
contains  silver  to  the  extent  of  even  1 oz.  in  the  ton, 
it  is  economized,  and  the  lead  is  submitted  to  the 
process  of  desilverization,  either  by  Pattinson’s 
method  or  by  zinc,  in  a manner  afterwards  to  be 
described.  The  hard  lead  produced  from  smelting 
slags  and  poor  ores  in  the  blast  furnace  must  be 
softened  or  calcined  to  remove  the  foreign  substances 
it  contains.  The  simplest  operation  is  that  men- 
tioned above  as  carried  out  at  the  Alport  AA'^orks, 
and  called  kettling.  The  hard  lead  is  thrown  on 
the  highest  part  of  the  bed  of  the  reverberatory 
furnace  and  allowed  to  liquate,  whereby  the  more  ■ 
easily  fusible  lead  leaves  a mass  containing  most  of 
the  sulphur,  antimony,  iron,  and  copper.  If  this 
operation  be  carefully  conducted,  the  amount  of 
impurities  left  in  the  lead  will  not  reach  more  than 
1 per  cent.  Spanish  lead,  containing  a larger 
quantity  of  antimony,  is  softened  by  oxidation  in 
reverberatory  furnaces  at  a higher  temperature. 
The  operation  can  be  carried  out  on  a slag  bottom, 
but  is  now  usually  performed  in  a furnace  which  has 
a cast-iron  rectangular  pan  for  its  bed.  The  charge 
of  pig  lead  may  consist  of  from  10  to  20  tons.  After 
melting,  or  rather  liquation,  tlie  more  infusible 
matters  are  removed  by  means  of  a shallow  skimmer, 
perforated  with  holes,  and  the  heat  is  then  got 
up  until  the  mixed  oxides  of  lead  and  antimony  are 
melted.  AVhen  the  slag  thus  formed  is  very  liquid, 
it  is  sometimes  thickened  with  lime  to  facilitate  its 
removal.  In  this  operation  the  antimony  is  oxidised 
along  with  a quantity  of  lead,  and  is  thus  concen- 
trated in  the  lead  which  is  obtained  by  re-smelting 
the  dross,  until,  upon  repetition  of  the  calcination, 
the  slags  finally  yield  an  alloy  of  lead  and  antimony, 
which  may  be  used  by  the  type  founders.  Richaudson 
gives  the  following  analytical  results  from  these 
operations : — 

E.NGLISH  HARD  LEAD. 

I.  II.  III. 

t { IT  A Lead  from  Dros*  of  Lead  from  Dross  of 
Orlglna.1  LenA.  Calcination,  2nd  Calcination. 

Lead 99'27  ....  86’.a3  ....  5284 

Antimony,..  0'57  11  "29  ....  47‘1() 

Cu]i|ier, . . . . 012  ....  traces  ....  traces 

Iron, 0 04  ....  0'34  ....  traces 

SPANISH  HARD  LEAD. 

I.  II.  III. 

Lead  from  Dross  of  Leatlfrom  Dross  of 
Original  Lead.  Calcination.  2nd  Calcination. 

Lead 9.5'81  ....  (i4'98  ....  .50G0 

Antimony,..  3(>G  2984  ....  4i'40 

Copper,....  0'32  ....  5'90  traces 

Iron, 0'2l  ....  020  ....  traces 

The  iron  pans  used  in  the  calcining  furnace  are 
made  with  rounded  corners  to  prevent  cracking,  and 
in  some  cases  are  provided  with  movable  side  plates 
which  can  be  replaced  as  they  are  worn  through  by 
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the  corrosion  of  the  melted  oxides,  thus  saving  the 
permanent  sides  of  the  pan.  This  action  takes  place 
chiefly  at  the  level  of  the  liquid  charge,  the  metal 
beneath  the  level  being  practically  unacted  upon  for 
years.  Phillips  describes  an  improving  furnace  of 
this  kind  in  use  at  Pontgibaud  in  which  a charge  of 
20  tons  is  softened  in  60  hours.  The  pan  is  tapped 
b}'  means  of  a conical  hole  in  the  bottom  which  is 
kept  plugged  by  an  iron  bar.  Formerly  the  improv- 
ing pans  were  lined  with  fire  bricks  at  these  works 
in  order  to  protect  the  iron  from  corrosion,  but  it  is 
found  that  when  the  furnace  is  not  overlieated,  so  as 
to  avoid  fusion  of  the  dross,  the  lining  is  unnecessar3\ 
Calcination  at  a dull  red  heat,  with  the  addition  of  a 
little  lime  from  time  to  time,  are  the  conditions  re- 
quired for  successful  softening  and  for  preservation 
of  the  furnace. 

The  softened  lead  obtained  by  the  treatment  of 
calcination  now  contains  only  traces  of  sulphur,  iron, 
and  antimonj',  but  silver  and  copper  remain  in  pro- 
portions which  render  further  operations  necessary. 
Tlie  silver  must  be  removed  on  account  of  its  intrinsic 
value,  and,  as  will  be  described  subsequently,  on 
account  of  its  imparting  a pink  tint  to  white  lead. 
Copper  is  objectionable  also  when  the  lead  is  to  be 
converted  into  red  lead  for  use  in  the  manufacture  of 
flint  glass. 

PuttiiisoH'n  Desilrerizing  Prnccss. — This  admirable 
process  was  discovered  by  Hugh  Lee  Pattinson,  at 
Alston,  in  Cumberland,  and  was  described  by  liim 
in  a paper  to  the  British  Association  in  1838.  The 
patent  entitled  “ An  Improved  Method  of  Separating 
Silver  from  Lead”  is  dated  October  28,  1833.  The 
process  depends  on  the  fact  t'lat  pure  lead  crj'stal- 
lizes  at  a temperature  above  that  of  lead  alloyed  with 
a certain  proportion  of  silver,  so  that  if  a pot  of 
melted  lead  be  gradually  cooled  down  and  carefully 
stirred  all  the  time,  the  contents  will  soon  separate 
into  a mass  of  crystals  which  may  be  fished  out  with 
a perforated  ladle,  and  a liquid  portion  which  con- 
tains much  the  larger  proportion  of  silver.  By 
repeating  the  operation  enriched  lead  containing 
from  4U0  to  600  ozs.  per  ton  is  obtained,  whilst  the 
poor  lead  is  brought  down  to  10  dwts.  per  ton. 

The  operation  is  usually  conducted  in  a series  of 
from  9 to  12  cast-iron  jjots,  which  if  worked  by  hand 
contain  6 tons  of  metal  eacli,.  but  when  cranes  are 
employed  for  working  the  ladle  10-ton  pots  are  more 
generally  used  : they  are  ordinarily  .5  feet  4 inches  in 
diameter  and  2 feet  6 inches  deep.  A pot  at  one 
end  of  the  series  has  a capacity  of  only  two-thirds  of 
each  of  the  others,  and  is  known  as  the  mnrket-pot. 

Each  pot  is  provided  with  a separate  fireplace,  and 
is  heated  bj'  a circular  flue  passing  round  it,  which 
can  be  closed  when  required  by  means  of  a damper. 
This  communicates  with  a main  flue  under  the  level 
of  the  floor  parallel  with  the  line  of  pots.  Supj)osdig 
the  lead  operated  upon  to  contain  about  21  ozs.  of 
silver  per  ton.  If  the  market  pot  be  called  No.  1, 
the  lead  will  be  introduced  into  No.  6;  when  melted 
it  is  carefully  skimmed  from  dross,  and  the  fire  at 
once  withdrawn.  Cooling  is  now  promoted  by 
sprinkling  water  on  the  surface,  and  while  the  tem- 


perature is  thus  lowered  the  lead  is  kept  constantly 
stirred  with  a chisel-pointed  bar  called  a slice.  The 
portions  which  solidify  and  adhere  to  the  sides  of  the 
pot  are  removed,  and  thrust  under  the  surface  of 
the  liquid  metal,  when  they  again  become  melted. 
By  this  treatment  crystals  soon  begin  to  make  their 
appearance,  and  the  labour  of  stirring  increases.  A 
large  perforated  ladle  is  now  used  to  bring  out  the 
crystals;  the  contents  are  well  shaken,  and  allowed 
to  drain  into  the  pot  whence  they  have  been  removed, 
and  then  are  transferred  to  the  adjacent  pot  No.  5, 
in  the  direction  of  the  market  pot.  This  is  continued 
until  two-thirds  of  the  lead  in  pot  No.  6 has  been 
taken  out  in  the  form  of  crystals,  whilst  the  lead 
remaining  in  No.  6 is  ladled  into  No.  7,  and  will  con- 
tain about  40  ozs.  of  silver  per  ton.  The  crystals 
transferred  to  No.  5 will  yield  about  .11  ozs.  per  ton. 
A fresh  charge  of  lead  being  worked  in  No.  6,  the 
crystals  are  again  passed  to  No.  5,  and  the  enriched 
Iwttoms  to  No.  7.  Each  pot  as  it  becomes  filled  by 
crystals  from  the  one  side,  or  by  bottoms  from  the 
other,  is  in  its  turn  crystallized.  In  this  way  the 
crystals  as  they  approach  the  market  pot  become 
gradually  poorer  in  silver,  whilst  the  pot  bottoms 
passing  in  the  contrary  direction  increase  in  richness. 
Any  lead  that  may  be  on  hand  assaying  about  40  ozs. 
of  silver  will  be  introduced  into  pot  No.  7,  while 
lead  containing  11  ozs.  will  be  melted  in  No.  5.  The 
other  pots  in  the  series  may  in  the  same  way  from 
time  to  time  receive  lead  yielding  the  same  amount, 
or  a nearly  similar  amount,  of  silver  per  ton  as  tlie 
metal  which  they  sever  Uy  contain.  Wlien  this 
system,  which  is  known  as  the  method  of  thirds,  is 
strictly  adhered  to,  the  lead  in  eacli  pot  will  be 
apjiroximately  twice  as  rich  in  silver  as  that  which  is 
next  to  it  in  the  direction  of  the  market  pot.  If, 
however,  a different  lead  has  been  introduced  into 
any  of  the  pots,  the  ratio  of  this  progressive  increase 
in  silver  may  be  more  or  less  interfered  with.  In 
the  richer  pots  the  separation  of  silver  is  less  com- 
plete than  in  the  poorer  ones,  and  consequently  tlie 
progressive  enrichment  will  not  be  so  rapid.  In 
working  tlie  last  pot  of  enriched  lead  the  whole  of 
the  bottom  is  not  always  ladled  out,  as  it  is  found 
advantageous  to  subject  it  to  the  following  treatment. 
When  the  ordinary  quantity  of  two-thirds  of  the  lead 
has  been  transferred  in  the  form  of  crystals  to  the 
pot  next  to  it,  the  remaining  one-third  will  consist 
of  a mixture  of  crystallized  and  fluid  alloy.  The 
latter  being  much  richer  than  the  former,  and  amount- 
ing to  a little  more  than  one-half,  is  separated  by 
pressing  the  mixture  with  the  curved  side  of  the 
large  perforated,  ladle,  when  the  still  liquid  alloy 
enters  the  bowl,  and  is  removed  by  a smaller  ordinary 
ladle.  The  lead  thus  obtained  will  evidently  be 
richer  in  silver  than  the  portion  rein  lining  in  the 
kettle  in  the  form  of  crystals. 

During  these  operations  a quantity  of  oxide  is' 
produced,  and  when  the  charge  in  each  pot  is  melted 
down  it  is  always  carefully  skimmed  before  cooling. 
The  amount  of  dross  from  working  lead  containing 
20  ozs.  per  ton  may  be  estimated  at  25  per  cent,  of 
its  weight.  The  ladle  employed  for  hand  work  is 
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stirring  is  accomplished.  At  the  end  of  each  crystal- 
lization, while  the  steam  is  still  agitating  the  fluid 
portion  in  which  copper,  antimony,  and  arsenic  have 
concentrated  along  with  the  silver,  it  is  observed 
that  the  copper  is  separated  in  the  dross.  Antimony 
is  removed  by  the  oxidizing  action  of  the  air  at  each 
successive  remelting.  It  is  noticeable  that  soft  lead 
yields  a greater  quantity  of  oxide  than  the  hard 
antimonial  lead,  a proof  that  this  metal  in  the 
presence  of  lead  oxidises  first,  and  to  a certain  extent 
protects  it  from  oxidation.  Kozan  states  that  both 
time  and  labour  are  saved,  since  13  to  16  tons  of 
lead  can  be  crystallized  in  less  time  than  9 to  lU  tons 
by  the  old  process. 

The  separation  by  the  new  process  can  be  always 
carried  out  by  the  method  of  thirds.  The  apparatus 


Fig.  14. 


Fig.  15. 


1 6 inches  diameter,  5 inches  in  depth,  and  is  pierced 
with  half  incli  holes.  When  cranes  are  used  the 
ladles  are  20  inches  diameter  and  62  inches  deep,  with 
three-quarter  inch  holes.  The  thickness  of  the  iron 
is  half  inch,  and  length  of  handle  9 feet  6 inches. 
When  the  ladle  gets  chilled  during  the  operation  of 
crystollizing.  it  is  heated  to  the  proper  temperature 
by  being  placed  for  a minute  or  two  into  the  pot 
of  hot  lead  ii  to  wliich  the  crystals  are  turned  over. 
Formerly  small  pots,  called  heaters  or  temper  polti, 
were  used  for  this  purpose,  and  were  placed  in  the 
angle  formed  by  the  junction  of  the  larger  pots. 

Altliough  tl’.e  method  of  thirds  is  tiiat  usually 
adopted  for  the  desilverization  of  lead  moderately 
rich  in  silver,  no  general  rule  can  be  laid  down  with 
regard  to  the  system  of  working  to  be  employed,  as 
this  must  be  more  or  less  varied  in  accordance  with 
the  particular  requirements  of  the  case.  For  the 
desilverization  of  poor  argentiferous  lead  a system 
called  the  method  by  eighths  is  sometimes  employed, 
when,  instead  of  removing  two-thirds  of  the  contents 
of  each  pot  in  the  form  of  crystals,  seven-eighths  are 
tiiken  out  in  that  state.  The  treatment  of  poor 
argentiferous  lead  may,  however,  be  effected  by  a 
combination  of  the  two  systems,  beginning  by  the 
method  of  eighths;  the  enriched  lead  may  be  further 
concentrated  by  the  method  of  thirds.  The  proper 
conduct  of  Pattinson’s  process  depcnd.s  much  upon 
the  attention  of  the  workmen  to  the  management  of 
the  fires  and  to  draining  the  crystals;  and  must  be 
checked  by  constant  assays  of  the  results  of  each 
operation. 

Some  modifications  have  been  introduced  in  order 
to  facilitate  the  stirring  and  separation  of  crystals. 
Wonsi.EY  invented  a mechanical  stirrer,  which  was 
employed  for  a short  time  at  the  Kotherhithe  Lead 
Works,  and  a similar  plan,  known  as  the  systeme 
Laveissihe,  was  tried  at  Rouen  and  elsewhere,  but 
has  been  abandoned. 

Paltiiisoiiiziufi  hy  Steam. — The  process  of  crystallizing 
by  steam  was  first  introduced  at  the  lead  works  of 
Messrs.  Luce  and  Rozan  at  Marseilles,  and  has  been 
described  by  Rozan  in  a paper  contributed 
to  the  Her;/  und  HUItenmdiniviche  Zeitun;/  in 
1374.  Instead  of  mechanical  or  machine 
stirring  during  the  crystallization,  steam  is 
forced  into  the  melted  lead,  and  produces 
a similar  movement  to  that  which  is  ob- 
tained by  the  boiling  of  a dense  liquid. 

The  continual  agitation  produced  has 
been  found  in  practice  extremely  favourable  to 
the  formation  of  crystals  poor  in  silver,  and 
con.sequent  separation  of  enriched  fluid  lead.  The 
action  of  the  steam  is  essentially  a mechanical 
one.  No  chemical  action  has  been  observed, 
so  that  the  operation  must  be  preceded  by  the 
usual  treatment  by  oxida.ion  at  a red  heat  for 
impure  lead  ; moderately  hard  lead  can  be  worked 
at  once.  The  oxides  which  are  formed  at  the  com- 
mencement of  the  operation  are  yellowish,  but 
towards  the  end  they  are  dark  coloured  and  cupri- 
ferous, a circumstance  which  does  not  occur  in  the 
ordinary  Pattinson’s  process,  however  well  the 


(of  which  Fig.  16  is  a plan  ; Fig.  15  a section,  U — V, 
Fig.  16 ; Fig.  14  a section,  X— Y,  Fig.  16)  consists  of 
two  pots  placed  at  different  levels ; the  upper  one,  a, 
receives  the  lead  to  be  melted  for  the  operation, 
and  holds  9 to  10  tons,  the  lower  one,  B.  in  which 
the  crystallization  is  carried  out,  contains  15  to  16 
tons.  A platform,  E,  nearly  level  with  the  rim 
of  the  lower  pot,  enables  the  workmen  to  remove  the 
dross,  and  to  watch  the  progress  of  the  crystidliza- 
tion.  Iron  pipes,  furnished  with  friction  plates,  o,  a, 
for  closing  them,  are  attoched  to  the  pots  for  the 
purpose  of  tapping  off  the  lead.  In  order  to  prevent 
the  lead  running  into  the  steam  pipes  they  are  pro- 
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vided  with  valves.  The  work-lead  in  the  npper  pot 
having  been  well  melted  and  skimmed  is  tapped  off 
into  the  lower  vessel,  and  a small  current  of  steam 
is  turned  on  to  promote  the  mixing  of  the  crystals 
left  in  the  pot  from  the  last  crystallization.  A 
gentle  stream  of  water  on  the  surface  of  the  lead  at 
the  commencement  is  useful  for  cooling,  and  for  the 
formation  of  crystals.  The  steam  at  a pressure  of 
three  atmospheres  is  introduced  by  a pipe  at  the 
side,  and  the  current  is  opposed  and  broken  up  by  a 
cast-iron  plate,  r/,  r/,  which  is  placed  horizontally  over 
the  stream.  The  pot  is  covered  by  an  iron  cover, 
h,  b,  made  in  segments,  which  can  be  removed  in  turns 
by  the  workman  as  occasion  requires,  and  admits  of 
the  removal  of  the  portions  which  solidify  at  the 


sides  above  the  surface  of  the  charge.  Two  small 
fire  places,  d,  d,  which  are  filled  with  fresh  fuel  immed- 
iately before  tapping  off  the  lead,  are  placed  to  heat 
the  pipes  through  which  the  lead  flows  out.  The 
vessel,  B,  is  furnished  with  a tapping  pipe  on  each 
side.  The  workman  removes  the  oxide  at  once 
before  the  steam  is  fully  turned  on.  The  segmented 
cover  has  in  the  middle  a small  chimney,  c,  which 
communicates  with  a condensing  chamber,  where 
the  oxides  carried  forward  by  the  current  of  steam 
settle  in  the  form  of  a mud.  The  charge  is  tapped 
off  when  about  two-thirds  of  the  lead  has  formed 
into  crystals.  The  rich  lead  is  then  run  into  round 
troughs,  F,  sunk  in  the  floor.  The  tapping  pipes  are 
provided  with  strainers  to  keep  back  the  crystals. 

Each  block  thus  cast  weighs  about  2;^ 
tons,  so  that  two  blocks  obtained  by  one 
operation,  weighing  4^  tons,  represent 
about  one-third  of  the  contents  of  the 
pot.  These  are  lifted  by  a crane,  and  the 
blocks  containing  the  same  proportion  of 
silver  are  placed  together  in  order;  so 
that  whea  all  of  one  tenure  have  been 


Fig.  16. 
X 


worked  off  the  next  series  are  successively  crys- 
tallized. When  the  lead  is  sufficiently  enriched, 
or  when  the  market  lead  has  to  be  tapped  into 
moulds,  it  is  accomplished  by  the  tapping  pipe, , /I 
under  which  is  placed  a ladle  on  a radial  arm,  which 
allows  of  ita  being  moved  round  over  the  moulds 
placed  in  a half  circle  beneath.  Rozan  makes  the 
following  comparison  of  cost,  and  loss  of  lead  and 
silver 

Cost  i>er  Ton.  Loss  of  Lead.  Loss  of  Silver. 
Pattinson’s  hand  process,  46'54  francs.  3 percent.  I'.o 

Patlinson’s  steam  process,  25'82  “ 2-1  “ 1'5 

The  steam  process  has  now  been  in  successful 
operation  at  several  of  the  English  lead  works,  anil 
the  fact  of  the  removal  of  copper  to  a greater  extent 
than  by  the  hand  process  has  been  well  established. 


Baker  has  shown  that,  in  the  old  process,  when  the 
proportion  of  copper  does  not  exceed  -025  per  cent., 
it  is  found  to  follow  the  silver;  and  lead  with  such 
a tenure  may  be  refined  for  the  purpose  of  mtiking 
glassniaker’s  red  lead.  When,  however,  the  copper 
reaches  about  -05  per  cent,  six  or  seven  crj’stalliza- 
tions  fail  to  reduce  it  below  '04  per  cent.  Nickel, 
also,  in  the  proportions  found  in  Derbyshire  lead, 
viz.,  ‘002  to  005  per  cent.,  is  found  to  become  con- 
centrated in  the  fluid  portion. 

Parke's  Process. — Desilverizing  by  means  of  zinc 
was  the  invention  of  Alexander  Parkes  of  Bir- 
mingham in  1850,  and  was  carried  out  at  the  works  of 
Si.MS,  WiLLYAMS,  & Co.,  at  Llanelly,  in  1859.  It  is 
remarkable,  that  both  at  these  works  and  at  Fried- 
riclishiitte,  near  Tarnowitz  (where  the  process  was 
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investigated  by  Karsten  and  Lange),  it  was  aban- 
doned on  account  of  practical  difficulties,  which  have 
now  been  overcome.  But  it  was  not  until  1866  that 
the  operation  was  again  attempted  at  the  works 
at  Commern  and  at  Call.  When  lead  and  zinc  are 
melted  together,  and  then  allowed  to  cool,  an  alloy 
of  zinc  and  lead  is  formed  which  solidifies  on  the 
surface,  and  which  contains  also  the  greater  part  of 
the  silver.  The  fluid  part  of  the  charge  will  contain 
about  half  a per  cent,  to  1 per  cent,  of  zinc,  which  has 
to  be  'removed  by  oxidation  in  a softening  furnace  or 
otherwise.  The  subsequent  treatment  of  the  zinc- 
lead  alloy  was  performed  by  liquation  in  an  inclined 
iron  retort,  heated  somewhere  above  the  melting 
j)oint  of  lead.  This  operation  produced  lead  with 
about  10  ozs.  of  silver  per  ton  and  left  a more  in- 
fusible alloy,  having  a composition  of  nearly  one- 
half  lead  and  one-half  zinc,  with  the  greater  part  of 
the  silver.  The  zinc  alloy  was  then 
tdstilled  with  a little  lime  and  coal- 
dust,  in  clay  retorts,  on  the  Belgian 
plan,  to  recover  the  zinc,  leaving  in 
the  retort  metallic  lead  and  pulverul- 
ent matter.  The  lead  was  remelted 
and  cupelled  for  the  silver,  the 
residual  matter  scraped  out  of  the 
retort,  and  smelted  with  the  ordinary 
charges  of  the  lead  furnace. 


When  one  of  the  smaller  pots  has  become  filled 
with  skimmings  it  is  carefully  liquated,  whilst  the 
other  pot  serves  in  the  meantime  for  the  reception 
of  skimmings  from  the  larger  pot.  The  lead 
eliquated  in  the  smaller  pots,  containing  a consider- 
able proportion  of  zinc,  is  added  to  the  next  charge 
of  original  lead.  That  remaining  in  the  large  pot 
after  removal  of  the  third  zinciferous  skimmings  is 
tapped  into  the  pan  of  an  improving  furnace  (Figs. 
17  and  18;  o,  cast-iron  pan;  b,  working  door;  c, 
tap-hole  ; k,  pot  for  melting  very  impure  lead,  which 
after  removal  of  dross  is  run  into  the  pan  by  the 
channel,  d),  situated  at  a lower  level,  where  it  is  kejrt 
at  a full  red  heat  during  about  twelve  hours,  and  is 
occasionally  skimmed  with  an  iron  rake.  At  the 
expiration  of  this  time  it  is  drawn  off  into  a cast- 
iron  pot,  and  ladled  into  moulds  as  market  lead. 

Fig.  17. 


Fig.  18. 


Such  was  the  process  as  originally 
devised  and  carried  out  by  the  in- 
ventor. The  treatment  of  the  argen- 
tiferous zinc  alloy  and  the  removal  of 
the  zinc  from  the  desilverized  lead 
afforded  scope  for  a number  of  plans, 
which  have  been  put  in  practice  with 
more  or  less  success.  The  most 
effective  methods  now  in  use  are  the 
addition  of  the  zinc  to  the  charge  in 
three  successive  jiortions — coolingand 
skimming  after  each  mixing;  the  softening  of  the  lead 
by  oxidation  of  the  zinc  in  an  improving  furnace ; and 
the  smelting  of  the  argentiferous  zinc  after  liquation 
in  a small  blast  furnace,  with  the  admixture  of  lead 
slag  and  tap  cinder,  the  lead  thus  obtained  being  fit 
for  cupellation. 

For  the  complete  desilverization  of  argentiferous 
lead,  the  following  proportions  of  zinc  have  been 
found  necessary  : — Lead  containing  250  grams,  of 
silver  per  1000  kilos,  requires  1^  per  cent,  of  zinc  ; 
lead  containing  4000  grams,  requires  2 per  cent,  of 
zinc.  One  of  the  best  methods  of  carrying  out  the 
zinc  process  is  as  follows : — At  a height  of  about  8 
feet  from  the  level  of  the  floor  three  cast-iron  pots 
are  placed  in  brickwork  over  separate  fire-places ; 
the  largest  of  these  has  a capacity  of  about  12  tons 
of  lead,  while  the  other  two  are  much  smaller,  and 
contain  about  8 tons  of  metal.  The  lead  to  be  de- 
silverized is  melted  in  the  larger  pot,  where  the 
usuid  quantity  of  zinc  is  added  in  three  successive 
portions,  and  the  argentiferous  alloy  removed  to  one 
of  the  smaller  pots.  In  this  pot  a portion  of  the 
associated  lead  is  separated  by  liquation,  ami  the 
zinc  alloy  is  taken  out  by  shallow  perforated  ladles. 


At  some  works  it  was  thought  necessary  to  sink 
the  portions  of  zinc  to  the  bottom  of  the  pot,  by 
inclosing  them  in  a box  furnished  with  holes ; and 
to  effect  a more  thorough  mixing  by  a machine  for 
stirring  the  charge,  moved  by  hand.  There  is,  how- 
ever, not  the  slightest  difficulty  in  mixing  zinc  with 
lead,  provided  the  proper  temperature  be  attained. 

At  Call,  in  Prussia,  plumbic  chloride,  obtained  by 
treating  the  lead  fume  from  the  flues  with  hydro- 
chloric acid,  was  used  to  effect  the  removal  of  the 
zinc  from  the  poor  lead.  For  this  purpose  .the  lead 
was  melted  at  a moderate  heat  under  a layer  of  the 
lead  chloride,  when  by  frequent  stirring  zinc  chloride 
was  formed  and  lead  reduced.  At  the  Lead  'W'orks 
in  Commern  common  salt  has  been  employed,  whilst 
at  Clausthal  the  natural  potassium  salts  found  at 
Stassfurt  were  used.  Illig  proposed  to  effect  the 
removal  of  zinc  by  passing  the  lead  through  a small 
blast  furnace,  with  the  addition  of  sand  and  tap 
cinder.  The  last  method  is  included  in  a patent 
obtained  by  Flacii  in  1866  for  a method  of  carry  ng 
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out  the  zinc  process,  in  which  it  is  difficult  to  dis-  1 which  the  box  is  attached,  and  with  which  it  is 
cover  any  novelty.  Coudurik  has  patented  the  ! caused  to  rotate  by  turning  the  crank  handle, 
application  of  superheated  steam,  which  readily  ' which  is  geared  to  the  shaft  by  toothed  wheels, 
oxidises  iron,  nickel,  and  zinc,  but  only  slightly  i After  the  stirring  apparatus  is  taken  out  and  the 
acts  upon  copper,  antimony,  bismuth,  and  lead.  As  ; zinc  alloy  removed,  the  desilverized  lead  is  tapped 
zinc  alloys  first  with  copper  and  what  traces  of  gold  | into  a gutter,  9,  which  conducts  it  into  the  pot,  d, 
may  be  present,  and  afterwards  takes  up  silver,  the  | where  it  is  submitted  to  a current  of  steam,  which  is 
use  of  steam  seems  appropriate  to  the  remov.al  of  1 introduced  by  a pipe,  /(,  passing  through  a movable 
the  zinc,  although  it  leaves  antimony  behind.  Kerl  j dome-shaped  cover,  e,  which  is  furnished  with  an- 
states  that  in  the  Upper  Hartz  the  steam  process  1 otherpipe,  /;  to  conduct  the  steam  away.  The  cover 
yielded  97'024  per  cent,  of  lead,  against  96‘8C  per  also  protects  the  workman  from  the  injurious  vapours 
cent,  obtained  by  the  use  of  the  Stassfurt  salt.  The  arising  from  the  operation.  The  steam  is  super- 
following is  a description  of  Cordurie’s  process  heated  by  passing  through  the  flue,  «,  and  is  applied 
applied  to  the  desilverizing  operation : — The  zinc  is  to  the  melted  lead  when  it  is  at  a low  red  heat, 
either  melted  in  the  bath  of  lead  and  stirred  with  When  a sample  shows  that  the  zinc  has  been  corn- 
iron  paddles,  or  placed  in  an  iron  box  (Fig.  19).  pletely  removed,  and  the  cooled  surface  exhibits  the 
and  plunged  to  the  bottom  of  the  fluid  metal  in  the  crystalline  character  of  antiinonial  lead  (antirnon- 
pot,  a,  so  that  the  melted  zinc  rises  in  divided  spiegel),  the  steam  is  allowed  to  pass  through  the 
streams,  and  is  mixed  by  means  of  a shaft  to  metal  for  a short  time  longer  to  avoid  explosions  ; 

Fig.  19. 

the  cover  is  removed,  and  the  lead  skimmed.  After-  Koch's  Lead  Desilrerkin/j  Apparatus. — At  Clausthal 

wards  air  is  admitted  with  the  steam,  until  tlie  an  ingenious  apparatus  arranged  by  Herr  Ernest 
antimony  is  oxidised  and  the  iridescent  colours  Koch  was  tried  in  1873,  and  described  by  the 
peculiar  to  softened  lead  appear.  The  following  inventor  in  a communication  to  the  Ben/  twd 
are  analyses  of  two  samples  of  lead  treated  in  this  Iluttenmdnidsche  Zeituug,  which  gives  an  admir- 
manner  at  the  works  in  the  Upper  Hartz  : — able  account  of  the  conditions  required  for  the 

economical  working  of  the  zinc  process. 

Antilno'.:;-,';:.’ ; Ho.' e : : ; : Hoas  ^<Baration  o;  Coppa-  by  LKpmtion.—ThG  ongmal 

Iron, 0-0022  ..  0*0yi2  liquated  in  a furnace,  which  differs  only 

2nic 0-0083  0-0007  slightly  from  the  ordinary  reverberatory  furnace.  The 

Hismn’th  n oo=ii  ■■  ■ n-nnas  fire-place  is  at  c.  Figs.  20,  21,  and  22;  the  products  of 

Nickel, 0-0006  0-0007  combustion  pass  from to  a,  and  escape  to  the  chimney; 

the  floor  of  the  furnace  slopes  from  a to  d,  so  that 
Gruner  in  1868  published  an  account  of  CoR-  a is  the  highest  and  d its  lowest  part ; the  molten 
durie’s  process  as  carried  on  at  Messrs.  Kothschild’s  lead  flows  into  the  pot,  b ; the  residue  is  moved  by 
works  at  Havre,  and  predicted  that  it  would  shortly  means  of  a paddle  from  a tow-ards  h.  where  the 
su|)ersede  other  methods.  Percy  is  of  a contrary  highest  temperature  prevails,  thoroughly  liquated 
opinion,  and  at  present  it  has  not  been  adopted  in  by  stirring,  and  finally  raked  out.  The  furnace  is 
England.  kept  in  continuous  working.  As  fast  as  lead  runs 
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into  the  pot,  fresh  pigs  are  thrown  in,  and  the  more 
infusible  residue  removed,  the  heat  being  so  regu- 
lated that  the  gases  only  escape  at  a temperature 
below  the  melting  point  of  lead.  The  length  of  the 
furnace,  or  the  distance  between  a and  6,  must  be 
arranged  for  certain  (.iinensions  of  the  fire-place  in 
order  to  obtain  this  result.  The  liquated  residue 
will  contain  the  chief  proportion  of  the  copper 
originally  present  in  the  lead.  The  melting  points 
of  copper  and  lead  differ  considerably,  so  that  the 
more  carefully  the  liquation  is  carried  out  the  more 
complete  is  the  separation  of  these  two  metals. 

The  pot,  B,  serves  for  the  collection  of  the  needful 
quantity  of  lead  for  further  treatment.  After  filling 
it  is  tapped  into  the  pot,  C,  excejit  a small  quantity, 
wljich  is  left  as  a reserve  in  case  of  irregular  working 
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of  the  liquation  furnace  charges,  as  well  as  to  provide 
a covering  of  oxide  for  the  lead  flowing  into  it  from 
the  furnace.  As  a protection  from  cooling  this  pot 
is  provided  with  an  iron  cover. 

2.  Removal  of  Anlhnomj. — After  the  lead  in  the 
pot,  C,  has  reached  red  heat,  steam  is  pa.ssed  through 
the  charge,  and  the  crusts  of  oxide  (abMiich)  removed. 
The  oxide  of  antimony  strongly  corrodes  the  iron 
vessel,  so  that  in  time  it  becomes  eaten  through  ; and 
this  pot  should  be  cast  with  a thicker  rim.  Oxida- 
tion of  the  antimony  is  much  promoted  by  exposing 
a large  surface  to  the  action  of  the  air  by  frequent 
stirring,  and  by  a shallow  form  of  pot.  Antimony 
hinders  the  formation  of  the  zinc-silver  alloy,  keep- 
ing the  latter  metal  in  the  fluid  portion  when  much 
antimony  is  in  the  lead ; it  is  therefore  essential  to 


Fig.  20. 


remove  it  before  adding  zinc.  If  it  is  removed 
before  the  desilverizing  operation,  all  the  silver  is 
obtained  in  one  product;  but  if  the  antimony  is  not 
removed  until  the  lead  is  desilverized,  a part  of  it 
goes  with  the  zinc-silver  alloy,  and  thence  into  tl<e 
rich  lead,  and  thus  returns  to  be  worked  over  and 
over  again.  The  dross  removed  before  desilveriza- 
tion  contiiins  some  lead  mechanically  mixed  up  with 
it.  It  is  stamped  to  a fine  powder,  whereby  the  lead 
shots  are  flattened  and  most  recovered  by  passing 
through  a sieve. 

3.  Desilveriziiif/. — The  lead  deprived  of  antimony  is 
now  tapped  into  the  desilverizing  pots,  D,  D,  by  means 
of  a syphon,  having  one  leg  a foot  longer  than  the 
other,  which  delivers  the  metal  into  a funnel  attached 
to  the  side  of  the  pot  below,  and  is  the  upper  part  of 
a wrought-iron  pipe  terminating  at  the  bottom  of  the 
pot.  The  funnel  is  filled  with  coke,  and  tlie  lead 
flows  into  it  from  the  upper  vessel,  and  thence  to  the 
lower  pot,  without  suffering  oxidation.  During  this 
operation  the  appropriate  quantity  of  zinc  is  placed 
at  the  bottom  of  the  pot,  in  front  of  the  opening  of 
the  iron  pipe,  so  that  the  zinc  is  immediately  brought 
into  contiict  with  the  silver  contained  in  the  lead. 
'I'he  charge  is  now  stirred,  cooled,  and  the  zinc 
alloy  skimmed  off  in  the  usual  way.  As  tliis  opera- 
tion is  rei)eated  three  times,  it  is  necessary  to  have 
two  desilverizing  }>ots,  in  order  that  a continuous 
working  of  the  apparatus  may  go  on.  Upon  mixing 
the  lead  and  zinc  two  distinct  alloys  are  formed — 
silver -zinc  alloy  and  lead -zinc  alloy.  These  are 


separated,  not  so  much  in  consequence  of  their  dif- 
ferent specific  gravities,  as  by  the  difference  of  their 
melting  points.  The  silver-zinc  alloy  solidifies  first 
in  the  process  of  cooling,  and  afterwards  as  the  tem- 
perature falls  the  lead-zinc  alloy  crystallizes  out. 
The  formation  of  the  first  alloy  may  be  promoted 
by  exposing  a larger  surface  for  cooling,  either  by 
g ntle  stirring  by  hand  or  by  a current  of  steam ; in 
the  latter  case  the  silver-zinc  crystals  are  readily 
detached  from  the  sides  of  the  pot,  and  brought  to 
the  surface  in  the  form  of  a pasty  scum.  As  the 
formation  of  a rich  silver  alloy  and  a poor  lead  alloy 
require  opposite  conditions,  the  former  being  pro- 
moted by  a minimum  of  zinc,  the  latter  by  an  excess, 
the  following  operations  can  be  divided  accordingly 
into  the  production  of  a rich  zinc-silver  alloy  and  a 
poor  zinc-lead  alloy. 

The  rich  zinc-silver  alloy  is  formed  by  making 
use  of  the  alloy  produced  by  the  third  addition  of 
zinc  to  the  former  charge  to  the  new  charge  of  lead, 
and  is  effected  by  placing  it  at  the  mouth  of  the 
pipe  through  which  the  hot  lead,  free  from  anti- 
mony, is  flowing  into  the  pot  The  thorough  mix- 
ing is  accomplished  by  steam,  and  the  first  zinc  alloy 
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taken  off  is  now  rich  enough  to  be  set  aside.  An 
e.xperinient  of  this  operation  when  the  lead  con- 
tained 0'16  per  cent,  of  silver  after  the  first  hour's 
skimming,  proved  its  reduction  to  O'o  in  five  hours, 
whilst  the  zinc  alloy  confiiined  from  0-74  to  0-94 
per  cent. 

The  formation  of  the  poor  zinc-lead  alloy  is 
accomplished  in  a similar  manner  by  the  addition 
of  fresh  zinc  only  at  the  third  operation. 

4.  Sejxmition  of  Zinc  from  the  Poor  Lead. — The  de- 
silverized lead  is  now  tapped  into  pot,  E,  and  when 
the  metal  is  red  hot  steam  is  passed  through  and 
air  excluded.  The  steam  is  decomposed  and  the 
free  oxygen  forms  oxide  of  zinc.  This  decomposi- 
tion is  more  readily  effected  when  the  steam  is  in 
finely  divided  streams,  issuing  from  several  orifices, 
1,  2,  3,  &c.,  in  the  pipes  a and  h,  Fig.  22.  The 
oxides  are  skimmed  off,  the  metal  tapped  into  the 
pot,  K,  where  it  is  cooled,  and  cast  into  moulds, 
except  a portion  which  is  left  to  preserve  the 
pot  at  a uniform  temi.erature,  and  to  afford  a 
covering  of  oxide  for  the  next  charge.  It  is  ad- 
visable to-  provide  the  pot,  F,  with  a cover,  to 
avoid  loss  of  heat  and  oxidation.  All  four  opera- 
tions can  be  effected  in  the  same  time,  so  that  as 
soon  as  one  pot  is  empty  the  next  charge  is  also 
ready  to  be  operated  upon,  the  working  being 
continuously  carried  on.  As  combustion  of  the  fuel 
is  never  complete  under  a single  pot,  in  the  system 
of  ]iOts  here  described  arrangements  are  made  for 
the  proelucts  from  the  fire  under  the  pot,  f,  to  pass 
to  the  space  under  E,  and  so  on  up  to  the  liquation 
furnace,  by  which  means  also  better  economy  of  fuel 
is  effected.  The  use  of  gas  from  an  ordinary 
generator  furnace  would  be  still  more  advantageous. 
Much  of  the  value  of  this  apparatus  dejrends  upon 
the  method  of  tapping  the  metal  from  one  pot  to 
the  other.  This  has  been  usually  done  by  means  of 
a pipe  from  the  bottom  of  the  pot ; but  when  heated 
to  a high  temperature  such  pipes  are  apt  to  fracture. 
This  difficulty  has  been  met  by  Koch’s  plan  of 
syphons  which  pass  out  at  the  side  of  the  pot  about 
I5  feet  above  the  bottom.  Although  the  arrange- 
ment of  a satisfactory  syphon,  and  the  proper 
thickness  of  the  vessel  at  the  point  where  it  passes 
out,  offered  considerable  difficulties  in  practice ; it 
has  been  found  po.ssible  to  work  them,  and  to  tap 
off  12,5U0  kilos,  of  lead  in  three  minutes  without  loss. 

Cn/tellation. — The  enriched  lead  obtained  by  either 
Patiinson’s  or  Parke’s  process  has  now  to  be  sub- 
mitted to  the  operation  of  cupellation,  which  con- 
sists in  oxidising  the  lead  in  a suitable  furnace,  at  a 
heat  in  which  litharge  melts ; a blast  of  air  is  directed 
on  to  the  surface  of  the  charge  so  as  to  constantly 
uncover  the  face  of  the  fluid  metal,  and  expose  a 
fresh  surface  to  oxidation. 

The  hearth  of  the  furnace  is  composed  of  bone  ash, 
and  forms  the  movable  bottom  of  a reverberatory 
furnace.  The  cupel  or  test  is  contained  in  a oval  iron 
ring,  a (Fig.  23),  about  6 inches  in  dejitn,  and  4 feet 
in  its  greater,  and  3 feet  in  its  lesser  diameter.  This 
frame  is  provided  with  cross  liars,  b,  b,  b,  4J  inches 
wide,  and  half  an  inch  in  thickness,  and  handles,  c. 


Tlie  icst-ruujh  most  frequently  made  of  wrought-iron 
bars  held  together  with  rivets,  but  in  some  cases  it  is 
formed  of  cast  iron,  and  is  then  cast  in  one  piece,  in- 
cluding the  bars  across  the  bottom.  When  the  test  is 
prepared  it  is  filled  with  bone  ash,  well  beaten  down 
in  layers,  after  having  been  slightly  moistened  with 
water  containing  a little  pearl  ash  in  solution,  to 


Fig.  23. 


give  firmness  to  the  cupel  when  heated.  The  centre 
is  carefully  scooped  out  with  a small  trowel  until  the 
sides  are  left  2 inches  at  the  top  and  3 inches  at  the 
bottom,  whilst  the  thickness  of  the  sole  itself  is 
about  inch.  At  the  front  or  wide  end,  w,  of  the 
test  the  bone-ash  border  is  allowed  to  stand  for  a 
width  of  6 inches,  and  is  furnished  with  holes.  A,  A,  for 
running  off  the  litharge,  by  means  of  channels,  i ; 
and  an  opening,  n,  is  cut  through  the  bottom,  which 
communicates  by  a channel  with  the  fluid  litharge  in 
the  annular  cavity,  allowing  the  fused  oxide  of  lead 
to  run  off  as  fast  as  it  is  produced. 

W hen  the  test  is  thoroughly  dried  and  ready 
for  use,  it  is  placed  in  the  refining  furnace,  of  which 
it  forms  the  bottom.  Figs.  24  and  25  represent  the 
refinery  most  commonly  employed  ; /is  the  fire  door; 
d,  pot  for  melting  the  woik  lead;  e,  chimney;  i/,hood 
for  carrying  off  the  fume;  /,  nozzle  of  blast-pipe  ; t, 
bed  of  furnace.  The  fireplace  is  nearly  square,  and 
may  be  about  2 feet  by  2 feet  4 inches.  This  is 
separated  from  the  body  of  the  furnace  by  a 
bridge  of  from  14  to  18  inches  in  width  ; the 
products  of  combustion  pass  directly  over  the 
surface  of  the  cupel,  and  escape  by  two  separate 
apertures  into  the  main  flue.  The  test  is  strongly 
wedged  into  an  iron  ring  built  in  the  masonrj'  of  the 
furnace.  When  first  lighted  great  care  is  necessary 
to  regulate  the  heat,  to  prevent  the  bone-ash  cupel 
from  cracking.  AVhen  properly  annealed  and  brought 
up  to  dull  redness,  the  rich  lead  is  ladled  on  to  the 
test  from  an  adjacent  iron  pot,  d,  in  which  it  has  been 
previously  melted,  and  which  is  provided  with  a fire- 
place and  a gutter  to  conduct  the  lead  on  to  the  test. 
At  first  the  metal  becomes  covered  with  a grey  dross, 
which  melts  down  when  the  temperature  of  the  bath 
increases.  The  blast  is  now  turned  on,  and  the  fused 
litharge  is  driven  from  the  back  of  the  test  up 
towards  the  breast,  where  it  passes  over  the  broad 
edge  of  bone  ash  and  falls  through  an  aperture 
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between  it  and  the  iron  frame  of  the  cupel,  and  is 
received  in  a small  shallow  cast-iron  pot  running  on 
wheels,  and  provided  with  a long  handle. 

In  some  works  the  lead  is  introduced  in  the  form 
of  pigs,  instead  of  being  run  on  to  the  test  in  a fluid 
state.  The  blast,  wliich  is  usually  supplied  by  a fan, 
but  sometimes  by  a steam  jet,  sweeps  the  oxide  along 
the  surface  of  the  metal  towards  the  breast,  and  at 
the  same  time  supplies  the  oxygen  necessary  for  the 
formation  of  litharge.  As  the  metallic  bath  dimin- 
ishes fresh  lead  is  added,  until  the  charge  becomes  so 
much  enriched  that  it  is  ready  for  tapping.  When 
lead  from  the  rich  pot  contains  about  600  ozs.  of 
silver  per  ton,  the  cupellatioii  lasts  eight  hours, 
during  which  time  32  cwts.  of  metal  will  have  been 
introduced  into  the  cupel,  and  6 cwts  of  enriched 


alloy  remain.  This  argentiferous  lead  is  tapped  by 
drilling  a hole  in  the  bone  ash  forming  the  bottom 
of  the  cupel,  and  running  it  off  into  a pot  on  wheels. 
'J'he  tap-hole  is  then  closed  with  a plug  of  wet  bone 
ash,  and  another  charge  introduced  into  the  furnace. 
IVlien  all  the  lead  has  been  thus  treated,  the  argen- 
tiferous alloy  is  ojierated  upon  in  a similar  manner; 
but  now  tlie  last  traces  of  lead  are  oxidised,  and  the 
lirir/ltletiin/i  (It/ickcii,  eclair)  of  the  silver  indicates  the 
termination  of  the  jirocess.  The  blast  is  turned  off, 
the  fire  removed  from  the  grate,  and  the  plate  of 
silver  allowed  to  set.  At  a certain  stage  of  cooling 
the  cake  of  silver,  which  originally  presented  a smooth 
mirror-like  surface,  is  roughened  by  the  evolution 
of  oxygen  which  had  been  absorbed  during  the 
operation.  A refinery  of  the  usual  dimensions  will 
work  off  4 cwts.  of  lead  per  hour,  and  consume  about 


6 cwts.  of  coal  per  ton  of  lead.  The  cake  of  silver 
may  contain  from  2 to  3 per  cent,  only  of  other 
metals. 

On  the  Continent  some  of  the  lead  obtained  from 
the  smelting  furnace  is  frequently  rich  enough  to  be 
treated  in  the  cupellation  furnace  without  previous 
concentration.  The  old  German  cupelling  furnace 
consists  of  a kind  of  reverberatory  oven,  having 
a circular  hearth  and  a fireplace  at  the  side.  The 
bottom  is  regularly  hollowed  out  from  the  sides 
towards  the  middle,  and  is  composed  of  firebricks 
closely  set  on  edge,  upon  a solid  stratum  of  firmly 
compressed  slag.  This  is  covered  with  a coating  of 
marl  carefully  beaten  down  with  iron  rammers,  and 
is  relaid  previously  to  the  commencement  of  a fresh 
operation.  The  layer  of  marl  is  the  equivalent  to 
the  bone-ash  test  employed  by  English  refiners.  A 
dome  of  iron  plastered  over  with  marl  covers  the 
bed,  and  may  be  removed  by  means  of  a crane. 
There  are  five  openings  in  the  side  of  the  furnace; 
the  largest  admits  the  flame  from  the  fireplace;  two 
smaller  ones  are  for  the  tuyers.  by  which  the  blast 
is  thrown  on  to  the  fused  metal,  forcing  the  litharge 
as  it  forms  towards  another  opening,  by  which  it 
escapes  in  a fused  state.  The  fifth  opening  is  for 
the  introduction  of  the  lead.  As  the  level  of  the 
metallic  bath  lowers,  a gate  is  cut  in  the  marl  by 
means  of  a serrated  iron  bar,  to  allow  the  litharge  to 
flow  out  on  to  the  floor  of  the  building.  About  5 
tons  of  ordinary  lead  are  cupelled  at  one  operation, 
and  of  this  about  three-fourths  are  introduced  into 
the  furnace  before  lighting  up;  the  rest  is  added  at 
intervals  during  the  progress  of  the  cupellation. 
The  pigs  of  lead,  which  are  hemispherical,  are  placed 
with  the  convex  side  downward,  so  as  not  to  injure 
the  marl  bottom.  On  the  centre  of  the  heap  billets 
of  wood  are  placed  and  lighted  by  a shovel  full  of 
charcoal;  the  iron  dome  is  dropped  into  its  place, 
and  luted  round  with  fire  clay.  The  blast  is  then 
turned  on,  and  a fire  of  billets  made  on  the  grate. 
No  chimney  is  provided.  After  three  to  five  hours 
the  charge  is  melted,  and  the  scum  (ahziKj)  is  removed 
by  skimming  or  raking  it  off  towards  the  channel 
made  for  the  litharge.  Afterwards  the  metallic  bath 
becomes  bright  and  clear,  and  acquires  a gentle  cir- 
cular movement;  it  is,  however,  quickly  covered 
with  pasty  and  impure  litharge  (ahstrich),  which  is 
likewise  removed  until  the  pure  litharge  begins  to 
flow.  The  brightening  of  the  silver  generally  takes 
place  in  thirty  to  thirty-three  hours  after  turning  on 
the  blast.  Towards  the  close  of  the  operation  the 
temperature  must  be  considerably  increased  to  keep 
the  argentiferous  alloy  in  a liquid  state.  The  plate 
of  silver  {hlichsilber)  thus  obtained  contains  a little 
lead  and  copper,  &c.,  and  is  removed  from  the  fur- 
nace to  be  refined  either  in  a movable  test,  like  that 
employed  in  the  English  process,  or  in  a fi.xed  cupel 
forming  the  bottom  of  a reverberatory  furnace. 
The  litharge  formed  in  the  process  of  cupellation  is 
treated  according  to  its  quality  in  the  following  ways. 
The  impure  litharge  is  resmelted,  as  well  as  a large 
proportion  of  the  purer  kind,  when  there  is  little 
demand  for  flake  litharge,  whilst  the  litharge  obtained 
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at  the  end  of  the  cupellation  is  of  necessity  reduced 
to  the  metallic  state  again,  in  order  to  economize  the 
silver  it  contains. 

Ths  reduction  is  easily  effected  in  a reverberatory 
furnace  with  a bed  sloping  towards  the  tap-hole  in 
the  usual  way.  The  litharge  is  thrown  on  with  an 
admixture  of  bituminous  coal,  a layer  of  slack  hav- 
ing been  previously  spread  over  the  bed  of  the 
furnace.  The  skimmings  and  dross  from  Pattinson’s 
process  can  be  likewise  worked  up  at  the  same  time. 
At  Clausthal  the  litharge  is  reduced  in  a blast 
furnace  ^0  feet  high,  lined  at  the  bottom  with 
coke  stones,  made  of  finely  powdered  coke  mixed 
■with  clay  instead  of  the  ordinary  bricks,  which  in 
consequence  of  their  siliceous  nature  too  readily 
formed  a fusible  slag  with  the  oxide  of  lead. 

The  following  analyses  of  market  lead  are  quoted 
from  W.  Hampe  of  Clausthal,  who  worked  upon 
400  grammes  for  each  analysis,  in  order  to  obtain 
accurate  estimations  of  the  impurities  : — 
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The  chief  uses  of  lead  in  the  arts  are  for  building 
purposes,  in  the  form  of  sheets  for  roofs,  gutters, 
and  spouts,  pipes  for  gas  and  water,  shot,  and  for 
making  solders.  In  chemical  factories  lead  lined 
vats  are  frequently  required,  and  the  large  chambers 
of  tlie  sulphuric  acid  factories  are  made  of  the  j^urest 
lead  autogenously  soldered. 

Sheet  Lead  is  made  by  first  casting  a large  square 
or  rectangular  plate  several  inches  in  thickness,  and 
then  passing  it  through  a powerful  pair  of  rolls 
fitted  with  reversing  gear.  The  lead  should  be 
cast  at  a temperature  which  just  allows  of  skimming 
off  the  dross  which  arises  without  the  lead  sticking 
to  the  tools.  The  sheet  may  be  either  rolled  whilst 
still  l,ot,  or  as  practised  at  some  mills  mjiy  be  rolled 
cold.  The  rolls,  which  are  about  18  inches  in  dia- 
meter, are  placed  at  the  middle  of  a long  bench  or 
frame  about  3 feet  high  and  8 feet  in  width.  At 
intervals  of  every  foot  are  placed  wooden  rollers 
parallel  with  the  cylinders,  and  all  on  the  .same 
level ; these  facilitate  the  movement  of  the  sheet  as 
it  passes  through  the  mill.  In  rolling  lead  the  ends 
of  tlie  sheet  present  a concavity,  which  shows  that 
the  metal  near  the  surfaces  extends  more  than  the 
central  portion,  which  is  contrary  to  what  occurs  in 
rolling  iron.  The  lead  passes  backwards  and  for- 
wards tlirough  the  rolls  from  200  to  300  times,  and 
when  the  length  of  the  sheet  becomes  inconvenient 
to  manipulate,  it  is  cut  into  two  and  each  piece 
milled  separately. 

The  lead  for  pipes  is  sometimes  mixed  with  a 
little  harder  lead,  containing  tin  or  antimony,  in 
order  to  stiffen  the  pipes,  make  them  brighter,  and 
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to  enable  the  plumber  better  to  preserve  the  round 
form  in  making  joints. 

In  the  ordinary  way  of  making  pipes  a short  thick 
cylinder  is  fiist  cast,  which  is  then  reduced  in 
diameter  and  elongated,  by  being  drawn  on  a man- 
dril of  the  proper  size  through  a succession  of  steel 
dies.  By  tliis  method  lengths  of  from  20  to  30 
feet  only  can  be  obtained.  When  longer  pipes  are 
required  without  joint,  a machine  worked  by  a 
hydraulic  press  is  employed.  The  lead  is  melted  in 
a cylindrical  reservoir  placed  over  the  piston  of  tlie 
press,  and  surrounded  by  an  annular  fire-place.  At 
the  top  is  fitted  a steel  die  of  the  diameter  of  the 
outside  of  the  pipe  to  be  made,  whilst  a mandril 
pas-es  directly  through  the  centre,  and  is  moved 
upwards  by  the  rising  piston  at  the  same  time  that 
the  semi-molten  lead  is  forced  through  the  die.  A 
spout  through  the  top  of  the  reservoir  enables  the 
workman  to  fill  it  with  lead ; it  is  then  removed, 
and  the  aperture  firmly  stopped  by  an  iron  plug 
secured  by  a strong  key.  As  the  pipe  escapes  at  the 
top  it  is  coiled  round  a drum,  and  may  be  made  of 
any  required  length. 

Lead  Shot  is  made  by  mixing  a certain  proportion 
of  white  arsenic  or  arsenical  dross  from  the  improv- 
ing furnace  with  molten  lead,  and  allowing  it  to  run 
through  cullenders  pierced  with  holes  of  a suitable 
size,  and  to  fall  a considerable  height  into  a receptacle 
containing  water.  The  admixture  of  the  arsenic 
imparts  fluidity  and  a tendency  to  coalesce  into 
sjiherical  drops  in  passing  through  the  air,  as  well 
as  hardness  in  the  finished  article.  About  3 lbs.  of 
white  arsenic  or  orpiment  are  used  to  1000  parts  of 
soft  lead,  and  about  8 lbs.  for  the  harder  kinds.  R. 
Smith  in  Percy’s  laboratory  found  in  a sample  of 
No.  1 shot,  0'133  per  cent,  of  arsenic  acid  and  0'030 
per  cent,  of  copper.  A sample  of  No.  6 contained 
0T15  per  cent,  of  arsenic  and  0‘284  per  cent,  of 
copper.  The  arsenical  alloy  is  ladled  by  the  work- 
man into  the  cullenders,  which  are  lined  inside  by 
the  dross  being  pressed  down  and  against  the 
sides,  so  that  the  metal  does  not  run  too  fast,  a 
regular  flow  producing  more  equality  in  the  size  of 
the  grains. 

Three  cullenders  are  generally  used  at  the  same 
time,  and  are  kept  hot  by  being  surrounded  with  a 
charcoal  fire.  The  height  from  which  the  lead  falls 
is  determined  by  the  size  of  the  shot  required.  A 
fall  of  33  yards  is  required  for  No.  4 to  No.  9, 
whilst  for  larger  sizes  50  yards  may  be  used.  The 
size  of  the  holes  in  the  cullenders  varies  according 
to  the  size  of  the  shot  which  is  to  be  made;  but 
must  always  be  smaller  in  diameter,  perfectly  round, 
and  free  from  burrs.  The  temperature  of  the  lead 
bath  is  also  regulated  by  the  size  of  the  shot.  For 
the  largest  it  should  be  such  that  a bit  of  straw 
plunged  into  it  will  be  scarcely  browned. 

The  shot  when  taken  out  of  the  tub  are  sorted  by 
sieving  into  the  different  sizes,  and  the  imperfect 
spheroids  separated,  by  placing  them  on  a board 
about  27  inches  long  and  16  inches  broad,  inclined 
very  slightly,  so  that  when  gently  shaken  in  the 
horizontal  direction  the  globular  particles  run  down 
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and  bound  off  into  a suitable  box,  whilst  the  irregular 
forms  remain  on  the  sides  of  the  tray. 

The  shot,  which  have  now  a light  grey  colour,  are 
placed  in  a small  octagonal  cask  mounted  on  a 
horizontal  axis,  and  polished  by  attrition  with  a little 
black  lead. 

White  Lead — Cerme,  Blanc  de  PInmh;  Bleiweis.i. 
— ^\dlen  lead  is  exposed  to  the  action  of  air  and 
moisture  it  becomes  converted  into  a white  mass  of 
plumbic  carbonate  and  hydrate.  This  corrosion  is 
facilitated  by  the  presence  of  acetic  acid  vapours ; 
and  the  white  lead  of  commerce,  which  is  the  chief 
basis  of  all  the  pigments,  is  made  by  artificially  sub- 
mitting the  metal  to  oxidation  in  an  atmosphere 
loaded  with  carbonic  acid  gas  and  steam  in  the 
presence  of  acetic  acid.  The  oldest  or  Dutch  method 
of  effecting  the  change  into  white  lead  was  to  bury 
coils  of  lead,  which  were  placed  in  earthen  pots 
containing  a little  weak  vinegar,  beneath  layers  of 
stable  litter,  and  after  the  lapse  of  a few  weeks  the 
pots  were  taken  out  and  emptied  of  their  contents 
of  more  or  less  corroded  lead,  from  which  the  white 
lead  was  detached  from  the  metallic  part  left  uncor- 
roded by  beating  or  stamping;  it  was  then  washed 
and  ground  to  a fine  powder.  L^pon  this  method 
was  founded  the  English  process,  by  which  nearly 
all  the  white  lead  is  made  in  this  country  at  the 
present  time.  In  the  early  part  of  this  century  the 
horse  litter  and  the  sour  ale  or  “ alegar  ” were 
replaced  by  the  spent  bark  of  the  tanners  and  pyro- 
ligneous acid,  or  the  impure  acetic  acid  obtained  by 
the  distillation  of  wood.  By  this  means  the  dis- 
coloration often  produced  by  the  hydric  sulphide 
evolved  in  the  fermentation  of  the  horse  litter  was 
avoided ; at  the  same  time  greater  regularity  in  the 
] rocess  was  obtained.  'I'he  operation  is  carried  on 
in  brick  chambers,  called  “ stacks,”  which  are  made 
of  various  dimensions,  according  to  the  judgment  of 
the  manufacturer.  Some  prefer  an  area  of  20  feet 
by  12  feet,  others  build  them  double  this  size.  Ex- 
perience, however,  has  proved,  that  with  the  smaller 
stacks  it  is  quite  as  usual  to  get  a high  percentage 
corroded  iis  with  the  larger  ones.  The  stacks  are 
conveniently  built  in  two  rows,  leaving  a sufficiently 
wide  passage  between  them  for  the  carriage  of  bark, 
timber,  and  materials  used  in  filling  them.  Each 
stack  has  an  opening  in  the  front  wall  from  top  to 
bottom,  about  3 or  4 feet  in  width.  In  some  eases 
a similar  opening  is  made  in  the  back  wall,  so  that 
the  stack  may  be  loaded  at  one  opening  and  the 
materials  removed  at  the  other,  when  the  time  arrives 
for  taking  off  the  white  lead.  The  floor  of  the  stack 
is  covered  with  a layer  of  porous  ashes,  and  upon 
this  is  thrown  a bed  of  spent  tan  which  has  been 
previously  allowed  to  reach  a somewhat  active  stage 
of  fermentation.  AVhen  in  good  order  the  tan  going 
on  to  the  stacks  has  a pleasant  lemon-like  odour. 
It  is  usuid  to  mix  the  old  tan  coming  off  the  stacks 
with  the  tan  which  is  received  from  the  tanners,  and 
to  stack  it  up  in  the  yard  under  cover,  or  even  in 
the  stack-way  against  the  walls  of  the  stacks,  and  to 
leave  it  for  use  when  the  proper  stage  of  fermenta- 
tion is  attained.  Much  of  the  success  of  the  process 


depends  upon  the  state  of  the  tan ; and  it  is  probable 
that  regular  working  could  be  much  more  surely 
obtained  if  correct  data  were  kept  of  the  amount  of 
moisture  and  the  average  temperature,  as  well  as  of 
the  weight  and  bulk  of  bark  used.  Upon  this  first 
bed  or  “ height”  of  tan  are  placed  blocks  of  wood 
cut  from  larch  trees,  of  about  16  inches  diameter,  to 
support  wooden  bearers  about  4 inches  square,  which 
in  their  turn  carry  boards  which  cover  the  bed  like 
the  floor  of  a room.  Upon  the  tan  earthen  pots  are 
placed  quite  close  together  over  the  whole  bed,  ex- 
cept a space  of  about  6 inches  left  round  the  walls. 
The  tan  under  the  blocks  is  beaten  down,  so  as  to 
give  a firmer  support  to  the  superincumbent  weight; 
and  the  general  surface  of  the  bed  is  made  slightly 
convex  to  resist  the  pressure  above,  which  acts  more 
upon  the  centre  than  the  sides.  The  pots  are  nearly 
filled  with  dilute  acetic  acid,  containing  about  0’5  to 
0-75  per  cent,  of  pure  acetic  acid,  H2(C.,Il20,,);  and 
upon  the  pots  are  placed  piles  of  metallic  lead  cast 
in  various  shapes,  and  called  crates,  buckles,  crosses, 
jilates,  &c.,  according  to  their  form.  The  layer  of 
lead  will  be  about  5 inche.s,  and  an  interval  of  about 
6 or  8 inches  is  left  between  the  lead  and  the  cover- 
ing of  boards  to  allow  of  them  sinking  without 
coming  into  contact  with  the  white  lead,  as  well  as 
to  permit  of  the  increase  in  bulk  of  the  latter.  The 
interval  between  the  pots  and  the  side  walls  is  filled 
up  by  placing  a board  edgewise  again.st  the  pots,  and 
filling  in  with  straw  or  tan.  The  stack  mouth  is  also 
filled  in  with  tan,  which  is  kept  up  by  boards  placed 
in  slots  or  against  the  inside  of  the  opening;  and 
this  tan,  which  is  generally  old  tan,  is  kept  uniformly 
pressed,  so  as  to  admit  air  very  gradually.  The  next 
beds  are  prepared  in  the  same  manner,  only  that  the 
blocks  may  be  of  less  diameter,  and  the  beds  of  tan 
made  of  diminishing  thickness  at  each  successive 
height.  Ten  or  sometimes  twelve  beds  are  thus 
stacked,  and  the  top  covered  over  with  its  layer  of 
bark.  As  fermentation  proceeds  the  whole  system 
of  beds  gradually  sinks;  and  it  is  usual  to  visit  the 
top  of  the  stacks  at  intervals,  and  to  stamp  down  the 
bark  which  falls  away  from  the  side  walls,  and  thus 
to  check  the  issue  of  steam,  which  now  escapes  freely 
from  the  heated  tan.  The  temperature  attained  is 
sometimes  140°Fahr.  In  some  works  wooden  spouts 
are  used,  which  traverse  the  beds  from  top  to  bottom, 
and  are  placed  either  at  the  corners  of  the  stack,  or 
one  may  be  fixed  in  the  middle.  These  wooden 
ventilators  are  pierced  with  holes,  and  can  be  choked 
when  necessary  by  a wisp  of  straw,  or  by  filling  them 
up  with  tan.  The  object  sought  to  be  attained  by 
this  arrangement  is  to  allow  of  a quantity  of  steam 
to  escape  at  the  first  active  period  of  fermentation, 
so  as  to  avoid  a large  amount  of  condensation,  which, 
carrying  with  it  the  colouring  matter  in  the  tan, 
would  discolour  the  white  lead  as  the  drops  fell 
from  the  covering  of  boards  above. 

Experience  has  shown  that  in  the  stacks  of  large 
area  these  ventilators  are  of  advantage,  but  in  the 
smaller  ones  sufficient  escape  and  regularity  of  ascent 
of  the  current  of  vapours  is  accomplished  gener- 
ally at  the  surface  of  the  side  walls.  It  is,  however. 
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easy  to  observe  that  the  character  of  tlie  corrosions 
in  the  centre  is  generally  harder  and  more  dense  than 
those  at  the  side  walls,  where  more  moisture  has  been 
present.  In  some  cases  where  the  white  lead  is  pro- 
duced with  great  excess  of  aqueous  vapour,  the 
corrosions  are  quite  sugary  in  appearance,  crumbling 
between  the  fingers  into  small  crystalline  grains, 
which  upon  analysis  are  found  to  be  nearly  pure 
neutral  plumbic  carbonate,  FbCOg.  The  bulk  of  the 
white  lead  produced  is  a mixture  of  carbonate  and 
hydrate,  generally  represented  by  2PbCOg,  PbH^O^, 
or  3PbCOg,  Pbll20.„  but  on  the  same  bed  propor- 
tions varying  from  these  may  be  found.  A very 
small  quantity  of  plumbic  acetate  is  also  locked  up 
in  certain,  if  not  all,  kinds  of  corrosion,  as  may  be 
proved  by  treating  a large  quantitj'  of  the  pulveri/.ed 
corrosion  with  water.  Moreover,  in  the  nianufactur- 
ing  operations  of  grinding  and  levigating — subse- 
quently to  be  described — the  water,  if  used  over 
and  over  again,  becomes  charged  with  the  soluble 
salt  of  lead.  The  best  corrosions  are  hard,  and 
almost  porcellanous  in  iracture,  and  if  the  lead  used 
is  of  pure  quality  they  are  of  a fine  opaque  white- 
ness. Sometimes  they  present  a fioury  character, 
which  gives  rise  to  a good  deal  of  waste  on  removal, 
by  crumbling  under  the  touch,  and  which  produces 
a large  quantity  of  froth  on  the  water  of  the  becks 
when  grinding.  A slight  discoloration  is  sometimes 
observed  on  the  surface  of  the  white  lead  corrosion 
from  tarry  matter  in  the  acid  used,  and  still  more 
from  the  dropping  of  water  coloured  by  the  tan. 
Such  discoloured  white  lead  is  usually  put  aside 
until  sufficient  has  accumulated  to  be  ground  up  to 
supply  the  potters  to  make  their  glazes. 

The  quantity  of  lead  put  on  to  a stack  of  20  feet 
by  12  feet  in  area  is  3 tons  per  bed;  this  quantity 
will  lie  upon  about  a thousand  pots  of  bj  inches 
diameter,  containing  200  gallons  of  weak  acid.  The 
percentage  of  lead  corroded  varies  from  50  to  70  per 
cent.;  but  perhaps  the  average  result  may  be  stated 
at  65,  and  the  increase  in  weight,  allowing  for  un- 
avoidable waste  by  fine  particles  falling  into  the 
bark,  may  be  reckoned  at  20  per  cent,  of  the  lead 
employed. 

Most  of  the  white  lead  works  purify  their  own  lead, 
either  by  Pattin-SOn's  or  the  zinc  process.  The  influ- 
ence of  small  quantities  of  impurities  in  impairing 
the  whiteness  of  the  product  is  very  remarkable,  and 
the  purest  lead  is  essential.  On  reference  to  the 
table  of  analyses  it  will  be  seen  that  iron  is  seldom 
in  any  appreciable  quantity  in  refined  lead,  and  no 
objectionable  colour  can  be  ascribed  to  its  presence 
in  the  qualities  usually  employed.  Copper  and  anti- 
mony impart  a dull  grey  tint  in  the  hard  corrosions, 
and  the  former  may  be  often  traced  in  the  softer 
ones  by  the  blue  and  green  tints  which  are  charac- 
teristic. A colour  which  has  been  defined  as  red  or 
pink  for  a long  time  was  a source  of  trouble  to  white 
lead  makers,  and  has  been  attributed  to  defective 
working  causing  the  formation  of  an  oxide,  or  to 
some  impurity  in  the  lead.  In  the  whitest  corrosion 
this  tint  may  be  frequently  detected  just  at  the 
junction  of  the  metallic  core  and  the  white  lead. 


Baker,  who  once  attributed  this  tint  to  the  presence 
of  copper,  has  proved  that  it  is  due  to  metallic  silver 
in  a finely  divided  state.  In  1868  a large  quantity 
of  lead  was  decopper, zed  by  ni/eans  of  zinc,  at  the 
Sheffield  Lead  Works,  leaving  a quantity  of  silver 
which  varied  from  15  dwts.  to  1 oz.  of  silver  per  ton. 
About  80  tons  of  this  lead  were  placed  in  tlie  stacks 
for  corrosion,  when  the  whole  of  it  came  down  of  a 
uniform  pink  tint.  This  lead  only  contained  a trace 
of  copper  or  other  substances.  Subsequently  syn- 
thetical experiments  were  made,  by  adding  minute 
quantities  of  silver  to  pure  lead  which  had  already 
produced  white  corrosion;  on  submitting  them  to  the 
process  in  the  stacks  the  samples  furnished  the  pink 
coloured  carbonate.  The  alloying  of  zinc  with  lead 
removes  copper  very  completely  before  silver,  and 
seems  to  leave  the  silver  so  thoroughly  dissolved  in 
the  melted  state  as  to  bring  out  the  colour  very 
clearly;  for  it  was  found,  that  the  addition  of  anti- 
mony in  small  quantities,  by  producing  an  alloy  less 
soluble  in  melted  lead,  was  effective  in  masking  the 
pink  tint. 

The  lead  is  cast  in  the  desired  form  by  ladling 
into  frames  containing  the  moulds  mounted  on  a 
horizontal  axis,  which  allows  of  trie  plate  being 
turned  over  and  brought  smartly  against  a bar  of 
iron,  so  as  to  throw  the  castings  on  to  the  floor. 
The  lead  should  be  only  heated  moderately,  so  that 
the  crates  do  not  show  any  of  the  oxidation  colours 
when  set.  Freedom  from  traces  of  antimony  is 
shown  by  the  whiteness  of  the  castings,  whilst  a 
small  quantity  will  be  at  once  disclosed  by  the 
iridescent  colours  which  appear  even  at  a low 
temperature.  An  excellent  machine  for  casting 
the  plates  or  buckles  is  shown  in  Plate  I., 
and  has  been  introduced  at  the  principal  lead 
works  in  this  country  and  in  America.  It  consists 
of  an  endless  band  of  square  plates  of  iron  linked 
together,  each  plate  being  a mould,  into  which  the 
lead  is  poured  when  brought  under  the  spout  of  the 
lead  pot.  The  spout  terminates  in  a sort  of  trough 
or  gutter,  perforated  with  two  or  three  holes  at  the 
proper  distance,  to  deliver  a little  stream  of  lead  and 
feed  the  mould  equally.  The  machine  is  speeded  to 
make  50  plates  per  minute,  but  is  worked  to  62  or 
64r  without  difficulty.  The  castings  are  delivered  at 
the  end  on  a leather  belt,  covered  with  plates  of 
sheet  iron  to  prevent  the  hot  buckles  injuring  the 
leather,  and  are  thus  carried  away  from  the  machine. 

When  the  stacks  have  been  up  from  eight  to  nine 
weeks  they  are  unloaded.  The  oldest  bark  from  tlie 
top  covering  and  mouldy  portions  are  carried  out  of 
the  way ; the  rest  is  mixed  with  new  bark,  and 
stacked  or  carried  on  to  the  bed  being  put  up.  The 
corrosions  with  the  portions  of  metallic  lead  are 
placed  in  trays  ; the  larger  pieces  fallen  on  the  bark 
also  picked  up  by  hand ; the  surface  of  the  bed 
raked,  and  carried  away  to  be  washed  to  recover  the 
white  lead  particles  it  contains.  The  pots,  which 
are  generally  dry,  except  a few  which  contain  water 
produced  by  condensation  of  the  steam  evolved 
during  the  process,  are  washed  and  drained  for  use 
in  the  next  bed  going  on.  The  trays  of  corrosions 
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are  carried  to  the  mill  for  grinding  and  levigation. 
This  operation  is  accomplished  in  a variety  of  ways 
at  the  different  works.  Tlie  best  method  is  un- 
doubtedly to  sink  the  tray  into  a cistern  of  water, 
and  detach  the  metallic  part  by  means  of  rakes  or 
other  tools,  which  direct  them  between  corrugated 
rollers  running  under  a stream  of  water.  To  empty 
the  tray  of  dry  corrosions  in  front  of  the  rolls 
without  a complete  soaking  in  water  is  dangerous, 
on  account  of  the  poisonous  dust  it  produces. 
AVhen  the  metallic  parts  are  thus  separated,  the 
white  lead  is  further  crushed  by  passing  through  a 
pair  of  smooth  rolls,  and  is  then  raked  about  over 
a perforated  j>late,  upon  which  streams  of  water  fall 
in  the  form  of- rain.  The  coarse  white  lead  thus 
produced  is  carried  to  horizontal  grinding  stones, 
wliich  are  fed  by  means  of  a ladle,  or  by  an  endless 
band  under  the  guidance  of  the  workman.  The 
white  lead  now  issues  like  a thick  white  mud,  and 
may  pass  through  either  one  or  two  more  pair  of 
stones,  until  it  becomes  so  fine  that  the  particles  are 
carried  away  by  a stream  of  water  to  settle  in  the 
becks  ; the  {)ortions  which  subside  in  the  troughs 
leading  to  the  settling  cisterns  are  returned  to  the 
stones  for  grinding,  and  some  checks  are  provided 
against  their  being  carried  forward  by  means  of 
small  strips  of  wood  placed  across  the  channels. 
Most  of  the  fine  particles  of  bark  are  removed  by 
the  washing,  but  it  is  possible  to  detect  in  the  white 
lead  of  commerce  traces  of  the  material.  The  wash 
water,  as  was  stated  above,  when  it  is  used  over  and 
over  again,  is  always  found  to  contain  a soluble  salt 
of  lead.  This  is  generally  precipitated  by  the  addi- 
tion of  a little  sodium  carbonate  before  changing  to 
fresh  water.  The  rolls  and  machinery  which  come 
in  contact  with  the  white  lead  should  be  made  of 
cojiper  or  gun  metal.  When  a cistern  is  full  of 
white  lead  the  water  is  turned  into  another  one,  and 
every  day  as  the  mud  settles  down  the  supernatant 
water  is  ladled  or  syphoned  off,  until  the  mud  reaches 
a sutticient  consistence  for  ladling  into  dishes  for 
drying.  The  dishes  commonly  used  are  shaped  like 
Hower-pot  saucers,  of  about  12  inches  diameter  and 
3 inches  deep,  and  are  made  of  the  same  material. 
The  white  lead  pulp  when  placed  in  the  dishes  con- 
tains about  25  per  cent,  of  water.  The  dishes  are 
stacked  in  a drying  stove  upon  shelves  made  of  iron 
bars;  the  heat  is  applied  by  means  of  a fire-place 
outside,  the  products  of  combu.stion  passing  into 
large  iron  pipes  which  circulate  round  the  floor  of 
the  stove.  The  temperature  attained  should  not 
rise  above  180°  Fahr.  When  dry  the  white  lead  is 
jiackcd  into  casks,  an  operation  attended  with  the 
production  of  a good  deal  of  dust,  which  it  is  difficult 
to  prevent  being  injurious  to  the  workmen  employed. 
It  is  now  ready  to  be  ground  with  oil;  but  if  kept 
for  a month  before  grinding,  it  yields  a better  result. 
The  quantity  of  boiled  linseed  oil  required  is  from 
8 to  9 lbs.  per  cwt.  of  dry  lead. 

d’he  details  of  the  above-described  operations  may 
vary  at  different  works.  The  mode  of  packing  the 
stacks  admits  of  alterations  in  the  thickness  of  tan 
and  arrangement  of  floor  boards.  Sometimes  an 


interval  is  left  between  each  board,  which  is  covered 
by  a thinner  slab,  supported  by  cross  strips  of  wood, 
with  the  object  of  causing  a more  general  circulation 
of  the  air  throughout  the  stacks.  The  bearers  of 
wood  are  sometimes  laid  upon  a row  of  pots,  or 
upon  a certain  number  of  larger  pots  made  to  con- 
tain the  crates  of  lead  inside  them  upon  a rim, 
which  separates  the  lower  part  containing  the  acid 
from  the  upper  part,  which  is  of  larger  diameter, 
and  furnished  with  several  holes  in  the  side  to  admit 
the  vapours  arising  from  the  tan.  Formerly  these 
large  pots  were  the  only  kind  employed;  but  modern 
practice  restricts  their  use  to  the  top  beds,  or  simply 
for  those  parts  of  the  bed  upon  wliich  the  bearers 
rest.  It  is  usual  when  the  unsealing  operation  is 
completed  to  weigh  the  residual  metallic  lead,  and 
ascertain  what  quantity  has  been  corroded  on  each 
bed.  The  wet  cores,  or  “ returns,”  are  then  allowed 
to  dry  before  re-melting  in  the  casting  pan.  A 
notable  quantity  of  white  lead  is  always  obtained 
by  washing  the  bark  scraped  off  the  top  of  the 
layer  under  the  pots,  and  in  some  works  the  waste 
bark  is  burned  to  diminish  its  bulk  for  removal. 
WiGNER  and  Harland  have  examined  the  gases  in 
the  white  lead  stacks  (The  Analyst,  September 
30,  1876),  and  find  the  minimum  quantity  of  air 
necessary  for  the  work  of  fermentation  and  oxidation 
to  be  6 or  7 cubic  feet  per  minute.  The  carbonic 
acid  varies  between  0‘5  and  4‘5  per  cent.,  but  occa- 
sionally is  found  from  “traces”  up  to  27  per  cent. 
At  the  time  of  stacking,  the  atmospheric  air  included 
in  the  stack  may  be  assumed  to  contain  20‘7  per 
cent,  of  oxygen  ; after  two  weeks  it  will  probably 
average  about  17  per  cent.,  and  in  five  or  six  weeks 
may  be  between  13  and  15  per  cent.  Occasional 
samples  have  yielded  only  6i  per  cent.  No  sensible 
amount  of  acetic  acid  could  be  discovered  in  the 
gases. 

For  ascertaining  the  composition  of  white  lead  it 
is  generally  only  necessary  to  determine  the  plumbic 
oxide,  carbonic  dioxide,  and  the  water  of  combina- 
tion. Simple  ignition  at  a low  red  heat  in  a pla- 
tinum crucible  gives  the  amount  of  lead  oxide.  The 
carbonic  dioxide  may  be  accurately  estimated  by  loss 
by  means  of  one  of  the  well-known  apparatus  for 
decomposing  carbonates  with  acid,  and  allowing  the 
escajiing  gas  to  pass  through  concentrated  sulphuric 
acid,  or  a calcium  chloride  drying  tube.  The  com- 
bined water  is  best  estimated  by  heating  the  white 
lead  in  a hard  glass  tube  in  a current  of  dry  air,  and 
collecting  the  water  in  a small  calcium  chloride  tube, 
which  is  weighed  before  and  after  the  operation. 
J.  A.  Phillips  combined  the  estimations  of  carbonic 
dioxide  and  water  by  aspirating  dry  air  over  the 
heated  white  lead,  and  collecting  the  water  in  the 
calcium  chloride  tube,  and  the  carbonic  dioxide  in 
potash  bulbs  successively.  According  to  the  same 
chemist,  white  lead  loses  its  chemically-combined 
water  at  150°  C.,  and  its  carbonic  dioxide  towards 
170°  C.  Of  course  it  is  necessary,  before  proceeding 
with  an  analysis,  to  submit  the  powdered  sample 
to  drying  in  a water  oven  at  100°  C. 

The  following  are  analyses  of  various  samples  of 
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white  lead  contrasted  with  the  theoretical  composi- 
tion of  the  natural  and  other  carbonates : — 

1.  2.  3.  4. 

Plumbic  oxide S.S-gS  86-182  8.r796  83-.S37 

Carlionic  dioxide,. . 11-14  10-443  ll^.l'J  15-709 

Combined  water, . . 2-91  3-375  2-945  0-754 

No.  1.  A good  dense  corrosion,  specific  gravity  6-322. 

No.  2.  Dry  white  lead,  London,  specific  gravity  6-.50. 

No.  3.  “ Sheffield,  specific  gravity  614. 

No.  4.  Crystalline  corrosion,  transi>arent  and  granular. 


Neutral  Carbonate,  2(PbC03)  3fPhCOj). 

PbCOa.  PbH.jOa.  PbHaO^. 

Plumbic  oxide, . . 83 -,52  ....  86-32  ....  85-60 

Carbonic  dioxide,  16'48  ....  11-36  l-2’67 

Combined  water,  — ....  2-32  ....  1-76 


A number  of  observations  proves  that  the  cor- 
rosions obtained  in  the  stacks  yield  upon  the  average 
when  ground  and  levigated  a dry  white  lead,  which 
lies  between  the  composition  represented  by  2 and 
3 atoms  of  the  carbonate  with  1 of  the  plumbic 
hy'drate.  Wigner  and  Harland  have  experimented 
upon  mixtures  artificially  made  up  in  these  propor- 
tions, and  find  that  if  there  is  any  decided  departure 


from  these  limits  the  compound  does  not  afford  a 
useful  pigment,  its  opacity  and  the  power  of  laying 
on  readily'  being  impaired.  These  experiments  con- 
firm the  supposition  that  there  is  no  definite  com- 
pound of  carbonate  and  hydrate  formed  by  the 
action  going  on  in  the  stacks,  but  that  it  varies  with 
the  conditions  of  the  fermentation,  the  volume  of 
carbonic  dioxide,  and  other  circumstances.  The 
examination  of  nearly  1000  samples  leads  to  the 
opinion  that  the  white  lead  formed  by  corrosion  in 
the  stacks  is  not  a basic  carbonate,  but  a mixture  of 
a neutral  carbonate  with  a hydrate ; and  the  value 
of  the  white  lead  as  a paint,  whether  it  be  prepared 
by  the  DiUcli-English  process  or  by  precipitation, 
depends  almost  entirely  upon  the  relative  proportions 
of  these  two  different  ingredients. 

German  Process. — Formerly  a large  quantity  of 
wliite  lead  was  made  at  Krems  from  the  pure  lead  of 
Bleiberg:  the  chief  place  of  manufacture  is  now  at 
Klagenfurt  in  Carinthia.  The  operation  is  carried 
on  in  wooden  boxes  6 feet  long,  12  to  14  inches 
broad,  and  10  or  12  inches  deep.  The  boxes  are  well 


jointed,  and  when  nails  are  used  they 
are  carefully  covered.  I’he  bottom  is 
made  tight  with  melted  pitch.  Sheets 
of  lead  from  one-twentieth  of  an  inch 
to  nearly  one-half  are  used  according  to 
the  fancy  of  the  manufacturer,  and 
these  are  bent  over  a square  slip  of 
Avood,  and  thus  suspended  in  the  w-ooden  boxes. 
An  aciil  liquor  made  of  about  equal  parts  of  vinegar 
and  wine  lees  is  poured  on  the  bottom  of  the 
boxes ; and  they  are  stacked  in  a store  room,  where 
they  are  heated  to  about  85°  Fahr.  for  a space  of 
fourteen  or  fifteen  day-s.  AVhen  properly  c.arried  on 
this  process  yields  a xveight  of  corrosion  equal  to  the 
metallic  lead  put  on;  the  uncorroded  portions  being 
detached  and  remelted.  The  carbonate  is  put  into 
cisterns,  and  washed  and  ground  for  paint  in  the 
usual  way. 

C/ichy  Process. — When  litharge  is  digested  in  a 
solution  of  plumbic  acetate  a basic  salt  is  formed, 
which  is  quite  soluble,  and  which  deposits  carbonate 
of  lead  upon  passing  through  it  a current  of  carbonic 
acid  gas.  This  process,  established  by  Thenard, 
has  been  carried  on  successfully'  in  France  for  a long 


time.  It  is  said  to  produce  a white 
lead  which  has  less  opacity  and 
covering  power  than  that  made  by 
the  Dutch  process;  and  this  defect 
has  been  generally  attributed  to 
precipitated  carbonates.  This  ap- 
pears to  be  due  simply  to  the  much 
finer  state  of  division  of  the  particles,  so  that  a cwt.  of 
precipitated  white  lead  will  take  far  more  oil  to  make 
a paint  of  the  usual  stiffness,  and  thus  when  spread 
over  a surface  will  necessarily  be  a thinner  film  than 
paint  made  with  white  lead  whose  finest  particles  are 
produced  by  attrition  only.  The  apparatus  employed 
in  this  process  is  shown  in  Fig.  26.  A is  a tub  contain- 
ing about  4000  gallons  of  pyroligneous  acid,  obtained 
by  the  distillation  of  wood.  The  crude  acid  is  gener- 
ally redistilled  in  order  to  purify  it  from  tarry 
matters,  and  should  have  a specific  gravity  of  T056. 
Litharge  is  thrown  into  the  tub  in  the  proportion  of 
174  lbs.  to  the  65  lbs.  of  acid,  in  order  to  make  the 
basic  acetate  solution,  which  should  reach  a specific 
gravity  of  1-145.  The  solution  is  promoted  by  the 
agitator,  b,  C,  which  is  set  in  motion  by  machinery. 
The  liquor  is  then  run  into  a cistern,  E,  where 
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insoluble  matter,  such  as  metallic  lead,  sulphate  of 
lead,  silver  chloride,  and  any  other  insoluble  sub- 
stances may  settle.  The  clear  solution  is  next  run 
into  the  vessel,  ff,  in  which  the  precipitation  is 
effected  by  a current  of  carbonic  acid  gas,  which  is 
forced  through  the  liquid,  Jind  distributed  by  means 
of  several  hundred  pipes,  having  branch  pipes  at 
right  angles  to  the  main,^,y,  and  lying  about  13  inches 
under  the  surface. 

The  carbonic  acid  is  generated  by  a mixture  of 
coke  and  chalk,  but  formerly  was  produced  by  the 
combustion  of  charcoal.  Dumas  recommended  the 
proj)ortion  of  2^  of  chalk  to  1 of  coke.  From  the  kiln, 
D D,  the  gas  passes  into  the  apparatus,  A,  k,  in  which  it 
is  washed,  and  pumped  or  blown  by  a fan  into  the 
decomposing  vessel.  The  latter  holds  about  2000 
gallons  of  liquor  from  E,  which  is  diluted  with  water 
before  the  operation  of  blowing  in  the  gas  is  pro- 
ceeded with.  The  passage  of  the  gas  lasts  from 
twelve  to  fourteen  hours,  when  the  carbonate  formed 
is  allowed  to  settle;  the  solution  of  neutral  acetate  is 
drawn  off,  and  pumped  up  to  dissolve  more  litharge, 
and  supply  another  charge  of  basic  acetate  for  decom- 
position. A certain  amount  of  the  neutral  acetate 
is  unavoidably  lost  in  these  bperations,  so  that  it 
becomes  necessary  from  time  to  time  to  add  fresh 
acid.  The  cover  of  the  decomposing  vessel  is  raised 
by  cords  attached  to  the  main  pipe,  and  the  white 
lead  is  removed  by  an  opening  at  the  bottom  leading 
to  the  reservoir  O,  where  it  is  washed  repeatedly. 
The  first  washings,  containing  a notable  quantity  of 
the  neutral  acetate,  are  returned  by  the  pump,  p,  to 
the  tub,  A.  The  white  lead  is  now  ready  to  be 
dried  in  stoves  in  the  ordinary  manner. 

A number  of  patent  processes  have  been  published, 
but  few  have  been  found  economical  or  practicable ; 
and  though  many  are  exceedingly  ingenious,  a de- 
scrii)tion  of  them  rather  belongs  to  the  history  of 
white  lead  inventions.  The  neutral  nitrate  hiis  been 
used  instead  of  the  acetate  to  form  the  solution  of  a 
basic  salt,  which  was  firecipitated  by  carbonic  acid 
gas,  as  in  ThenaI!d’s  process.  Granulated  lead  has 
been  agitiited  with  water  in  barrels,  and  exposed  to 
the  oxidising  action  of  the  air  and  to  carbonic  acid 
at  the  safne  time.  Benson  and  Gossage  p.assed  car- 
bonic iicid  over  layers  of  litharge  mixed  with  a small 
proi)ortion  of  sugar  of  lead. 

Milner's  Process. — At  the  present  time  the  only 
process  in  use  besides  the  Dutch- English  manufac- 
ture is  one  founded  on  the  patents  of  Dale  and 
Milner,  and  carried  on  successfully  by  the  Saukey 
White  Lead  Company  (Limited),  near  Warrington. 
The  interesting  reaction  which  is  the  chief  part  of 
the  invention,  depends  upon  the  formation  of  an 
oxychloride  of  lead,  made  by  grinding  together 
litharge,  water,  and  common  salt,  and  may  be  reatlily 
observed  on  a small  scale  with  a common  pestle  and 
mortar.  Upon  mixing  these  ingredients  together 
in  suitable  proportions  the  mass  gradually  becomes 
softer  and  more  pulpy,  and  admits  of  a little  water 
being  added  from  time  to  time  as  it  becomes  absorbed, 
whilst  the  mass  swells  up  and  gradually  assumes  a 
white  colour,  passing  through  a stage  in  which  it  has 
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a pink  tint.  The  great  increase  in  bulk  and  the 
softness  of  the  product  are  very  remarkable,  and  a 
rise  of  temperature  also  takes  place.  The  reaction 
is  now  alkaline,  the  sodium  chloride  having  been 
decomposed.  On  the  large  scale  flake  litharge  is 
used,  which  must  be  carefully  ground  and  levigated. 
The  powdered  litharge  of  commerce  is  not  found  so 
suitable,  probably  on  occount  of  the  proportion  of 
metallic  grams  which  it  always  contains.  A mixture 
in  the  proportion  of  4 lbs.  of  dry  litharge  to  1 lb.  of 
salt,  dissolved  in  16  lbs.  of  water,  is  agitiited  thoroughly 
in  a wooden  pug-mill,  which  is  best  made  of  yellow 
pine,  with  arms  of  American  elm,  and  driven  by  suit- 
able machinery.  Oak  timber  must  on  no  account  be 
used  in  this  vessel.  The  agitation  must  be  kept  up 
continuously  for  at  least  three  hours.  If  the  mill  be 
arrested  before  this  time  the  mass  becomes  so  stiff 
that  it  requires  removal  by  hand.  Afterwards  the 
mixture  again  returns  to  a more  fluid  condition,  and 
the  reaction  is  complete.  The  result  of  this  opera- 
tion is  the  formation  of  an  insoluble  basic  chloride 
of  lead,  which  is  suspended  in  a solution  of  caustic 
soda  and  sodium  chloride.  The  mixture  is  now  run 
into  the  carbonating  vessel,  which  consists  of  an  iron 
cylinder  lined  with  lead,  16  feet  high  and  8 feet 
diameter,  and  fitted  with  wooden  beaters  on  a 
horizontal  axis,  passing  through  the  sides  in  such 
a position  that  the  arms  of  the  beaters  are  alter- 
nately above  and  below  the  surface  of  the  fluid, 
so  as  to  obtain  as  great  an  amount  of  agitation 
as  possible.  A stream  of  carbonic  acid  gas  made 
from  chalk  and  coke  in  a small  kiln,  and  washed  in 
a coke  column  supplied  with  water,  is  pumped  into 
the  vessel,  which  it  enters  at  the  bottom.  After 
the  lapse  of  half  an  hour  or  more  the  solution  no 
longer  gives  an  alkaline  reaction  ; but  the  current  of 
carbonic  acid  gas  must  be  continued  for  some  time 
longer,  in  order  to  obtain  a pigment  having  the 
proper  density  and  covering  power.  In  Milner's 
last  patent,  in  1875,  he  describes  a simple  test  by 
which  the  operator  can  tell  when  it  is  necessary 
to  cease  the  supply  of  gas. 

AVhen  the  solution  no  longer  shows  an  alkaline 
reaction  the  mixture  is  a viscid  homogeneous  mass, 
and  if  a portion  be  tested  by  shaking  it  in  a glass 
half  filled,  it  will  coat  the  sides  and  remain  in  a 
uniform  layer ; but  when  sufficient  gas  has  been 
introduced  a small  quantity  shaken  in  a clear  glass 
vessel  will  coat  the  glass  with  a very  thin  layer,  like 
frost  on  a window  pane,  and  after  standing  a few 
seconds  the  clear  liquid  separates  from  the  carbonate 
of  lead,  and  leaves  an  arborescent  pattern  on  the 
interior  of  the  glass.  If,  however,  the  action  of  the 
gas  is  continued  for  too  long  a time,  the  product 
loses  its  value,  becoming  like  sand,  and  will  not  coat 
the  test  glass  at  all,  but  settles  rapidly  out  of  the 
salt  solution.  When  the  charge  in  the  carbonating 
vessel  has  reached  the  proper  stage  the  contents  are 
run  out,  and  the  white  lead  washed  free  from  the 
salt  solution.  This  is  effected  by  filtration  in  the  first 
instance,  fresh  water  being  mixed  with  the  pulp  when 
the  salt  solution  has  drained  away,  until  it  is  thor- 
oughly washed.  The  white  lead  is  then  dried  in 
89 
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stoves  in  the  usunl  manner.  The  produet  has  the 
composition  of  ordinary  white  lead,  and  cannot  be 
distinguished  from  it  by  chemical  analysis,  appear- 
ance, or  by  any  other  properties,  as  it  possesses  all 
the  covering  power  and  opacity  of  the  best  paint 
made  by  the  older  process.  When  it  is  considered 
tliat  the  actual  conversion  into  white  lead  is  accom- 
plished in  two  days  instead  of  as  many  months,  and 
that  a very  simple  plant  is  required,  it  seems  pro- 
bable that  Milner’s  invention  will  become  a success- 
ful rival  of  the  long  established  Dutch  method  of 
making  white  lead.  The  accompanying  Fig.  27  gives 
a sketch  of  the  arrangement  required  for  carbonating 
the  oxychloride.  A is  a small  kiln  for  generating 
carbonic  acid  gas  by  the  usual  mixture  of  coke  and 
chalk.  B is  a pipe  conducting  the  gas  to  the  wash 
tower,  c,  which  is  filled  with  hard  coke,  over  which 
a gentle  stream  of  water  is  allowed  to  flow.  If 
necessary  it  is  easy  to  wash  the  gas  in  a solution  of 
sugar  of  lead  to  remove  any  sulphide  of  hydrogen  it 
may  contain.  The  gas  is  then  forced  by  means  of  a 
fan  or  pump,  D,  into  the  carbonating  vessel,  F,  which 
it  enters  at  the  bottom,  and  is  distributed  by  means 


of  a pipe,  E,  perforated  with  a number  of  holes.  H 
indicates  a shaft  furnished  with  a drum,  which  is 
connected  with  macliiuery  to  turn  the  paddles  or 
beaters  on  the  axis,  L.  The  liquid  is  run  into  the 
vessel  at  the  opening,  K,  and  does  not  rise  much 
higher  than  the  horizontal  axis  of  the  paddles.  J is 
a valve  to  regulate  the  pressure,  and  M,  a tap  by 
which  samples  can  be  taken  out  in  order  to  watch 
the  progress  of  the  operation,  and  to  run  off  the 
white  lead  to  the  washing  cisterns. 

Patliiisnv's  Oxijchloride  of  Lead.  — A method  of 
making  a useful  pigment  to  be  used  as  ordinary  white 
lead  was  patented  by  Pattinson  in  1849,  and  oxy- 
chloride of  lead  is  still  manufactured  by  Messrs. 

I Bell  & Co.  at  Newcastle,  where  its  combination 
with  other  chemical  processes  renders  it  more  econ- 
omical than  it  would  be  in  localities  less  devoted  to 
these  industries.  Chloride  of  lead  is  first  prepared 
from  finely  pulverized  galena  and  concentrated  hydro- 
chloric acid,  the  temperature  being  raised  by  a jet 
of  steam.  The  comminution  and  solution  of  the  galena 
is  carried  on  in  the  same  vessel,  the  bottom  of  which 
is  formed  of  a single  slab  of  silicious  stone  upon 


which  a millstone  of  the  same  material  moves.  The 
sides  of  the  basin  are  constructed  of  bricks  capable 
of  resisting  the  action  of  acid.  The  chloride  of  lead 
formed  during  the  treatment  being  little  soluble  in 
cold  water,  and  less  so  in  the  acid  solution,  collects 
at  the  bottom  of  the  vessel.  The  acid  liquid  having 
been  decanted,  the  deposit  is  dissolved  in  hot  water, 
and  the  hot  solution  treated  with  an  appropriate 
quantity  of  milk  of  linte,  to  saturate  the  free  acid 
and  to  precipitate  any  iron  which  may  be  present. 
The  liquid  is  then  allowed  to  settle,  crystallization 
being  prevented  by  the  continued  application  of 
heat.  ^Vhen  clear  it  is  transferred  into  a large 
wooden  vat  into  which,  at  the  same  time,  a stream 
of  lime  water  is  directed  in  sufficient  quantity  to  pre- 
cipitate half  the  quantity  of  lead.  The  oxychloride 
thus  formed  is  collected,  drained,  washed,  and  dried 
on  porous  earthenware  plates  in  a stove.  The  com- 
position of  the  product  is  represented  by  the  formula 
PbCl2.PbH202.  The  immense  quantity  of  sulphide 
of  hydrogen  disengaged  during  the  action  of  the 
hydrochloric  acid  upon  the  galena  proved,  in  the  com- 
mencement of  this  industry,  a great  embarrassment ; 


the  highest  chimneys  being  insufficient  to  diffuse 
the  gas  sufficiently  in  tlie  atmosphere.  Afterwards 
Messrs.  Bell  decomposed  the  sulphide  of  hydrogen 
by  submitting  it  to  the  action  of  water  and  of  sul- 
phurous acid  produced  by  the  combustion  of  pyrites. 
In  addition  to  the  well-known  change — 

2H2S  + S02=2tL0  + 3S 

Another  reaction  takes  place  which  gives  rise  to  the 
separation  of  sulphur,  with  simultaneous  formation 
of  water  and  pentathionic  acid — 

SHjS  + 5S02  = 5.S  4-  4H.2O  -H  H.2S5O8. 

The  sulphur  is  used  in  the  manufacture  of  sulpliuric 
acid  ; the  pentathionic  acid  is  mixed  with  magnesia 
and  exposed  to  the  action  of  the  atmosphere, 
whereby  magnesian  sulphate  is  gradually  formed. 

Several  methods  of  testing  the  covering  power  of 
white  lead  have  been  proposed : the  simplest  is  to 
triturate  equal  weights  of  the  samples  to  be  com- 
pared with  equal  quantities  of  linseed  oil,  and  to 
determine  the  weight  of  equal  volumes  of  the  pig- 
ments thus  produced ; that  which  is  specifically  the 
heavier  of  the  two  will  possess  the  greater  covering 
power.  Weise  has  examined  this  property  from 
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the  point  of  view  of  the  chemical  composition  of 
the  white  lead.  Having  taken  the  corrosions  formed 
in  the  chambers  by  the  German  process,  he  exam- 
ined the  firoducts  obtained  by  careful  washing  and 
sieving  with  the  following  results; — 


Plumbic 

Carbonic 

Water. 

Oxide. 

Dioxide. 

No.  1. 

White  lead  of  the  best 

(jimlity  called  “flour,” 

86-80 

11-16 

2 00 

No. 

2. 

Do.  second  <]ualitv, 

86-24 

11-68 

1-81 

No. 

3. 

Do.  third  quality, 
still  a useful  paint,.  . . 

86-03 

12-28 

1-68 

No. 

4. 

Residue  from  the  wash- 

ing  apparatus, 

84-69 

14-10 

0-93 

No. 

5. 

Abnormal  proiluct  from 

the  chambers,  quite 
useless  as  a paint, . . . 

83-47 

16-15 

0-25 

Hardness  and  w’ant  of  covering  power  here  go 
hand  in  liand,  and  are  caused  by  the  excess  of  neutral 
carbonate. 

Red  Lead,  Minium,  Triplumhic  Tetroxide,  PbjO^. 
— The  manufacture  of  red  lead  is  often  associated 
with  the  smelting  operations,  or  may  be  combined 
with  the  processes  of  refining  lead,  or  the  making 
of  white  lead,  as  a large  quantity  of  dross  or  semi- 
oxidised  products  can  be  conveniently  worked  up 
in  the  red  lead  ovens.  Pig  lead  is  melted  at  a regu- 
lated temperature  below  that  at  which  litharge 
melts,  and  is  rabbled  about  until  converted  into 
oxide.  The  product,  when  ground  and  levigated, 
is  a brownish  yellow  powder,  called  massicot,  and 
in  this  state  may  be  dried  and  packed  for  sale  as 
powdered  litharge.  For  conversion  into  red  lead 
the  litharge  is  thrown  into  a similar  oven,  and  care- 
fully heated,  with  occiisional  turning  over  of  the 
charge,  until  by  the  absorption  of  oxygen  tlie  proper 
colour  is  reached,  and  the  whole  is  converted  into 
the  brilliant  coloured  pigment  known  as  red  lead. 

The  ordinary  red  lead  oven  is  a low-arched  fur- 
nace, having  a bed  slightly  inclining  towards  the 
medium  line,  and  also  from  the  back  to  the  front. 
The  bed  is  made  of  closely-laid  pressed  fire-bricks, 
and  is  supported  by  a bed-plate  of  cast  iron.  The 
plate  has  raised  borders  on  each  side  and  at  the 
back.  There  are  three  openings  in  front,  fitted 
with  hinged  doors  of  cast  iron — one  on  each  side 
for  introducing  the  fuel,  and  a central  larger  one, 
through  which  the  oven  is  charged  w’ith  lead,  and 
the  charge  worked  by  a rabble.  The  top  of  the 
central  doorway  is  a little  higher  than  the  other  two, 
whereby,  owing  to  this  slight  difference  in  height, 
the  entrance  of  air  through  the  side  doorways  is 
promoted,  as  well  as  the  escape  of  the  gaseous  pro- 
ducts of  combustion  of  the  fuel  from  the  upper  part 
of  the  central  doorway.  At  an  equal  distance  from 
each  side  of  the  oven  a low  vertical  wall,  or  fire- 
bridge, extends  along  the  bottom  from  front  to  back; 
and  the  spaces  included  between  these  walls  and  the 
adjacent  sides  of  the  oven  respectively  constitute 
two  fire-places,  without  any  grate.  The  length  of 
the  bed  from  back  to  front  is  11  feet,  and  the  width 
between  the  bridges  is  8 feet  4 inches.  Immediately 
underneath  the  middle  door  is  a space,  of  which  the 
sides  are  formed  of  two  vertical  plates  of  cast  iron, 
or  by  narrow  brick  walls ; the  back  by  the  lower 


part  of  the  large  cast-iron  plate  supporting  the  front 
of  the  oven,  and  containing  the  central  doorway; 
and  the  bottom  by  the  floor,  which  is  here  covered 
with  a plate  of  cast  iron,  or  formed  of  a large  slab 
of  stone,  the  front  and  the  top  being  left  open. 
This  space  receives  the  oxidised  lead  when  it  is 
drawn  out  of  the  oven  at  the  end  of  the  first  dress- 
ing or  “ dusting”  stage.  In  front  of  the  oven  above 
is  an  arched  space  or  hood  of  brickwork,  prolonged 
upwards  into  a short  vertical  chimney,  and  the  pro- 
ducts of  combustion  of  the  fuel  and  any  lead  dust 
carried  upwards  escape  from  the  oven  and  ascend 
through  this  hood.  In  front  of  the  central  door  a 
chain  is  suspended,  having  a hook  at  the  bottom, 
which  serves  as  a fulcrum  for  the  rabble.  The  oven 
is  firmly  braced  by  means  of  cast-iron  standards  and 
wrought-iron  tie  rods.  The  fuel  used  in  these  ovens 
is  coal,  in  lumps  of  considerable  size  ; but  when 
they  are  provided  with  grates  and  ash-pits,  extending 
backwards  for  about  one-third  of  the  length  of  the 
oven,  small  coal  may  be  employed.  The  top  of  the 
oven  is  usually  covered  with  a layer  of  sand,  or 
other  badly-conducting  material.  At  some  w'orks 
the  same  oven  is  used  for  the  next  operation  of 
colouring  as  for  the  dressing.  Where  a separate 
oven  is  employed  it  differs  in  a few  particulars. 
There  is  no  cast-iron  bed-plate ; the  bottom  is  flat,  and 
slopes  down  4 inches  from  back  to  front.  From  22 
to  25  cwts.  of  lead  are  charged  into  the  oven,  and  a 
dam  is  made  across  the  front  with  the  coarse  par- 
ticles of  intermixed  lead  and  oxide  resulting  from 
the  grinding  and  levigation  of  the  former  charge. 
This  material  is  beaten  down  firmly  with  a piece 
of  flat  wood.  The  lead  when  melted  forms  a pool 
behind  the  dam,  in  which  the  rabble  is  w'orked  back- 
wards and  forwards,  each  movement  splashing  the 
lead  over  the  oxide  formed.  In  about  two  hours’ 
time  the  dross  which  has  accumulated  is  thrust  into 
a heap  towards  the  back  of  the  oven,  the  pool  of 
lead  becoming  smaller.  At  intervahs  lumps  of  sh  g 
lead  are  thrown  in  to  assist  the  oxidation,  which 
it  does  in  a very  remarkable  manner.  The  active 
substance  in  promoting  this  oxidation  is  undoubt- 
edly the  antimony  contained  in  the  slag  lead ; and 
an  experiment  may  easily  be  made  on  a small  scale, 
which  is  extremely  instructive.  If  very  pure  refined 
le.ad  is  melted  in  a ladle  it  will  have  a smooth  white 
surface,  showing  little  tendency  to  the  display  of  a 
succession  of  oxidation  colours  ; moreover,  the  sur- 
faces touching  the  sides  of  the  ladle  are  convex  like 
mercury.  If  now  a very  minute  proportion  of 
antimony  be  added,  previously  alloyed  with  lead, 
so  that  it  will  melt  at  once  without  raising  the  tem- 
perature, in  a moment  the  surface  oxidises,  and  a 
succession  of  colours  is  produced  when  the  metal 
is  stirred ; a quantity  of  oxide  is  formed,  and  the 
metal  licks  or  wets  the  surface  of  the  ladle  like 
water.  An  artificiid  slag  lead  can  be  made  by  mix- 
ing antimony  and  lead  in  suitable  proportions — 
about  8 or  4 per  cent,  of  antimony  answers  the 
purpose  exceedingly  well.  Baker  tried  the  effect 
of  an  artificial  slag  lead  made  with  sulphur,  by 
melting  2 per  cent,  of  galena  with  soft  lead.  The 


LEAD. — Poisoning. 


308 


product  was  poured  out  red-hot  into  moulds,  and  I 
upon  solidifying  passed  through  a pasty  condition, 
like  ordinary  slag  lead  or  plumbers’  solder.  Upon 
breaking  the  pig  of  lead  thus  formed  it  had  a granu- 
lar fracture,  and  showed  the  oxidation  colours 
characteristic  of  lead  free  from  antimony.  AVhen 
used  with  an  ordinary  charge  of  lead  it  was  found 
to  assist  the  oxidation,  but  not  so  well  as  the  slag 
lead  containing  antimony.  When  red  lead  is  re- 
quired for  glass  makers  it  is  important  to  have  it 
free  from  copper ; therefore  if  refined  lead  is  used 
it  is  necessary  to  oxidise  the  lead  without  the  use  of 
the  slag  lead,  or  at  least  to  use  as  little  as  pos.sible, 
as  it  would  introduce  a small  proportion  of  copper. 
An  experiment  was  made  with  the  same  qualiry  of 
soft  lead  with  and  without  the  addition  of  slag  lead, 
and  it  was  found  that  the  dressing  was  shortened 
by  two  hours  when  slag  lead  was  used.  Lead 
which  has  passed  through  the  Pattinson  process, 
and  is  quite  free  from  antimony  and  sulphur,  but 
containing  from  10  to  20  ozs.  of  copper  per  ton,  was 
also  found  to  be  more  readily  oxidised  than  purer 
lead.  This  fact  must  be  due  to  the  presence  of  the 
copper,  although  this  metal  is  found  to  become  con- 
centrated during  the  operation,  and  a larger  propor- 
tion is  found  in  the  residual  lead  which  remains 
unoxidised  at  the  end  of  the  shift  than  existed  in 
the  original  charge. 

The  oxidised  charge,  after  it  is  raked  out,  is  allowed 
to  cool  in  the  space  in  front  of  the  oven,  and  is  then 
carried  to  the  mill  stones,  where  it  is  ground  with 
a regulated  supply  of  water.  The  heavy  particles 
which  sink  in  the  troughs  leading  to  the  settling 
cisterns  are  used  to  dam  up  the  charge  of  lead  in 
the  dressing  oven.  The  levigation  at  some  works  is 
performed  by  receiving  the  ground  stuff  from  the 
stones  in  a puddler  in  which  an  upright  shaft  fur- 
nished with  arms  revolves,  whilst  a current  of  water 
is  forced  from  the  bottom  and  stirs  up  the  litharge, 
so  that  the  lighter  particles  are  disengaged  and  float 
away  with  the  overflowing  stream,  whilst  the  heavier 
green-coloured  portions,  containing  grains  of  metallic 
lead,  gradually  collect  at  the  bottom,  and  are  removed 
from  time  to  time. 

The  litharge,  when  washed  and  dried,  has  a browm- 
ish-yellow  or  buff  colour,  and  almost  invariably 
contains  a trifling  quantity  of  metallic  lead.  As 
powdered  litharge  is  an  article  of  commerce,  at  this 
stage  it  may  be  simply  dried,  sieved,  and  put  into 
c.asks.  For  conversion  into  red  lead,  the  litharge  is 
kept  in  the  oven  for  forty-eight  hours  at  a regulated 
heat,  whilst  the  charge  is  frequently  stirred  to  pro- 
mote the  absorption  of  oxygen.  The  progress  of  the 
colouring  is  watched  by  withdrawing  a sample  on 
the  paddle  from  time  to  time;  when  hot  it  has  a rich 
purple  tint,  and  as  the  conversion  approaches  com- 
pletion it  assumes  the  bright  colour  of  red  lead 
when  cold. 

There  is  a variety  of  red  lead  known  as  orange 
lead,  which  is  produced  by  heating  white  lead  in  the 
colouring  oven.  At  some  whit  ' lead  works,  if  not 
at  all,  occasionally  a large  quantity  of  white  lead 
froth  is  formed  during  the  grinding  of  very  soft  cor-  | 


rosions.  If  this  is  collected  and  charged  in  the  ovens, 
a very  soft  and  bright-coloured  orange  lead  is  pro- 
duced. The  different  shades  of  red  lead  observed  in 
comparing  the  product  of  various  manufactures,  are 
due  chiefly  to  the  amount  of  carbonate  which  is 
formed  in  the  mass  of  litharge  by  exposure  to  the 
air  before  it  is  put  into  the  colouring  oven.  Lead 
with  much  antimony  in  it  will  give  a lighter  colour, 
from  the  formation  of  yellow  antimoniate  of  lead. 
Red  lead  when  it  is  drawn  from  the  oven  is  simply 
sieved  and  put  into  casks.  The  orange  lead  must  be 
ground  and  levigated,  as  it  is  submitted  to  a higher 
temperature,  and  the  charge  is  full  of  lumps  from 
incipient  fusion  of  the  litharge. 

At  some  works  drossing  by  machinery  is  practised 
by  means  of  a vertical  shaft  with  metal  blades,  which 
is  fixed  in  the  centre  of  the  oven,  the  floor  of  which 
is  oval  or  disc  shaped.  The  revolution  of  the  shaft 
keeps  the  pool  of  lead  in  agitation,  and  as  the  oxide 
forms  it  is  heaped  around  by  means  of  the  rabble. 
It  is  stated  that  larger  charges  can  be  worked  off  by 
this  arrangement.  The  sieving  of  the  red  lead  is 
accomplished  in  a covered  apparatus,  generally  con- 
sisting of  iron  edge  rolls,  from  which  the  crushed  stuff 
falls  into  a fine  wire  sieve  working  below  them,  so  that 
the  workmen  are  not  exposed  to  the  poisonous  dust. 

Lead  Poisnnimj. — Efficient  ventilation,  and  cleanli- 
ness on  the  part  of  the  work  people,  in  both  white 
and  red  lead  works,  can  alone  prevent  lead  sick- 
ness. IVith  proper  draught  in  the  furnaces,  and 
roomy  smelting  houses,  there  does  not  seem  much 
danger;  but  in  the  handling  dry  white  lead  corro- 
sions, and  packing  the  red  and  white  lead,  it  is 
difficult  without  intelligence  and  care  on  the  part 
of  the  workmen  to  avoid  poisonous  effects  of  the 
dust.  Lead  is  introduced  into  the  system  through 
the  lungs  by  inhalation  of  lead  smoke,  or  air  con- 
taminated with  plumbiferous  dust ; through  the 
stomach,  by  swallowing  food  or  drink  impregnated 
with  lead;  and  through  the  skin  or  mucous  surfaces, 
by  prolonged  contact  with  lead  and  its  compounds. 

The  chief  symptoms  of  lead  or  painter’s  colic  are 
severe  griping  pains  in  the  stomach  and  obstinate 
constipation.  A remarkable  and  characteristic  sign 
of  lead  poisoning  is  a bluish-grey  line  along  the  gums 
at  their  junction  with  the  teeth.  The  skin  has  a dull, 
dirty,  and  cadaverous  appearance.  After  several 
attacks  local  palsy  commonly  supervenes.  This 
symptom  characterizes  the  disease  called  the  wrist 
drop,  which  is  a frequent  complaint  of  the  Sheffield 
file  cutters,  who  use  a block  of  lead  to  supfiort  the 
file  under  the  blows  of  the  hammer  on  the  chisel. 
The  treatment  of  a case  of  lead  colic  mo.st  efficacious 
appears  to  be  an  ounce  of  castor  oil  mixed  with  ten 
drops  of  laudanum,  to  be  taken  twice  daily,  and 
large  hot  poultices  of  linseed  meal  to  be  applied  to 
the  stomach.  At  night  a draught  of  forty  drops  of 
the  Uqimr  o/tii  nedativnn  in  camphor  mixture  is  pre- 
scribed, if  the  bowels  have  been  acted  upon  during 
the  day. 

In  chronic  cases  potassium  iodide  has  been  found 
to  favour  the  elimination  of  the  poison  by  the  kidneys. 
It  is  given  in  doses  of  from  5 to  10  grains  twice  or 
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thrice  daily.  Perhaps  the  most  insidious  form  in 
which  lead  is  introduced  into  the  system,  is  by  drink- 
ing water  contaminated  with  this  metal.  Soft  water, 
unless  deprived  of  oxygen,  which  it  naturally  con- 
tains, has  an  active  solvent  action  upon  lead.  The 
contents  of  an  open  cistern  receiving  rain  water  will 
be  found  charged  with  lead,  and  the  water  will  turn 
deep  brown  with  hydric  sulphide,  and  yield  a yellow 
precipitate  with  potassium  chromate.  The  presence 
of  suljihates  or  chlorides  hinders  the  solution,  so  that 
hard  waters  may  be  more  safely  passed  through  lead 
pipes  and  stored  in  lead  cisterns  for  domestic  use. 
Chimstison  asserts  that  all  salts  impede  the  action, 
and  nearly  in  the  inverse  ratio  of  the  solubility  of 
the  compounds  wliich  their  acid  forms  with  lead 
oxide.  Some  salts,  when  in  comparatively  strong 
solution,  assist  the  action,  which  in  weaker  solution 
they  impede.  Sodium  carbonate  renders  even  a hard 
water  capable  of  attacking  lead,  its  bicarbonate  does 
not.  Lead  cisterns  should  be  soldered  autogenously, 
and  carefully  protected  from  galvanic  action.  Ac- 
cording to  Carter  Bell,  pure  water  dissolves  0-946 
of  plumbic  chloride,  and  the  addition  of  hydro- 
chloric acid  up  to  14  per  cent,  decreases  the  solu- 
bility of  this  salt ; afterwards  more  acid  increases  it. 
The  presence  of  ammonium  nitrate  and  nitrates 
increases  in  a marked  degree  the  solubility  of  lead, 
even  in  the  presence  of  salts  which  would  otherwise 


protect  it  from  solution.  Kaiser  kept  freshly  cut 
strips  of  lead  in  a bottle  of  sea  water  for  four  days, 
the  bottle  being  frequently  shaken.  No  trace  of  lead 
could  be  detected  in  the  water,  but  the  bright  sur- 
face of  the  strips  was  coated  with  an  insoluble  lead 
compound.  He  concludes  that  lead  pipes  may  be 
used  in  marine  aquaria  without  any  fear  of  injury  to 
their  inhabitants.  A valuable  contribution  to  the 
action  of  saline  solutions  upon  lead  was  made  by 
Pattinson  Muir  in  1872,  who  shows  that  compara- 
tively small  quantities  of  pure  nitrates  (especially 
ammonium  nitrate)  dissolved  in  a large  quantity  of 
water,  causes  that  water  to  exercise  a very  pow-erful 
solvent  action  upon  lead.  Pure  distilled  water  dis- 
,solves  about  2 milligrams,  of  lead  per  litre  after 
twenty-four  hours  exposure  of  the  lead  to  the  action 
of  the  water.  Loch  Katrine  water  (as  supplied  to 
Glasgow)  dissolves  about  half  as  much  lead  as  this. 
If  a very  small  quantity  of  a soluble  carbonate  be 
present  the  action  of  this  solution  on  lead  is  scarcely 
perceptible.  So,  also,  if  to  a water  containing  nitrates 
there  is  added  a small  quantity  of  a carbonate,  the 
action  which,  were  nitrates  alone  present,  would  be 
exercised  on  the  lead,  is  rendered  very  much  less 
energetic.  Chlorides  act  like  carbonates,  but  not  to 
so  great  a degree,  and  sulphates  also  act  in  a similar 
manner.  The  result  of  the  experiments  are  embodied 
in  the  following  table; — 


Name  of  Salt  in  Solution, 


Atiimonium  nitrate,. 

<<  it 

it  i< 

Potassium  nitrate,. . . 
Sodium  sulphate,  . . 
Potassium  nitrate.... 
Sodium  sul]ihate,  . . . 
Potassium  idtrate,... 
Sodium  carbonate,.. . 

Potassium  idtrate 

Potassium  carbonate. 
Calcium  sulphate,.  .. 


Potassium  carbonate. 
Calcium  chloride,. . . 


Sodium  sulphate. 


Ammonium  nitrate, . 

Calcium  nitrate, 

Ammonium  chloride,. 
Potassium  carbonate. 
Sodium  sulphate,  ... 
Sodium  sulphate,  . . . 
Potassium  carbonate. 
Calcium  chloride, . . . 

Loch  Katrine 

Distilled  water, 


Grams.  i>er 
Litre. 

Grains  per 
Oallou. 

Lead  Dissolved. 

Grains,  per  Litre. 

Grains  per  Gallon. 

24  Hours. 

46  Hours. 

72  Hours. 

24  Hours. 

46  Hours. 

72  Hours. 

•1)2 

1-4 

13 

_ 

25 

•91 



1-75 

•ot 

2-8 

15 

15 

32 

1-05 

1-05 

2-24 

•08 

5-6 

15 

— 

— 

1-05 

— 

— 

•02 

•05 

1-41 

3-51 

2 

2 

— 

•14 

•14 

— 

•04 

"212 

2-8 1 
14-7  r 

•8 

1 

1-2 

•05 

•07 

•08 

•045 

•308 

3-1  > 
21 -5  r 

— 

— 

•3 

— 

— 

•021 

•078 

•.'04 

,5-4) 
35-2  f 

— 

— 

•5 

— 

— 

•035 

•2.52 

17-5 

•4 



•8 

•02 



•05 

•458 

28 '3 

•4 



1-0 

•02 

— 

•07 

•31 

21-7 

— 



•2 





•014 

•516 

36  1 

— 



•2 

— 

— 

•014 

•25 

17-5 

•5 

•5 

•5 

•04 

•04 

•04 

•51 

35-7 

•3 



•4 

•028 

— 

•028 

•20 

140 

— 



•8 



— 

*05 

•40 

28-0 

— 

— 

•5 



— 

•03 

•02 

•06 

1-41 
4-2  r 

— 

— 

1-8 

— 

— 

•126 

•02 

1-4) 

•10 

7-0  C 

— 

— 

•4 



— 

•028 

•20 

14-0) 

•20 

14-0) 

•04 

2-8  V 

— 

— 

•1 

— 

— 

•007 

•10 

7-0) 

— 

— 

1 

1 

1-5 

•07 

•07 

•105 

— 

— 

2 

2 

3 

*15 

•15 

•21 

Aiialj/sis.  — ^Miller  recommends  the  following 
method  for  detecting  lead  in  water : — Acidify  with  a 
few  drops  of  acetic  acid,  and  add  one-twentieth  of  the 
volume  of  water  of  a saturated  solution  of  hydric 
sulphide  in  a 10-inch  glass  cylinder  ; a brown  colora- 
tion will  Le  evident  when  a very  minute  quantity  is 
jiresent.  It  is  as  well  to  compare  it  with  the  water 


not  having  had  the  reagent  added.  For  quantitative 
analysis  a standard  solution  may  be  made  for  com- 
parison, containing  0-1 831  grams,  of  crystallized  sugar 
of  lead  to  1 litre  of  water. 

For  the  analysis  of  metallic  lead  it  is  requisite  to 
employ  a large  quantity,  as  the  impurities  contained 
do  not  often  amount  to  1 per  cent.  For  refined 
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lead  at  least  2000  grains  should  be  employed.  After 
■weighing,  it  is  convenient  to  melt  the  lead  in  a 
Berlin  porcelain  crucible,  and  to  granulate  it  by 
pouring  into  a large  beaker  full  of  distilled  -water; 
the  crucible  with  lead  adhering  to  it  is  added  when 
cold.  The  quantity  of  water  should  measure  about 
1 quart.  About  1^  pint  of  this  water  is  poured  off 
the  lead,  and  nitric  acid  added  to  the  remainder  to 
effect  solution.  When  quite  dissolved  the  crucible 
is  removed  ; the  solution  is  poured  into  a capacious 
evaporating  dish,  and  evaporated  to  dryness  to  re- 
move the  excess  of  acid.  Upon  re-dissolving  in 
water  a white  residue  is  generally  obtained,  which 
may  be  collected  and  weighed  on  a tared  filter. 
Tliis  insoluble  matter  may  be  lead  sulphate,  and 
antimony  and  tin  oxides.  The  suljihate  may  have 
been  produced  by  traces  of  hydric  sulphate  in  the 
nitric  acid  used,  so  that  if  it  is  an  important  fact 
to  determine  a blank  experiment  should  be  made. 
The  residue  may  be  treated  with  ammonium  sul- 
phide, and  the  antimony  and  tin  obtained  in  solution. 
On  acidifying  they  are  precipitated  as  sulphides,  and 
may  be  weighed  together.  Their  separation  from 
lead  oxide  and  sulphate  may  also  be  accomplished 
by  Tookey’s  method  after  oxidation  with  fuming 
nitric  acid.  This  consists  in  passing  a current  of 
dry  hydrochloric  acid  over  the  oxides,  to  convert 
them  into  chlorides ; after  which  the  application  of 
a gentle  heat  will  volatilize  the  chlorides  of  tin  and 
antimony,  which  may  be  condensed  in  a beaker  of 
water,  whilst  the  plumbic  chloride  remains  behind. 
Antimony  is  now  precipitated  by  metallic  iron,  and 
the  tin  subsequently  by  hydric  sulphide. 

The  solution  of  lead  nitrate,  containing  probably 
copper,  silver  (bismuth),  iron,  nickel,  and  zinc,  is 
warmed,  and  hydric  sulphate  added  until  all  the 
lead  is  precipitated  ; a drop  or  two  of  hydrochloric 
acid  is  added  to  throw  down  the  silver.  Upon 
subsidence  of  the  dense  white  precipitate,  the  clear 
fluid  is  decanted,  washed,  and  evaporated  with  the 
wash  water  to  dryness.  Upon  re-solution  of  the 
residue  and  filtration,  a current  of  hydric  sulphide 
is  passed  through  to  precipitate  copper  and  bismuth 
sulphides.  These  are  filtered  off,  and  separated,  after 
solution  in  nitro-hydrochloric  acid,  by  ammonia. 

After  boiling  off  the  hydric  sulphide  in  the  filtrate 
from  the  copper  sulphide,  the  iron,  after  oxidation, 
is  precipitated  by  ammonia,  and  zinc  will  be  held  in 
solution,  from  which  it  may  be  precipitated  with  a 
drop  or  two  of  ammonium  sulphide.  If  this  pre- 
cipitate is  dark  coloured,  nickel  may  be  suspected. 
The  silver  is  best  estimated  by  cupellation.  For 
refined  lead  not  less  than  2000  grains  must  be  used ; 
and  if  for  the  purpose  of  making  white  lead,  it  will 
be  necessary  to  scorify  and  cupel  5000  grains,  in 
order  to  get  an  accurate  estimation  of  so  important 
an  impurity. 

LEATHEE. — French,  cuir ; German,  kder;  Italian, 
caq/o;  Spanish,  cuejv);  Greek,  Hindoo,  c/nnnm. 

— The  hide  or  skin  of  any  of  the  w'vrm  - blooded 
animals,  when  removed  from  the  carcase  and  ex- 
posed to  the  action  of  air  and  moisture,  rapidly 
enters  on  a state  of  decomposition.  But  if  the  fresh 


skin  of  an  animal,  carefully  divested  of  hair,  fat,  and 
other  impurities,  is  immersed  in  dilute  solutions  of 
tannic  acid,  a chemical  combination  ensues;  the  elas- 
tic and  cellular  tissues  gradually  combine  with  that 
substance,  ultimately  forming  .an  insoluble  compound, 
incapable  of  putrefaction.  This  is  leather. 

The  origin  of  the  art  of  tanning  must  ever  remain 
shrouded  in  the  obscurity  which  at  present  veils  it. 
The  untutored  savage  was  and  is  content  to  use 
the  skins  of  animals  captured  in  the  chase  in  the 
simplest  form,  merely  drying  them  in  the  sun,  or 
roughly  preparing  them  with  grease  or  oil.  Many 
isolated  portions  of  the  human  family  are  at  the 
present  time  ignorant  of  tanning.  Dr.  Ellis,  when 
in  Madagascar,  found  to  his  surprise  that,  although 
the  island  possessed  many  tanning  agents,  yet  the 
natives  never  appear  to  have  used  them  for  that 
purpose.  All  the  islanders  of  the  Pacific  Ocean 
were,  until  a recent  period,  strangers  to  the  art  of 
tanning.  This  may  be  attributed  in  great  measure 


Fig.  1. 


to  the  fact  that,  with  the  exception  of  kangaroos  in 
Australia,  all  the  large  and  small  islands  of  Aus- 
tralia were  destitute  of  mammalia  with  skins  of  size 
available  for  coverings.  But  the  inhabitants  of  the 
great  centres  of  civilization,  such  as  Egypt  and 
China,  early  acquired  the  art  of  preparing  the  skin. 
Tanning  must  have  been  practised  by  the  Egyptians 
2700  years  since,  as  is  evidenced  by  the  pieces  of 
embossed  gilt  leather  straps  taken  from  a mummy, 
and  now  exhibited  in  the  British  Museum.  The 
figures  on  the  strap  represent  the  first  or  second  king 
Orsokou  adoring  the  god  Bhem.  Date,  900  b.c. 
(Fig.  ]).  In  the  book  of  Numbers,  chap.  xxxi.  20, 
after  the  war  with  the  Midianites,  reference  is  made 
to  the  purification  of  their  raiment,  and  of  all  that 
pertained  to  skins ; also  in  the  instructions  for  the 
erection  of  the  Tabernacle,  rains’  skins  dyed  red,  and 
badgers’  skins,  are  mentioned  as  the  two  outermost 
coverings  of  the  sacred  structure.  The  bottle  of 
water  which  Abraham  placed  on  Hagar’s  shoulder 
(Gen.  xiv.  21),  as  she  left  his  camp  with  Ishmael, 
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was  probably  the  skin  of  a kid  or  goat,  similar  to 
those  in  general  use  among  the  nomadic  tribes  of 
Asia.  In  Herodotus  mention  is  made  that,  among 
the  motley  crowd  that  followed  Xerxes,  were  Ethi- 
opians, who  carried  shields  covered  with  skin,  and 
the  Thracians  had  their  legs  protected  by  buskins 
manufactured  from  the  skins  of  fawns.  In  any 
attempt  to  ascertain  the  probable  age  of  the  leather 
manufacture  the  student  is  met  by  this  difficulty — 
in  the  three  dead  languages,  Latin,  Greek,  and 
Hebrew,  and  probably  others,  the  words  hide,  skin, 
and  leather  are  used  indiscriminately.  Thus  in  Latin 
coriiim  stands  for  skin  and  leather;  in  the  Greek 
is  vaguely  employed  for  either.  Thus  in  the 
case  of  the  shields  of  ancient  heroes,  they  were  pro- 
bably nothing  more  than  a rude  wooden  frame,  over 
which  was  stretched  the  thickest  part  of  the  bull’s 
hide,  namely,  the  shoulder;  this  dried  in  the  sun, 
and  of  three  layers,  would  be  amply  sufficient  to 
ward  off  any  ordinary  sword  cut.  But  they  could 
not  properly  be  designated  leather  shields.  The 
skin  bottles,  to  which  reference  has  been  made,  were 
evidently  only  greased  externally ; they  seem  to 
have  undergone  no  other  preparation,  and  therefore 
this  elucidates  the  meaning  of  David’s  complaint  in 
Psalm  cxix.  83  : “I  am  like  a bottle  in  the  smoke,” 
which  would  naturally  deteriorate  under  such  cir- 
cumstances. Our  Lord  also  refers  to  the  old  bottles 
which,  having  lost  their  elasticity,  were  unequal  to 
resist  the  fermentation  of  the  new  wine.  But  on 
the  other  hand,  the  rams’  skins  and  badgers’  skins 
of  the  Tabernacle  must  have  passed  through  some 
more  elaborate  process  than  greasing,  especially  if 
the  wool  and  fur  were  retained;  they  may  therefore 
be  recognized  as  leather.  The  Jews  appear  to  have 
had  the  same  prejudice  against  all  connection  with 
the  leather  trade  as  most  of  the  Eastern  nations. 
The  Talmud  says,  “ Woe  unto  him  whose  trade  is 
a tanner;”  yet  Peter,  in  pursuit  of  his  missionary 
work,  was  able  to  rise  above  the  common  prejudice, 
in  locating  himself  at  the  house  of  Simon  the  tanner, 
to  which  Dean  Stanley,  in  his  “Sinai  and  Palestine,” 
refers  as  one  of  the  few  spots  it  is  possible  to  identify 
with  some  degree  of  certainty.  The  waves  of  the 
sea  dash  against  the  outer  wall,  whilst  within  the 
court-yard  rises  a beautiful  spring  of  water,  furnish- 
ing that  which  was  so  necessary  for  his  trade.  The 
Chinese  from  the  remotest  age  were  acquai)iteJ  with 
tanning.  The  Romans  attained  to  considerable  per- 
fection in  the  preparation  and  finishing  of  leather. 
Boots  and  shoes  of  a finish  comparable  with  those  of 
the  present  day  adorned  the  feet  of  the  Roman  ladies. 
Puny  speaks  of  hides  tanned  with  bark  (“  cortice 
coria  conficere  ”).  He  also  mentions  gall  nuts, 
sumach,  and  lotus  bark  as  employed  in  tanning. 
After  the  irruption  of  the  barbarians,  leather  came 
into  more  general  use,  but  the  character  of  the 
manufacture  was  inferior.  But  little  advance  was 
made  in  the  art  during  the  dark  ages.  Embossed 
leather  of  considerable  artistic  beauty  came  into 
vogue  about  a.d.  1300.  Specimens  of  it  may  be 
seen  at  the  present  day  in  some  of  our  old  houses, 
in  the  form  of  tapestry,  at  Blenheim,  Norwich 


Palace,  and  a few  other  spots ; these  were  highly 
coloured  and  gilded.  Spain,  Italy,  Flanders,  and 
England  were  each  in  turn  celebrated  for  the  pro- 
duction of  these  works  of  art.  It  is  a matter  of 
regret  that  the  art  has  fallen  into  disuse.  Leake, 
of  London,  has  within  a few  years  sought  to  revive 
it,  having  produced  some  very  beautiful  representa- 
tions of  fruits,  flowers,  &c.,  on  embossed  leather. 

The  statute  book  of  England  is  in  itself  an  in- 
teresting study,  to  notice  how  many  well  meaning 
but  foolish  enactments  were  passed  bearing  on  the 
leather  manufacture,  which,  far  from  being  a blessing, 
hampered  the  tanner,  and  prevented  any  improve- 
ment in  the  article,  so  that  for  300  years  it  may  be 
broadly  asserted  the  trade  remained  at  a stand  still. 
At  the  commencement  of  the  present  century  the 
exciseman  was  in  constant  attendance  at  the  tan- 
yard  ; not  a hide  was  permitted  to  be  moved  with- 
out his  supervision,  and  heavy  fines  were  inflicted 
for  all  infractions  of  the  law.  The  amount  received 
by  government  for  this  vexatious  impost  was  only 
£330,496  for  1828.  In  1830  Goulburn  abolished  the 
tax  on  leather,  which  had  reached  £411,000.  An 
instructive  lesson  may  be  learned  from  comparing 
the  value  of  leather  and  saddlery  exported  in  the 
years  1828  and  1875. 


1828.  1875 

Leather £94,155  ....  £1,442,215 

Saddlery, 89,206  ....  2,364,258 


£183,361  ....  £3,806,473 

The  tanners  of  fifty  years  since  were  men  of  but 
limited  capital,  scattered  over  the  country,  working 
under  great  disadvantages.  They  had  an  instinctive 
dread  of  all  improvements  and  innovations,  and  were, 
with  few  exceptions,  totally  ignorant  of  the  chemistry 
of  their  trade.  Now  large  tan-yards  of  improved 
construction  are  gradually  concentrating  near  the 
great  ports  where  the  raw  materials  are  imported,  the 
amount  of  capital  invested  having  been  estimated 
at  £30,000,000.  The  chemistry  of  the  trade  has 
also  become  the  subject  of  inquiry  and  scientific 
research,  the  advent  of  many  new  tanning  materials 
demanding  from  the  manufacturer  a more  extended 
and  enlightened  knowledge  of  the  different  forms 
of  tannic  acid  brought  before  him,  and  of  the  laws 
which  govern  their  right  application.  Science  has  as 
yet  been  able  to  effect  only  small  results  in  this 
manufacture,  as  compared  with  its  success  in  many 
others.  There  have  not  been  wanting  scientific  men 
whose  sympathies  have  been  enlisted  on  hehalf  of 
the  tanner ; but  the  majority  have  too  often  applied 
their  knowledge  to  carry  out  some  pet  theory  of 
their  own,  rather  than  patiently  work  out  the  pro- 
blems which  were  waiting  to  be  solved.  The  time 
occupied  in  the  process  has  been  materially  shortened, 
but  the  quality  of  the  leather  has  correspondingly 
deteriorated.  Rapidity  with  excellence  of  quality  has 
yet  to  be  attained.  Within  a few  years  considerable 
attention  has  been  directed  to  the  subject,  so  that 
many  men  of  eminence  both  in  England  and  on  the 
Continent  are  engaged  with  it.  Chemistry  is  quietly 
but  surely  extracting  from  nature  the  answers  to 
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certain  questions,  thus  laying  the  foundation  for  a 
more  thorough  knowledge  of  the  subject.  The  tanner 
is  indebted  to  the  labours  of  nianj'  English  and 
German  chemists,  as  Davy,  Calvert,  Brande, 
Kei.mer,  Either,  and  Schiff.  Nor  must  it  be  for- 
gotten that  the  different  exhibitions,  both  in  England 
and  elsewhere,  have  tended  to  raise  the  standard 
and  enlarge  the  ideas  of  the  various  competitors. 

The  Skin. — Somewhat  analogous  to  the  bark  of  a 
tree,  being  renewed  from  within  as  rapidly  as  the 
exterior  surface  is  lost  by  wear  and  desquamation, 
the  skin  is  divided  into  two  distinct  parts — the 
cuticle  or  epidermis,  and  the  corium  or  true  skin. 

According  to  Ashe  (who  has  written  a very 
scientific  paper  on  the  human  skin,  to  which  we  are 
indebted) — “ The  cutis,  or  true  skin,  c.  Fig.  2,  rests 
upon  a very  fine  interlaced  or  netted  structure,  called 
the  areolar  tisifue,  out  of  which,  if  we  may  so  express  it, 
the  granules  and  fibres  of  the  skin  are  formed.  The 
cuticle,  or  scarf  skin,  a,  is  never  of  any  great  thickness 
in  any  animal,  but  the  true  skin  is  of  very  variable 


thickness.  In  the  whale  the  cutis  attains  the  thick- 
ness of  about  an  inch,  which  is  the  greatest  known 
in  any  animal.  The  cuticle,  Fig.  3,  consists  of  several 
layers  of  laminated  scales,  the  laminated  form  being 
best  marked  at  the  very  surface,  where  the  scales  are 
constantly  falling  off  as  a kind  of  scurf,  and  are  as 
constantly  being  renewed  from  below.  These  scales 
are  formed  by  the  flattening  out  of  granules  more  or 
less  rounded,  which  is  the  form  assumed  by  the 
particles  of  the  cuticle  in  its  deeper  layers.  These 
granules  are  at  first  nucleated  cells,  and  the  colour- 
ing matter  of  the  skin  resides  in  the  nuclei ; and 
these  granules  it  was  that  were  formerly  described 
as  a separate  layer  under  the  name  of  rete  mucoifum,  h, 
Fig.  2.  They  are  very  njinute,  being  about 
of  an  inch  in  diameter  at  first.  Being  removed  from 
below  as  the  flattened  scales  are  removed  above, 
they  gradually  approach  the  surface,  and  as  they  do 
so  they  more  and  more  lose  the  granular  form,  and 
assume  the  scaly  character,  their  diameter  increasing 
accordingly  to  about  -g^ijth  of  an  inch.  Into  the 
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epidermis,  or  cuticle,  no  nerves  or  blood-vessels 
penetrate,  and  it  is  nourished  merely  by  the  transu- 
dation of  the  serum  of  the  blood  through  tlie  walls 
of  the  vessels  of  the  true  skin  and  subcutaneous 
areolar  tissue,  Itisnotitselfsensitive,  but,  on  thecon- 
trary,  serves  to  blunt  the  too  exquisite  sensation  of  the 
true  skin.  Next  we  come  to  the  structure  of  the  cutis, 
or  true  skin,  c.  Fig.  2,  which  is  much  more  highly 
organized,  and  consists  of  two  kinds  of  tissue — namely, 
white  and  yellow  fibres ; the  former  being  denser  and 
more  resisting,  and  being  therefore  present  in  greater 
quantity  wherever  resistance  is  most  needed,  as  in 
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the  palm  of  the  hand  and  sole  of  the  foot ; while 
the  yellow  fibres  are  a highly-elastic  tissue,  owing 
to  their  minute  fibrillie  being  arranged  in  interlac- 
ing curves;  and  these  fibres  cross  each  other  re- 
peatedly, and  branch,  so  as  to  form  lozenge-shaped 
interstices,  which  are  filled  up  principally  by  the 
white  fibres.  These  yellow  fibres  accordingly,  as 
might  be  anticipated,  exist  in  greater  abundance 
where  elasticity  is  a special  requirement,  as  at  the 
flexures  of  the  joints,  the  lips,  &c.  The  uppermost 
surface  of  the  cutis,  or  true  skin,  is  strangely  uneven 
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and  irregular’’  (this  surface  is  technically  known  as 
the  yraitt  of  a skin.  Fig.  4,  and  will  often  be  referred  to 
hereafter  as  the  cause  of  much  anxiety  to  the  tanner), 
“ being  elevated'  into  a vast  number  of  minute 
papillie,  which  are  about  ^;^5th  of  an  inch  in  height, 
and  ^I-jyth  of  an  inch  in  diameter.  Minute  as  these 
little  papillae  are,  each  possesses  a ramification  of 
vascular  capillaries  and  of  nerve  fibres,  being,  in  fact, 
the  essential  agents  in  the  sense  of  touch,  for  that 
is  the  function  of  these  papillae.  The  skin  of  the 
tongue  in  men  and  animals  show  the  papillae  much 
larger  than  in  any  other  part  of  the  body.  The  true 
skin  is  perforated  by  perspiratory  ducts,/.  Fig.  2,  and 
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when  the  hand  is  warm  the  perspiration  may  be 
observed  even  with  the  naked  eye  to  issue  from  tliem, 
forming  minute  shining  dots.  The  glands,  e.  Fig.  2, 
by  whicli  the  perspiration  is  secreted  are  seated  at  the 
under  surface  of  tlie  true  skin,  each  embedded  in  a 
cavity  of  it.  These  glands  are  consequently  to  be 
regarded  as  true  excretory  organs,  removing  from  the 
blood  materials  that  are  no  longer  wanted,  and  which 
if  retained  would  be  injurious.  About  2500  of  these 
ducts  are  found  in  1 square  inch  of  the  skin.” 

“ Another  kind  of  gland  is  also  found  in  the  skin 
in  connection  with  the  hairs,  and  engaged  in  their 
nutrition  ; these  glands  are  called  sebaceous  glands, 
(/,  Fig.  5 ; the  ducts  of  these  glands  are  not  spiral, 
and  they  open  generally  into  the  hair  follicles  or  j)its 
in  which  the  hair  grows  out  of,  situated  in  the  sub- 
cutaneous areolar  tissue  ; these  glands  lubricate  the 
skin,  and  so  maintain  its  elasticity ; and  they  also 
eliminate  hydrocarbons  from  the  system.” 

The  first  aim  of  the  tanner  is  to  swell  the  true 
skin,  to  remove  the  cuticle  with  the  hair,  and  thus 
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prepare  the  pelt  for  the  tinning  process.  The  skin, 
on  maceration  in  water  for  any  length  of  time,  un- 
dergoes the  following  clianges : the  mucous  layer 
is  dissolved,  rendering  the  epidermis  loose,  which 
speedily  separates  from  the  corium,  carrying  the 
hair  with  it.  This  action  is  rendered  more  rapid  on 
tile  addition  of  alkalies  to  the  water.  The  extrac- 
tive matter  of  the  true  skin  is  also  soluble  in  the 
water,  leaving  the  fibres  as  a network,  in  which 
condition,  if  carefully  dried,  it  becomes  semi-trans- 
parent, not  unlike  parchment.  It  is  a matter  of 
doubt  how  far  the  albuminous  portion  of  the  corium 
should  be  wholly  dissolved,  and  whether  a portion 
of  it  may  not  be  retained  with  considerable  benefit 
to  the  future  leather.  Also,  whether  skin  which  is 
subjected  to  the  action  of  alkalies,  such  as  lime,  does 
not  deteriorate  from  the  fact  that  all  the  extractive 
matter  has  been  destroyed,  leaving  the  structure 
of  the  skin  spongy  and  porous.  Reimek  has 
lately  published  the  results  of  his  experiments  on 
skin,  which  may  be  briefly  summarized  as  follows: — 
liis  first  object  was  to  ascertain  the  nature  of  the 
vou  II. 
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substance  which  glues  together  the  fibrous  web  of 
the  raw  hide.  After  carefully  preparing  a piece  of 
skin  by  repeated  washings,  until  the  last  water  gave 
no  precipitate  with  ferrocyanide  of  potassium,  the 
skin  was  steeped  in  lime  water  for  a week  in  a stop- 
pered bottle ; this  lime  water,  after  the  removal  of 
the  skin,  was  treated  with  hydi’ochloric  acid,  when  a 
flocky  precipitate  separated,  which  when  dried  had 
much  the  appearance  of  albumen.  He  also  found 
that  skin  steeped  in  10  per  cent,  of  salt  solution 
yielded  the  same  precipitate  on  the  addition  of  acids. 
This  new  substance,  which  he  named  coriin,  is  insol- 
uble in  water,  soluble  in  alkaline  solutions  and  in 
strong  hydrochloric  acid.  Chloride  of  iron  does  not 
precipitate  coriin  ; but  it  is  readily  precipitated  by 
persulphate  of  iron.  Oak-bark  tannin  precipitates 
all  the  coriin  in  acid  solutions ; but  in  alkaline  suffi- 
cient tannin  must  be  employed  to  render  them 
neutral.  Gallo -tannin  acts  in  a similar  manner. 
The  fibrinous  portion  of  the  skin  he  next  examined, 
which  was  treated  with  one-half  per  cent,  solution 
of  acetic  acid ; the  skin  was  considerably  swollen, 
and  rendered  semi-transparent.  After  a few  days 
the  acid  solution  was  treated  with  salt,  when  a 
fibrous  precipitate,  something  like  coriin,  was  sepa- 
rated. But  this  precipitate  was  insoluble  in  lime 
water,  soluble  in  boiling  water,  and  formed  a strong 
jelly.  It  was  also  soluble  in  excess  of  strong  alka- 
lies, being  precipitated  from  acid  solutions  by 
tannin  and  persulphate  of  iron.  This  leads  us  to  one 
conclusion,  that  the  skin  when  prepared  by  the 
ordinary  process  for  the  tanner  has  the  coriin  in 
such  a condition,  that  unless  great  care  be  taken  in 
the  manipulation  of  the  skin  much  waste  of  the 
albuminous  substance  of  the  pelt  is  inevitable.  Both 
the  fibrin  of  the  skin,  with  the  coriin,  and  also  albu- 
men, are  especially  precipitated  by  tannin,  or  in 
other  words  form  a chemical  compound,  a tamio- 
gclatiii,  which  is  imputrescible,  and  at  the  same  time 
elastic.  This  chemical  combination  we  name  leather. 
Other  substances,  such  as  alum  and  sulphate  of  iron, 
also  combine  with  the  gelatin  of  the  skin ; but  the 
combination  is  one  of  a weaker  character.  All  these 
compounds  pass  under  the  name  of  leather;  but  that 
of  tanno- gelatin  is  especially  recognized  as  such,  and 
employed  in  the  various  manufactures  of  boots,  shoes, 
belting,  and  saddlery.  Having  thus  passed  under 
review  the  skin,  it  will  be  necessary  to  glance  at  the 
different  tanning  materi  ds. 

Tanning  ^Materials. — Theart  of  tanning  was  prac- 
tised long  before  its  first  principles  were  discerned  ; 
like  most  of  our  great  manufactures,  it  is  very  pro- 
bable, if  it  were  possible  to  trace  it  to  its  origin,  it 
would  be  found  to  be  the  outcome  of  some  accidental 
discovery.  Pliny  speaks  of  Tychil’S  of  Boeotia,  who 
is  said  to  have  made  Hector’s  shield  with  the  hides 
of  seven  oxen.  He  also  mentions  gall  nuts,  alum,  lotus 
bark,  and  sumach  as  being  used  in  his  time  for  tanning. 

It  remained  for  chemists  of  later  times  to  open  up 
the  science  of  tanning,  and  in  their  researches  lay 
bare  the  first  principles  of  the  art.  Seguin  was 
the  first  to  publish  the  results  of  his  experiments. 
This  chemist  showed  that  the  acid  solution  which  he 
40 
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obtained  from  digestion  of  gall-nuts  in  boiling  water 
was  distinct  from  gallic  acid,  as  it  had  the  property 
of  combining  with  animal  matters,  such  as  albumen, 
gelatin,  and  starch,  forming  with  them  insoluble 
compounds.  Daw,  Brande,  and  Stenhouse  in 
England  have  added  to  our  knowledge  in  this  matter ; 
Liebig,  Berzelius,  Erdmann,  Reimer,  and  Schiff, 
on  the  Continent,  have  each  given  their  quota. 

Tannic  acids  are  very  widely  diffused  over  the 
vegetable  kingdom  ; from  all  parts  of  the  world  is  it 


Vernacular  Name. 


Scientific  Name. 


BRITISH  ISLES. 


Oak,. 


Larch, 

Alder, 

Tormentil 

FRANCE. 

Kermes, 

Deiitelarie, 

Willow, 


Sumach, 

SPAIN. 

Cork  tree, 

Chesnut, 

Alder, 

-Aleppo  pine 

Stone  pine, 

ITALY. 

Cork  tree, 

Holm  tree,  or  green  oak,. . 

Sumach, 

Olive 

Myrtle, 

Knoi.pern, 

TURKEY. 

Valonia, 

Galls, 

RUSSIA, 

Birch 

Marsh  rosemary, 

Bearberry, 

BRirlSH  GUIANA  AND  WEST 
INDIES. 

Mora, 

Seaside  grape, 

Kararalli, 

Cnyama, 

Kullaballi, 

A r rasa, 



Hog  plum, 

Sirnabelli, 

Baramalli,  or  pump  wood,.. 

Conrida, 

Divi  divi, 

Blood  wood, 

Crab  wood, 

NORTH  AMERICA. 

Chesnut,  

Quercitron, 

Statice,  marsh  rosemary,. . 

Larch, 

Hemlock, 

Water  plantain, 

NEW  ZEALAND. 

Towhai, 

Uinan, 


Qiiercus  pedunculata,  . 

“ roluir, 

Lari.v  enropma 

A Inns  glmiiiosa, 

T.ormentilla  poteutilla, 

Qiiercus  coccifera,  . . . . 
Blninbage  europma, . . . 

Sali.\  alba, 

“ cinerea, 


Qiiercus  suber, . . . . , 
Castanea  vesca,  . . . 
Alnus  glut'nosa,  . . 
Pinus  excelepensis, 
“ pinea, 


Qiiercus  suber,. . . . 

“ ilex, 

Khiis  coriaria 

Olea  eiiropaia 

Khiis  myrtil'olia,  .. 
Quercus  pubescens, 


Qiiercus  regilops,  . 
“ iui'ectoria. 


Beta  la  alba,  

Statice  coriaria,  ,....,. 
Arctostaphilos  uva  ursi, 


Mora  excelsa, . , . . 
Coccoloba  uvifera, 
Lecythis  ollaria,  . . 


Biicida  biiceras, 

Spondias  lutea, 

Hectandra, 

Avicennia  nitida, 

Caesaipinia  coriaria, 

Carap  guianesis, 

Castanea, 

Quercus  tinctoria, 

Statice  coriaria, 

Larix  americana, 

Abies  canadensis, 

Geranium  maculatiiin,. . 
Polygonum  amphibiura, 

Weinmannia  raccmosa, 
Eioecarpus  dentatiis,  . . . 


brought  to  our  shores.  It  is  asserted  by  Morfit 
that  tannin  only  e.xists  in  perennial  plants,  and  is 
not  found  in  poisonous  plants,  or  such  as  give  a 
milky  sap.  It  is  found  in  the  bark  of  some  trees,  in 
the  leaves  and  fruits  of  others,  and  in  some  cases  the 
dried  sap  is  made  available  for  tanning  purposes. 
Subjoined  is  a list  of  most  of  the  plants  employed 
in  tanning  in  different  parts  of  the  world,  compiled 
from  list  furnished  by  the  late  W.  G.  Fry  and 
Professor  Bernardin  : — 


Part  of  Tree  Used.  Remarks. 


Bark. 


Boot. 


Bark. 

Bark  ol  root. 
Bark. 

Leaves. 


Bark Inner  bark. 

Bark  and  extract. 

Bark. 


Bark, 


Leaves, 

Bark. 


Sardinia. 

Tuscany. 

Sicily. 


Galls 


Also  Hungary. 


Acorn, 


Smyrna. 


Bark. 

Root. 

Leaves. 


Bark. 


•t 

11 

i< 

14 


Seed  pod. 
Park. 


Bark. 

Root. 

Bark. 

Bark  and  extract. 
Boot. 

i< 


Bark. 

Bark  and  extract. 
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Vernacular  Nauie. 

Scientific  Name. 

Part  of  Tree  Used. 

Remarks. 

KBW  zKALANi) — (Continued). 

Tarsekelia, 

Phyllocladus  trichoinanoides, 

Bark, 

lied  birch, 

Fagus  menziesii, 

It 



Eugeiiia  mairc, • 

14 

AFUICA. 

SalTron, 

Crocoxvlon  excelsum, 

Bark. 

U 

(t 

41 

44 

14 

44 

41 

44 

41 

(( 

44 

Nut, 

Bulb, 

EAST  INDIES. 

( Native  name  of  T. 

TamarUk  galls, 

Tamarix  indica, 

Galls, 

•<  indica,  Snmrut. 

(_  ul-toorfa. 

Betel, 

Areca  catechu, 

Nut.' 

Gamliier, 

Uncaria  gambir, 

E.\lract. 

H 

Cutch 

Acacia  catechu, 

<( 

Butua  kino, 

Butea  frondosa, 

<( 

ii 

Palachy, 

Butea  superba, 

<1 

Mochrus, 

Bombax  malebarica, 

<1 

Adurla, 

Phvlanthiis  emblica, 

Seed  pod. 

11 

MyraboIanSi 

Terminalia  cherlmla, 

Fruit, 

(1 

41 

(( 

Gaub, 

Diospyros  glutinosa 

< ( 

Soi'ah, 

41 

Turwap, 

it 

Pomegranate, 

Pnnica  granatum, 

41 

11 

a 

Huldi, 

11 

SOUTH  AMERICA. 

Divi  divi, 

r a3salpinia  coraria,  

Rio  Lache. 

Algarobiall, 

Cascara 

^ Hlpiliulsu. 
Panama. 

Tuinbo  Colorado, 

Curm|>uayy 

11 

Cevil, 

Loi  1 

Cordova. 

Molle, 

Tuga  veca, 

Brazil. 

Mnrici, 

White  mangrove, 

Avicennicia  tomentosa, 

11 

Khatany, 

Krameria  triandiia, 

Root, 

14 

(jiiebracho, 

11 

BaUamo, 

Carpon  brevitolium,.. 

Uhiii. 

AUSTRALIA  AND  TASMANIA. 

Silver  wattle, 

Bark. 

14 

Black  wattle, 

mollissima, 

Black  wood, 

“ melanoxylon 

1 4 

Honeysuckle, 

Banksia  australis, 

44 

Tasmanian  laurel, 

Anoptenis  glandulosa 

<4 

Sassafras, 

<4 

Cherrv  tree, 

Exocarpus  cupressitormus 

44 

(“he  oak 

Casuaniia  quadrivalis, 

44 

Celery. toi>ped  pine 

Phylocadus  asplenifolia, 

44 

Myrtle 

44 

Aru  Mata 

44 

Arok  kenems 

44 

Blue  gum 

Eucalyptus  globulus, 

44 

Iron  bark,  

“ resiiiifera, 

Extract, 
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The  active  astringent  principle  which  characterizes 
these  plants  have  one  property  in  common,  that  they 
unite  with  gelatin  and  albumen,  forming  insoluble 
compounds.  Chemists  have  discovered  that  the 
tannin  of  certain  plants,  such  as  oak-bark,  valonia, 
and  nut-galls,  when  treated  with  solutions  of  per- 
salts  of  iron,  give  bluish-black  precipitates.  To  this 
kind  of  tannin  they  give  the  name  gallo- tannic 
acid.  A second  variety,  including  sumach,  catechu, 
and  the  tea  plant,  give  under  similar  circumstances 
an  infusion  of  a greenish-black  tint.  The  colour 
of  the  precipitate  is.  however,  much  influenced 
by  other  external  circumstances,  so  that  it  cannot 
be  relied  on  for  giving  any  clear  deflnition,  nor 
has  it  led  to  any  practical  results.  Dr.  Stenhouse 
has  contributed  to  the  subject  much  valuable  infor- 
mation. He  endeavours  to  prove  that  all  tanning 
substances  may  be  defined  as  belonging  to  one  of 
two  classes.  The  first  is  that  of  those  tanning 
principles  in  which  the  tannic  acid  is  prone  under 
favourable  circumstances  to  degenerate  into  gallic 
acid,  and  also  yield  pyrogallic  .acid  when  submitted 
to  destructive  distillation.  Among  these  are  reckoned 
sumach,  divi-divi,  valonia,  and  myrabolans.  The 
other  class  of  tannins  do  not  contain  gallic  acid, 
nor  when  subjected  to  destructive  distillation  is 
pyrogallic  acid  the  product.  Among  these  are 
prominent  gambier  and  mimosa  bark.  The  prone- 
ness of  the  first  class  of  tannic  acids  to  turn  into 
gallic  acid  under  ordinary  conditions,  and  the  loss 
occasioned  thereby  to  the  tanner,  makes  this  ques- 
tion one  of  vital  importance  to  the  trade.  It  will 
therefore  be  necessary  to  pass  under  review  both 
gallic  and  tannic  acids. 

(^2 

Gallic  Acid,  DioxysalicijUc  acid,  Cg  d (GH)g  = 

^CO.OH 

CgH-Og.— This  acid,  which  was  discovered  by  Sciieele, 
exists  ready  formed  in  many  plants,  and  is  obtained  by 
the  metamorphosis  of  gallo-tannic  acid.  It  is  contained 
in  sumach,  in  hellebore  root,  in  divi-divi,  in  the 
acorns  of  Quercus  xyilops,  in  green  and  black  tea,  in 
Uva  vrsi  leaves,  in  sandal-wood,  and  in  colchicum. 

To  obtain  it  from  plants  which  at  the  same  time 
contain  tannin,  an  infusion  of  the  plant  is  precipitated 
with  gelatin ; the  liquor  separated  from  the  filtrate  is 
evaporated  to  dryness  and  exhausted  with  alcohol ; 
the  alcoholic  solution  is  evaporated,  and  the  residue  is 
exhausted  by  boiling  water,  which  on  coaling  deposits 
gallic  acid  in  crystals.  They  are  purified  by  recrys- 
tallization and  treatment  with  animal  charcoal.  Gallic 
acid  is,  however,  much  more  conveniently  obtained 
by  the  metamorphosis  of  gallo-tannic  acid.  The  pow- 
dered galls  are  mixed  with  water,  exi)Osing  the  mix- 
ture to  the  action  of  the  air  for  some  weeks  .at  a 
temperature  of  70°  to  75°  Fahr.,  now  and  then  adding 
water  till  the  mass  swells  and  becomes  mouldy. 
When  subjected  to  pressure  a coloured  liquid  is 
the  result;  the  residue  boiled  with  water  .and 
filtered  while  hot,  on  cooling  deposits  needle -like 
crystals  of  gallic  .acid,  which  may  be  purified  by 
redissolving  and  boiling  with  a little  animal  charcoal. 
Gallic  acid  requires  for  solution  100  parts  of  cold 


! water  and  only  3 parts  of  boiling  water ; the  solu- 
! tion  has  .an  acid  and  astringent  taste,  and  gradually 
J decomposes  by  keeping.  Gallic  acid  does  not  com- 
’ bine  with  gelatin.  Brande  mentions  that  the  effect 
[ of  heat  on  gallic  acid  is  very  peculiar.  If  heated  in 
a retort  to  a temperature  of  410°  to  420°  Fahr.  car- 
bonic acid  is  evolved,  and  the  upper  part  of  the  retort 
soon  becomes  studded  with  white  crystalline  par- 
ticles, constituting  a new  acid,  termed  by  M.  Deyecx, 
its  discoverer,  the  pi/rryallic  (pyrogallol,  CgllgOg).  If 
the  heat  be  suddenly  raised  to  480°  Fahr.  the  results 
are  different;  carbonic  acid  is  still  disengaged,  but 
inste.ad  of  a sublimation  of  crystalline  matter,  water 
is  evolved,  and  the  retort  is  ultimately  found  to  con- 
tain a considerable  amount  of  brilliant  dark-coloured 
material,  termed  mclwjallic  acid  (CgH^O^).  If  a dilute 
infusion  of  gall-nuts  be  exposed  to  atmospheric  con- 
tact for  a long  time,  not  only  is  gallic  acid  precipitated, 
but  ellayic  also.  This  ellayic  acid  (Cj^^HgOg)  is  one 
of  the  results  of  the  tanning  process.  The  tawny 
powder,  almost  insoluble  in  water,  alcohol,  and  ether, 
is  technically  known  as  Bloom. 

Gallo-tannic  Acid  (C,-H,,.,Oj-).  — Stenhouse  has 
shown  that  most  of  the  tannins  which  give  bluish- 
black  precipitates  with  ferric  salts  are  glucosides, 
that  is  to  say,  they  are  resolved  by  boiling  with 
dilute  acids  into  glucose  and  gallic  acid  ; few  give  no 
gallic  acid,  '\^'hereas,  among  those  which  give  green 
precipitates  with  ferric  salts,  only  one,  namely,  the 
tannin  of  willow  bark,  ajjpears  to  be  a glucoside. 
Gallo-tannic  acid  is  especially  distinguished  by 
yielding  pyrogallic  acid  when  heated. 

Preparation  of  Gulh-tannic  Acid. — A percolating 
apparatus  is  half  filled  with  finely-pulverized  gall- 
nuts,  and  commercial  ether,  containing  water  and 
alcohol,  is  poui-ed  in.  The  liquid  separates  into  two 
layers,  the  lower  of  which  is  a heavy,  syrupy, 
amber-coloured  solution  of  tannic  .acid,  water,  and 
ether,  while  the  upper  is  mobile,  consi.sting  of 
ether,  water,  gallic  acid,  and  a small  quantity  of 
tannic  acid.  Ether  is  poured  into  the  app.aratus  as 
long  as  the  lower  stratum  continues  to  incre.ase ; 
the  upper  Layer  is  then  removed,  and  the  lower  is 
repeatedly  washed  with  ether,  and  dried  in  vacuo. 
Gall-nuts  thus  treated  yield  from  35  to  40  per  cent, 
of  tannic  acid  (Pelouze). 

Prrpertie.'s. — Gallo-tannic  acid  is  a colourless  amor- 
phous m.oss,  remaining,  when  its  aqueous  solution 
is  evapor.ated,  in  transparent,  vitreous,  shining,  fis- 
sured, easily  friable  lumps.  It  is  inodorous ; has  a 
strongly  astringent  taste,  not  at  all  bitter ; reddens 
litmus ; does  not  soften  between  the  fingers.  It 
acquires  a 3'ellow  colour  by  exposure  to  light,  even 
in  closed  vessels.  It  does  not  act  on  polarized  light. 
Gallo-tannic  acid  dissolves  readily  in  water,  forming 
a colourless  frothing  liquor.  The  following  table 
shows  the  specific  gravity  of  aqueous  gallo-tannic 
acid  at  15°  C.,  according  to  IIam.mer  (J.  pr.  Client. 
Ixxxi.  159) : — 


Per  Ceut. 

Spec.  GfHvity. 

Per  Cent. 

Si>ec.  Gravity, 

1 

I -0040 

6 

1 0242 

2 

1-ooso 

7 

3 

8 

1-032.') 

4 

9 

1 03(57 

a 

1-02IO 

10 
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Gallo-tannic  acid  is  precipitated  unaltered  from  its 
aqueous  solutions  by  several  salts,  as  sal  ammoniac, 
common  salt,  sulphate,  and  acetate  of  potassium  (not  by 
nitre  or  glauber  salts,  according  to  Stukckek)  ; by 
sulphuric  and  hiptrorhioric  acids  (Berzelius)  ; from 
very  concentrated  solution  hy  phosphoric,  oxalic,  and 
tartaric  acids  (Wackenrodek)  ; and  by  arsenic  acid 
(Berzelius).  When  boric  acid  is  dissolved  with 
aid  of  heat  in  aqueous  tannic  acid,  the  mass  solidifies 
on  cooling  to  a white  jelly,  which  dries  up  to  a bulky 
snow-white  mass  (Berzelius).  These  precipitates 
were  regarded  by  Berzelius  as  compounds  of  tan- 
nic acid  with  mineral  acids ; but  the  precipitate 
thrown  down  by  sulphuric  acid  retains,  after  pres- 
sure, only  a small  and  variable  quantity  of  sulphuric 
acid ; that  produced  by  hydrochloric  acid  gives  off 
all  its  hydrochloric  acid  in  vacuo  over  quicklime : 
hence  the  precipitates  can  be  regarded  only  as  mix- 
tures of  tannic  acid  with  mineral  acids,  produced 
because  tannic  acid  is  less  soluble  in  acidulated  than 
in  pure  water  (Strecker). 

Decompositions. — Gallo-tannic  acid  heated  to  150° 
or  160°  C.  becomes  darker  from  incipient  decompo- 
sition; at  215°  it  is  resolved  into  water,  carbonic 
anhydride,  and  pyrogallic  acid,  which  volatilize,  and 
metagallic  acid,  which  remains ; at  250°  only  meta- 
gallic acid  is  formed,  without  pyrogallic  acid 
(Belouze). 

Gallo-t.annic  acid,  heated  in  a platinum  spoon, 
decrepitates,  undergoes  semifusion,  swells  up,  car- 
bonizes, bikes  fire,  and  burns  with  a bright  flame 
(Berzelius).  Exposed  on  a watch-glass  to  strongly 
ozonized  air,  it  acquires  a yellow  or  yellow-brown 
colour,  becomes  glutinous  and  fluid,  strongly  acid, 
from  formation  of  oxalic  acid,  and  if  the  action  be 
continued  long  enough,  disappears  completely,  being 
converted  into  water  and  carbonic  acid  (Sciionbein). 
When  a very  dilute  aqueous  solution  of  gallo-tannic 
acid  is  exposed  to  the  air  it  becomes  turbid  from  the 
separation  of  grey  crystalline  gallic  acid ; oxygen  is 
absorbed  at  the  same  time,  and  an  equal  volume  of 
carbonic  anhydride  is  produced  (Pelouze). 

Aqueous  gallo-tannic  acid,  evaporated  with  aid 
of  heat  in  open  vessels,  leaves  a brown  translucent 
mass,  which  when  treated  with  water  leaves  a dark- 
brown  residue.  This  residue  is  the  oxidized  tannic 
acid  of  the  older  chemists.  By  pennanf/anate  of  pot- 
assium aqueous  gallo-tannic  acid  is  rapidly  oxidised, 
the  solution,  if  concentrated,  giving  off  carbonic 
anhydride.  One  milligramme  of  gallo-tannic  acid 
dissolved  in  a litre  of  water  is  sufficient  to  de- 
colorize the  acid  solution  of  the  permanganate 
(Monier).  Aqueous  gallo-tannic  acid,  which  remains 
unaltered  when  not  exposed  to  the  air,  decompos "S 
with  evolution  of  carbonic  anhydride  and  formation 
of  gallic  acid,  if  it  remains  in  contact  with  the  nitro- 
. genous  constituents  of  the  gall-nuts;  therefore  in 
infusion  of  gall-nuts,  and  more  quickly  in  gall-nuts 
moistened  with  water  (Pelouze).  Ellagic  acid  is 
formed  at  the  same  time ; the  formation  of  mould, 
which  commonly  takes  place,  has  no  influence  on 
the  transformation.  The  decomposition  takes  place 
even  in  closed  vessels,  and  more  quickly  as  the  solu- 

tion  of  tannic  acid  is  more  dilute  (Robiquet).  The 
transformation  may  be  regarded  as  a fermentation 
process,  inasmuch  as  it  is  stopped  or  retarded  by 
antiseptics,  as  alcohol,  wood  vinegar,  creosote,  and 
corrosive  sublimate.  The  pectase  of  the  gall-nuts 
is  the  ferment  which  excites  the  gallous  fei  menta- 
tion, and  the  simultaneous  conversion  of  the  pectose 
into  pectin.  Emulsin,  yeast,  vegetable  or  animal 
albumen,  and  legumin,  retard  rather  than  promote 
the  gallous  fermentation  (Robiquet). 

Through  the  researches  of  Dr.  Schiff  a new  light 
dawns  on  the  formation  of  these  two  acids.  The 
science  of  organic  chemistry  is  entering  on  a new 
phase,  and  every  day  furnishes  fresh  evidence  of  the 
truth  that  we  are  on  the  threshold  of  great  dis- 
coveries. The  supposition  prevailed  some  years 
since,  that  it  was  impossible  to  build  up  the  com- 
pounds of  organic  chemistry  from  their  original 
elements,  as  is  done  continually  with  inorganic, 
becau.se  of  some  supposed  vital  force  which  the 
chemist  could  not  create — now,  however,  that  theory 
is  proved  to  be  fallacious,  as  organic  bodies  of  com- 
plete structure  are  daily  produced  in  the  laboratory, 
the  expense  alone  being  the  only  barrier  to  great 
revolutions  in  our  social  and  commercial  relations. 
Dr.  Schiff  has  plainly  demonstrated  that  gallic  acid 
is  a derivative  of  the  phenyl  series  of  alcohols:  thus, 

phenol,  Cg  -j  or  phenylic  alcohol,  gallic  acid, 

(H^ 

Cg  -<(01I),5  The  theory  that  previously  prevailed, 
(CO,  Oil 

that  gallic  acid  was  the  result  of  the  loss  of  oxygen 
by  tannic  acid,  is  proved  to  be  incorrect.  Dr.  Schiff 
is  of  opinion  that  tannic  acid  is  an  etheric  anhy- 

f CO,OH 
1 H, 

Cg^  Oil 
1 OH 

dride  of  gallic  acid,  or  digallic  acid,  0q|- 

OH 

OH 

in  other  words,  two  atoms  of  gallic  acid,  minus  one 
atom  of  water,  constitute  one  atom  of  tannic  acid.  He 
has  succeeded  so  far  as  to  be  able  to  produce  tannic 
acid  from  gallic,  by  the  following  process : — Gallic 
acid  is  mixed  with  oxychloride  of  phosphorus,  and 
heated  at  first  to  100°  C.,  and  afterwards  to  120°  C. ; 
hydrochloric  acid  is  disengaged,  and  simultaneously 
a yellow  pulverulent  matter  formed.  If  this  be 
washed  in  dry  ether  and  dissolved  in  water,  in  a few 
hours  crystals  of  gallic  acid  will  separate.  These 
are  collected  on  a filter,  and  to  the  coloured  filtrate 
is  added  chloride  of  sodium,  which  has  the  effect  of 
throwing  down  a resinous  matter  which  can  be 
easily  collected.  This  resinous  extract  is  dried  in 
vacuo  and  dissolved  in  the  least  possible  quantity 
of  alcoliol,  to  which  ether  is  afterwards  added  and 
evaporated,  and  the  result  dried  in  vacuo.  The 
product  thus  obtained  has  all  the  properties  of 
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tannic  acid,  and  does  not  contain  a trace  of  glucose. 
When  treated  with  water  and  hydrochloric  acid 
it  is  entirely  converted  into  gallic  acid  (./.  applied 
Chemintrij).  ScHiFF  observes  that  tliis  is  the  first 
tannin  which  has  been  obtained  free  from  glucose 
or  grape  sugar,  of  which  more  or  less  is  always  con- 
tained in  the  natural  tannin.  He  further  states  that 
this  applies  to  the  tannin  of  gall-nuts  and  sumach. 
Those  of  oak  bark,  valonia,  catechu,  and  mimosa, 
are  but  imperfectly  understood,  and  are  evidently 
differently  constituted,  as  none  of  them  can  be 
changed  into  gnllic  acid.  It  will  be  apparent  that 
the  discovery  of  Dr.  Schiff  opens  the  door  to  great 
changes  in  our  estimation  and  treatment  of  tanning 
materials.  If  the  experiments  of  the  laboratory  can 
be  cheaply  and  efficiently  carried  out  in  the  tanyard, 
the  result  will  be  a great  saving  to  the  trade,  as  the 
loss  from  tl»e  decomposition  of  tannic  acid  must  be 
enormous. 

A rough  summary  has  been  previously  given  of 
the  different  tanning  agents,  such  as  are  known  to 
be  grown  or  employed  for  tanning  purposes  in  many 
countries.  The  enhanced  price'  of  most  tanning 
agents,  consequent  on  the  great  development  of  the 
leather  trade,  has  stimulated  the  inquiry  for  other 
agents  to  supply  the  demand.  Some  enumerated  on 
the  list  are  of  great  strength  in  tanning  properties  ; 
but  at  present  the  production  is  often  limited,  so 
that  they  cannot  be  reckoned  as  marketable  com- 
modities. A brief  review  of  the  different  kinds  will 
be  appropriate  here. 

Barks. — The  bark  of  trees  has  been  associated 
with  tanning  from  the  earliest  period;  and  notwith- 
standing tanning  agents  of  greater  strengtli  are  in 
constant  use,  yet  the  bark  of  the  oak  stands  without 
a rival  in  its  capacity  to  produce  leather  of  the  best 
quality.  The  bark  of  the  majority  of  European 
trees  contains  tannic  acid ; but  the  percentage  of 
many  is  so  small,  that  the  number  which  are 
available  are  limited  to  five  or  six.  The  bark  of 
the  elm,  birch,  poplar,  willow,  and  beech,  have  been 
employed  by  tanners  in  the  olden  time.  But  their 
use  now  is  confined  to  a little  larch  and  wiUow  bark 
in  Scotland. 

Oak  Bark. — ^The  epidermis  of  the  Quercus  rohur, 
Querciis  pediincidata,  and  Quercus  sessiliflora,  in  all 
its  different  stages  of  growth,  from  the  bushy  under- 
growth of  the  copse  to  the  lordly  tree  of  the  park, 
is  available  for  tanning.  The  quality  of  the  bark 
varies  considerably,  the  trees  growing  on  good  clayey 
soil  yielding  bark  of  a better  kind  than  those  which 
grow  on  calcareous  soils.  The  aspect,  also,  has  much 
to  do  with  the  quality  ; the  bark  removed  from  trees 
having  a southern  aspect  is  much  to  be  preferred. 
Mci.ler’s  analyses  of  oak  bark  show  tliat  the  oak  at 
fiity  years’  growth  gives  13  per  cent,  of  tannin ; at 
one  hundred  years’  growth  it  gives  8 per  cent,  of 
tannin.  As  the  sap  rises,  after  its  long  winter 
slumber,  giving  evidence  of  its  presence  by  the 
thickening  of  the  buds,  many  a hill-sffie  of  Great 
Britain  is  invaded  by  a small  army  of  hardy  pioneers. 
The  quick  strokes  of  the  axe  awakening  the  echoes 
from  crag  to  crag,  the  aromatic  fragrance  of  the 


partially  dried  bark,  with  the  busy  scene  of  the  boys 
and  women  engaged  in  removing  the  bark  from  the 
fallen  trees,  are  reminiscences  of  early  spring  re- 
freshing to  look  back  on,  but  rapidly  becoming  a 
thing  of  the  past.  The  different  ages  of  the  trees 
give  barks  which  are  known  in  the  trade  as  coppice, 
flittern,  store,  and  timber  barks.  The  coppice  bark, 
obtained  from  the  buslry  undergrowth  of  plantations 
about  twelve  years’  growth,  gives  the  purest,  the 
exterior  being  very  clean,  and  the  epidennis  thin  ; 
but  as  the  tree  advances  in  age,  we  come  to  the  store 
bark,  taken  from  trees  of  6 to  9 inches  in  diameter ; 
fifty  years’  growth,  when  the  bark  may  be  said  to 
be  in  its  best  condition,  yielding  the  largest  amount 
of  tannic  acid  : in  some  favoured  samples  18  per 
cent  of  tannic  acid  is  given.  As  the  tree  progresses 
the  epidermis  rapidly  thickens,  and  the  quality  of 
the  bark  deteriorates.  It  is  estimated  that  200,000 
tons  are  consumed  yearly  in  Great  Britain,  besides 
30,000  tons  which  are  imported  from  the  Continent. 

According  to  Stenhol’SE,  oak  bark  does  not  yield 
pyrogallic  acid  when  subjected  to  destructive  dis- 
tillation, from  which  we  may  conclude  that  the 
tannin  of  oak  bark  is  not  identical  with  that  of  galls. 
During  the  process  of  tanning,  the  infusion  of  oak 
bark,  after  exposure  to  the  air,  deposits  a drab- 
coloured  powder  {ellagic  acid'),  known  in  the  trade 
as  hloom,  which  deposit  is  considered  essential  to  all 
good  leather. 

Cork  Tree  (Querais  mber). — The  inner  layer  of 
bark  which  remains  after  the  removal  of  the  cork, 
which  is  the  rough  and  dead  epidermis,  is  of  a redder 
colour  than  oak  bark,  with  a granular  texture; 
it  contains  about  10  to  12  per  cent,  of  tannin.  The 
quantity  imported  varies  considerably,  from  8000 
to  10,000  tons  being  the  average.  It  is  principally 
used  in  Ireland. 

Mimosa,  Wattle  Bark  {Acacia  dealhata),  with  two 
or  three  other  varieties,  is  indigenous  to  Australia. 
The  bark  is  of  a closer  texture  than  that  of  oak,  the 
inner  surface  of  a bright  red,  the  epidermis  varying 
in  colour  from  light  to  dark  brown.  Fifty  years 
since  it  was  introduced  to  the  notice  of  English 
tanners  in  the  form  of  an  extract,  which  was  un- 
saleable. Since  then  the  bark  has  been  imported  in 
large  and  increasing  quantities.  It  comes  in  the 
long  rind,  chopped  and  ground.  The  quantity  we 
receive  is  about  10,000  tons  yearly.  A good  sample 
will  give  24  per  cent,  of  tannic  acid.  Coming  to 
our  shores  in  the  roughly  ground  condition,  it  affords 
the  opportunity  for  admixture  of  other  inferior 
barks  and  rubbish,  which  was  resorted  to  by  many 
shippers  at  the  outset.  Unless  very  finely  pulverized, 
it  requires  hot  water  to  extract  all  its  tanning  pro- 
perties. Mimosa  does  not  change  to  gallic  acid  ; or 
rather,  the  tannic  acid  of  mimosa  does  not  undergo 
the  same  decomposition  as  other  tanning  agents. 
The  clear  red  liquor  has  considerable  penetrating 
power,  but  the  colour  prevents  any  large  quantity 
being  employed.  The  leather  made  with  it  is  hard, 
and  rather  disposed  to  be  brittle  in  wear. 

Oran,  or  African  Bark,  is  a bark  of  brownish -red 
colour,  which  has  recently  been  imported,  arising  from 
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the  high  price  of  other  tanning  materials.  It  gives 
a percentage  of  15  of  tannin.  Tlie  import  for 
1876  was  1327  tons. 

Maiif/roce  Bark  (Rhizophora  manqie). — This  tree 
abounds  on  the  rivers  and  estuaries  of  India,  where 
it  grows  to  the  height  of  50  feet,  spreading  out  its 
roots  in  all  directions  in  the  moist  soil.  The  man- 
grove appears  to  thrive  in  brackish  water.  As  the 
muddy  deposits  at  the  mouth  of  the  tropical  rivers 
become  consolidated,  the  mangrove  takes  possession 
even  to  tlie  verge  of  the  salt  water.  All  parts  of 
the  tree  appear  to  be  useful  for  tanning ; the  bark, 
roots,  and  leaves  have  been  so  applied.  An  attempt 
was  made  some  twenty  years  since  to  introduce  the 
bark  to  this  country,  but  the  dark  brown  eolour 
which  it  imparted  to  the  leather  prevented  its  per- 
manent use.  It  contains  about  17  per  cent,  of  tannic 
acid.  Of  its  chemistry  we  are  entirely  ignorant. 

Roots. — TormentUla  {I'ortneutiUa  poteiitilla)  — 
growing  in  the  Faroe  and  Hebrides  Islands — was 
formerly  employed  for  tanning.  Loudon  states  that 
in  the  isles  of  Tiree  and  Coll  so  much  land  was 
destroyed  in  digging  for  the  roots,  ttiat  the  inhab- 
itants were  prohibited  the  use  of  them.  Muller 
gives  the  percentage  of  tannin  as  31'2o.  The  leather 
manufactured  with  it  is  reputed  to  have  been  very 
superior. 

Marsh  Rosemary  (Statice  corinria'),  growing  abun- 
dantly in  the  south  of  Russia,  has  been  for  centuries 
employed  by  the  Kalmucks  for  tanning.  It  is  also 
similarly  employed  in  the  Spanish  tanneries.  The 
root  is  deeply  embedded  in  the  earth  ; sometimes 
it  is  3 yards  in  length,  with  a thickness  of  from 
1 to  5 inches.  According  to  Hammer’s  process, 
the  root  yields  20'25  per  cent,  of  tannin ; with 
Lowenthal's  method  of  analysis,  24  per  cent.  In 
Russia  it  appears  never  to  be  used  alone,  but  always 
in  conjunction  with  willow  bark. 

Ralaiiy  Root  (Kramcria  triandria)  is  a native  of 
South  America,  growing  in  mountainous  districts  of 
Brazil  and  Peru,  flowering  at  all  seasons.  As  found 
in  commerce,  it  is  met  with  in  small  pieces  of 
irregular  size.  The  bark  is  of  a dark  yellow  or 
brown  colour,  readily  separates  from  the  wood,  the 
w'oody  part  being  of  a redder  colour.  Morfit  states 
th.at  the  bark  steeped  in  boiling  water  gives  an  in- 
fusion of  a deep  brown  colour,  which  is  abundantly 
precipitated  by  mineral  acids ; the  alkalies  only 
change  its  colour  to  that  of  urine.  Analyzed  by 
Gmelin  and  Peschier,  they  give  the  percentage  of 
tannin  as  38'3  and  42'6.  Little  is  known  of  it  in 
England. 

Extracts. — Kino,  Gum  Kino  (Ptei'ocarpus  marsii- 
piam  and  Drepanocarpus  senegalcnsis'),  is  imported 
from  the  East  Indies,  Australia,  and  Madagascar.  It 
contains  75  per  cent,  of  tannin,  being  one  of  the 
richest  agents  with  which  we  are  as  yet  acquainted. 
Its  great  price  has  prevented  its  use  in  tanning, 
being  principally  employed  for  medical  purposes. 

Catechu  (Acacia  catechu  and  Uncaria  ganihir')  is 
another  dried  extract ; it  is  met  with  in  com.nerce  in 
a variety  of  forms,  and  known  as  Terra  Japonica,  j 
Gainhier,  and  Cutch.  A comparatively  small  quantity 


of  cake  catechu  is  imported  in  the  form  of  circular 
cakes,  5 to  6 ozs.  in  weight.  This  is  said  to  be  ob- 
tained from  the  Acacia  catechu.  Dr.  Hooker,  in 
his  “ Himalayan  Journal,”  states,  “ This  province 
(Soane  Valley)  is  famous  for  the  quantity  of  catechu 
its  dry  forests  yield.  The  plant  Acacia  catechu  is  a 
little  thorny  tree,  ereet,  and  bearing  a rounded  head 
of  well-remembered  prickly  branches  ; its  wood  is 
yellow,  with  a dark  brick-red  heart,  most  profitable 
in  January  for  yielding  extracts.”  It  is  exported 
from  Bombay  and  Bengal.  The  great  proportion  of 
it  is  consumed  bj'  dyers.  The  Uncaria  gambir,  a 
shrub  growing  from  6 to  8 feet  in  height,  is  the  great 
source  from  which  our  supply  of  gambler  is  pro- 
cured. It  abounds  in  Malacca,  Rhio,  on  the  island 
of  Bintang,  about  thirty  miles  from  Singapore,  which 
is  the  principal  port  of  export.  The  planters  grow 
it  in  connection  with  pepper,  as  the  refuse  of  the 
gambler  forms  an  excellent  manure  for  the  pepper 
plant.  The  average  quantity  exported  from  Singa- 
pore for  seventeen  years,  up  to  1875,  was  25,279 
tons  ; and  to  show  the  rapid  development  of  the 
trade,  it  is  only  sufficient  to  place  before  the  reader 
the  actual  imports  of  the  same  into  England.  In 
1824,  4 tons  9 cwts.  was  the  amount  of  import ; in — 


18G0, 9,964  tons. 

1863, 12,064  “ 

1870, 20.600  “ 

1875, 20,877  “ 


But  Singapore  exported  altogether  in  1875  36,717 
tons,  the  largest  export  of  which  we  have  read. 

The  gambier  is  exported  from  Singapore  in  two 
forms : the  largest  proportion  is  in  large  blocks, 
weighing  about  2 cwts.  From  the  facility  with  which 
other  things  can  be  mixed  with  it,  it  is  generally 
adulterated,  or  rather  weighted  with  earth  and 
rubbish,  often  very  damp.  The  other  kind  is  made 
into  pieces  of  a cubic  inch,  quite  dry,  and  readily 
breaking,  showing  a yellowish  colour,  with  a tinge 
of  red.  This  variety  is  known  as  cube  gambier. 
Occasionally  another  variety,  known  as  pressed  cubes, 
is  to  be  met  with  in  the  market,  which  is  identical  with 
the  last ; but  when  nearly  dry  the  cubes  are  pressed 
into  larger  bales,  and  thus  in  transit  often  get  heated, 
and  their  colour  thereby  much  deteriorated.  The 
natives  prepare  the  best  cube  gambier  in  the  follow- 
ing manner : — The  leaves  and  small  branches  are 
collected  three  or  four  times  a year.  They  are 
thrown  into  a large  cauldron,  the  bottom  of  which 
is  of  iron,  the  upper  part  of  bark  ; water  is  supplied 
to  the  cauldron  (would  not  boiling  in  vacuum  pans 
be  better?)  ; its  contents  are  boiled  for  five  or  six 
hours,  until  a strong  decoction  is  obtained.  The 
leaves  are  then  withdrawn,  and  allowed  to  drain 
over  the  vessel,  which  is  kept  heated  for  as  many 
hours,  until  the  contents  are  ins[iissated  ; allowed 
to  cool,  the  catechu  subsides  ; the  water  is  drawn 
off,  and  a soft  soapy  substance  remains,  which  is  cut 
into  small  cubes  about  an  inch  square  ; these  are 
laid  on  frames  to  dry.  During  the  process  of  boil- 
ing, a certain  quantity  of  starch  or  farina  is  thrown 
into  the  mass  to  help  to  consolidate  it 
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The  common  block  gambier  gives  about  42  per 
cent,  of  tannin. 

On  the  introduction  of  gambier  to  England  some 
fifty  years  since,  the  dark  red  colour  which  it  im- 
parted to  the  leather  gave  it  a bad  name,  and  for 
years  it  was  neglected  ; but  the  removal  of  the  tax 
from  leather,  and  its  increased  consumption,  led  to 
many  attempts  to  use  it  — its  richness  in  tannin 
being  a great  inducement  to  employ  it  for  the  manu- 
facture of  leather.  F.  Chaplin  took  out  a patent 
for  its  use  in  1836,  in  which  gambier  was  exclusively 
used.  The  hides  being  sewn  together  at  the  edges, 
strong  teiTa  liquor  was  forced  into  the  bag  through 
a hole  left  in  the  neck  ; the  hydrostatic  pre.ssure 
thus  excited  forced  the  liquor  through  the  pores  of 
the  hide,  very  rapidly  tanning  it.  The  market  was 
flooded  with  this  cheap  leather;  but  the  bad  colour, 
combined  with  its  very  inferior  quality,  brought  it 
into  disgrace.  The  patent  became  a dead  letter.  It 
is  well  to  remark  that  although  the  percentage  of 
tannin  in  gambier  is  large,  the  chemical  combination 
between  tlie  tannic  acid  and  the  gelatinous  fibre  of 
the  hide  does  not  appear  to  be  thorough,  as  with 
most  other  agents.  It  is  not  perfectly  insoluble, 
as  repeated  immersions  in  hot  water  will  remove 
nearly  all  the  tannin  from  the  skin.  The  analysis  of 
gmnbier  gives — 


Tannic  acid, 48-6.5 

Calechuic  acid, ’ST -25 

Glim 6-09 

Insoluble, 7-0’2 


100  00 

Catechuic  acid,  it  will  be  observed,  is  one  of  the 
constituents.  This  acid  imparts  the  objectionable 
red  colour  to  the  infusion  ; and  it  is  ascertained  in 
working  in  the  tan-yard  that  gambier  slowly  dis- 
solved in  cold  is  free  from  catechuic  acid,  but  when 
heat  is  aprdied  the  catechuic  acid  is  dissolved,  and 
a bad  colour  the  result.  This  statement  as  to  the 
colour  of  catechuic  acid  is  doubtful.  When  first 
employed  in  tanning,  it  was  used  in  large  quantities 
without  admixture  with  other  agents,  as  rapidity  in 
the  process  was  the  desired  end.  It  is  now  more 
advantageously  used  in  various  proportions  at 
different  stages  of  the  process  ; but  the  quantities 
given  arc  small.  Treated  in  this  manner,  its  use  is 
of  considerable  advantage;  especially  is  this  observed 
in  the  manufacture  of  light  leather,  for  which  it 
appears  admirably  adapted,  giving  a soft  mellow 
character  to  the  leather;  if  not  used  in  excess, 
the  colour  also  is  good.  Large  quantities  of  block 
gambier  are  consumed  annually  in  the  tanning  of 
East  India  kips,  which,  being  naturally  intractable 
in  the  manufacture,  require  that  the  tanning  material 
employed  should  be  soft  and  mellow  in  its  action  ; 
this  is  obtained  by  a mixed  tannage  of  gambier  and 
valonia. 

Hemlock  Extract  {Ahm  canadcims). — The  hemlock 
spruce  fir,  an  evergreen,  rising  to  the  height  of  7U 
to  80  feet,  abounds  in  the  United  States  and  Canada, 
and  is  said  to  form  three-fourths  of  the  woods  of  the 
Northern  States.  The  bark  is  commonly  employed 


by  the  tanners  in  their  several  localities.  AVithin 
the  last  fifteen  years  an  inspissated  extract  has  been 
prepared  in  Canada,  which  is  shipped  to  our  market 
in  large  and  increasing  quantities.  It  arrives  here 
in  casks,  about  the  consistency  of  treacle,  of  a daik 
red-brown  colour  by  transmitted  light.  Messrs. 
J.  & J.  Miller  & Co.,  of  Upton  in  Canada,  took 
out  a patent  for  the  preparation  of  hemlock  extract 
in  1864,  and  up  to  the  present  time  are  the  principal 
shippers  of  it  to  our  shores.  Although  great  preju- 
dice existed  against  it  because  of  its  colour,  and  the 
large  amount  of  resinous  matter  it  held  in  solution, 
yet  the  trade  has  increased;  and  the  manufacture  is 
said  to  be  carried  to  a greater  perfection,  the  im- 
port for  1875  being  about  6000  tons.  The  extract  is 
insoluble  in  cold  water,  but  dissolves  readily  at  a 
temperature  of  150°  Fahr.  Like  many  other  novel- 
ties in  the  trade,  when  introduced  it  was  employed 
too  exclusively,  giving  a bad  colour  to  the  leather; 
it  is  now,  however,  used  as  a useful  adjunct  to  other 
materials.  According  to  Rajispacker,  it  gives  25 
per  cent,  of  tannin. 

Chestnut  Extract  is  quite  a recent  importation. 
It  is  much  more  liquid  than  hemlock  extract,  of  a 
dark  colour;  it  contains  18‘5  per  cent,  of  tannin. 

Galls  are  excrescences  of  the  Querciis  iiijectoria, 
and  also  the  other  kind  known  as  Knoppeni,  obtained 
from  the  Quei-cus  peJuncuhita  and  Q.  puhescens.  The 
latter  are  especially  the  growth  of  Austria  and  Hun- 
gary, also  of  Piedmont;  they  are  exported  from 
Trieste,  and  contain  25  per  cent,  of  tannin.  Galls 
are  the  abnormal  growth  of  the  oak,  which  at  certain 
seasons  may  be  seen  very  abundant  on  the  twigs  and 
stems  of  our  English  oaks.  The  puncture  of  the 
bark  by  a small  fly  {Cynips  Qiiercus  Jolii),  which  thus 
seeks  to  find  a resting-place  for  the  eggs,  depositing 
at  the  same  time  a drop  of  acid  liquid,  which  sets  up 
a state  of  inflammation  resulting  in  the  arrest  of  the 
sap  and  ultimate  growth  of  the  gall.  The  centre  of 
gall  contains  the  grub,  which  when  arrived  at 
maturity  eats  its  way  through  to  the  open  air,  and 
commences  life  on  its  own  account. 

The  galls  of  the  English  oak  have  never  been 
employed  for  tanning.  The  eastern  shores  of  the 
Mediterranean  supply  the  great  bulk  of  the  agent. 
The  oak  known  as  Qnercus  infectoria  is  the  main 
source  from  which  the  Aleppo  market  is  supplied. 
Previous  to  the  gathering,  the  progress  of  the  galls 
to  maturity  is  carefully  watched,  as  the  great  point 
to  be  desired  is  to  secure  the  gall  when  it  has  attained 
its  proper  weight,  before  the  exit  of  the  insect. 
Galls  thus  obtained  are  termed  preen  (jails ; but  the 
galls  from  which  the  insect  has  flown  are  called 
white  palls,  being  deficient  in  weight  and  tannin, 
and  easily  recognised  by  the  small  aperture  tl-.rough 
which  the  insect,  Cpnips  pallim  tinctoria,  has  escaped. 

France  also  furnishes  galls  ; but  as  yet  they  can- 
not be  termed  an  article  of  commerce,  the  supply 
being  limited,  and  inferior  to  the  Turkish.  Galls  are 
in  use  for  dyeing,  as  also  for  the  manufacture  of  ink ; 
only  very  occasionally  have  they  been  available  for 
tanning.  Muller’s  analysis  shows  that  they  contain 
up  to  77  per  cent,  of  tannin. 
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Tumarix  Galh. — Tamarix  indica  and  T.  afrkana 
are  the  small  galls  found  on  the  tamarisk  plant, 
about  the  size  of  a pea.  In  India  they  are  known 
by  the  natives  as  Swnnit  ul  tooria.  They  appear  to 
be  used  medicinally  in  that  countrj’,  and  occasion- 
ally small  quantities  reach  England.  When  better 
known,  and  their  tanning  properties  more  fully 
recognized,  they  will  be  cultivated  more  extensively. 
'J’hese  galls  contain  50  per  cent,  of  the  purest  tannin 
with  which  we  are  acquainted.  T.  africaiia  is  ex- 
ported from  Algiers,  being  the  growth  of  Morocco. 

I^EAVES. — Sumach  (llhux  coriaria  and  /?.  cotiniis)  is 
the  powdered  leaves  and  twigs  of  the  Venus  sumach, 
or  wild  olive,  and  the  elm -leaved  sumach.  The 
plants  are  widely  spread,  being  found  in  the  south 
of  Europe,  Asia,  and  United  States.  Dyers  are  the 
principal  consumers  of  the  sumach  obtained  from 
the  IihtiK  cotinux.  lihus  coriaria  grows  to  the  height 
of  8 to  12  feet.  It  is  found  wild  in  all  the  countries 
bordering  the  Mediterranean,  Spain,  France,  and 
Ifcdy,  producing  sumachs  of  different  values.  Sicily 
supplies  the  best,  Palermo  sumach  is  of  world- 
wide celebrity.  In  1873  there  were  fifteen  steam 
mills  at  Palenno  for  grinding  sumach,  and  the  trade 
is  rapidly  increasing.  The  quantity  exported  from 
Sicily  in  1842  was  123,305  tons.  Imports  into  Eng- 
land, 1840,  9351  tons;  1845,  11,398  tons;  18.50, 
12,929  tons;  1870,  14,431  tons. 

Sumach  comes  to  England  generally  in  bags  weigh- 
ing 1^  cwt.,  marked  with  the  brand  of  the  maker, 
the  colour  being  yellow  with  a slight  tinge  of  green. 
Good  sumach  gives  17  to  18  per  cent,  of  tannin. 
The  branches  are  collected  when  the  foliage  is  at 
the  best ; the  leaves  are  separated,  dried,  and  finally 
ground  under  millstones.  AVhilst  the  grinding 
enables  the  maker  to  forward  the  sumach  in  a 
compact  form,  it  gives  the  opportunity  for  adulter- 
ation, which  in  a few  cases,  as  the  value  of  the 
article  has  risen,  has  been  used  by  unscrupulous 
dealers  to  their  own  advantage.  A species  of  flags 
grows  in  the  marshes  of  the  district ; when  dried  and 
ground  its  powder  bears  a great  lesemblance  to 
sumach.  For  the  purposes  of  adulteration  it  has 
been  so  employed,  as  small  quantities  of  the  clayey 
soil  containing  iron  adhere  to  the  roots  of  the  flags, 
and  are  ground  with  it.  The  fraud  is  detected  by 
the  tanner,  by  the  dark  sjiots  left  on  the  leather 
when  brought  into  contact  with  the  gallic  acid  of 
the  liquor.  The  especial  characteristic  for  which 
sumach  is  valued  is,  not  so  much  for  the  strength 
of  its  tannin,  but  rather  for  its  capability  of  work-  | 
ing  wdth  other  tanning  materials,  either  at  the  same 
time  or  afterw’ards,  imparting  a good  fawn -like 
colour,  also  great  softness  and  mellownes.s,  to  leather. 
For  this  purpose  it  is  largely  used  by  tanners  and 
curriers  for  qualifying ' leather,  which  without  it 
would  work  hard  and  intractable.  Sumach  is  re- 
markable for  the  readiness  with  which  its  tannic 
acid  becomes  changed  into  gallic,  especially  when 
the  solutions  are  warm.  The  return  of  such  liquors 
to  the  brewing  taps  brings  it  in  contact  with  other 
tanning  materials ; a kind  of  fermentiition  is  origin- 
ated, known  in  the  trade  as  souring  of  the  liquors, 
''oi„  n. 

and  great  loss  of  tannic  acid  ensues.  Professor 
^ Calvert,  in  his  experiments  on  sumach  and  other 
! materials,  asserts  that  he  has  discovered  two  sub- 
stances w'hich  posse.ss  the  property  of  arresting  fer- 
mentation in  tanning  extracts.  They  are — bichloride 
of  mercury,  and,  especially,  carbolic  acid.  The  latter 
is  the  only  one  which  the  tanner  may  safely  employ, 
as  not  being  detrimental  to  his  liquors.  There  are 
doubtless  other  things  .'hich  may  be  applied,  and 
chemists  are  endeavouring  to  obtain  some  substance 
which  shall  be  both  cheap  and  efficacious  when  used 
on  a large  scale.  II.  R.  Proctor  has  placed  before 
the  trade  a new  compound,  which  he  calls  Antiyalliue, 
which  entirely  prevents  the  formation  of  gallic  acid. 

Fruits. — Valonia,  the  pericarp  or  acorn  cup  of 
the  Qutrais  ast/ilops,  growing  on  the  highlands  of  the 
Morea,  Roumelia.  Grecian  Archipelago,  Asia  Minor, 
and  Palestine.  Although  it  receives  its  name  from 
Vallona,  a town  of  Albania,  and  considerable  quan- 
tities are  shipped  from  Greece,  yet  fully  three-fourths 
of  the  crop  is  exported  from  Smyrna.  For  some 
years  the  export  has  been  nearly  the  same.  The 
following  table  will  show  the  exports  from  Smyrna 
to  the  United  Kingdom  : — 

Quintals.  Quiutals. 

1856  376.000  1864  373.000 

1857  4-36.000  1865  309.000 

18.58  364.000  1866  4.^9.001 

18.59  4.52  000  1867  334  000 

1860  326.000  1868  459,000 

1861  311,000  1869  415,000 

1862  ,507.000  1870  421,090 

1863  594,000  1871  501,000 

From  Tanner’s  Journal,  Dec.,  1872.  1 Quintal  = about  1 cwt. 

The  imports  into  England  for  1875  were  23,299 
tons,  but  considerably  damaged  by  honey  dew.  I'he 
tree  from  which  the  acorn  is  gathered  is  scattered 
over  hundreds  of  square  miles.  Dr.  Hooker,  writing 
of  it,  says,  “ It  rises  on  a stout  gnarled  trunk,  from  1 
to  2 yards  in  circumference,  to  the  height  of  20  to 
30  feet,  a rather  round-headed,  densely  leafy  tree, 
giving  an  open  park- like  appearance  to  the  land- 
scape.” The  quality  of  the  valonia,  and  the  size 
and  shape  of  the  pericarp,  vary  considerably,  ac- 
cording to  the  locality  from  which  it  is  obtained ; 
certain  districts,  such  as  Aidin,  Rorlo,  Demergick, 
standing  in  good  repute.  A good  sample  should  be 
composed  of  medium-sized  cups,  the  rim  or  wall  of 
the  pericarp  very  thick,  with  the  exterior  spines 
small  and  uniform  in  size.  The  cup,  being  cut  or 
broken,  should  give  a bright  drab  fracture.  The 
fruit  ripens  in  July  and  August,  when  the  trees  are 
beaten,  the  acorns  remaining  on  the  ground  to  dry. 
The  natives  gather  them  from  the  ground  ana  trans- 
port them  on  the  backs  of  camels  to  the  stores 
in  the  towns ; or  they  are  conveyed  by  camel  and 
train  to  Smyrna,  where  are  large  and  airy  stores,  in 
which  the  bulk  is  allowed  to  lie  in  heaps  about  5 to 
C feet  in  height  for  some  weeks;  during  which  the 
mass  heats,  the  acorn  itself,  which  contains  no  tan- 
nin, contracts,  and  readily  falls  from  the  cup.  This 
process  of  incipient  fermentation  is  attenued  with 
considerable  risk ; if  carried  too  far,  a large  propor- 
tion of  the  bulk  becomes  dark  in  colour,  and  other- 
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wise  damaged.  When  ready  for  shipment  the  heaps 
are  picked  over  by  hand ; the  best  cups  being  reserved 
as  Trieste  for  the  Austrian  market,  the  remainder 
going  as  Etujlish.  In  some  cases,  the  rubbish  having 
been  removed,  the  remainder  passes  under  the  name 
of  natural,  and  is  thus  exported  to  England.  An- 
other variety,  called  camatina  (being  the  smaller  cups 
gathered  before  becoming  ripe),  is  principally  used 
by  dyers ; 25,000  tons  appears  to  be  the  average  for 
many  years,  and  although  the  demand  has  increased 
year  by  year,  the  supply  has  remained  stationary. 
The  two  oaks  to  which  we  are  indebted  for  our 
supply  of  galls  and  valonia,  Qaercvs  infecUma  and 
Q.  xijilops,  grow  side  by  side  over  the  large  propor- 
tion of  Asiatic  Turkey,  so  that  with  a little  attention 
the  crop  of  both  could  be  trebled.  But  the  inse- 
curity of  life  and  property  prevents  the  development 
of  the  trade.  Now  and  then  the  pericarp  is  attacked 
■with  a kind  of  honey  dew,  which  deposits  on  the  cup, 
and  makes  it  very  liable  to  heat  when  gathered, 
the  cup  becoming  very  dark  and  deficient  in  tannin. 
The  crop  of  1875  was  considerably  damaged  from 
this  cause,  many  parcels  reaching  England  in  an 
unsaleable  condition.  The  cause  of  the  disease  has 
yet  to  be  ascertained ; when  the  cup  is  large 
and  the  acorn  fully  developed,  the  disease  appears 
specially  liable  to  appear.  Valonia  is  valued  by  the 
tanner,  because  it  imparts  to  the  leather  firmness 
and  weight.  When  ifSed  alone,  the  leather  becomes 
too  hard  and  brittle  for  general  purj)Oses;  it  there- 
fore is  almost  invariably  mixed  with  oak  bark  or 
other  agents,  such  as  myrabolans  and  mimosa.  A 
good  sample  of  valonia  yields  26  to  32  per  cent,  of 
tannin.  Valonia  deposits  a large  quantity  of  bloom, 
or  ellagic  acid.  The  tannin  appears  to  differ  from 
that  of  galls,  as  it  affords  no  pyrogallic  acid  on  des- 
tructive distillation.  Dr.  Stkniiouse  found  only  a 
trace  of  gallic  acid  in  this  material. 

Mip-aholans  {Tenninalia  chtrhnki),  are  obtained  in 
India  from  a small  tree  allied  to  the  myrtle.  The 
dried  fruit  of  the  tree,  about  the  size  of  a small  date, 
contains  a hard  stone  in  the  centre;  the  whole  of  the 
tannic  acid  is  contained  in  the  pulp  enveloping 
the  stone.  Our  present  knowledge  of  the  plant  is 
small.  It  appears  to  abound  in  India,  and  any 
quantity  might  be  collected  if  attention  were  directed 
to  its  cultivation.  Myrabolans  are  exported  from  the 
three  presidencies,  the  fruit  from  each  differing  very 
essentially  in  appearance  and  tanning  properties. 
Professor  Bernardin  speaks  of  three  or  four  kinds, 
such  as  TerminoUa  an/pixtijolia,  T.  bellerica,  T.  cllrin/m, 
T.  tomentosa,  which  may  account  for  the  variety  in 
which  they  are  to  be  found  in  the  market.  Some 
are  small,  wrinkled,  and  of  a yellowish  colour;  others 
are  larger,  round,  and  of  a darker  hue.  The  latter 
appear  to  have  been  gathered  when  dead  ripe,  and 
are  therefore  deficient  in  tannin.  A good  sample  of 
myrabolans  will  give  as  much  as  40  per  cent,  of 
tannic  acid.  Inq^ort  into  England,  1867,  64,243 
cwts.;  1874,  11,230  tons;  1875,  9,800  tons.  The 
growth  of  the  supply  has  been  rapid,  and  is  still  on 
the  increase.  Myrabolans  deposit  a large  amount  of 
Uuoni  or  ellagic  acid.  During  the  process  of  tanning 


they  yield  a considerable  amount  of  acetic  and  gallic 
acids,  and  would  be  invaluable  to  the  tanner,  were  it 
not  that  they  make  leather  soft,  and  have  not  such 
weight-giving  properties  as  valonia. 

Did  Did  (^Cietialpinia  coriaria),  belonging  to  the 
Leguminnsse  or  pea  tribe,  is  the  pod  of  a tree  indigen- 
ous to  the  northern  shores  of  South  America — Rio 
Ilache,  Maracaibo,  and  Savanilla  being  the  ports 
from  which  it  is  shipped.  The  tree  grows  to  the 
height  of  20  to  30  feet;  the  pods  are  of  a dark  brown 
colour,  and  twisted  during  desiccation  to  the  shape 
of  the  letter  S.  The  whole  of  the  tannin  appears  to 
reside  in  the  yellow  pulp,  just  beneath  the  rind,  the 
taste  of  which  is  very  astringent  and  bitter.  Dr. 
Stenhouse  informs  us  that  whilst  the  tannic  acid  of 
divi  divi  is  similar  to  that  of  galls  in  its  reactions 
with  salts  of  iron,  yet  it  differs  from  the  latter,  as  it 
does  not  yield  pyrogallic  acid.  The  infusions  during 
the  process  deposit  a large  amount  of  bloom.  Divi, 
like  sumach,  when  exposed  to  the  air  very  rapidly 
undergoes  a kind  of  fermentiition,  so  that  the  liquor 
assumes  a dark  red  colour ; the  sides  of  the  pits  also 
are  stained  a similar  hue.  By  sudden  changes  of 
the  temperature  the  infusions  are  especially  liable  to 
be  affected;  the  mucilage  of  thepulp,  with  the  organic 
oil  of  the  seed,  tend  to  produce  the  fermentation. 
The  process  carried  on  in  closed  pits,  so  as  to  exclude 
the  air,  produces  leather  of  a better  colour.  Divi 
divi  gives  great  weight  compared  with  other  mate- 
rials, but  the  leather  is  generally  of  a darker  hue. 
It  also  imparts  to  the  leather  a horny  feeling  in  dry 
weather,  with  a great  affinity  for  damp  in  wet 
weather.  Austria,  Poland,  and  Silesia  consumed 
the  greater  portion  of  the  crop  up  to  the  year  1873; 
but  the  evident  supei'iority  of  the  English  leather 
shown  at  the  Vienna  Exhibition  led  them  to  turn 
their  attention  more  to  valonia.  In  1875,  when 
valonia  rose  to  £30  per  ton,  many  English  tanners 
had  recourse  to  divi,  but  as  speedily  relinquished  its 
use  when  valonia  receded  to  its  original  value.  The 
best  divi  divi  contains  56  per  cent,  of  tannin. 

Balmnwcarpum  brvdfolium,  a kind  of  bean  grow- 
ing in  the  mountainous  districts  of  Chili,  Soutli 
America,  is  mentioned  here  not  as  being  in  general 
use;  but  as  attempts  are  being  made  to  cultivate  it 
more  extensively,  it  is  hoped  that  it  may  rank  among 
the  reliable  supplies  in  a short  time.  The  high  price 
of  the  principal  tanning  agents  in  1875  kept  the 
matter  of  future  supplies  before  the  public;  the 
world  was  ransacked  for  other  materials;  balsamo- 
carpum  was  thus  introduced  to  notice  through  M. 
Ramspacker  of  Paris.  It  appears  to  differ  from 
other  agents  in  being  a gum  of  great  strength, 
and  very  rapid  in  its  action.  The  whole  structure 
of  the  bean,  with  the  exception  of  the  seed,  appears 
to  be  full  of  tannin.  It  yields  80  per  cent  of  tannic 
acid.  It  is  very  soluble  in  water,  and  is  therefore 
gathered  before  the  rains,  as  otherwise  the  fruit  is 
washed  to  the  ground,  and  found  in  quantities  mixed 
with  the  soil ; in  this  condition  some  small  ftarcels 
have  reached  England,  the  pod  itself  being  of  so 
fragile  a character  that  it  has  only  been  exhibited  as 
a novelty.  Strenuous  efforts  are,  however,  being 
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made  to  promote  its  cultivation  in  climates  adapted 
to  its  growth.  The  tannin  of  balsamocarpum  changes 
very  rapidly  into  gallic  acid ; so  rapid  is  the  decom- 
position that,  to  secure  the  full  benefit  of  the  tannic 
acid,  the  infusion  has  to  be  applied  directly  to  the 
leather.  The  usual  mode  of  proceeding  is  to  supply 
small  quantities  to  other  ingredients  after  the  leather 
has  been  some  time  in  tan. 

Testing  of  Tainiiiif/  Materials. — Not  only  is  it  neces- 
sary for  the  tanner  to  know  the  number  and  character 
of  the  agents  with  which  he  may  have  to  deal  in  his 
trade,  but  also  to  know  how  practically  to  test  the 
value  of  these  different  agents.  Whilst  Ocak  bark 
was  the  staple  material  etnployed,  a little  practice 
was  sufficient  to  enable  him  to  speak  with  confidence 
as  to  its  quality.  The  colour  of  the  bark  when 
broken,  with  the  amount  of  epidermis,  would  gener- 
ally guide  him  ; or  the  colour  of  the  infusion,  with 
the  taste,  w'ould  be  all  that  was  required  to  pass 
judgment  on  a sample  of  bark.  The  case  is  alto- 
gether different  now.  The  markets  afford  the 
tanner  the  opportunity  of  purchasing  a variety  of 
tanning  materials,  much  stronger  in  tannin,  with 
greater  rapidity  of  action.  A demand  has  therefore 
arisen  for  some  definite  and  reliable  method  for 
estimating  the  amount  of  tannic  acid  in  each  sub- 
stance. The  first  step  towards  this  has  been  the 
estimation  of  the  specific  gravity  of  the  infusions. 

This  has  brought  into  use  the  h\dro- 
meter,  or  rather  barcrometer,  an  instru- 
ment very  commonlyemployedin  English 
tan-yards.  Chemists  obtain  the  same 
results,  with  more  accuracy,  by  the 
specific  gravity  bottle.  This  is,  at  best, 
but  a rude  method  of  estimating  the 
amount  of  tannin.  It  soon  became 
apparent  that  the  barcrometer  simply 
gave  the  density  of  the  infusion — nothing 
more.  It  did  not  follow  that  the  in- 
creased density  showed,  pro  rata,  the 
same  increase  of  tanning  properties ; 
especially  was  this  apparent  when  a new 
material  had  to  be  dealt  with,  which 
perhaps  contained  some  amount  of 
extractive  matter,  or  mucilage.  Also,  an  old  and 
nearly-spent  infusion,  containing  some  quantity  of 
gallic  and  acetic  acids,  and  probably  lime  and 
rubbish,  would  register  much  higher  than  its  real 
worth. 

Various  modes  of  analyzing  tanning  materials  are 
now  in  use,  of  which  a brief  description  will  be 
approjiriate  here.  Davy,  Stephens,  Warrington, 
^ICLLER,  Stenhoi'sk,  and  Galloway  have  each 
added  to  our  knowledge  in  this  mutter.  Stephens 
employed  thin  strips  of  dried  skin,  previously 
weighed,  which  were  soaked  in  clean  water,  and  then 
suspended  in  a vessel  containing  a weak  infusion  of 
the  tanning  material ; after  it  had  abstracted  all 
the  tannic  acid,  the  skin  was  dried  and  weighed,  the 
difference  between  the  two  weights  showing  the 
amount  of  tannic  acid  imbibed.  This  was  a tedious  pro- 
cess, and  great  difficulty  was  experienced  in  removing 
the  whole  of  the  moisture  of  the  skin.  Sir  H.  Davy 
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threw  down  a precipitate  of  tannic  acid  with  warm 
solution  of  gelatine,  weighing  the  precipitated  tanno- 
gelatine.  This  also  involved  the  drying  of  the 
precipitate,  which  has  been  an  objection  to  its  use. 
Lowenthal’s  method  of  volumetric  analysis,  based  on 
the  oxidation  of  solution  of  indigo  by  permanganate 
of  potash,  is  a very  delicate  and  beautiful  experiment ; 
but  the  quantities  analyzed  are  very  minute,  and  the 
presence  of  other  organic  bodies  interferes  with  the 
reaction.  The  process  is  altogether  an  elaborate 
affair,  involving  a knowledge  of  chemistry  consider- 
ably beyond  the  attainments  of  many  in  the  trade. 
Warrington  and  Muller  obtain  the  same  result 
by  preparing  a standard  solution  of  gelatine — 300 
grains  to  20  ozs.  of  water ; to  this  Muller  adds  75 
grains  of  alum.  This  is  carefully  prepared  by  allow- 
ing the  gelatine  to  soak  in  10  ozs.  of  cold  water  for 
twelve  hours;  the  bottle  with  gelatine  is  then  placed 
in  warm  water,  and  gradually  raised  to  212°,  when 
the  solution  of  alum  is  added,  and  the  whole  solution 
made  up  to  20  ozs.  After  being  well  mixed,  the 
solution  is  placed  back  to  cool.  In  analyzing  the 
solution  is  warmed,  then 
placed  in  one  of  Schuster’s  *'>e- 

aikalimeters,  the  stopper  in- 
serted. and  the  whole  weighed. 

The  solution,  after  weighing, 
is  earefully  applied  to  a pre- 
pared infusion  of  the  tanning 
material;  during  the  opera- 
tion the  infusion  in  the  beaker 
is  stirred  with  a glass  rod, 
when  the  whole  of  the 
tannin  is  precipitated ; the  alkalimeter  with  the 
residue  of  gelatine  is  re-weighed  — - 155  grains  of 
gelatine  solution  = 5 grains  of  tannic  acid.  Very 
correct  results  are  obtained  by  this  process,  if  care 
is  taken  not  to  apply  an  excess  of  gelatine.  I’he 
precipitate  therefore  should  be  allowed  to  settle 
now  and  then.  A few  drops  of  the  pure  supernatant 
liquor  should  be  placed  in  a watch  glass,  to  which 
a drop  of  gelatine  may  be  added,  and  thus  the 
point  of  saturation  readily  ascertained.  Galloway’s 
students,  at  the  museum  of  Irish  industry,  have 
obtained  very  accurate  results  by  this  process,  as 
may  be  seen  in  a paper  read  at  the  British  Association, 
Aberdeen,  1859,  a copy  of  which  is  given  here;  to 
these  are  added  a few  analyses  furnished  by  others: — 


Per 

Cent. 

Oak  bark,  100  years  old 

8-45 

“ voting, 

13-87 

“ British,  .lO  vears  old. 

8-90 

“ “ about  .SOyears, 

9-76 

“ “ about  70  “ 

612 

“ Southampton,  50  “ 

“ coppice,  picked  sam- 

8-30 

pie 

“ Irish,  picked  sample. 

12-35 

45  years, 

9-50 

“ Belgian  poperiug,.. 

! “ “ heavy  cop- 

8-33 

pice,picked  sample, 

10-74 

“ Belgian,  light, 

8-.5-> 

“ Esching, 

19-35 

Mimosa  bark, 

17-97 

1 

31-16 

Authority. 


M tiller. 

Mulligan  <fe  Dowling. 
(( 

« 

it 


it 

ti 

G.  Mtiller. 
Mulligan  & Dowling. 
G.  Muller 
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Mimosa  bark, 

27-92 

W.  N Evans. 

Willow  hark, 

3-95 

Mulligan  & Dowling. 

“ Leicester,  

6-80 

Davy. 

“ weeping, 

Hi -40 

Cadet  de  Gassincourt. 

Larch  hark, 

3-51 

Mulligan  & Dowiing. 

Cork  tree  bark, 

(( 

12-16 

I2-.53 

W.  N.  Evans. 

Hemlock  hark, 

13-92 

Mulligan  & Dowling. 

Divi  divi,  interior, 

29-80 

“ 

49-25 

G.  Muller. 

Vahmia,  Smyrna, 

34-78 

Mulligan  ife  Dowling. 

((  H 

32-25 

W.  N.  Evans. 

“ “ honey  dewed, 

22-00 

(i 

“ Camatina, 

26 -00 

“ Greek, 

22-00 

Myrabolans 

20-91 

Mulligan  & Dowling. 

“ good  sample 

35-08 

W.  N.  Evans. 

“ pulp,  without  stones, 

“ stones,  after  wash- 

55-76 

ing  and  drying. 

4-02 

i( 

Sumach.. 

19-35 

G.  Muller, 

“ Palermo, 

24-37 

Mulligan  Dowding. 

“ Malaga, 

10-40 

Frank. 

“ Virginian, 

10-00 

Cadet  de  Gassincourt. 

Catechu,  Bombay,  light  colour. 

26-32 

Mulligan  & Dowling. 

55-00 

Davy. 

“ Pegu  (cutch?  ),  dark 

brown, 

46-88 

Mulligan  & Dowling. 

“ Beiigal, 

44-00 

Daw. 

Mangrove  bark, 

28-00 

W.  G.  Frv. 

17-21 

W.  N.  Evans. 

Tonneiitil  root, 

46-00 

Cadet. 

Balsamocarpnm, 

50-00 

J.  Watts. 

iieinlock  extract 

25-00 

Hammer  estimates  tamiic  acid  by  the  use  of  fine 
shreds  of  dried  skin,  in  a method  somewhat  analo- 
gous to  that  of  Stephens’  strips  of  hide,  and  open 
to  the  same  objection. 

In  the  previous  mention  of  different  methods  for 
analyzing  tanning  materials  given  in  tliis  paper, 
notice  was  taken  of  Lowenthal’s  process ; but  an 
opinion  was  expressed  that  the  process  was  toe 
elaborate  for  general  use — that  the  system  of  analysis, 
though  a beautiful  experiment,  was  more  adapted 
for  the  lecture  room  than  for  practical  purposes. 
Since  this  xvas  written  Lowenthal  has  made  an 
addition  to  the  course  of  analysis,  M’hich  it  is  thought 
desirable  should  be  placed  before  the  reader,  as  now 
giving  the  most  accurate  results.  The  following 
solutions  must  be  made : — 

1st.  4 grams,  pure  permanganate  of  potash  in  3 
litres  of  (jood  irafer  (that  is,  water  free  from  con- 
tamination with  organic  matter;  distilled  water,  or 
w’hat  is  called  such,  obtained  from  the  condensed 
steam  xvhich  has  passed  through  the  engine,  contains 
grease  and  oil ; rain  water  is  seldom  pure  ; good 
drinking  water  will  do). 

2nd.  5 grams,  of  pure  precipitated  indigo  in  1 
litre  of  water. 

3rd.  Dilute  sulphuric  acid  (1  to  3 of  water). 

4th.  25  grams,  of  good  transparent  gelatine,  well 
swollen  in  cold  water,  then  dissolved  by  the  aid 
of  heat.  The  solution  is  made  uj>  to  a litre,  and 
saturated  with  pure  table  salt. 

5th.  A saturated  solution  of  pure  salt,  containing 
25  c.c.  of  sulphuric,  or  50  c.c.  of  hydrochloric  acid 
pier  litre. 

To  make  an  analysis,  10  grams,  sumach,  or  20  to 


25  of  bark,  are  exhausted  by  boiling  with  water,  and 
the  solution  when  cold  made  up  to  a litre.  Of  this 
infusion  10  c.c.  are  mixed  with  three-quarters  of  a 
litre  of  good  water ; 25  c.c.  of  the  indigo  solution 
and  10  c.c.  of  the  dilute  sulphuric  acid  are  added. 
The  permanganate  solution  is  run  drop  by  drop 
from  the  burette,  xvith  constant  stirring,  till  the  deep 
blue  of  the  indigo  changes  to  a clear  yellow,  and 
the  moment  this  takes  place  note  the  quantity  of 
permanganate  used ; call  this  quantity  A.  Next 
repeat  the  same  pirocess  with  the  indigo  and  sul- 
phuric acid  alone;  call  the  quantity  B.  Substracting 
B from  A,  the  amount  of  permanganate  is  obtained 
which  was  required  to  destroy  the  total  astringents 
of  10  c.c.  of  the  tannin  infusion.  The  permanganate 
acts  as  an  oxidising  agent,  consuming  both  the 
tannin  and  the  indigo.  As  the  tannin  is  the  more 
readily  oxidised  of  the  two,  it  is  consumed  first;  and 
when  the  indigo  is  all  bleached,  we  may  be  sure 
that  the  tannin  is  destroyed  also.  In  order,  how- 
ever, to  attain  this  satisfactorily,  the  proportion  of 
indigo  should  be  such  as  to  require  about  twice  the 
quantity  of  permanganate  which  would  be  consumed 
by  the  tannin  alone.  Thus,  if  indigo  alone  requires 
10  c.c.  of  permanganate  to  decolorize  it,  the  indigo 
and  tannin  together  must  not  take  more  than 
about  15  c.c. ; and  if  it  does  so,  the  tannin  infu- 
sion must  be  diluted  accordingly,  or  a less  quantity 
employed. 

The  next  step  is  to  ascertain  the  proportion  of 
gallic  acid  and  impurities  in  the  sample.  100  c.c.  of 
the  tannin  infusion  are  mixed  with  50  c.c.  of  the 
salted  gelatine  solution ; then,  after  well  stirring, 
add  100  c.c.  of  the  salt  and  acid  solution,  and  leave 
the  mixture  all  night;  tlien  filter,  and  the  filtrate 
should  be  completely  clear.  Now  test  50  c.c.  of 
this  filtrate  with  permanganate  and  indigo  as  before; 
thus  will  be  obtained  the  amount  of  permanganate 
required  for  the  gallic  acid  and  impurities  alone,  the 
gelatine  having  entirely  precipitated  all  the  tannin 
previously.  To  make  the  working  clearer,  an  ex- 
ample is  given  of  one  of  Lowenthal’s  papers  : — 


10  grams,  of  sumach  were  boiled  in  three-quarters  of  a 
litre  of  water,  and  after  cooling  made  up  to  1 litre. 

Pennangamte 


(1) 


10  c.c.  sumach  infusion') 
25  c.c.  indigo  solntioiij 
Ditto  repeated,  . . 


consumed 


16-6 

10-5 


33  1 


.50  c.c.  indigo  solution  alone, 13 '2 

Total  permanganate  for  20  c.c.  sumach, 19’0 


Permanganate. 

(2)  50c.c.filtrafefrom  the  gelatine  I ,"'2 

2o  c.c.  indigo  solution ) 


Ditto  repeated, ll'l 

50  c.c.  indigo  alone, 13'2 

Gallic  acid  and  impurities, 9'1 

Deducting  9‘1  c.c.  from  19'9  c.c..  10'8  c.c.  is  the  remainder, 
as  permanganate  equivalent  to  the  tannin  of  20  c c.  of  sumach 
iiifiisi  'll,  or  0'2  grams,  of  dry  sumach. — Tanners'  Journal, 
March,  1877. 
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This  process  gives  accurate  results  ; and  although 
it  may  appear  complicated,  it  may  be  readily  accom- 
plished  by  any  one  after  one  or  two  trials.  Many 
tanners  use  Lowknthal's  method  with  success. 

Another  process,  preferred  by  some  chemists, 
is  the  cupric  acetate  method.  To  the  solution 
of  tannin  add  saturated  solution  of  cupric  acetate 
till  the  supernatant  liquor  is  blue : then  add  excess 
of  solution  of  ammonic  carbonate  ; wash  once  by 
decantation,  and  then  rapidly  filter  in  a vacuum,  dry 
at  1U0°  C.,  and  weigh — 1'3  gram,  equal  to  1 gram,  of 
gallo-tannic  acid ; the  composition  of  the  precipitate 
is  adapted  for  valonia,  oak  bark,  and  myrabolans. 

GcrlaiuPs  Antimoniul  Prucess,  which  can  be  applied 
to  gambler  and  divi  divi.  This  is  volumetric.  The 
quantities  are  as  follows:  — 2‘611  grams,  of  tar- 
trate of  antimony  dried  at  100°  C.  are  dissolved  in  a 
litre  of  water;  1 c.c.  of  this  solution  = 0-005  grams,  of 
tannin;  a few  drops  of  .saturated  solution  of  chloride 
of  ammonium  is  found  to  help  precipitation,  'lliis 
process  gives  good  results,  but  it  is  seldom  em- 
ployed, because  the  solution  is  liable  to  decomposi- 
tion. 

Femcyanide  of  Putamum  Process. — This  includes 
the  use  of  a standard  solution  of  plumbic  acetate. 
The  acetate  of  lead  is  allowed  to  drop  from  a burette 
into  a solution  of  tannin;  the  precipitate  which 
results  is  of  a white  colour  until  the  whole  of  the 
tannic  acid  has  been  neutralized,  which  is  evidenced 
by  the  appearance  of  a red  tinge  to  the  solution  on 
the  addition  of  ferricyanide  of  potassium.  The  pro- 
portions are  as  follows : — 


Acetate  of  lead, 2^  erams. 

Water, J litre. 

The  Indicator — 

Ferricyanide  of  potaasium 5 milligrams. 

Stiong  ammonia, 5 c.c. 

Water, 5 c.c. 


Before  using,  the  lead  solution  must  be  diluted 
with  9 times  its  volume  of  water,  having  previously 
been  standardized  with 
pure  tannic  acid.  A small 
apparatus  has  been  lately 
brought  before  the  notice 
of  the  trade,  the  joint  in- 
vention of  two  Frenchmen, 
Messrs.  Mi;ntz  and  Rams- 
PACKEit,  Fig.  8.  It  is  com- 
posed of  two  parts. the  lower 
forming  the  bas-  ,on  which  a 
])iece  of  prepared  skin  is  laid. 
The  upper  portion,  fitted 
with  a long  screw,  when  in 
use  is  fixed  on  to  the  lower 
by  screw  clamps,  and  the 
machine  is  ready  for  use. 
The  sf lace  between  the  piece 
of  skin  iind  the  India  rub- 
ber dome  is  just  sufficient 
to  contain  100  c.c.  of  the 
tanning  infusion,  which 
infusion,  previous  to  being 
placed  in  the  machine,  is  tested  by  a small  hydrometer 
to  ascertain  its  specific  gravity.  When  the  infusion 


is  placed  in  the  machine,  and  the  brass  plug  screwed 
tight  at  the  side,  pressure  is  brought  to  bear  on  the 
dome,  and  there  being  no  means  of  egress  for  the 
liquor  it  has  to  pass  through  the  pores  of  the  skin ; 
all  the  tannin  is  abstracted  by  the  gelatine  of  the 
pelt;  clean  water,  or  water  containing  gallic  acid,  is 
collected  in  the  glass  below.  This  water  is  again 
tested  with  tlie  hydrometer,  the  difference  between 
the  two  specific  gravities,  with  a little  calculation, 
showing  the  percentage  of  tannic  acid.  This  machine, 
i or  tan-tester,  as  it  is  called,  has  proved  of  great 
value  at  the  present  time ; its  simplicity,  and  the 
j rapidity  with  which  the  operation  can  be  performed, 
has  led  to  its  general  adoption,  not  only  in  Eng- 
land, but  also  on  the  Continent.  Its  use  has  modi- 
fied considerably  the  estimation  of  value  of  many 
tanning  agents.  As  it  gives  not  only  the 
1 amount  of  tannic  acid,  but  also  of  all  that  goes  to 
make  leather,  it  in  fact  brings  the  tanyard  into  a 
' nutshell;  and  before  his  own  eyes  the  tanner  is  able 
in  half  an  hour  to  partially  tan  a piece  of  skin,  and 
in  this  manner  practically  to  reveal  the  tanning  pro- 
perties of  the  material.  It  is  not  to  be  wondered 
that  its  success  has  produced  much  adverse  criticism. 
But  it  can  and  will  survive  all  this. 

Machinery  for  Grindiny. — It  is  important  that  the 
different  barks  and  other  materials  should  be  crushed 
and  disintegrated,  to  facilitate  the  more  rapid  ab- 
straction of  the  tannin.  In  grinding  barks  and 
kindred  substances,  which  possess  a fibrous  texture, 
the  end  to  be  desired  is  to  crush  the  fibre,  and  at 


Fig.  9 


the  same  time  drag  away  every  fibre  separately  from 
the  next;  the  aim  of  the  millwright  should  be  to 
reduce  the  bark  to  ar  condition  much  resembling  rag 
tobacco,  a mass  of  cru.shed  fibres,  with  but  little 
dust.  This  process  is  termed  ragging.  Many  mills 
will  reduce  to  powder,  but  do  not  rag.  In  some 
secluded  parts  of  Devon  and  Somerset  were  to  be 
seen  a few  years  since  tolerably  perfect  specimens  of 
the  bark  mills  of  our  forefathers  (Fig.  9) ; two  large 
circular  stones  set  on  edge,  revolved  not  only  on  their 
own  axes,  but  partook  also  of  a circular  motion, 
imparted  by  connection  with  the  upright  shaft.  The 


Fig.  8. 
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bed  on  which  they  revolved  was  _e;enerally  a large 
basin  formed  out  of  one  granite  stone;  the  bark  was 
not  only  crushed,  but  a slow  grinding  was  also 

Fig  10. 


of  tons  rather  than  lbs.  The  mills  of  Taylor  and  Bod- 
lev,  and  IluxcHAM  and  Brown,  of  Exeter  (F'g.  10),  are 
deservedly  held  in  repute  for  simplicity  in  construc- 

Fig.  12. 


with  the  atmosphere  in  a humid  condition  no  pro- 
gress could  be  made.  The  improved  mills  of  modern 
days  are  constructed  on  the  same  principle  as  the 
coffee  mills,  only  vertical,  and  adapted  to  the  grinding 


of  New  York,  speaks  very  favourably.  But  the  advent 
of  mimosa,  which  requires  to  be  ground  very  tine 
to  extract  all  its  tannin,  and  myrabolans,  with  its  hard 
stone,  necessitated  mills  of  a different  construction. 


effected.  The  work  was  tedious  in  the  extreme. 
In  fine  weather,  with  the  bark  dry,  excellent  work 
was  accomplished,  the  bark  being  well  ragged ; but 


flon  and  excellence  of  work  ; they  are  generally  sup- 
plied with  breakers.  B,  which  cut  the  bark  in  conveni- 
ent lengths  for  the  mill.  They  are  used  also  for  the 
grinding  of  valonia.  In  giving  a sketch  of  the  Exeter 
mills,  two  American  mills  are  also  given  (Figs.  11,  12, 
13, 14),  one  made  by  Mosser,  of  which  Mr.  J.  Schultz, 


Fig  13. 


Fig.  11. 
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Both  of  these  materials  are  very  hard,  and  are 
brought  to  condition  of  powder.  In  the  beautiful 
cemetery  of  Arno’s  Vale,  near  Bristol,  may  be  seen 
the  modest  stone  bearing  the  name  of  Thomas 
Cauj!,  M.T.M.E.,  who  died  March  29,  1874.  Below 
the  name,  cut  out  of  the  solid  marble,  is  the  model 
of  tlie  working  interior  of  the  first  disintegrator. 
The  inventor  who  gave  birth  to  the  idea,  like 


many  others,  never  lived  to  reap  the  full  reward  of 
his  ingenuity.  Instead  of  20  revolutions  per  minute, 
as  most  mills  revolve,  Caru  conceived  the  idea  of 
driving  a mill  of  simple  construction  at  a very  great 
speed,  namely,  1500  revolutions  per  minute.  It  was 
not  a grinding  process,  but  one  in  which  the  material 
operated  on  was  k rocked  or  battered  to  pieces. 

Others  have  improved  on  the  construction  of  these 
macliines.  Wilson’s  universal  disintegrator,  of  which 


Fig.  15. 


a sketch  is  given,  is  driven  at  the  speed  of  3000 
revolutions  per  minute.  The  inventor  stiites  that 
this  mill  grinds  every  description  of  tanning  mate- 
rials— oak  bark,  mimosa,  valonia,  and  myrabolans, 
also  a great  variety  of  material  for  other  trades. 
The  reason  it  is  able  to  accomplish  such  a variety  of 
work  is  due  to  the  principle  on  which  it  works, 
namely,  percussion,  or,  in  other  words,  beating  the 
material  to  atoms  by  reiterated  blows  of  several 


steel  beaters  driven  at  a high  velocity,  which  is 
effected  in  the  following  manner.  Inclosed  within 
a circular  casing  or  diaim  is  a rapidly  rotating  steel 
disc,  with  several  steel  beaters  rivetted  on  each  side; 
this  disc  answers  the  purpose  of  a fly  wheel,  dividing 
the  casing  into  two  compartments,  which  are  serrated 
on  their  internal  peripheries;  the  first  compartment 
being  a little  smaller  tlian  the  second,  the  disc 
in  the  second  compartment  is  larger  than  the  first. 
The  material  which  is  required  to  be  ground  is  fed 
into  the  first  compartment  through  the  hopper, 
and  coming  into  contact  with  the  beaters  on  the 
rotary  disc,  is,  by  the  rapid  action  thereof,  dashed 
against  projections  or  breakers  on  the  casing,  or 
against  the  serrated  periphery.  The  action  is  con- 
tinued until  the  particles  are  reduced  sufficiently  to 
pass  the  serrated  periphery  of  the  first  compartment 
and  the  edge  of  the  disc  into  the  second  compart- 
ment. They  are  there  subjected  to  a fui’ther  beating 
or  reducing  action,  and  pass  away  through  the  dis- 
charge aperture  forming  the  whole  of  the  bottom  of 
the  second  compartment.  With  regard  to  wear  and 


Fig.  16. 


tear,  the  bearings  are  made  very  long,  and  lubricated 
with  tallow.  There  are  no  cutting  edges  to  sharpen, 
the  beaters  being  blunt  pieces  of  steel  hardened  on 
the  face.  The  mill  is  constructed  in  two  halves 
hinged  together  at  the  end,  and  fastened  with  bolts, 
so  that  it  can  be  readily  opened  for  repairs.  The 
disc  is  very  strong  and  light,  and  forms  a fly-wheel 
with  little  resistance  to  the  air ; one  advantage  of 
the  mill  being  the  fact,  that  it  will  pulverize  the 
material  either  dry  or  wet. 

Hides  and  Skins. — The  skins  of  all  animals  are 
capable  of  being  transformed  into  leather;  but  the 
number  of  those  with  which  the  tanner  has  to  do  are 
comparatively  limited.  The  ox,  horse,  sheep,  goat, 
pig,  and  seal,  are  the  principal. 

Ox  hides  occupy  the  most  prominent  position. 
They  are  met  with  in  the  home  mai-ket  weighing  from 
60  to  120  lbs.;  cow  hides  weigh  from  40  to  80  lbs.; 
kips,  which  are  the  skins  of  young  oxen  previous  to 
the  horns,  average  about  20  to  22  lbs.;  calf  skins, 
from  4 to  18  lbs.  P.  L.  Simmonds  estimates  our 
home  slaugiiter  at  four  millions,  and  calf  skins  at 
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half  a million.  No  very  reliable  statistics  are  ob- 
tainable on  the  subject.  Our  supplies  are  drawn 
from  all  parts  of  the  world  — South  America  fur- 
nishing by  far  the  largest  proportion.  The  vast 
Pampas,  through  wliich  the  river  Plate  and  its  tri- 
butaries flow,  has  unlimited  pastures  for  partially 
w’ild  oxen  and  horses,  which  have  been  computed 
roughly  to  number  nearly  twenty-five  millions.  The 
large  number  of  3,121,758  ox  hides  were  exported 
from  the  river  Plate  in  1872  to  different  parts  of 
Europe  and  the  United  States.  The  climate  and 
soil  of  the  Pampas,  lying  between  latitudes  31°  and 
38°  south,  appear  especially  suited  to  the  rearing  of 
these  cattle.  When  this  latitude  is  passed,  and  cattle 
are  obtained  from  districts  nearer  the  equator,  the 
quality  of  the  hide  deteriorates.  But  on  the  other 
hand,  Buenos  Ayres  hides,  the  production  of  the 
southernmost  of  the  states,  are  stouter  and  of  finer 
texture  than  Uruguay  or  Rio  Grande.  The  hides 
from  these  temperate  regions  are  salted,  and  exported 
as  wet  salted.  But  the  hides  obtained  from  tropical 
countries  are  generally  dried  in  the  sun,  or  salted 
and  dried.  Brazil  exports  largely  dry-salted  hides. 
There  is  a risk  that  in  such  hides  decomposition 
may  have  commenced  before  the  pelt  was  quite  dry. 
To  return  to  the  home  slaughter,  great  diversity  is 
found  within  the  limits  of  the  British  Isles.  Hides 
from  the  north  of  Scotland  are  totally  distinct  in 
texture  and  substance  from  those  obtained  in  the 
south  of  England.  Civilization,  with  greater  care 
and  attention  in  the  breeding  of  cattle,  has  pro- 
duced better  beef,  with  less  bone,  and  hides  with 
finer  grain  and  texture,  but  the  substance  is  materially 
lessened.  Oxen  killed  in  the  neighbourhood  of 
London  for  the  Christmas  markets,  yield  often  hides 
of  150  lbs.  in  weight,  almost  as  large  as  two  Aberdeen 
hides,  but  very  thin.  For  the  same  reason  heifer 
hides  are  preferred  to  cows  which  have  had  two  or 
three  calves.  Bull  hides  are  looked  on  with  dis- 
favour, because  the  hide  is  thin  in  the  back,  but 
coarse  and  thick  in  the  shoulder  and  offal.  The 
spring  may  be  considered  the  best  season  for  the 
English  market  hides,  when  the  hide  is  stout  and 
well  nourished  from  the  stall-feeding  of  the  winter. 
During  late  years  a number  of  Spanish  cattle  have 
been  landed  in  England,  the  hides  from  which  are 
generally  stouter  than  those  obtained  from  our  own 
cattle,  and  are  quoted  higher  in  the  markets.  The 
supjjly,  however,  is  variable.  At  the  close  of  the 
Franco-German  war,  a lar^e  stock  of  French  hides, 
which  had  accumulated  in  Paris,  were  brought  to 
England.  They  were  of  great  weight,  and  very 
stout;  since  which  time  t'.iere  has  been  a constant 
demand  for  them.  The  stoutest  of  our  market  hides 
are  principally  tanned  as  butts,  or  harness  hides, 
with  the  best  materials.  The  hides  of  lighter  weights 
and  inferior  substance  are  tanned  with  various  ma- 
terials as  common  or  shaved  hides.  Large  spready 
hides,  of  sufficient  substance,  are  now  frequently 
passed  through  the  splitting  machine,  and  tanned 
for  japan  and  coach-work.  The  best  stout  hides, 
unless  required  as  crop  or  harness  leather,  in  which 
case  they  are  tanned  whole,  are  otherwise  rounded 


after  depilation,  as  shown  by  the  annexed  plan  : — a 
is  the  butt,  which  contains  the  stoutest  and  best 
part  of  the  hide,  suitable  for  sole  or  belt  purposes. 
The  pieces  by  the  side,  b.  b,  are  termed  bellies  or  offal, 
being  thinner  in  substance,  therefore  do  not  require 
so  lengthened  a tanning  process.  The  head  is  re- 
served for  the  glue  merchant;  the  shoulder,  C,  is 
sometimes  cut  of  considerable  depth,  the  inner  por- 
tion being  termed  a range.  No  definite  directions 
can  be  given  as  to  the  selection  of  hides;  experience 
and  common  sense  are  the  best  guides.  A loose 
flabby  hide  will  naturally  give  a leather  of  a similar 
character ; no  after  process  can  remedy  a bad  fielt. 
When  inspected  at  the  home  market,  where  the  hides 
are,  preparatory  to  sale,  laid  in  piles  doubled  down, 
if  the  substance  of  the  hide  is  apparently  thick  in 


Fig.  17. 


be  considered  a strong,  butty  hide.  Many  hides 
have  a weak  place  in  the  back,  about  2 feet  from  the 
horns;  and  some  are  occasionally  met  with  thin  in 
the  butt,  and  correspondingly  thick  in  the  offal. 
During  the  summer  months  care  has  to  be  taken  in  the 
purchase  of  home-slaughter  hides,  as  they  are  then 
liable  to  warbles;  that  is,  they  are  infested  with  the 
grub  of  the  CEstriis  horis,  or  gad-fly,  which  having 
burrowed  into  the  skin,  when  matured  makes  its 
exit,  leaving  a small  hole,  which  for  the  time  pre- 
vents the  hide  being  used  for  many  purposes.  Salted 
hides  from  South  America  are  brought  to  England 
in  a nioist  condition,  with  salt  plentifully  placed 
between  each  layer  of  hides.  They  are  often  in- 
spected by  the  purchaser  as  they  are  discharged 
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from  the  side  of  the  vessel  on  to  the  quay,  when,  in 
order  to  free  them  from  the  superfluous  salt,  they 
are  turned  over  twice  before  weighing-,  thus  enabling 
the  bystander  to  form  an  accurate  judgment  as  to 
the  condition  and  quality  of  the  hide.  These  hides 
suffer  much  from  branding;  from  two  to  six  or  seven 
brands  are  often  seen  on  one  hide,  much  to  its  detri- 
ment, as  the  parts  thus  burnt  are  quite  useless  when 
tanned.  Efforts  have  been  made  to  mark  the 
cattle  in  some  other  less  objectionable  manner,  but 
hitherto  without  success.  It  will  be  interesting 
to  remember  that  the  first  cargo  of  salted  hides 
imported  into  England  were  brought  by  Admiral 
Hawkins  of  Plymouth,  who,  having  taken  a number 
of  slaves  to  St.  Domingo,  in  15G2,  invested  the  pro- 
ceeds in  hides.  Dry  hides  from  the  river  Plate  are 


Fig.  18. 


maifdy  absorbed  by  tlie  tanners  of  the  United  States 
and  Germany,  their  mode  of  depilation  being  better 
adapted  to  dry  hides.  A dry  hide  of  26  lbs.  would 
represent  the  equivalent  of  a salted  hide  of  60  lbs., 
and  market  hide  without  horns  of  74  lbs. 

Calf  Skins — though  met  with  in  the  market  all 
the  year  round — are  especially  abundant  in  the 
early  summer;  in  this  case,  also,  heifer  skins  are 
jireterable  to  steers,  giving  a finer  grain  witli  better 
substance.  Salted  and  dry  calf  skins  are  imported 
ill  large  numbers,  the  qualities  being  as  diverse  as 
the  countries  from  wliich  they  come.  Calf  skins 
after  tanning  are  prepared  by  the  currier,  the  best 
for  shoe  work,  the  inferior  for  bookbinding.  The 
French  are  deservedly  celebrated  for  the  excellence 
of  their  calf  leather, 

VOL.  11. 


Horse  Hides. — Very  few  good  hides  are  brought 
to  home  markets ; the  majority  being  obtained  from 
animals  who  have  suffered  much  from  neglect  and 
hard  work,  the  grain  therefore  considerably  damaged. 
Salted  South  American  horse  hides,  taken  from  the 
young  wild  cattle  of  the  Pampas,  are  imported  in 
thousands;  they  furnish  the  best  curried  leather, 
being  thin,  but  of  superior  grain  and  texture.  The 
horse  hide  is  rounded  by  tlie  tanner,  as  seen  in 
Fig.  18.  The  butt,  a,  is  removed  because  of  its 
substance  making  it  unsuitable  for  uppers ; nature 
has  provide,  d a layer  of  horn  underneath  the  corium, 
which  after  tanning  is  principally  employed  for 
stiffening  boots.  The  coarse  piece,  B,  which  was 
under  the  mane,  is  also  removed ; the  remainder 
of  the  hide  being  curried  for  best  work. 

Goat  Skins,  from  India  and  the  Cape,  are  im- 
ported in  a dry  state.  But  millions  also  come  into 
the  market  tanned  and  tawed,  from  the  same 
countries.  In  1873  England  received  as  below 
from — 

Cape  of  Good  Hope, 846,225  goatskins. 

British  India, 1.55,426  “ “ 

“ “ 5,368,605  tanned  and  tawed 

Madras, 6,002.473  tanned. 

Total 11,372,729 

The  majority  are  prepared  for  imitation  morocco, 
or  tawed  for  chamois  leather. 

Sheep  Skins  are  imported  in  immense  numbers 
from  South  America,  Australia,  and  many  other 
localities.  But  with  them,  also,  an  increasing  num- 
ber are  imported  in  a tanned  state.  In  1873  England 
received  from — 


Germany,  sheep  and  lamh  skins 395,185 

Italy,  sheep  and  lamb  skins 296.678 

Turkey,  sheep  and  lamb  skins, 556,906 

Uruguay,  sheep  and  lamb  skins, 414,517 

Argentine  republic,  sheep  and  lambskins,  3,707,100 
Cape  of  Good  Hope,  sheep  and  lamb  skins,  1,392,321 

Victoria,  sheep  skins 534,612 

New  South  Wales,  tanned 28,695 

New  Zealand,  tanned, 136,089 

British  India,  tunned, 2,801.312 

Madras,  tanned, 2,434,493 


Total, 12,697,909 


These  are  tanned  for  much  the  same  purposes 
as  goat  skins.  Sheep  skins  make  a more  spongy 
and  piorous  leather,  and  are  available  for  many  cheap 
and  inferior  goods,  such  as  linings,  aprons,  wash 
leather,  and  skivers. 

Many  fellmongers  do  largely  in  sheep  skins, 
simply  removing  the  wool  by  careful  liming  of  the 
skin  on  the  flesh  side.  The  pelt  is  reserved  for 
export,  as  the  large  skins  of  England  are  mucn 
sought  after  by  American  tanners.  As  many  as 
7,425,U78  undressed  sheep  skins  were  exported  in 
1873  to  the  United  States,  where  they  are  generally 
split  for  skivers. 

I'iej  Skins. — South  of  the  Tweed  the  skin  is  gener- 
ally allowed  to  remain  with  the  bacon  ; in  Scotland 
a lew  are  tanned,  especially  for  saddle  work,  for 
which  tliey  are  well  adapted. 

Seal  Skins  are  rather  limited  in  supply,  being  ob- 
tained froin  Falkland  Islands,  Cape  of  Good  Hope, 
42 
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Newfoundland,  Norway,  and  Jan  Mayen  Island — the 
last-uienticned  place  being  especially  resorted  to 
by  these  niaininalia  at  the  breeding  season,  where 
vessels  from  Peterhead  and  Dundee,  also  Norway 
and  Sweden,  congregate  at  the  end  of  March. 
Much  cruelty  has  been  perpetrated  on  these  de- 
fenceless animals,  from  the  large  numbers  of  mothers 
slain  before  the  young  were  able  to  take  care  of 
themselves.  When  tanned,  the  leather  is  prinei- 
pally  enamelled;  and  of  late  years  quantities  have 
been  dressed  with  the  fur  for  mantles  and  other 
feminine  attire.  Tlie  numbers  imported  for  1873 
were  as  follows  : — 


Cape  of  Good  Hope 15.845 

Newfoundland, 415.553 

Norway, 90,2.59 

Denmark, 5,064 


526,761 

Seal  skins  imported  in  1875  : — 


United  States, 100,201 

Whale  fisheries, 87,293 

British  North  .America, 372,083 

I'atagonia, 8,647 


East  Lidia  Kips. — The  skins  of  a small  breed  of 
oxen  peculiar  to  India.  They  are  wrongly  named 
ki]  s,  being  from  full-grown  animals.  Calcutta  is  the 
jirincipal  shipjiing  port,  the  hides  being  brought  to  the 
bazaars  by  the  native  dealers  from  Dacca,  Patna, 
Delhi,  Cawnpore,  and  other  districts.  The  majority 
of  them  are  not  stout  enough  for  sole  purposes,  but 
make  a cheap  upper  leather,  which  takes  the  place 
of  English  calf.  They  come  to  England  as  dry  and 
dry-stilted.  The  exports  from  India  were  as  below : 


1870,  13,67.5,997 

1871,  16,300,150 

1872 20,043,959 


Many  of  these  hides  are  covered  with  plaster  on 
the  flesh  side,  adding  considerably  to  the  weight  of 
the  skin.  The  English  tanners,  after  suffering 
largely  from  the  fraud,  refused  to  receive  them  in 
any  such  condition;  so  that  in  1874-75  many  tan- 
ners discontinued  to  tan  them,  and  immense  stocks 
of  these  plastered  kips  were  stored  in  the  London 
wharves  and  warehouses  ; and  many  a hou.se  con- 
nected with  the  East  India  trade  has  learned  the 
great  truth,  that  honesty  is  the  best  policy. 

I'liE  Tanning  of  Hides. — Prcparalonj  Processc.^i — 
Dcpilatiim  and  Raising. — Hides,  when  brought  to  the 
tan-yard  to  undergo  the  tanning  process,  are  pre- 
sented to  the  tanner  in  two  or  three  different 
conditions.  First,  as  market  hides;  full  of  moisture, 
besmeared  with  blood  and  filth.  Secondly,  .salted  ; 
from  some  foreign  land,  partially  dry,  with  a con- 
siderable quantity  of  salt  and  dirt  adhering.  Thirdly, 
as  drg  hide ; perfectly  rigid,  no  moisture  in  the 
pelt,  the  whole  cellular  tissue  of  the  hide  with  the 
corium  thoroughly  desiccated.  Lastly,  as  drg-.salled ; 
if  possible  in  a condition  more  intractable,  and 
often  loaded  with  dry  earth  or  lime  on  the  flesh. 
The  tanner  has  to  ask  himself,  how  am  I to  treat 
these  hides,  so  as  to  endeavour  to  bring  them  back 
to  their  original  condition  ? This  is  not  so  easy  a 


question  to  answer  as  may  at  first  sight  appear. 
With  the  hide  fresh  from  the  market,  the  usual 
process  would  be  to  wash  the  hide  in  clean  water, 
and  after  draining  for  a short  time,  to  pass  it  on 
into  a stale  or  spent  lime  pit;  but  even  here  caution 
is  required.  Fresh  hides,  if  exposed  long  to  the 
action  of  clean  soft  water,  especially  to  running 
water,  are  very  liable  to  damage.  Some  descriptions 
of  water  are  prone  to  reduce  the  pelt  to  a dangerous 
extent,  not  only  washing  out  some  albuminous  pro- 
perties of  the  pelt,  but  also  exerting  an  injurious  effect 
on  the  grain,  technically  known  as  Jretting  the  grain. 
Such  cases  have  been  known  to  occur  in  three  or 
four  hours  in  summer  weather.  Some  tanners  pass 
the  hide  directly  from  the  butcher’s  cart  into  an  old 
stale  lime  pit,  through  which  previously  other  hides 
have  passed,  so  that  nearly  all  the  caustic  properties 
of  the  lime  have  been  destroyed.  Such  spent  limes 
contain  a considerable  amount  of  free  ammonia  in 
solution,  which  is  well  ada^ited  to  soften  and  cleanse 
the  pelt. 

Wet-salted  Hides. — The  preliminary  soaking  in 
cold  water  is  necessary,  and  attended  with  little  risk, 
as  the  amount  of  salt  will  .act  as  weak  brine,  pre- 
serving the  condition  of  the  pelt ; but  the  water 
must  be  cold.  These  hides  are  allowed  to  remain 
in  the  water  for  three  or  four  hours,  then  taken  out 
from  the  pit  to  drain.  As  each  hide  is  removed  from 
the  pit,  care  is  taken  to  extend  it  to  its  full  size, 
especially  treading  out  any  part  which  may  have 
become  partially  dry  in  the  folds.  After  lying  in 
pile  for  one  hour,  they  are  again  placed  in  the  pit, 
to  remain  six  or  eight  hours,  according  to  the  tem- 
perature, after  which  they  are  placed  in  a stale  lime 
pit.  Drg  and  drg-salted  hides  require  considerable 
attention  at  this  stage.  Coming  from  tropical 
climes,  the  grain  is  often  in  a tender  condition,  or 
the  hide  may  have  become  heated  during  the  voyage. 
To  soak  them  in  cold  water,  especially  soft  water, 
would  be  almost  certain  to  terminate  in  their  de- 
struction. To  remedy  this,  the  pit  in  which  the 
hides  are  soaked  must  be  supplied  with  brine,  so  as 
to  raise  the  barcrometer  30  degrees  or  more,  thus 
retarding  to  a great  extent  the  too  rapid  action  on 
the  pelt;  or  carbolic  acid  may  be  added  to  the  water, 
especially  in  warm  weather.  Borax  may  also  be 
available  for  the  same  purpose,  if  of  sufficient 
strength.  Both  of  these  will  maintain  the  condition 
of  the  hide  for  a month  or  more,  if  necessary.  The 
preliminary  soak  ng  cimnot  be  hastened ; the  pelt 
must  be  thoroughly  permeated  with  the  soak  before 
it  is  in  a condition  to  absorb  the  lime  or  other 
depilatory.  A hide  or  skin  partially  soaked  would 
always  retain  a hard  horny  feeling,  which  no  after 
treatment  can  remove.  To  expedite  the  process  of 
soaking,  it  is  usual,  at  a certain  stage  of  the  treat- 
ment, to  break  the  hides  on  the  flesh,  over  the 
beam  or  in  the  stocks,  where  the  repeated  beating 
of  the  hammers  breaks  the  film  of  the  fle.sh,  and 
renders  the  pelt  more  porous.  A few  more  days  in 
the  soak  will  be  required  to  prepare  them  for  the 
limes.  During  the  winter  the  time  allowed  for  the 
soaking  of  hides  and  skins  may  be  lengthened  with 
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advantage.  A small  quantity  of  sulphide  of  sodium 
is  said  to  be  used  by  some  tanners  to  assist  in  the 
softening. 

In  our  ordinary  stocks  all  the  power  is  applied  in 
simply  lifting  the  heavy  hammers,  which  when  re- 
leased from  contact  with  the  tappet  fall  by  their  own 
weight,  and  thus  stock  the  skins  in  the  pan.  Figs. 
19  and  20  represent  an  improved  double-headed 


stock  or  fulling  mill,  as  made  by  Middleton  of 
Leeds.  The  centre  of  each  hammer  is  hollow,  into 
which  a square  chamber  is  fixed;  a shaft,  A,  passes 
through  the  centre  of  this  chamber,  and  is  attached 
by  plumber  blocks,  c,  to  the  sides  of  the  pan.  On 
the  shaft  are  placed  two  eccentrics,  c,  C — one  for 
each  hammer.  'J'he  revolution  of  the  shaft  brings 
these  eccentrics  into  contact  with  the  side  of  the 


chamber,  and  the  hammer  is  propelled  in  one  direc- 
tion ; the  same  eccentric,  on  completing  another 
half  revolution,  comes  in  contact  with  the  opposite 
side  of  the  chamber,  and  the  hammer  is  propelled 
in  the  reverse  direction.  It  must  be  noticed,  that 
although  both  eccentrics  are  represented,  in  order  to 


prevent  confusion  only  one  hammer  is  given. 
To  prevent  the  hammers  from  dragging  on 
the  bottom  of  the  pan,  two  large  rollers,  D,  D, 
work  at  the  base  of  the  hammers.  This 
machine  works  very  smoothly,  and  with 
little  noise.  It  is  capable  of  stocking  three 
times  the  quantity  of  any  other  stocks. 
Plate  I.  represents  Messrs.  Api'LEYAKD’s,  of 
Leeds,  “ patent  fleshing  machine.”  ^lany 
attempts  have  been  made  to  construct  a 
machine  which  would  efficiently  remove  the 
flesh  from  the  inner  side  of  the  skin ; but 
hitherto  all  such  attempts  have  proved  failures, 
and  in  some  instances  the  risk  of  damage  thereby 
has  been  increased  tenfold.  The  machine  which 
^lessrs.  Appleyai’.D  have  brought  into  notice  does 
not  profess  to  remove  the  flesh  from  the  hide  by 
incision  with  a sharp  edge.  The  knives,  of  which 
there  are  a number  (marked  a on  the  engraving), 
are  fixed  at  right  angles  to  the  periphery  of  the 
large  wheel.  The  knives  are  placed  between  a 
pair  of  rollers,  the  one  preceding,  the  other  follow- 
ing it,  so  that  the  skin  is  kept  in  position,  and 
prevented  from  buckling  or  getting  into  folds.  The 
large  wheel  makes  about  forty  revolutions  per  min- 
ute, so  that  the  knives  act  by  simple  concussion  : 
the  blade  is  brought  into  contact  with  the  hide, 
which  in  its  rapid  revolution  knocks  off  the  flesh. 
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The  hide  or  skin  is  placed  on  a circular  cone,  B,  the 

remain  in  this  Ume  pit  four  days,  by  which  time 

shape  of  which  is  constructed  to  exactly  correspond 

the  substance  of  the  hide  should  be  sufficiently 

with  the  sweep  of  the  wheel,  A ; this  cone,  b.  turns 

raised,  and  the  liair  readily  removable.  Having  thus 

slowly  with  a horizontal  movement,  so  that  every 

briefly  sketched  the  usual  course  adopted  in  the 

portion  of  the  hide  is  brought  into  contact  with  the 

depilation  of  hides  vvith  lime,  it  is  but  right  to 

knives  as  they  revolve  ; the  lever,  c,  is  held  by  the 

explain  that  great  difference  of  opinion  exists  between 

workman,  who  is  thus  able  accurately  to  adjust  the 

tanners,  as  to  the  amount  of  lime  to  be  employed. 

distance  between  the  knives  and  the  cone  on  which 

and  the  time  during  which  the  hide  should  be  sub- 

the  hide  moves,  so  as  to  remove  much  or  little 

jected  to  its  action.  Some  are  in  favour  of  low  liming, 

flesh  as  he  pleases.  This  machine  will,  it  is  believed, 

whilst  many  are  equally  believers  in  high  liming.  A 

dispense  with  hand  labour,  and  thereby  considerably 

tanner  in  one  yard  will  employ  12  bushels  of  lime  to 

reduce  the  cost  of  production,  and  increase  the 

unhair  fifty  foreign  hides,  another  would  only  give 

freedom  from  cuts  and  galls. 

3 or  4 bushels.  Presuming  that  the  measures  are 

Swellinf]  and  Dcpikition. — After  soaking,  the  hides 

the  same  in  each  district,  and  that  a bushel  of  fresh 

are  removed  into  other  pits  to  be  treated  with  some 

lime  will  weigh  about  56  lbs.;  in  the  one  case  672  lbs. 

depilatory,  for  the  purpose  of  removing  the  hair ; it 

would  be  used,  whilst  224  lbs.  would  represent  the 

is  desirable  also  that  the  agent  employed  should  at 

other.  Lime  is  but  sparingly  soluble  in  water — 15 

the  same  time  raise  or  swell  the  substonce  of  the 

grains  to  the  gallon.  A lime  pit  holding  500  gallons 

hide,  so  that  it  may  facilitate  the  entrance  of  the 

would  really  hold  in  solution  7500  grains,  or  rather 

tannin  in  the  after  process. 

more  than  1 lb.  of  lime.  Of  what  use  then  are  the 

Lime  has  for  centuries  been  the  principal  depila- 

223  lbs.  which  yet  remain  undi.ssolved  and  floating 

tory  employed  both  in  England  and  on  the  Continent. 

in  the  water  with  the  hides?  The  chemist  would 

The  carbonate  of  lime — or  chalk,  from  which  it  is 

insist  on  the  fact,  that  only  that  which  was  soluble 

obtained — being  prett3'  universal,  and  therefore  ready 

could  exert  any  influence  on  the  pelt.  Such  is 

at  hand,  and  its  simplicity  in  action,  may  account 

tlieory.  But  it  is  evident  that  the  pelt  will  absorb 

for  the  favour  with  which  it  is  looked  upon  by  the 

all  the  active  soluble  lime  near,  and  will  require  a 

trade.  Much  has  been  said  and  written  against  its 

continued  supply  of  the  same.  A considerable  excess 

use;  yet  it  must  not  be  forgotten  that  the  best 

of  lime  must  therefore  be  allowed  to  remain  in  the 

leather  which  the  world  produces  is  prej)ared  for  the 

pit.  The  lime  disintegrates  and  decomposes  the 

tan  with  lime.  The  chemistry  of  the  process  would 

gelatinous  tissue  of  the  hide,  evolving  ammonia; 

appear  to  be  very  simple.  The  caustic  solution  of 

it  also  unites  with  the  oil  in  the  fat  cells,  forming 

lime  coagulates  the  semi-fluid  between  the  cuticle 

a soap,  and  expands  the  sub.stance  of  the  hide.  In 

and  the  corium,  thus  loosening  the  roots  of  the  hair. 

old  stale  limes  a con.siderable  amount  of  free  am- 

and  freeing  the  epidermis  from  the  true  skin.  It 

monia  is  present,  which  may  be  utilized  in  softening 

also  unites  with  theTatty  matter  present  in  the  cells 

the  skin,  and  preparing  it  for  the  active  lime.  The 

of  the  true  skin,  forming  with  it  a kind  of  soap; 

large  quantity  of  lime  used  by  some  is,  no  doubt. 

at  the  same  time  swelling  the  fibrous  substance,  and 

wasteful  in  every  sense  of  the  word,  as  the  lime 

destroying  a considerable  portion  of  the  albumen 

Avhilst  present  in  a caustic  condition  must  be  acting 

of  the  skin. 

injuriously  on  the  pelt,  eating  away  the  very  nature 

The  mode  of  working  is  as  follows.  From  four 

of  the  same,  as  every  ounce  of  gelatin  destroyed 

to  six  pits  are  worked  iii  what  is  known  as  a round; 

implies  the  loss  of  nearly  two  ounces  of  leather.  As 

two  pits  being  the  live  or  strong  limes,  four  stale  or 

has  been  noticed  previously  the  coriin,  or  albumen 

partially  spent  limes.  The  hides  fresh  from  the  soak 

of  the  hide,  is  dissolved  by  lime,  therefore  the  less 

are  first  placed  in  a weak  or  stale  lime  through 

that  can  be  employed  the  better.  Experience  has 

which  other  hides  have  previously  passed,  thus  to  a 

also  proved  that  the  ordinary  method  of  making  a 

great  extent  destroying  the  caustic  properties  of  the 

fresh  lime  for  every  pack  of  hides  is  doubtful.  Some 

lime ; in  this  pit  they  remain  for  about  twelve  hours, 

tanners  having  once  made  a lime  pit,  after  the  first 

when  they  are  haided  out  of  the  pit,  and  allowed  to 

packof  hides  has  passed  through  it,  add  asmallerquan- 

drain  on  the  side.  The  thick  milk  of  lime  at  the 

tity  of  fresh  lime  to  the  same,  and  bring  out  another 

bottom  being  stirred  with  a plunger,  the  hides  are 

pack  of  hides.  This  is  repeated  tliree  or  four  times ; 

again  thrown  back  into  the  same  pit;  here  they 

so  that  one  pit  having  been  started  with  6 bushels 

remain  for  two  or  three  days,  being  hauled  out  each 

of  lime,  has.  by  the  addition  of  2 bushels  more  after 

day.  After  this  time  they  are  removed  to  a stronger 

each  pack,  brought  out  as  many  as  five  or  six  packs. 

lime,  to  undergo  a similar  process;  at  the  end  of  a 

It  is  asserted  that  this  may  be  continued  until  the 

week  or  ten  days  (in  the  case  of  ox  hides)  the  hides 

pit  becomes  supercharged  with  ammonia  and  animal 

are  sufficiently  swollen  to  fit  them  for  the  lime  pit. 

matter,  thus  neutralizing  the  effect  of  the  lime. 

which  is  prepared  in  the  following  manner : — From 

which,  instead  of-  raising,  reduces  the  pelt.  This 

4 to  12  lbs.  of  lime  per  hide  are  placed  in  the  empty 

may  arise  partly  from  the  free  caustic  ammonia. 

pit ; water  sufficient  to  cover  it  is  added ; great  heat 

partly  because  of  the  dissolved  gelatin  enabling  the 

is  generated  by  the  chemical  action  ; the  lime,  com- 

liquor  to  take  up  more  lime,  which  is  soluble  in 

billing  with  the  water,  becomes  a hydrate  of  lime. 

gelatin  solution.  Our  forefathers  are  said  to  have 

Time  being  allowed  for  the  cooling,  more  water 

kept  ox  hides  in  lime  for  twelve  months;  if  this  was 

is  added,  thus  forming  a milk  of  lime.  The  hides 

the  real  state  of  the  case,  the  solution  must  have 
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been  very  dilute,  and  .some  difficulty  must  have  been 
ex])erienced  in  maintainiiig  the  condition  of  tlie  pelt. 

Depilation  by  caustic  soda  has  been  employed. 
I'he  ordinary  carbonate  of  soda  is  rendered  caustic 
by  the  addition  of  lime  to  a boiling  solution  ; after 
agitation  the  insoluble  carbonate  of  lime  subsides,  so 
that  the  clear  supernatant  solution  of  caustic  soda 
is  withdrawn,  the  proportions  employed  being  10 
parts  soda  to  8 parts  of  lime.  The  solution 
very  rapidly  raises  the  pelt;  but  unless  the 
hides  are  suspended  in  the  solution,  or  continu- 
ally handled  in  tl  e pit,  the  edges  of  the  hides  are 
acted  on,  but  the  other  portions  remain  to  a great 
extent  unaffected  by  the  soda.  The  alkali  unites 
with  the  fatty  portions  of  the  hide,  thus  more 
effectually  cleansing  the  interior  of  the  pelt,  and 
preparing  it  better  for  tanning.  It  has  been  but  little 
used  in  England.  Si(r/cn-  was  patented  by  Dr.  Turn- 
bull,  in  1844,  as  a depilatory.  The  saccharine  solution 
is  prepared  with  14  lbs.  of  coarse  sugar  to  100  gallons 
of  water.  The  skins  are  allowed  to  remain  in  this 
solution  from  eight  to  ten  days,  being  handled  daily. 
Al’hen  the  skins  are  sufficiently  raised  they  are 
removed  from  the  sugar,  and,  after  draining,  are  im- 
mersed in  a strong  solution  of  sea  salt,  by  which  the 
cuticle  contracts,  and  becomes  easily  detached  from 
the  skin  ; the  pelt  after  washing  in  clean  water  is 
ready  for  the  tan-house.  This  jjroccss  appears  to  be 
scientifically  correct;  but  thirty  years  have  passed 
away  since  the  patent  was  obtained,  and  no  tanner 
appears  to  have  adopted  it.  The  reason  why  it  is 
difficult  to  explain.  It  is  not  improbable  that  Dr. 
Turnbull’s  theory  failed,  like  many  others,  from  his 
deficient  acquaintance  wdth  the  practical  details  of 
the  trade. 

Calcium  Biaulphifk  in  a concentrated  form, 

or  as  prisent  in  waste  from  alkali  works,  has  been 
patented  several  times.  A concentrated  solution, 
or  rather  paste,  of  calcium  bisulphide,  applied  to 
the  hair  side  of  a w'ell-soaked  hide,  will  in  a few 
hours  remove  the  hair  freely;  unless  w'ell  applied 
it  is  liable  to  leave  little  patches  of  hair,  which  are 
afterwards  difficult  to  remove.  It  exerts  no  injuri- 
ous aetion  on  the  pelt,  one  objection  to  its  use  being 
tl.e  unpleasant  smell  which  it  evolves.  The  sul- 
phurct  does  not  raise  the  pelt,  so  that  the  use  of 
acids  is  necessary  to  prepare  the  pelt  for  the  tanning. 
Alkali  waste,  or  the  gas  lime  from  the  gas-works, 
which  is  identical  in  composition,  but  of  a milder 
nature,  in  the  course  of  four  to  eight  days  effects 
the  same  purjiose.  If  the  statement  can  be  substan- 
tiated it  will  be  a boon  to  the  trade,  from  the 
great  saving  of  gelatine  which  is  now  lost  in  the 
liming  process. 

Sulphide  of  Sodium,  in  crystals  of  a dark  brown 
colour,  have  recently  been  introduced  to  the  notice 
of  the  trade.  It  appears  to  be  looked  upon  favour- 
ably by  German  tanners,  but  in  England  has  yet  to 
overcome  the  proverbial  prejudice  against  all  inno- 
vations. Herr  Eitner,  of  Vienna,  has  done  his 
utmost  to  induce  the  trade  to  give  it  a fair  and 
honest  trial.  He  places  the  process  before  tlie 
public  in  the  following  extract  from  tlie  paper 


issued  by  him  : — “ The  method  for  using  tire 
sodium  sulphide  is  very  simple,  and  is  performed  as 
follows.  The  skins  are  laid  out  flat  on  the  ground, 
with  the  hair  uppermost,  and  are  well  brushed  over 
on  the  grain  side  with  a solution  of  sulphide  of 
sodium.  The  best  method  for  doing  it  is  for  one 
man,  with  a w’ooden  bucket,  to  pour  the  liquor 
on  the  skin,  commencing  at  the  hea  1 and  keeping 
well  to  the  middle  line;  whilst  another  with  a long- 
handled  bru.sh  spreads  it  so  that  it  reaches  every 
portion  of  the  surface,  the  head  and  back  getting 
most,  as  the  hairs  are  there  longest,  and  closest, 
and  most  deeply  set  in.  AVhen  every  part  of  the 
grain  side  has  been  well  rubbed  over,  the  head,  legs, 
and  tail  are  folded  in,  and  the  hide  rolled  up.  'I'hus 
rolled,  the  hides  are  piled  in  a warm  place,  or  covered 
with  a green  hide  to  keep  them  from  drying.  In  the 
space  of  fifteen  to  twenty  hours  the  hair  will  be  de- 
tached and  ready  for  removal.  The  liquor  for  pouring 
on  the  skins  in  the  manner  just  described  is  prepared 
in  the  following  way : — A suitable  weight  of  sulphide 
of  sodium  is  dissolved  in  hot  water.  The  com- 
I mercial  sulphide  is  in  more  or  less  dark-looking 
I crystals,  and  varies  considerably  in  quality,  as  we 
I shall  presently  show.  The  sulphide  dissolves  quickly 
and  readily  if  5 pints  of  water  are  allowed  to  2 lbs. 
of  sulphide.  The  solution  thus  formed  is  very  thin, 
and  unless  thickened  would  run  off  the  hides.  The 
best  thickening  is  mill:  of  lime.  Chalk  or  pipe-clay 
may  also  be  used ; 3 parts  of  lime  are  allowed  to  1 
of  sulphide,  or  rather  more  if  the  lime  is  poor.  The 
lime  is  well  stirred  in  the  solution,  so  as  to  become 
intimately  incorporated  with  it.  The  mixture  must 
be  neith'er  too  thick  nor  too  thin.  It  should  diffuse 
itself  readily  over  the  surface,  lying  amongst  the 
hair,  and  not  running  off  at  the  edges.  A tanner  in 
a large  way  of  business  has  written  to  me  on  the 
subject  as  follows: — ‘You  know  that  I tried  the 
sulphide  process  as  long  ago  as  1873,  but  without  suc- 
ceeding to  my  satisfaction.  When  the  hides  were 
brushed  over  on  the  hair  side,  and  piled,  the  hair 
was  speedily  loosened,  but  not  enough  to  come  off 
well,  and  its  removal  proved  difficult  in  proportion 
as  the  hides  were  left  longer  in  the  pile.  The  hides 
themselves  were  flexible  enough,  but  rather  dry  to 
the  touch.  I then  tried  the  following  methods: — 
The  hides  were  brushed  over  and  piled  until  the 
hair  was  detached ; they  were  then  placed  in  a pit, 
and  turned  over  sevend  times  every  two  hours.  At 
the  etid  of  five  or  six  hours  they  were  unhaired  with 
the  greatest  ease  in  a fulling  stocks.  I afterwards  dis- 
covered that  hides  treated  with  sodium  sulphide  on 
the  inside  dry  very  quickly,  which  is  the  true  reason 
why  the  hair  does  not  come  off  well.  To  obviate 
this,  it  occurred  to  me  to  pack  the  hides,  brushed 
over  and  folded  as  before,  in  a vat  filled  with  water, 
pressing  them  down  hard  and  leaving  them  there  for 
twelve  hours.  The  experiment  succeeded  perfectly. 
The  hides  rose  gradually  above  the  sides  of  the  vat. 
The  absorption  of  water  had  increased  tlieir  volume  ; 
the  hair  came  off  readily.  For  the  last  two  years  I have 
treated  all  my  small  skins,  and  some  of  my  large 
j ones,  in  this  way,  without  having  occasion  to  regret 
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it  With  sole  leather  I have  obtained  equally  good 
results,  in  respect  both  of  the  quality  of  the  leather 
and  the  weight.  I have  ascertained  that  hides 
unhaired  with  sodium  sulphide  weigh  heavier  on  the 
average  by  10'4  per  cent,  than  limed  hides.’  ” 

Charcoal. — Anderson  of  Inverkeithing  obtained 
a patent  for  the  use  of  finely-ground  charcoal  as  a 
depihatory,  in  1871.  The  skins  after  soaking  are 
placed  in  a pit  with  enough  water  and  charcoal 
to  make  a thin  paste ; the  operation  proceeds 
with  more  certainty  if  the  temperature  is  main- 
tained at  70°  Fahr.,  when  in  four  or  five  days  the 
hides  will  readily  unhair.  During  the  process  no 
perceptible  odour  of  ammonia  is  recognized.  The 
patentee  gives  it  as  his  opinion  that  the  chemical 
action  is  as  follows ; — The  oxygen  present  in  the 
pores  of  the  cliarcoal  acts  chemically  on  the  fatty 
matters,  which  are  principally  located  near  the  roots 
of  the  hair  in  the  glands.  This  fatty  matter,  con- 


taining carbon,  will  unite  with  the  o.xygen  in  the 
charcoal  and  the  hydrogen  of  the  water,  tlius  form- 
ing carbonic  anhydride  and  hydrocarbons ; tliese 
are  given  off  as  gas.  Thus  in  reality  a kind  of  com- 
bustion takes  place  witliin  the  pores  of  the  hide, 
destroying  the  gland,  and  thus  loosening  the  hair 
Without  detriment  to  the  hide.  Other  chemists, 
however,  believe  the  process  to  be  simply  one  of 
putrefaction,  in  which  charcoal  acts  merely  as  a 
deodorizer. 

Cold  Sweating. — ^This  is  not  an  English  process  as 
yet ; but  as  it  is  one  of  the  most  important  American 
systems,  it  is  desirable  to  give  it  a place  here. 
A sketch  of  the  sweat  pits  is  given  in  Fig.  22, 
and  explanatory  remarks  taken  from  .J.  S.  Schultz's 
admirable  papers: — "The  sweat  pits  of  the  tanners 
should  be  constructed  of  stone  or  brick.  These 
structures  may  be  wholly  above  ground,  and  should 
be  so  placed  that  a wheelbarrow  may  be  run  from 
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the  floor  of  the  beam-house  into  the  main  passage  of 
the  sweat  pit.  These  passage-ways  should  be  wide, 
not  less  than  6 or  8 feet.  The  height  of  the  main 
passage-way  should  extend  above  the  surrounding 
pits,  and  by  this  lantern  construction  both  light  and 
air  can  be  secured  in  the  passage-ways  below.  The 
pits  themselves  should  extend  from  both  sides  of  this 
main  passage,  and  be  connected  with  folding-doors 
wide  enough  when  open  to  admit  a wheelbarrow. 
Each  pit  should  be  large  enough  to  contain  one 
pack  of  hides,  and  high  enough  to  admit  the  hanging 
of  a side  doubled,  with  a space  fully  2 feet  above 
and  1 foot  below  the  racks,  from  which  the  sides  are 
suspended  by  tenter  hooks.  The  width  of  the  pits 
should  be  about  8 feet.  This  will  give  space  for  two 
tiers  of  sides,  and  a small  passage  for  the  attendant 
to  pass  to  make  his  examinations.  The  temperature 
of  these  pits  is  held  under  control  by  steam  and 
cold  water,  with  which  the  main  passiige  is  amply 
supplied  by  means  of  pipes.  A properly  constructed 
pit  should  have  a false  bottom,  under  which  the 


steam  may  be  forced,  to  find  its  way  in  condensed 
spray  up  through  the  suspended  sides.  When  too 
warm,  cold  water  may  be  thrown  from  the  mouth  of 
a sprinkler  over  the  whole  surface,  and  will  in  a 
few  minutes  cool  the  whole  space,  and  leave  a 
desirable  moist  atmosphere.  When  in  proper  con- 
dition the  pit  will  stand  at  a temper.ature  of  60°  to 
70°  Fahr..  with  globules  of  water  standing  on  all 
parts  of  the  suspended  sides,  occasionally  dropping 
in  thin  condensation  from  the  ends  of  the  hair. 
Each  pit  should  have  at  least  four  lights,  7 by  9 inches, 
in  the  end,  with  a lantern  ventilator  on  the  top,  the 
latter  to  be  controlled  in  its  opening  and  closing 
by  a cord.  These  pits  should  be  covered  on  top  by 
timbers,  flattened  on  three  sides ; they  should  be 
heavy  enough  to  hold  up  at  least  2 feet  of  earth. 
This  earth  sodded  over,  and  kept  well  watered,  will 
amply  protect  the  pits  from  the  rays  of  the  sun. 
The  ammonia  which  arises  from  these  pits  will  pro- 
duce a most  luxurious  growth  of  grass,  vines,  or 
flowers  on  this  e.arth  covering.  The  sides  of  the 
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pits  should  be  protected  by  a banking  of  earth  or 
spent  tan ; the  fonner  is  the  most  desirable.  With 
pits  thus  constructed,  and  under  projier  control,  hides 
may  be  properly  sweated  in  from  three  to  seven 
days,  usually  about  four  or  five.  The  sides  should 
be  hung  on  the  racks  by  tenter  hooks,  either  sus- 
pended by  the  shoulder  or  from  the  pate  and  butt. 
As  the  sweating  process  advances  with  greater 
rapidity  in  the  top  than  the  bottom  of  the  pit,  and 
as  the  thicker  portions  of  the  hide  resist  the  action 
of  tlie  sweat  longer  than  the  thinner  portions,  it  is 
desirable,  as  far  as  practicable,  to  hang  the  pates  and 
butts  higher  than  the  shoulders  and  bellies,  or  the 
position  of  the  hides  must  be  changed  as  the  process 
advances.” 

After  the  hides  are  sweated  they  are  either  re- 
moved to  the  fulling  stocks  to  be  unhaired,  or  by 
some  tanners  treated  with  lime  to  plump  them, 
'rids  {>roces8  is  especially  applicable  to  the  tanning 
of  dry  hides ; although  Schultz  asserts  that  he  has 
known  the  green  salted  'Texas  hide  produce  73  lbs. 
of  leather  to  100  lbs.  of  green  hide.  'This  is  a large 
gain  on  the  English  system  of  lindng,  which  only 
averages  60  to  65  lbs.  to  100  of  salted  hide.  It  was 
asserted  by  many  writers  on  the  subject,  that  the 
cool  sweating  process  was  not  one  of  decomposition, 
as  no  ammonia  was  evolved.  I his,  however,  is  more 
than  doubtful,  as  it  is  probable  the  ammonia  would 
be  carried  off  with  the  water.  Schultz  speaks  of 
the  ammonia  as  being  valuable  for  vines  and  flowers. 

Unra.T. — Very  recently  attention  has  been  directed 
to  the  use  of  concentrated  solutions  of  borax  for 
unhairing  hides.  Borax  is  well  known  to  possess 
the  ])roperty  of  keeping  animal  tissue  in  a moist 
condition  for  months,  without  decomposition.  It 
has  yet  to  be  proved  in  England. 

'The  different  materials  thus  briefly  noted  may 
be  divided  into  three  classes : — 1st,  lime  and  soda ; 
2nd,  sulphides  of  calcium  and  sodium ; 3rd,  cool 
sweating,  charcoal,  sugar,  and  borax.  Lime  and 
caustic  soda  are  strong  alkalies,  visibly  swelling  the 
pelt,  and  destroying  much  of  the  albuminous  pro- 
perties of  the  same.  'The  sulphides,  though  strong 
in  their  action,  yet,  by  the  very  rapidity  of  the  depi- 
lation,  remove  the  epidermis  without  injury  to  the 
true  skin. 

Cool  sweating,  charcoal,  sugar,  and  borax  may 
be  regarded  as  a class  in  which  no  deleterious  agent 
is  brought  to  bear  on  the  pelt ; but  ,in  which  mois- 
ture, kept  in  check  by  temperature  and  antiseptics, 
attains  the  same  result.  'The  general  theory  has 
been,  that  during  the  process  a certain  amount  of 
decomposition  must  ensue,  during  which  ammonia 
is  evolved.  'This  is  borne  out  by  the  fact,  that  hides 
treated  with  lime,  or  caustic  soda,  evolve  large 
quantities  of  ammonia ; but  this  is  doubtful  when 
hides  are  treated  with  sulphides,  as  ammonia  is 
not  perceptible.  With  cool  sweating,  charcoal,  and 
borax,  ammonia  does  not  appear  to  be  one  of  the 
products;  or  the  quantity  is  so  small,  that  it  is  an 
open  question  with  interested  parties.  IMay  not 
lengthened  soaking,  especially  under  favourable 
circumstances,  such  as  warmth,  with  the  addition 
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of  other  sulphides,  originate  a destruction  of  the 
hair  bulbs,  so  that  sulphuretted  hydrogen  is  evolved 
without  any  detriment  to  the  pelt?  It  is  well  know'ii 
that  dry  skins,  in  a strong  brine,  will  after  a few 
weeks  generate  a large  amount  of  sulphuretted 
hydrofien. 

'The  subject  of  depilation  is  one  of  great  moment 
to  the  tanner ; and  that  such  is  felt  to  be  the  case 
is  evident  from  the  many  new  plans  which  are  con- 
tinually being  broached  in  the  trade  journals.  One 
great  objection  to  the  use  of  lime  is  not  only  the 
loss  of  gelatine  during  the  depilation,  but  also  the 
necessity  to  remove  every  trace  of  lime  from  the  pelt, 
or  the  leather  would  be  hard  and  brittle.  AVith 
all  light  leathers  this  is  especially  required,  as  the 
presence  of  lime  would  be  inimical  to  their  flexi- 
bility and  softness.  To  remove  the  lime  pure, 
either  dogs’  or  hens’  dung,  is  the  agent  employed. 
'These  materials  are  steeped  in  cold  water.  'The 
hides,  after  depilation  and  fleshing,  are  allowed  to 
remain  in  the  menstruum  from  one  to  three  days, 
according  to  the  temperature.  'The  carbonate  or 
chloride  of  ammoiiia  present  in  the  excrement  under- 
goes decomposition  ; the  chlorine  uniting  with  the 
lime  forming  a soluble  salt  of  lime,  which  is  ex- 
pelled by  the  tool  of  the  workman  from  the  pores 
of  the  skin.  For  the  same  purpose  glucose,  or 
grape  sugar,  is  now  employed  in  some  localities, 
and  appears  to  answer  as  well  as  the  more  objection- 
able pmre.  It  is  also  safer  in  hot  and  thundery 
weather.  Muriatic  acid,  with  many  of  the  weaker 
vegetable  acids,  such  as  acetic,  lactic,  and  oxalic 
acids,  may  with  advantage  be  employed  ; but  hitherto 
the  expense  has  prevented  their  general  adoption. 

Before  the  hide  or  butt  passes  from  the  limes  into 
the  tan  house,  it  is  taken  by  the  workman,  who 
places  it  across  a semicircular  frame,  called  a beam. 
Fig.  23;  with  a two-handled  knife,  Phgs.  24  and 
25,  he  removes  the  hair,  after  whicli  another  work- 


Fig.  22. 


man  operates  on  the  other  side  of  the  hide,  cutting 
off  all  the  flesh  and  fatty  matter  which  has  been 
left  by  the  butcher.  After  washing  in  an  atljoining 
pit  the  hide  is  rounded,  as  previously  explained ; 


LEATHER. — Tanning, 


336 


the  butt,  bellies,  and  shoulder  are  sent  into  the 
t!in  house,  while  the  cheeks  and  odd  pieces  are 
dried  for  the  glue  merchant. 

The  T.\nnino. — The  usual  process  adopted  with 
green  goods  fresh  from  the  lime  yard  is  as  follows: — 
A certain  number  of  pits  are  re.served  for  the  recep- 
tion of  these  goods.  They  are  termed  suspenders, 
and  are  filled  with  a weak  mild  liquor.  It  will 
enable  us  better  to  master  the  subject  if  a glance  is 
given  at  the  condition  of  the  butt.  The  butt  is  in 
a condition  to  undergo  the  tanning  process.  As  it 
leaves  the  lime-yard  it  is  full  of  moisture,  swollen  to 
twice  its  original  substance;  all  tlie  cellular  tissue  is 
distended,  and  what  may  remain  of  coriin  or  albumin- 
ous properties  very  fluid,  and  easy  to  be  expelled 
by  pressure  through  the  pores.  The  pelt  is  in  such 
a condition,  that  the  careless  application  of  warm 
water,  or  too  violent  agitation  in  a weak  menstruum, 
may  not  only  waste  the  coriin,  but  also  letdown  the 
pelt,  so  that  it  would  be  ditticult  afterwards  to  repair 
the  damage.  Experience  also  has  shown  that  the 
colour  of  the  future  leather  in  great  measure  depends 
on  the  treatment  at  this  stage  of  the  pelt,  which  may 
be  compared  to  a sponge,  in  a condition  to  receive 
and  absorb  any  tannin  wdth  which  it  may  be  sup- 
jilied.  It  was  not  unusual  in  some  tanneries  to  pass 
the  butts  from  the  lime-yaid,  for  a short  time, 
through  some  pits  containing  a strong  solution  of 
tannin  ; the  object  being  to  case-harden  the  grain 
and  the  flesh,  just  ein  u ;Ii  to  prevent  any  loss  of 
pelt,  and  maintain  the  substance  of  the  butt.  This 
process  effectually  sealed  the  pores,  inclosing,  it  is 
true,  the  loose  and  fluid  coriin,  but  as  effectually 
preventing  the  exit  of  the  lime.  So  the  butt  after- 
wards had  to  be  let  down  in  condition  to  remedy  the 
mischief  done  at  this  stage.  The  aim  of  the  tanner 
should  be  to  maintain  the  substance  of  the  butt, 
retaining  all  that  goes  to  make  leather;  yet  to  keep 
the  pores  open,  so  that  the  lime  may  readily  combine 
with  the  acetic  and  gallic  acids  present  in  the  weak 
liquors,  and  thus  be  expelled  from  the  skin.  Within 
a very  recent  period  the  usual  process  was  to  place 
the  butts  loosely  in  a horizontal  position,  in  a w'eak 
and  stale  solution  of  tannin.  They  were  removed 
from  the  pit  twice  a day,  being  allowed  to  drain  for 
a few  minutes.  The  effect  of  this  treatment  was 
soon  visible,  when  the  butts  were  thrown  up  twelve 
hours  after  to  drain.  The  butts  had  a tortoise-sheU 
appearance,  in  spots  shaded  from  light  amber  to 
dark  brown.  The  butt  as  thrown  into  the  pit  carried 
down  with  it  a certain  amount  of  air,  which  was 
retained  in  the  folds  as  the  pressure  increased.  So 
the  lime,  as  it  exuded  from  the  pores,  met  with  the 
tannic  and  gallic  acids,  and  in  the  presence  of  the 
confined  air  turned  the  grain  to  a dark  colour.  It 
is  true  that  by  careful  handling  afterwards  some  of 
this  can  be  rectified,  but  not  all.  The  present  method, 
which  is  generally  adopted,  certainly  appears  to  be 
preferable.  It  is  as  follows: — A certain  number 
of  pits  called  washers,  6 feet  in  depth,  7 feet  in 
length,  and  4 feet  6 inches  wide,  are  filled  with 
the  partially  spent  liquor  which  has  become  sour, 
holding  a small  percentage  of  tannic  acid,  with  a 


! considerable  quantity  of  acetic  and  gallic  acids.  The 
butts  are  suspended  by  cords  in  the  shouhlers  from 
poles  placed  across  the  pits,  so  that  they  hang  freely, 
without  touching  each  other;  the  liquor  thus  has 
free  access  to  every  surface  of  the  butt,  and  its 
action  is  equal  all  over  the  pit.  The  lime  present  in 
the  pelt  unites  with  the  acetic  and  gallic  acids,  thus 
becoming  soluble,  and  freely  exuding  through  the 
pores.  Butts  treated  in  this  manner,  and  carefully 
watched,  will  increase  in  substance,  and  gradually 
all  the  lime  will  be  expelled,  leaving  the  butt  in  a 
condition  to  proceed  to  the  second  stage — namely, 
the  handlers.  Seeing  such  to  be  the  case,  many 
drew  the  inference  that  their  leather  had  simply  in 
its  earlier  stages  to  be  brought  into  contact  with 
fresh  supplies  of  this  sour  liquor,  and  the  process  of 
tanning  would  proceed  very  rapidly : forgetting  that 
this  part  of  the  process  is  preparatory,  being  one  of 
cleansing  and  swelling.  Quite  a volume  could  be 
w'ritten,  giving  accounts  of  the  different  mechanical 

Fig.  25. 


contrivances  which  have  been  constructed  to  expedite 
the  tanning  process  at  this  stage.  Just  a few  may 
be  selected  to  illustrate  the  subject.  Mr.  Bede,  of 
Colyton,  Devon,  about  forty  years  since,  having 
plenty  of  water  power,  constructed  a circular  frame  10 
feet  in  diameter,  by  5 feet  in  width  (Fig.  26) ; a strong 
wooden  shaft.  A,  earned  across  the  pit  formed  the  cen- 
tre of  the  drum ; arms  radiating  from  the  shaft  at  the 
periphery  carried  a stout  wooden  ring,  in  which  were 
inserted  a number  of  wooden  rods  with  two  hooks, 
on  which  the  butts,  B,  B,  were  suspended  by  one  side 
internally.  The  butts,  fresh  from  the  lime-yard,  were 
hung  on  the  brass  hooks  until  the  machine  was 
about  half  full.  The  wheel  or  drum  was  allowed  to 
revolve  slowly,  one-half  of  the  drum  being  above  the 
liquor,  the  other  immersed.  Thus  every  butt  was 
alternately  half  its  time  out  of  the  liquor  and  exposed 
to  the  action  of  the  air;  the  effect  of  this  became 
speedily  apparent,  the  colour  of  the  butts  rapidly 
darkening  until  they  became  almost  black.  Two 
faults  existed  in  this  plan,  the  atmosphere  darkening 
the  colour,  and  the  violent  agitation  of  the  butts 
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at  tlie  middle;  by  tliis  motion  also  the  filth  which 
collects  at  the  bottom  of  the  suspenders  is  very 
liable  to  be  stirred  up,  which  imparts  a bad  colour  to 
the  leather.  Another  machine,  the  invention  of  Mr. 

N.  Evans,  of  Bristol,  the  object  of  which  was 
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to  present  fresh  supplies  of  sour  tanning  liquors  to 
the  butts  while  suspended,  with  but  little  agitation, 
is  shown  in  Fig.  28.  The  pits  were  made  G feet 
6 inches  deep,  7 feet  in  length,  and  f>  feet  wide ; three 
pits  were  worked  in  a row.  On  the  edges  of  the  pits 
43 


supported  by  a strong  shaft  in  the  middle,  it  was 
readily  worked  on  the  see-saw  plan,  one  side  de- 
presse  1 as  the  opposite  was  elevated.  The  Americans 
seem  rather  in  favour  of  this  rocking  machine 


(see  Fig.  27).  It  is  apparent,  however,  that  when 
in  motion  the  butts  are  exposed  much  too  freely 
and  unequally  to  the  air,  as  those  at  the  ends  of  the 
two  arms  have  more  contact  with  the  air  than  those 


Fig.  27. 


causing  considerable  loss  of  gelatine.  Mr.  Stephen 
Co.K,  of  Bristol,  attempted  to  improve  on  this  machine, 
by  immersing  nearly  the  whole  of  the  wheel  in  the 
liquor,  so  that  the  action  of  the  air  was  reduced  to  a 
minimum.  But  the  loss  of  gelatine  from  the  revolu- 

Fig. 


tion  of  the  wheel  still  remained.  Both  have  been 
abandoned.  A compromise  between  the  revolving 
and  stationary  suspenders  has  had  its  advocates. 
The  frame  on  which  the  rods  rested  was  constructed 
so  as  to  be  free  of  the  sides  of  the  pit;  and  being 
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were  fastened  pieces  of  wood  to  form  a tramway,  D ; on 
this  tramway  was  placed  a frame,  B,  just  the  size  of  the  J 
pit.  borne  on  brass  wheels,  c.  Fifty  butts,  a,  two  on  a I 
pole,  were  placed  in  each  pit;  these  occupied  5 feet 
of  the  frame,  thus  allowing  2 feet  play.  The  frames 
were  slowly  propelled  backward  and  forward  by 
means  of  a mangle  movement  attached  to  the  steam 
engine;  five  or  six  times  a minute  being  the  speed 
at  which  the  tram  travelled.  The  pits  being  of  large 
size  confcvined  a considerable  amount  of  acids,  which 
by  this  plan  were  brought  into  contact  with  the 
fresh  pelt,  so  that  the  lime  rapidly  exuded,  and 
the  butts  increased  in  substance.  The  filth  of  the 
butts,  collected  at  the  bottom,  was  not  disturbed 
by  the  slow  movement  of  the  tram.  The  colour 
and  grain  thus  produced  was  excellent.  The  in- 
ventor does  not  regard  the  machine  so  much  as  a 
tanning,  as  a good  purgative  and  grain-setting  ma- 
chine. This  plan  is  available  only  for  sour  liquors  ; 
if  employed  with  the  harsher  woozes  from  the  taps, 
a bad  colour  is  the  result,  and  flesh  and  grain  are 
liable  to  become  case-hardened. 

Another  plan,  which  has  but  few  followers,  is  yet 
worthy  of  more  attention.  The  butts,  as  removed 
from  the  water,  are  suspended  in  the  usual  manner, 
but  are  not  moved  in  the  pit  for  twenty-four  hours, 
if  the  liquor  is  mild  and  sour ; the  result  is  a beauti- 
ful grain.  The  lime,  as  it  exudes  from  the  skin, 
comes  in  contact  with  the  gallic  and  acetic  acids, 
forming  a sort  of  scum  on  the  surface  ; this  appears 
to  protect  the  grain  at  this  stage,  and  the  process, 
though  slow,  is  satisfactory.  At  the  end  of  the 
twenty-four  hours  the  butts  are  removed  into 
another  pit,  when  the  scum  is  washed  off  ; they  are 
allowed  to  remain  another  twenty-four  hours,  and 
the  process  continues. 

At  this  stage  it  must  be  borne  in  mind  that  the 
skin  is  in  that  impressible  condition  that  slight 
modifications  of  the  process  may  effect  startling 
changes  in  the  pelt.  AVhilst  it  will  be  apparent  to 
most  that  liquors  of  too  sharp  a character  may  at 
this  stage  be  prejudicial  to  the  pelt,  it  is  also  certain 
that  mild  sour  liquors  must  have  such  an  amount  of 
acids,  such  as  tannic  and  acetate,  to  keep  up  the 
condition  of  the  pelt,  since  if  by  any  mistake 
the  balance  is  on  the  other  side,  the  lime  which 
remains  in  the  pelt  more  than  neutralizes  the  acids. 
In  other  words,  if  two  packs  are  passed  through  a 
pit  which  contained  only  acid  enough  for  one  pack, 
especially  if  the  butts  are  agitated  with  any  violence, 
the  result  may  be  disastrous ; as  the  gelatine  will 
exude  from  the  pelt,  an  1 float  in  large  quantities  in 
the  liquor.  It  is  therefore  very  false  economy  to 
endeavour  to  extract  every  vestige  of  tannic  acid 
from  the  suspenders.  Each  tanner  must  use  his 
own  judgment  as  to  the  weakness  of  the  liquor  in 
which  he  suspends  his  green  goods.  No  rule  can 
be  given  in  this  matter.  When  oak  bark  is  the 
principal  tanning  material  employed,  liquor  stand- 
ing at  3°  to  4°  barcrometer  may  be  considered  as 
spent,  and  thrown  away ; but  with  mixed  materials, 
such  as  valonia,  myrabolans,  and  divi,  which  gener- 
ally impart  a turbidness,  10°  to  13°  bare,  will  often 
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not  be  too  high  to  be  thrown  away.  One  or  two 
J experiments  with  Hamspacker’s  tan-tester  will  enable 
I the  tanner  to  ascertain  the  amount  of  tiinnic  acid  in 
these  weak  solutions.  One  precaution  is  necessary, 
that  the  liquor  to  be  tested  be  filtered  until  it  be 
quite  clear.  This  is  often  a matter  of  difficulty,  from 
the  presence  of  lime  and  organic  matter.  Nor  must 
the  tanner  be  misled  by  some  of  the  chemical  tests, 
which  are  now  and  then  advanced  as  ready  methods 
of  ascertaining  the  weakness  of  a liquor.  For 
instance,  a drop  or  two  of  ferric  sulphate  applied  to 
a spent  liquor  may  yield  a considerable  apparent 
preci[)itate,  which  would  yet  be  too  weak  to  keep 
up  the  condition  of  the  pelt.  Nor  must  the  tanner 
forget,  that  a treatn)ent  which  may  be  suitable  and 
right  in  a district  where  hard  water  is  used,  would 
probably  be  suicidal  in  another  locality,  where  soft 
w'ater  abounded.  It  is  known  with  some  degree  of 
certainty  that  the  butt,  after  leaving  the  suspenders, 
is  capable  of  imbibing  any  reasonable  amount  of 
tannic  acid  that  may  be  presented  to  it,  provided 
the  pores  of  the  skin  can  be  kept  open.  For  this 
reason,  many  plans  have  been  adopted  to  force  the 
ten  into  the  p'elt.  Some  keep  their  butts  suspended 
all  through  the  process,  which  enables  them  to  move 
every  butt  daily ; but  the  drawback  to  this  system 
appears  to  be  the  loss  of  bloom,  which  is  considered 
so  essential  to  good  leather,  and  the  large  number 
of  pits  required.  Messrs.  Cox  and  Drake  obtained 
patents  for  expediting  the  process  of  tanning.  The 
butts  being  sewn  at  the  edges,  so  as  to  form  bags, 
were  filled  with  liquor,  which  was  by  hydrostatic 
pressure  forced  through  the  pores  of  the  butt,  the 
bag  being  maintained  in  its  upright  position  by  a 
frame.  The  penetration  of  the  tanning  was  imper- 
fect ; the  skins  were  bulged  by  the  unequal  pressure, 
and  the  fibrous  structure  of  the  pelt  strained  and 
distorted.  This  plan  has  been  recently  revised,  but 
with  no  good  result.  Acting  on  the  theory  that  the 
pelt  was  something  like  a sponge,  others  passed  the 
butts  from  one  pit  to  the  other  under  rollers,  which, 
removing  all  the  spent  liquor,  introduced  the  pelt 
into  another  pit  where  was  a fresh  supply  of  good 
liquor,  which  would  rapnlly  combine  with  the 
gelatine  in  the  butt.  Such  was  the  theory,  but  the 
end  attained  was  a thin  spongy  leather. 

In  1863  H.  Hamer  of  London  took  out  a patent 
for  improvements  in  tanning,  and  apparatus  em- 
ployed therein.  The  patentee  says — “ I suspend 
the  hides  or  skins  within  an  air-tight  vessel,  so  that 
the  tanning  liquor  which  the  vessel  contains  may  come 
in  contact  with  every  part  of  each  hide  or  skin  ; I 
exhaust  the  air  from  the  tank ; and  further,  I keep 
the  tanning  liquor  in  motion  during  the  process,  so 
that  it  may  sweep  off  from  the  hides  the  film  of 
spent  liquor  immediately  it  is  formed.  The  hides 
are  hung  on  laths  at  the  upper  part  of  the  frame, 
transversely  of  the  length  of  the  tank  ; as  the  hides 
are  moved  by  rack  work,  the  liquor  presses  first  on 
one  side,  then  on  the  other.  The  tank  is  connected 
with  an  air  pumj),  and  is  exhausted  during  the  pro- 
cess. Air  may  also  be  forced  in  to  a pressure  of  .6 
or  6 lbs.  to  the  square  inch.”  The  leather  produced 
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by  this  nietliod  is  good  in  colour,  but  appears  lack- 
ing in  weight  and  substance. 

Tkemlett  & ^VlLS()N  of  Exeter  have  in  operation 
another  plan,  a sketch  of  which  is  given  in  Fig.  29. 
About  twenty  butts  are  affixed  by  one  side  to  a large 
shaft  which  works  over  tlie  middle  of  the  pit ; as  it 
slowly  revolves  the  butts  are  fohled  over  or  around 
the  shaft,  and  in  the  revolution  etich  butt  as  it  turns 
over  frees  itself  from  the  shaft  and  hangs  suspended 
its  full  widtli  in  the  pit;  each  butt  thus  obtains  a 
fresh  contact  with  the  liquor  in  the  pit  on  every 
revolution  of  the  shaft.  The  shaft  revolves  just  on 
a level  with  the  liquor  in  the  pit.  D.  It  will  be  well  to 
notice  at  this  stage  a patent  process  taken  out  by 
Evans  in  1873.  All  practical  men  have  experienced 
considerable  difficulty  in  the  treatment  of  green  goods, 
on  their  first  introduction  tc  the  tanning  woozes. 
The  pelt  is  liable,  if  the  process  is  carried  on  too  rapidly, 
to  become  case-hardened.  The  grain  side  especially 
becomes  tanned,  inclosing  the  lime,  and  prevent- 


ing to  a great  degree  the  after  process  of  tanning. 
When  the  grain  is  thus  sealed,  the  future  leather 
when  dry  will  look  dark  in  colour,  very  brittle,  liable 
to  crack,  and  will  huff  indifferently.  The  flesh  side 
is  not  iiffected  to  the  s.-une  extent.  This  explains 
the  reason  why,  in  the  first  stages  of  tanning,  the 
process  is  so  protracted.  Care  has  to  be  taken  to 
prevent  this  case-himleiiing.  The  object  of  the  patent 
mentioned  above  is  to  provide  a remedy  for  this  by 
shielding  the  grain  by  some  composition  before,  or 
at  an  early  stage  of,  the  tanning,  so  that  the  pelt  can 
be  pushed  on  into  much  stronger  woozes  than  it 
otherwise  could  bear,  and  the  process  be  shortened 
thereby.  The  butts  are  removed  from  the  rounding 
table,  freed  from  lime  as  far  its  jjossihle.  allowed  to 
drain  on  horse  for  twelve  hours,  then  rubbed  dry, 
and  grease  or  thick  dubbing  carefully  rubbeil  over 
the  grain,  and  the  butt  removed  to  be  suspended  in 
strong  liquors.  The  following  figures  will  show  the 
rapidity  with  which  the  fresh  pelt  absorbs  the  tannin  ; 
the  woozes  being  tested  by  barcrometer  when  placed 
in  the  pit,  ami  each  morning  after.  On  the  fourth  day 
the  stde  liquor  wius  withdrawn  and  fresh  supplied  : — 

Fint  DKy.  Second  Day.  Third  Day. 

First  liquor, fiaj  . . 49j  . . 4(>J  . . 44 

Secuml  liquor,. .. . 7l|  ..  00^  ..  .'>9|  ..  50 


The  mode  in  which  the  patent  is  now  applied  is 
to  allow  the  butts  to  be  suspended  in  the  usual 
manner  for  two  or  three  days,  when  they  will  have 
become  coloured,  and  the  lime  near  the  surface 
exuded.  They  are  then  placed  on  horse  to  drain  as  be- 
fore. The  grease  is  well  rubbed  in  to  the  grain.  :md  the 
butts  may  then  be  placed  in  very  strong  woozes  with 
satisfactory  results,  the  weight  and  solidity  of  the 
leather  thus  treated  being  much  in  advance  of  ordi- 
nary tiinnages,  and  in  one  quarter  of  the  time. 

It  is  right  to  mention  here,  that  there  are  a few 
tanners  who,  regarding  only  the  time,  and  ignoring 
all  other  considerations,  place  their  green  goods  very 
rapidly  in  strong  woozes,  and  by  mere  strengtfi  of 
liquor  force  it  through  the  skin.  But  the  leather 
resulting  from  such  treatment  is  bad  in  colour  and 
texture,  and  a few  years  since  would  have  been 
unsaleable.  This  method  is  referred  to  only  to  be 
dejirecated,  and  as  worthy  of  the  dark  ages. 

The  Ilumlkru. — These  are  a series  of  pits  to  which 
the  butts  are  removed  after  leaving  the  suspenders. 
As  previously  remarked,  some  ignore  suspension, 
and  pass  their  butts  at  once  from  the  beam  house 
into  the  handlers,  but  this  is  rather  the  exception. 
The  handlers  are  composed  of  from  four  to  twelve 
or  more  pits,  which  work  in  what  is  technically 
known  as  a rortnd.  A round  of  six  pits  would 
comprise  two  (histerx.  containing  the  oldest  packs  in 
the  round,  which  are  not  only  treated  with  the  fresh 
liquor,  but  also  with  a certain  quantity  of  finely- 
ground  oak  bark  placed  between  each  butt,  and  four 
Jioalers,  which,  as  the  dusters  are  moved  into  a fresh 
pit,  follow  in  regular  order,  the  oldest  pack  taking 
the  place  vacated  by  the  duster,  the  last  floater  being 
the  pack  which  has  most  recently  been  received  from 
the  suspenders.  Twice  or  three  times  in  the  week, 
according  to  the  length  of  the  round,  one  of  the 
dunter.s  is  thrown  up  to  drain,  preparatory  to  receiv- 
ing a fresh  liquor;  the  floaters  following  are  shifted 
from  one  pi,i  to  the  other.  The  removal  of  the  last 
leaves  a pit  without  any  butts,  partially  full  of  the 
sour,  stale  liquor  through  which  all  the  butts  in  the 
round  have  previously  passed.  This  sour  liquor  is 
generally  pumped  back  to  the  suspenders,  where  all 
the  tiinning  properties  remaining  are  absorbed  by 
the  green  goods,  and  then  thrown  away.  Return- 
ing to  the  round,  the  pit  is  cleaned  out,  and  a fresh, 
bright  liquor  from  the  brewing  vats  is  j)umped  into 
the  pit.  the  strength  of  wooze  varying  from  20°  to  35° 
by  barcrometer.  The  butts  from  the  duster,  which 
have  now  drained  for  two  or  three  hours,  are  thrown 
in  one  by  one,  and  loose  ground  bark  scattered  over 
each  butt ; the  object  of  the  latter  being  to  prevent 
too  close  a contact,  so  that  the  liquor  may  be  able  to 
penetrate,  and  also  by  its  tanning  j)roperties  to  sus- 
tain and  feed  the  pelt.  Exclusive  of  the  shifting,  in 
most  yards  the  floaters  are  taken  up  to  drain  once 
or  twice  a day,  and  then  returned  to  the  same  pit. 
This  is  termed  haiidlimi.  Having  described  the  pre- 
sent mode,  it  will  be  interesting  to  contrast  the 
original  plans  adopted  by  our  forefathers.  An  empty 
pit  being  provided,  a layer  of  ground  bark,  2 inches 
in  depth,  was  placed  evenly  over  the  bottom  of  the 
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pit;  on  that  was  laid  a hide,  then  another  layer  of 
bark,  1 inch  in  thickness,  and  again  another  hide ; 
thus  alternately  bark  and  hide  were  laid  until  the 
pit  was  fuil,  a larger  quantity  of  bark  covering  the 
whole,  which  was  termed  the  hut.  To  this  was 
added  the  right  quantity  of  fresh  water,  the  hides 
were  allowed  to  remain  for  six  or  eight  weeks,  then 
the  hides  were  removed  from  the  pit;  and  the  partially 
spent  bark  and  tan  pumped  off.  The  same  process 
was  carried  out  the  second  time,  the  hides  remaining 
a week  or  two  longer.  As  the  hides  approached  the 
end  of  the  process,  tlie  time  was  consi  'erably  length- 
ened between  each  renewal.  The  leatlier  manufac- 
tured by  this  primitive  process  was  excellent — tough, 
mellow,  and  of  good  colour ; but  the  time  occuj>ied 
was  from  two  to  three  years.  This  process  may  still 
be  seen  in  France  and  other  countries  on  tlie  Con- 
tinent. It  was  a great  advance  to  prepare  the  woozes 
in  separate  pits.  I’he  bark,  valonia,  or  myrabolans 
being  thus  ])resented  to  the  pelt  in  a concentrated 
form,  materially  shortened  the  process  of  tanning, 
'i’he  brewing  pits  are  known  in  tlie  trade  as  tups  or 
latches.  Returning  to  the  handlers;  the  butts  gener- 
ally remain  in  them  from  one  month  to  two  months, 
by  which  time  they  should  ajinear  to  be  struck 
through  one-third  of  the  substance  of  the  pelt.  In 
most  cases  the  old  packs  will  have  acquired  a peach- 
like bloom,  the  substance  of  the  pelt  having  con- 
siderably increased  and  much  consolidated.  'J’he 
butts  are  now  moved  into  the  hluumers  or  luijei's,  in 
which  pits  they  i-emain  until  finally  tanned. 

Before  passing  to  the  layers,  it  will  be  appropriate 
here  to  pass  under  review  the  waste  liquor,  which, 
pumjied  from  the  handlers  into  the  suspenders,  is 
usually  thrown  away.  It  is  a matter  of  considerable 
doubt  with  many  how  far  such  spent  woozes  should 
be  permitted  to  run  into  the  sewer,  or  be  returned 
to  the  taps  in  the  place  of  clean  water.  Clean  water 
no  doubt  is  safer,  as  the  sour  wooze  returning  to 
the  taps  will  carry  with  it  a certain  amount  of 
acetic  and  gallic  acids,  with  lime  and  organic  matter. 
'I'hesc  woozes,  if  continuallj'  returned  to  the  taps, 
gradually  change  the  whole  character  of  the  liquors, 
until  a great  proportion  of  their  tanning  properties 
are  destroyed.  'I’he  liquor  becomes  very  sour, 
thick,  and  syrupy,  in  some  cases  approaching  the 
consistency  of  thin  treacle.  Such  liquors  are  termed 
ropi/ : and  when  arrived  at  such  a stage  that  the 
tanner  can  see  the  liquor  adhering  to  his  walking 
stick,  it  will  need  his  best  attention  to  prevent  the 
utter  ruin  of  all  his  liquors,  which  in  these  days  are 
often  valued  at  thousands  of  pounds.  'J'he  remedy 
for  this  is  to  stop  the  cause — let  no  more  sour 
woozes  be  returned  to  the  latches,  but  let  them  be 
ruthlessly  thrown  away.  Re'pleid.sh  the  taps  as  quickly 
as  possible  with  a large  quantity  of  new  material, 
and  continue  this  until  all  the  strong  woozes  in 
the  yard  have  been  returned  to  the  taps,  and  thus 
revived.  It  must  not  be  supposed  that  there  are 
no  conditions  under  which  these  sour  liquors  may 
be  beneficial.  A limited  return  of  the  S])ent  woozes 
may  be  of  benefit  to  the  suspenders  occ.asionally,  to 
give  the  amount  of  acidity  which  is  required. 


The  different  conditions  connected  with  the 
locality,  the  water,  and  especially  the  principal 
tanning  agent  employed,  must  be  well  weighed  by 
the  tanner.  If  the  leather  be  bright  and  full  with 
clear  water  only,  it  would  be  unwise  to  economize 
by  saving  the  spent  liquors.  After  this  digression, 
we  return  to  the  layers  or  bloomers,  of  w.  ich  little 
need  be  said.  The  butts  on  leaving  the  handlers 
are  tran.sferrccl  to  ]>its,  termed  loijcrs.  Here  they 
are  laid  down  in  stronger  liquors,  M'ith  a larger 
amount  of  bark.  The  first  layer,  the  pack  would 
be  jilaced  in  liquor  of  40°,  and  remain  down  without 
moving  for  ten  days ; the  second  layer,  the  pack 
would  receive  an  increase  of  3°  or  4°  of  strength, 
and  remain  about  a fortnight,  thus  gradually  increas- 
ing in  strength  of  liquor  and  in  the  duration  of  the 
time.  At  the  end  of  five  or  six  months  the  thinner 
butts  would  be  tanned,  and  fit  for  the  drying  loft. 
Most  tannei-s  would  give  their  stouter  butts  one  or 
two  extra  liquois,  in  which  case  they  would  remain 
dowm  four  or  five  weeks,  and  in  liquor  60°  or  more. 
As  eveiy  tanner  has  his  owm  notions  as  to  the 
strength  of  liquor  and  the  material  of  which  that 
1 quor  shall  be  made,  it  is  oidy  possible  to  speak 
in  general  terms  of  the  treatmetit  of  butts  in  the 
layers.  Some  use  liquors  which  are  made  entirely 
from  valonia,  using  bark  only  for  dustiiuj — that  is, 
to  be  placed  between  the  butts  ; others  em])loy  two- 
thirds  of  valonia  and  one-third  myrabolans  for  their 
liquor,  and  in  some  cases  one-half  of  valon  a and 
one-fourth  each  of  mimosa  and  myrabolans.  tl  e 
penetration  and  colour  of  the  mimosa  counteracting 
the  softening  properties  of  the  myrabolans.  Of 
divi  divi,  as  has  previously  been  stated,  its  use  is 
exceptional  ; and  when  employed  it  is  kt  pt  distinct 
froni  the  other  liquors,  and  only  used  when  the 
staple  materials  have  risen  in  value.  As  the  butts 
increase  in  age,  the  amount  of  hlnom  or  elkigic  acid  (?) 
deposited  increases  also ; and  when  tanned,  which 
is  ascertained  by  an  incision  in  the  stouter  part  of 
the  butt,  the  sectional  cut  will  reveal  the  fibrous 
texture  of  the  skin  of  one  colour  throughout,  if 
carefully  tanned.  'J'he  presence  of  lime  in  the 
earlier  stages  is  visible  bj'  the  skin  when  cut  showing 
a much  darker  tinge,  spreading  inward  from  both 
grain  and  flesh  side.  It  is  a matter  of  doubt  how 
far  the  system  at  pre.^ent  adopted  in  lai/crs  is  correct; 
as,  for  instance,  the  butts  ]ilaccd  in  a layer  with  bark 
between  each,  and  liquor  standing  at  At  the 

end  of  three  or  four  days  the  liquor  will  only 
record  4.b°,  and  at  the  end  of  ten  days  40°  will  be 
the  limit;  and  whilst  the  thin  edges  of  the  butts 
have  had  more  contact  with  the  liquor  than  they 
required,  the  stouter  portions  of  the  skin  have  been 
in  the  centre  of  the  pit,  and  under  considerable  jires- 
sure.  The  tannin  also  between  each  butt  will  be 
rapidly  extracted  without  any  means  of  replenishing 
until  the  time  has  expired  (.say  three  weeks),  when 
the  pack  is  taken  up  and  a fresh  liquor  given. 

Numerous  objections  present  themselves  as  to  the 
continuance  of  the  present  system.  From  the  mo- 
ment tire  butts  are  laid  away  the  liquor  commences 
to  deteriorate,  whereas  it  siiOuld  rather  improve 
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in  condition ; and  it  is  equally  certain  that  the 
creation  of  ellaj^io  acid  implies  corresponding  loss  of 
tannic  acid,  resulting  from  lengthened  exposure  to 
the  sun  and  air.  Hitherto  the  great  difticulty  against 
the  adoption  of  a more  rational  system  has  been  the 
prejudice  in  favour  of  bloomed  leather:  tanners 
were  making  goods  according  to  order.  Rut  now 
that  the  introduction  of  the  American  leather  has 
been  so  universal,  it  is  jiossible  that  this  standard  of 
quality  will  in  some  measure  be  modified,  and  a longer 
Fig.  29. 


period  of  suspension,  with  more  frequent  changes  in 
the  layers,  will  be  the  j>robable  result. 

The  Dryiuij. — The  leather  after  draining  in  the  tan 
hou.se  is  carried  to  the  drying  shed,  where,  hung  on 
poles,  it  is  exposed  more  or  less  to  the  wind.  During 
the  summer,  care  lavs  to  be  tiiken  that  the  desiccation 
is  not  too  ra})id,  especially  during  the  prevalence  of 
easterly  winds,  ns  butts  in  some  tannages  become  (juite 
black  on  the  edges  when  exposed  to  tlie  full  force  of 
the  east  wind,  and  are  liable  to  crack  even  when 
])artially  dry.  A treatise  on  the  “ Leather  Manu- 
facture ” has  appeared  from  the  able  pen  of  .f.  8. 
8CULI.TZ  of  New  York,  a work  which  luis  been  care- 


fully compiled,  and  is  full  of  information  on  the 
most  aj)proved  methods  of  tanning  in  vogue  in 
the  United  States.  Advantage  has  been  taken  of 
Schultz’s  kind  permission  to  give  sketches  of  some 
of  the  labour-saving  machinery  which  are  employed 
in  American  tanneries. 

The  *•  turret  dryer,”  Fig.  30,  will  speedily  be  con- 
structed by  all  who  have  occasion  to  erect  new 
drying  lofts.  Our  present  plan  of  Infer  hoards  is 
open  to  many  serious  objections,  among  which  mav 
be  enumerated  the  following: — The  little  control 
the  shedman  has  over  the  currents  of  air  that  pass 
through  the  loft ; the  leather  suspended  near  to  the 
luffer  boards  becomes  overdried  and  bad  in  colour  ; 
that  hanging  in  the  centre  of  the  loft  remains 
damp,  and  in  continued  bad  weather  becomes  mil- 
dewed. But  in  the  “ turret  dryer  ” advantage  is 
taken  of  the  knowledge  that  rarefied  air  ascends-, 
and  if  jiroper  exits,  n,  for  the  heated  air  are  provided 
at  the  top  of  the  building,  the  quantity  and  tem- 
perature can  be  regulated  with  the  greatest  nicety. 
The  goods  being  dried  in  the  dark  will  certainly  give 
a better  colour.  'J'wo  other  considerations  should 
be  mentioned  in  favour  of  this  method  of  drying: — 
First,  the  saving  of  time  and  labour  which  is  now 
required  in  n)oving  the  leather  in  our  present  sj’s- 
tem ; secondly,  the  economy  in  ere.tion,  as  one 
roof  may  cover  the  Avhole  series,  and  the  cost  of 
making  and  fitting  luffer  boards  is  saved,  which  is  a 
considerable  item  in  the  exqjense  in  erecting  our 
present  loft. 

The  process  of  desiccation  is  often  aided  by  the 
additional  heat  generated  frojn  hot  water  or 
steam,  carried  around  the  lofts  in  iron  pipes. 
This  plan  also  guards  the  wet  leather  from  damage 
in  frosty  weather.  Some  hides  or  butts,  for  sole 
or  strap  work,  are  occasionally  dried  ronyh,  with- 
out any  other  preparation.  But  the  majority  have 
to  undergo  two  operations,  namely,  those  of  striking 
and  rollini/.  The  leather  is  taken  down  from  the 
poles  when  a little  more  than  half  dry;  the  butts 
are  placed  together  in  small  piles,  covered  with 
cloths,  in  which  jiosition  a little  heat  is  gmdually 
imparted  to  the  pile.  The  experienced  workman 
arrests  that  process  when  he  considers  they  are  in 
good  temper,  or  in  other  words,  in  a mellow  working 
condition.  The  butt  is  thrown  across  a large  wooden 
tressel,  termed  a horse,  with  the  grain  side  upper- 
most; the  workman,  with  an  iron  instrument  with 
three  cutting  edges.  Fig.  31,  proceeds  to  lay  the  grain 


Fig.  30. 


down,  during  which  process  a hirge  amount  of  the 
ellagic  acid  or  bloom  is  forced  out  of  the  skin,  and  the 
surface  of  the  butt  is  rendered  more  level  and  smooth 
than  originally.  The  butt  being  allowed  to  get  a 
little  dryer,  is  then  passed  under  a heavy  brass  roller, 
which  gives  a face  and  polish  to  the  grain,  and  con- 
solidates the  leather ; which  is  carried  from  the 
rolling  bed  or  machine  to  frames  or  racks  to  dry,  and 
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when  fully  dry  is  ready  for  the  market.  The  ordinary  I 
method  of  rolling  leather  was  simple  but  laborious : 
a smooth  surface  of  wood  about  8 feet  square, 
technically  known  as  the  hed,  was  laid  on  the  floor 
of  the  loft;  a square  iron  box  weighing  from  10 
cwts.  to  30  cwts,  furnished  on  the  under  side  with  a 
brass  roller,  rested  upon  the  bed : to  the  box  was 
attached  a strong  handle  of  wood,  by  which  means 


the  workman  was  able  to  drag  the  roller  in  all  direc- 
tions over  the  bed.  This  was  laborious  work,  and 
in  some  cases  required  two  men  to  work  the  machine. 
Of  late  years  several  makers  have  introduced  rollers 
driven  by  steam,  among  which  mention  may  be  made 
of  Newall  and  Barker’s  rolling  machine,  also 
Harding  and  Melbourne’s.  But  the  steam  rolling 
machine  which  is  shown  in  Fig.  32  is  the  invention  of 


two  opportunities  are  given  to  the  workman  to  shift 
the  leather  on  the  bed.  In  other  rollers  the  trciidle 
is  used  for  the  same  purpose,  but  this  is  remarkable 
for  its  simplicity  in  action. 

Some  remarks  will  be  appropriate  here  as  to  the 
testing  of  the  quality  of  dry  leather.  The  exterior  of 
the  grain  should  be  of  a light  fawn  colour,  a sectional 
cut  showing  several  shades  darker.  Looking  at  the 
fresh  cut,  the  thickness  of  the  grain  should  be  barely 
perceptible ; if  otherwise,  and  the  grain  is  evidently 
swollen,  it  is  probable  that  the  skin  was  exposed  too 
long  to  the  action  of  lime  in  the  earlier  stages.  The 
cut  edge  of  the  leather  may  be  inspected  with  a magni- 
fying  glass,  not  vertically,  but  at  an  angle  of  15°.  If 
the  leather  is  well  tanned,  the  spaces  between  the 
fibres  will  stand  out  prominently  and  of  a brilliant 
lustre.  Leather  undertanned  shows  hollow  between 
the  fibres,  and  the  colour  dead.  The  impennmhiUUj 
of  leather  was  the  general  test  of  the  old-fashioned 
shoemaker,  who,  placing  the  sole  in  the  basin  of 
water,  would  note  the  length  of  time  taken  in  soaking. 
Partially  tanned  leather,  acting  like  a sponge,  readily 
imbibes  water.  This  has  been  one  of  the  tests  of 
the  Philadelphia  Exhibition,  as  also  the  weight  and 
substance  per  square  foot,  and  the  amount  of  the 
wear  and  tear  by  friction. 

Good  oak  bark  tanned  leather  hiffs  brightly;  a 
very  minute  slice  taken  from  the  surface  of  the  grain 
should  show  a cut  several  shades  brighter  than  the 


]\Ir.  Keetch  of  Bristol,  and  is  now  in  satisfactory 
work  in  several  large  tanneries,  b represents  a stout 
plank  8 inches  in  thickness,  which  is  supported  on 
iron  frames,  A.  A roller,  c,  traverses  this  beil,  being 
propelled  backwards  and  forwards  by  a stout  pole.  D, 
which  has  on  its  upper  surface  an  iron  rack,  which 
corresponds  to  small  pinion,  _/!  It  will  be  noticed 
that  two  flanged  brass  rollers,  F,  are  fastened  to  the 
side  of  the  iron  box;  these  small  rollers  run  on  the 
ii'on  rails,  which  are  jiarallel  to  the  course  of  the 


Fig.  32. 


roller.  The  use  of  these  small  rollers  is  explained 
by  Fig.  33. 

The  roller  in  position,  a,  is  resting  its  full  weight 
on  the  leather  as  laid  on  the  bed,  is.  But  as  the  roller, 
C,  arrives  at  the  end  of  the  course  <at  the  position,  D, 
the  small  rollers  now  take  the  weight  of  the  whole, 
and  being  forced  up  the  incline,  x,  raise  the  brass 
roller  from  contact  with  the  bed.  b.  This  enables 
the  workman  to  remove  the  butt,  or  shift  it  in  any 
position  he  pleases.  At  the  opposite  end  of  the  course 
is  another  incline,  up  which  the  rollers  pass ; thus 
every  time  the  roller  traverses  the  length  of  the  bed. 
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exterior.  Eitnei?  asserts  that  when  a piece  of  well- 
tamied  leather  is  placed  in  a test-tube  and  exposed  to 
strong  acetic  acid,  no  change  is  visible  on  the  surface 
of  the  cut;  the  texture  remains  unaltered.  But 
iinpei-fectly  tanned  leatlier,  in  acetic  acid,  first  grows 
diirk;  the  gelatinous  ti.ssue  swells  and  becomes  trans- 
formed into  a glutinous  and  transparent  mass,  whilst 
at  the  edges  two  dark  non-transparent  stripes  are 
recognized,  the  skin  here  being  fully  tanned. 

Fancy  Leathei!S. — Among  these  may  be  reckoned 
real  and  imitation  morocco,  roan,  skiver,  and  Russian 
leather.  As  more  attention  has  been  given  in  this 
paper  to  the  leading  brancli  of  the  trade,  namely,  the 
heavy  or  sole  leather,  it  will  necessitate  that  remarks 
on  tlie  fancy  leathers  should  be  considerably  cur- 
tailed. Fancy  leather  is  mainly  manufactured  from 
the  skins  of  sheep,  goats,  kid,  and  seal. 

Morocco  Leather. — The  true  morocco  is  made  from 
goat  skins.  The  dejrilatiou  of  the  skin  is  very  similar 


to  that  of  heavy  leather,  lime  being  the  agent,  which 
is  neutralized  by  pure,  or  pigeon’s  dung.  After  flesh- 
ing and  unhairing,  the  skins  are  repeatedly  rinsed 
in  Wider.  The  two  edges  of  the  skin  are  sewn 
together,  thus  forming  a bag,  with  an  aperture  at 
the  neck.  The  hag  is  nearly  filled  with  a strong 
decoction  of  sumach;  the  workman,  blowing  into  the 
bag,  distends  it  to  its  full  extent.  The  mouth  being 
tied,  the  bags  are  floated  in  a tank  containing  a weak 
solution  of  sumach,  where  they  are  repeatedly  stirred 
with  plungers.  The  distension  by  wind  insures  a 
good  grain,  and  the  strong  sumach  inside  finds  ready 
aecess  to  the  pelt  through  the  flesh  side,  and  the 
principle  of  endostnosis  and  exosmosis  is  pii'itcti- 
cally  illustrated  on  a small  scale.  A few  hours  are 
sufficient  to  tan  skins  in  this  mode.  The  skins  are 
opened,  rinsed,  and  removed  to  the  dye-house,  where 
decoctions  of  cochineal,  logwood,  acetate  of  iron, 
and  sulphate  of  indigo  produce  the  brilliant  colours 
so  admired.  During  the  process  of  drying  the  skins 
are  passed  under  a graining  machine  and  wooden 
balls,  which  have  on  their  surface  a number  of  fine 
parallel  grooves,  which  impart  to  the  leather  that 
peculiar  grain  so  famihar  to  all.  Imitation  morocco, 


made  from  sheep  skins,  is  treated  in  the  same  man- 
ner, the  only  divergence  from  the  usual  course  being, 
that  before  the  tanning  commences  the  skins  are 
subjected  to  great  pressure  in  a hydraulic  press,  to 
expel  as  much  as  possible  of  the  oleaginous  matter 
they  hold  in  the  pores.  'J'hey  are  tanned  in  sumach, 
being  thrown  loosely  into  the  pit;  the  dyeing  and 
after  processes  being  very  similar  to  the  treatment 
of  true  morocco. 

Jinan  is  prepared  from  sheep  skins,  and  undergoes 
the  same  manipulation  as  imitation  morocco,  with 
the  exce])tion  that  the  graining  is  dispen.sed  with, 
leaving  a smooth  surface. 

SL'icer  is  comparatively  a modern  innovation,  the 
wet  sheep  skins  being  pas.sed  through  a splitting 
machine  (Fig.  34),  which  makes  a clean  and  level  cut 
between  the  grain  find  the  flesh,  dividing  the  skin  into 
two  distinct  layers,  one  containing  the  grain,  the  other 
the  flesh  side.  In  the  openings  between  the  two 
portions  of  the  machine,  at  the  level  of  letter  A,  the 
•skin  is  introduced,  and  as  it  is  drawn  through  the 


opening  a sharp  knife,  which  is  accurately  adjusted, 
and  working  at  considerable  speed,  divides  the  skin 
into  two  distinct  portions,  or  in  other  words,  splits 
it  into  two  thin  layers.  These  thin  divisions  ton  very 
rapidly  in  sumach,  the  flesh  side  of  tlie  skin  selling 
as  wash  leather  for  common  purposes ; the  side  having 
the  grain  is  reserved  for  bookbinding,  hat  linings,  &c. 

liim.tian  Leather  comes  under  the  list  of  fancy 
leathers,  and  is  well  known  for  the  peculiar  smell  of 
birch-bark  oil  which  pervades  it.  This  kind  is  known 
in  Russia  as  yoiift,  the  number  of  skins  tanned  being 
considerable,  as  is  gathered  from  the  interesting 
sketch  of  M.  Kittary  of  leather  in  Russia.  The  skins 
tanned  in  different  governments  are  given  below — 

Skins  of  Youft  or  Soft 
Morocco  Leather. 

"Viatka, 280,000 

Tver 2.50,000 

Kazan 200.000 

Moscow, 150.000 

Koiirsk 150.000 

Orenbourg, 100,000 

1,130,000 
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The  depilation  of  the  skins  is  effected  with  lime 
combined  with  ashes,  called  shadric.  After  unhair- 
ing they  are  repeatedly  washed  and  kneaded  to  free 
them  from  lime  and  potash,  then  placed  in  vats 
containing  gelatinous  matter;  meal  mixed  with 
warm  water  is  added ; in  this  mixture  they  remain 
from  six  to  seven  hours,  being  constantly  handled 
during  that  time.  Tlie  acetic  acid  which  is  generated 
rapidly  removes  all  traces  of  the  lime;  they  are 
then  removed  to  the  tan-house,  and  tanned  in  the 
ordinary  way.  After  the  tanning  the  leather  is 
dressed  in  the  following  manner:  — The  skin  is 
smeared  with  a mixture  of  birch  tar  and  melted 
fat,  the  proportion  to  each  hide  being  J lb.  of  tar 
and  1 lb.  of  fat.  The  leather  is  then  dried. 


Chamois  Leather. — This  manufacture  cannot  strictly 
be  termed  chemical,  as  the  pores  of  the  skin  are 
simply  impregnated  with  oil,  without  any  chemical 
combination.  Goat,  sheep,  and  deer  skins  are  used, 

I besides  the  split  sections  of  many  otlier  thin  hides, 
i The  hilling  and  puring  of  these  are  similar  to  morocco. 
But  when  the  liair  and  flesh  are  removed  the  grain 
side  is  subjected  to  a process  called  /nsiw/,  in  which 
the  grain  is  removed  by  rubbing  with  pumice  stone. 
This  treatment  is  only  necessary  when  whole  skins 
are  operated  on,  much  of  what  is  termed  chamois 
being  simply  the  inner  half  of  a sheep  skin  which 
has  passed  through  the  splitting  machine ; such  will 
not  need  to  be  friztd.  The  skins  are  now  trans- 
ferred to  the  fulling  mills  or  stocks,  having  been 


previously  smeared  with  oil — fish  oils  being  gener- 
ally employed;  the  action  of  the  hammers  forces  tlie 
oil  into  the  pores  of  the  skin,  until  they  become 
thoroughly  saturated.  The  excess  of  oil  is  removed 
by  an  application  of  a warm  potash  lye,  after  which 
they  are  hung  up  to  dry. 

Taired  or  White  Leather. — The  skins  of  kids  and 
sheep  are  used  for  this  purpose.  The  kid  has  been 
reserved  principally  for  glove  work;  the  skins  em- 
ployed being  taken  from  very  young  animals,  require 
careful  attention  in  the  liming.  From  the  lime  pit 
they  are  placed  in  vats  containing  a mixture  of  bran 
and  water,  the  proportions  being  40  lbs.  of  bran  to 
ii'O  gallons  of  water,  the  acetous  fermentation  re- 
moving the  lime,  and  likewise  filling  and  raising  the 
pelt.  'When  the  skin  is  ready  it  is  rapidly  passed 
through  the  alum  bath,  which  is  composed  of  12  to 


18  lbs.  of  alum  in  12  gallons  of  water,  to  which  is 
added  2j  lbs.  of  salt;  in  cold  weather  a little  more 
salt  would  be  required.  The  skins  are  passed  through 
this  bath  rapidly,  not  being  allowed  to  remain  in  the 
liquor  more  than  a few  minutes.  The  finer  descrip- 
tions of  skins,  especially  those  intended  for  gloves, 
are  operated  on  in  a sort  of  churn,  an  addition  being 
made  to  the  aluin  bath  of  15  lbs.  of  wheat  flour,  and 
the  yolks  of  fifty  eggs.  The  skins  being  placed  in 
the  barrel,  it  is  caused  to  revolve  rapidly;  the  emul- 
sion tends  to  soften  the  skins  and  prevent  any 
tendenc3'  to  brittleness.  Fig.  35  represents  the 
common  form  of  the  stuffing  wheel,  which  is  now 
in  constant  use  in  most  tanneries,  being  a very 
useful  machine  for  a variety  of  purposes.  It  is 
cylindrical,  made  of  wood  stouter  than  ordinary 
hogshead ; the  interior  is  studded  with  a number  of 
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wood  pcf'S,  which  in  the  revolutions  of  the  wheel 
CJitcli  the  skins  in  tlie  fall,  and  tend  to  macerate  and 
soften  the  pelt;  these  macliiiies  .are  also  used  for 
mere  washino;  purposes  at  different  stages  in  the 
tanning  process.  The  chemistry  of  the  process 
is,  according  to  Beuzelil’s,  by  the  reaction  of 
common  salt  (chloride  of  sodium),  and  alum  (sul- 
phate of  alumina  and  potash),  there  are  produced 
chloride  of  aluminium,  sulphate  of  soda,  and  sulphate 
of  {)Ot'ish.  The  chloride  of  aluminium  becomes 
resolved  by  the  skins  into  a subchloride  and  a per- 
chloride ; the  former,  which  is  the  least  soluble, 
combines  with  the  animal  tissue,  while  the  latter, 
with  the  sulphates  of  soda  and  potash,  remain  in 
solution  in  the  liquid.  The  skins,  after  leaving  the 
bath,  are  partially  dried,  when  the  workman  draws 
them  with  considerable  forci;  over  a semicircular 
iron  fixed  on  the  top  of  a stake,  the  effect  of  which 
is  to  impart  great  softness  and  pliability  to  the  skin. 

('mriiiiKj  has  to  do  more  directly  with  the  thinner 
hides  and  skins,  which  are  designed  for  the  uppers 
of  boots,  for  coach  and  harnc.;s  work;  the  stouter 
hides,  both  foreign  and  English,  are  reserved  for 
sole  purposes  and  strap  work.  Many  of  the  stoutest 
hides  are,  however,  curried  to  a certain  extent  for 
heavy  harness  work  and  for  belting.  With  light 
goods,  such  as  shaved  hides,  kij)S,  and  calf  skins, 
the  currier  has  to  manipulate  them,  so  as  to  render 
them  impervious  to  moisture,  flexible,  and  with  a 
certain  amount  of  colour  and  polish.  It  will  not  be 
within  the  province  of  this  paper  to  give  in  detail  all 
the  various  operations  of  the  currier,  but  rather  a 
general  summary  of  the  usual  routine. 

The  skins  or  hides  as  received  from  the  tanner  are 
full  of  bloom,  the  grain  often  drawn  and  creased, 
the  flesh  side  under  the  best  of  circumstances  very 
rough  and  uneven.  The  ixiin  of  the  tanner  has  been 
to  remove  all  superfluous  flesh,  but  not  penetrate 
or  lay  bare  the  j'elt  beneath  the-  areolar  tissue  or 
film  ; but  during  the  process  of  tanning  the  film  is 
disten.led  or  broken,  so  that  some  amount  of  rough 
flesh  has  to  be  dealt  with.  There  is  also  a hardness 
and  rigidity  about  the  leather  which  must  be  altered 
before  it  will  be  sufficiently  suj)ple  for  boot  work. 
The  first  step  is  the  soaking.  The  skins  are  placed 
in  water  for  a short  time,  then  thrown  out  one  at 
a time  on  the  beam,  and  skived — that  is,  rougher 
jiortions  of  the  skin  .are  removed,  and  the  skin 
strained  out.  The  workman  then  takes  the  skin  and 
bait-shaves  it — either  the  stouter  portions  of  the 
butt  and  neck,  or  the  whole  surface  of  the  flesh  side. 
This  removes  the  film,  and  penetrates  some  depth 
into  the  substance  of  the  pelt.  This  is  an  operation 
nquiring  both  skill  .and  judgment  on  the  part  of  the 
workman,  who  jihaces  the  skin  over  a beam  nearly 
vertical  (Eig.  30),  using  a double-edged  knife  of 
a peculiar  construction  (Fig.  37),  in  order  to  insure 
a thin  .and  even  layer  being  removed  ; the  edge  of 
the  knife  is  turned  nearly  at  right  angles  to  the 
blade,  and  held  with  power  by  the  cross  handle. 
The  skin  having  been  reduced  to  the  desired  thick- 
ness, is  again  placed  on  the  table,  water  applied,  and 
the  surface  of  the  grain  sleeked  with  a steel  instru- 
vni,.  II, 


ment  worked  at  an  angle  of  45°  over  the  grain, 
removing  the  draws  and  equalizing  the  surface  ; in 
some  cases  to  the  sleeking  is  added  a brushing  with  a 
hard  brush  of  both  the  grain  and  flesh  sides.  'I'his 
operation  is  repeated,  some  applying  a little  warm 
water  to  the  skins,  so  as  effectually  to  discharge  from 
the  skin  nearly  all  the  bloom  held  in  the  pores,  which 
if  allowed  to  remain  would  have  imparted  a brown 
colour,  and  prevented  the  grease  and  oil  from  incor- 
porating with  the  pelt.  This  is  one  of  the  man. 
anomalies  of  the  trade.  The  currier  has  a preference 
for  leather  in  the  market  which  is  full  of  this  bloom, 
as  giving  thereby  a certain  amount  of  guarantee 
that  the  leather  has  been  tanned  with  the  orthodox 
m.aterial.  The  bloom  is  of  no  use  to  him,  his  first 
intent  being  to  remove  every  trace  of  it.  Thus 
because  of  prejudice  he  compels  the  tanner  to  w'aste 


a certain  proportion  of  his  liquors  to  make  this 
bloom  ; he  himself  purchases  goods  which  -weigh 
heavier  from  this  very  bloom,  that  he  at  the  first 
stage  removes.  Tanners  who  are  also  curriers  never 
trouble  about  bloom,  the  leather  not  having  to  pass 
through  the  market.  The  skins  are  tanned  as  rapidly 
as  possible,  without  any  deposit  of  bloom,  and  taken 
wet  from  the  tan  pit  to  the  currier's  loft.  This 
adhesion  to  prejudice  becomes  more  indefensible 
when  it  is  patent  to  all  in  the  trade  th.at  a great 
proportion  of  the  bloomed  le.ather  in  the  market  has 
been  doctored  to  imitate  oak  bark  ; so  that  bloom 
after  .all  is  no  guarantee.  The  bloom  having  thus 
been  removed  and  the  texture  of  the  skin  opened, 
it  is  now  in  a condition  to  receive  the  compo  or 
sumach,  which  will  more  intimately  unite  with  the 
fibre,  giving  colour,  flexibility,  and  also  enabling 
the  grease  afterwards  more  easily  to  enter  and  com- 
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bine  with  the  pelt — from  1.5  to  20  lbs.  being  the 
complement  for  5 dozen  skins.  Cold  water  is  by 
some  used  with  sumach  ; but  when  the  rapid  action 
of  this  material  is  considered,  wirm  water  should 
have  the  preference,  as  ten  ling  still  farther  to  open 
the  pores  of  the  skin.  The  skins  are  laid  in  the 
pit  or  vat  carefully,  and  allowed  to  remain  for  a 
short  time,  are  then  handled,  and  again  immersed; 
care  being  taken  that  the  liquor  has  free  access  to  v 
every  part.  The  skins  in  cold  sumach  are  allowed 
to  soak  for  two  or  three  days,  but  with  warm  liquor 
twenty- four  hours  are  sutlicient.  The  skins  are 
drained,  then  placed  on  a table  to  be  sleeked,  and  • 
while  still  wet  the  oil  or  dubbing  is  laid  on  with 
a brush.  Some  prefer  oiling  the  flesh  side  first, 
afterwards  the  grain ; others  adopt  the  reverse. 
When  all  the  grease  has  been  laid  on  which  is  con- 
sidered necessary,  the  skin  is  hung  up  to  dry.  The 
French  curriers  appear  to  stuff  or  grease  their  calf 
skins  before  samming  them  ; or,  in  other  words, 
stuff  them  while  dry,  placing  them  afterwards  in 
warm  sumach,  which,  they  contend,  softens  them 
much  more  than  our  method — drawing  the  grease 
to  the  very  centre. 

In  hides  intended  for  harness  work,  which  require 
a certain  amount  of  rigidity,  the  sumich  process  is 
dispensed  with  ; after  soaking,  the  hide  is  roughly 
shaved,  so  as  to  level  the  flesh,  then  stuffed  with  as 
much  grease  as  it  will  carry.  The  after  processes 
connected  with  currying  are  of  little  interest  to  the 
general  reader.  The  thinner  portions  of  skins  and 
kips  are  reserved  for  black  grain  or  russet. 

The  information  embodied  in  this  p.aper  is  given 
as  the  result  of  thirty  years’  practical  work  in  the 
trade  ; also  friendly  contributions  from  S.  J.  Schultz 
of  New  York,  H.  R.  Piioctok  of  North  Shields,  and 
other  tanners  ; from  “ Morfit  on  Tanning,”  Br.\nde, 
and  AVatt-s’  “ Chemical  Dictionary.” 

LIME. — See  Cement. 

MA.GNESIUM. — Marjnium,  Talcium.  Symbol,  Mg. 
Atomic  weight.  24. 

This  metal  was  discovered  by  Davt  in  1808.  He 
obtained  it  by  electrolysis,  using  mercury  as  the 
negative  pole,  when  an  amalgam  of  the  metal  re- 
sulted ; and  also  by  reducing  magnesia  by  passing 
the  vapour  of  potassium  over  it  at  a red  heat.  In 
18.30  Bussv  decomposed  magnesium  chloride  by 
potassium  at  a red  heat  in  a porcelain  crucible, 
and  obtained  the  metal  in  large  quantity. 

Bunsen  found  that  the  anhydrous  chloride  in  a 
fused  state  avas  decomposed  with  facility  by  the 
voltaic  current.  A porcelain  crucible  is  divided 
vertically  for  half  its  height  by  a diaphragm  (a  thin 
porcelain  crucible  cover  answers),  and  closed  in  by 
a tile  cover,  through  which  two  plugs  of  fire-clay 
traversed  by  charcoal  stems  enter  the  two  halves  of 
the  crucible.  These  stems  form  the  poles : that 
which  corresponds  to  the  negative  pole  is  hollowed 
with  cavities  or  channels  for  the  purpose  of  retain- 
ing the  magnesium,  which,  if  this  precaution  were 
omitted,  would  float  on  the  bath  of  fused  chloride 
and  be  burned.  Ten  zinc-carbon  cells  are  required. 

A.  Matthiessen  improved  upon  Bunsen’s  pro- 


cess by  substituting  for  the  anhydrous  chloride, 
which  is  dilfijult  to  prepvre,  a mi.Nture  of  the 
chloride  of  pot.issium  and  magnesium  in  nearly 
equal  proportions,  viz.,  three  equivalents  of  potas- 
sium chloride  to  four  of  raignesiuin  chloride.  The 
solution  of  the  magnesium  chloride  can  be  evapor- 
ated almost  to  dryness,  an.l  analyzed  to  find  ap- 
proximately the  quantity  of  anhydrous  salt  present. 
After  having  mi'ced  the  two  salts  in  the  proper  pro- 
portions with  some  ammonium  chloride,  the  mixture 
is  fused  and  electrolyzed  by  Bunsen’s  method.  The 
cavities  in  the  negative  carbon  point  are  not  re- 
quired, as  the  metal  is  specifically  heavier  than  the 
fused  mixture.  A very  simple  and  convenient  wiy 
of  reducing  the  metal,  especially  for  the  lecture 
table,  is  in  a common  clay  pipe  over  a Bunsen 
burner;  the  negative  pole  being  an  iron  wire  thrust 
through  the  pipe  stem,  and  the  [X)sitive  a piece  of 
gas-coke  just  touching  the  surface  of  the  fused 
chlorides. 

Although  commonly  classed  amongst  the  metals 
of  t’le  alkaline  earths,  m.ignesium  in  so  m my  of  its 
properties  resembles  zinc,  that  it  miy  more  properly 
be  considered  as  forming  one  of  a group  with  zinc 
and  cadmium.  These  mjtals  are  volatile,  burn  in 
the  air  when  sufficiently  heate  l,  decompose  water 
at  high  temperatures,  are  o-xidised  by  dilute  acids 
(hydrogen  being  set  free),  and  form  only  one  oxide 
and  one  chloride. 

Magnesium  is  a silvery  white  metal;  its  fracture 
is  sometimes  slightly  crystalline,  sometimes  fibrous. 
It  is  neither  malleable  nor  ductile,  but  can  be 
squeezed  through  a narrow  orifice  into  ribbon  or 
wire.  It  is  fusible  at  a dull  red  heat,  about  5D0°  C. 
According  to  Deville  and  Caron  it  volatilizes  at 
nearly  the  same  temperature  as  zinc,  about  1100°  C. 
Its  specific  gravity  is  T7430  (Bunsen),  T75  (De- 
ville and  Caron).  AYhen  heated  to  redness  in  air 
or  in  oxygen  it  takes  fire,  and  burns  with  an  inten.se 
light,  forming  its  only  oxide,  magnesia.  Tlie  light 
given  by  burning  magnesium  is  very  rich  in  actinic 
rays ; it  therefore  renders  valuable  aid  to  the  photo- 
grapher in  working  at  night  or  in  dark  places. 
According  to  a statement  of  Troost,  a magnesium 
wire  of  97  millim.s.  in  length  and  0‘33  millim.  in 
thickness  gives  by  its  combustion  as  much  light  ;is 
64  candles,  and  this  intensity  is  increased  to  110 
when  the  combustion  takes  place  in  oxygen.  An 
equally  intense  and  more  economical  light  is  obtained 
if,  instead  of  pure  magnesium,  an  alloy  of  magnesium 
and  zinc  is  burned. 

Dry  air  produces  no  action  upon  magnesium,  but  in 
damp  it  is  tarnished,  and  covered  with  a coating  of 
magnesia.  Cold  water  is  only  very  gradually  decom- 
pose 1 by  this  metal.  At  temperatures  above  70°  C. 
magnesium  decomposes  pure  water.  Tho.mas  AV^OODS 
states  that  the  quantity  of  heat  developed  by  the 
combustion  or  oxidation  of  an  equivalent  of  mag- 
nesium is  twice  as  much  as  that  produced  by  the 
oxidation  of  an  equivalent  of  zinc.  Ditte  thinks 
this  estimation  too  high,  and  places  the  calorific 

I equivalent  as,  zinc  1,  magnesium  1'61. 

I When  brought  into  contact  with  hydrochloric  acid 
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it  ignites  for  a moment.  Concentrated  sulphuric  it,  so  that  the  flux  thickens  and  adheres  to  the  rod ; 
acid  dissolves  it  with  difficulty.  A mixture  of  fum-  but  in  a short  time  the  temperature  rises,  and  it 
ing  nitric  acid  and  sulplmric  acid  does  not  act  on  it  again  becomes  liquid.  The  iron  rod  can  then  be 
at  ordinary  temperatures.  Heated  in  chlorine  gas  removed.  There  is  always  a loss  of  magnesium  by 
or  bromine  vapour,  it  burns  into  the  chloride  and  volatilization  if  the  heat  be  continued  after  the 
bromide  respectively.  Heated  in  sulphur  vapour  or  metals  are  alloyed.  The  alloy  should  therefore  be 
iodine  vapour,  it  burns  with  greater  brilliancy.  removed  as  soon  as  possible,  and  quickly  cooled, 

T.  L.  Thipson,  who  has  brought  to  light  many  of  either  by  pouring  out  into  an  ingot  mould,  or  by 
the  pro{)erties  of  magnesium,  points  out  that,  never-  cooling  the  crucible  in  water,  taking  care  not  to  let 
theless,  iodine  and  sulphur  may  be  distilled  over  any  water  come  in  contact  with  the  alloy,  or  it  would 
n)agnesium  without  altering  it.  He  lias  also  shown  be  much  corroded. 

that  silicic  acid  is  not  reduced  by  potassium  or  1 The  magnesium  may  be  oxidised  out  of  most  of 
sodium,  because  these  metals  are  highly  volatile,  its  alloys,  by  simply  fusing  it  with  sodium  carbonate 
and  fly  off  before  the  crucible  has  attained  the  pro-  and  carbon. 

per  temperature;  but  magnesium,  being  much  less  j The  colour  of  the  metals  alloyed  with  magnesium 
volatile,  takes  oxygen  from  silica  before  it  reaches  is  not  much  changed ; but  their  physical  pro- 
its  volatilizing  point.  Heated  for  some  time  in  a ^ perties  are  remarkably  changed,  since,  without 
porcelain  crucible  with  excess  of  aniiydrotis  silica,  exception,  magnesium  renders  all  alloys  brittle', 
imagnesiuin  burns  visibly  if  the  air  has  access,  and  a even  “triple  .alloys”  of  magnesium  with  gold  and 
certain  quantity  of  amorphous  silicon  is  immediately  silver,  or  copper  and  nickel,  are  remarkably  brittle, 
formed.  If  the  silicic  acid  be  in  excess,  a magnesium  Lead  containing  only  4 per  cent,  of  magnesium  is 
silicate  is  formed  at  the  .same  time  ; if  the  metal  is  very  hard  and  brittle.  Platinum  forms  a very 
in  excess,  much  magnesium  silicide  is  produced.  easily  fusible  alloy.  Combination  begins  at  a red 

Magnesium  liberates  carbon  when  heated  with  heat  with  vivid  combustion.  For  this  reason  mag- 
dry  carbonate  of  soda  at  a temperature  below  a red  nesium  cannot  be  prepared  in  platinum  vessels, 
he.at,  with  formation  of  magnesia.  The  alloy  with  zinc  curiously  enough  tarnishes  least 

Nearly  all  the  metals  are  precipitated  from  their  of  any  alloy  of  magnesium, 
neutral  solutions  by  magnesium  ; when  they  are  The  application  of  magnesium  as  a source  of  light 

taken  in  the  form  of  proto-salts,  even  manganese,  has  already  attained  much  technical  importance, 
iron,  and  zinc  are  tlirown  down  as  black  powders.  Photographers  use  it  for  making  enlargements. 
Aluminium,  uranium,  and  chromium  are  only  pre-  copying  engravings,  &c.  Bunsen  and  Koscoe  go 
cipitated  as  oxides?.  Koussin  suggests  that  it  should  even  further  than  Ti;oosr  in  their  description  of  the 
be  used  as  a precipitant  of  poisonous  metals  in  toxi-  amount  of  light  evolved  by  burning  magnesium, 
cologdcal  investigations.  They  say  a wire  of  the  thickness  of  O-L'97  millim.  , 

Magnesium  forms  many  alloys.  In  making  them  gives  as  much  light  as  74  stearine  candles,  of  which 
it  is  necessary  to  avoid  contact  with  air,  and  the  five  go  to  a pound.  If  this  light  lasted  one  minute, 
fluxes  must  contain  no  oxygen.  To  prevent  rcduc-  0-987  metre  of  wire,  weighing  0-1204  grain,  would 
tion  of  silicium  from  free  and  combined  silica,  and  be  burnt.  In  order  to  produce  a light  equal  to  74 
the  loss  of  magnesium  by  volatilization,  the  fused  | candles  burning  for  ten  hours  (whereby  20  lbs.  of 
mass  must  not  be  too  long  heated.  James  Parkin-  | stearine  would  be  consumed),  7g-2  grains  of  mag- 
SON  prepares  magnesium  alloys  of  easily  fusible  | nesium  would  suffice. 

metals — such  as  tin,  bismuth,  cadmium,  lead,  zinc,  j Magnesium  is  very  largely  • diffused  through  the 
and  antimony — by  fusion  in  an  atmosphere  of  i mineral  kingdom.  It  occurs  as  h}'drate  (brucite), 
hydrogen  in  a hard  glass  tube  over  the  coal  gas  carbonate  (magnesite),  with  water(liydro-magnesite), 
flame  of  a good  air  burner.  The  less  fusible  metals  cliloride  (carnallite),  borate  (boracite  and  hydro-bor- 
are  alloyed  in  a flux,  or  in  brasqued  crucibles,  acite),  ]>hosphate  (wagnerite),  silicate  (chondrodite), 
Silver,  gold,  and  copper  may  be  fused  and  alloyed  sulphate  (Epsomite,  or  Epsom  salt),  and  nitrate,  also 
either  in  a flux  comjiosed  of  equal  parts  of  fluor  as  silicate  in  a large  number  of  minerals  combined 
sjiar  and  cryolite,  or  of  fluor  spar  and  common  salt;  with  other  silicates,  for  instance,  meerschaum,  stea- 
and,  with  the  exception  of  zinc  and  cadmium,  the  tite,  hornblende,  asbestos,  chrysolite,  talc,  soaiistone, 
easily  fusible  metals  may  be  alloyed  in  like  manner.  and  many  others.  In  the  animal  and  vegetable 
The  flux  should  be  fused  in  a stout  Cornish  kingdoms  it  is  found  chiefly  as  carbonate  and 
crucible  before  the  metal  is  added,  and  the  m.ag-  phosphivte. 

nesium  secured  to  an  iron  rod  by  clean  iron  wire,  Devili.e  and  Caron  employ  magnesium  chloride 

so  that  it  may  be  kept  beneath  the  surface  of  the  for  the  preparation  of  the  metal.  They  obtain  this 
flux.  A rod  about  a quarter  of  an  inch  thick  .and  salt  by  evaporating  to  dryness  a solution  of  mag- 
.S  feet  long,  bent  at  the  end  into  the  sh.ape  of  an  0 nesium  chloride  mixed  with  ammonium  chloride, 
of  about  1 inch  in  diameter,  is  suitable.  The  mag-  heating  the  residue  till  it  melts,  and  pouring  out  the 
nesium  should  be  secured  with  as  small  a piece  of  melted  s<alt.  The  sal-.ammoniac  prevents  the  de- 
iron  wire  as  possible.  The  metal  must  be  fused  composition  of  the  magnesium  salt  by  the  water  of 
before  the  magnesium  is  inserted.  crystalliz.ation.  The  dry  residue  is  then  transferred 

The  temperature  of  the  fused  mass  is  much  to  a red-hot  crucible,  so  as  to  complete  the  operation 
lowered  when  the  magnesium  is  first  plunged  into  quickly. 
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iMagnesiuin  chloriile  is  volatile,  like  zinc  chloride, 
and  is  capable  of  being  distilled  from  porcelain 
vessels  in  an  atmosphere  of  hydrogen.  It  is  then 
obtained  as  a colourless,  pasty  mass,  which  solidifies 
with  lamellar  crystalline  structure. 

There  is  great  difficulty  in  separating  the  last 
portions  of  ammonium  chloride  from  the  magnesium 
salt,  and  to  this  circumstance  is  attributed  the 
frequent  pre.sence  of  nitrogen  in  magnesium  pre- 
pared from  this  compound. 

The  flux  employed  is  calcium  fluoride.  Pure 
cr3’stals  of  this  salt  are  powdered  and  moistened 
with  concentrated  sulphuric  acid,  and  after  some 
days  washed  with  water.  By  this  means  the  silica 
and  phosphoric  acid  are  removed. 

A mixture  is  then  made  of — 

Parts  by  Weight. 


Mai^nesiiim  chloride, 600 

Calcium  fluoride, 480 

bodium, 230 


This  is  introduced  into  an  earthen  crucible  heated 
to  redness,  and  the  cover  is  kept  down  by  a weight 
wiiile  the  reaction  takes  place.  When  the  action 
has  ceased,  a clear  liquid  remains,  without  any 
metal  being  precipitated.  This  is,  however,  dis- 
seminated through  the  entire  mass  as  microscopic 
globules. 

After  stirring  the  melted  mass,  the  crucible  is 
taken  from  the  fire ; and  after  being  left  to  cool  for 
a few  minut'S,  small  successive  portions  of  dry 
powdered  calcium  fluoride  are  added,  so  as  to  hasten 
the  cooling,  the  whole  being  meanwhile  stirred  with 
an  iron  rod  until  it  becomes  pasty.  By  proper 
• management,  almost  all  the  magnesium  maj’^  be 
gathered  together  in  a mass  upon  the  rod  before  the 
denser  saline  substances  become  solid.  If  the  metal 
should  in  the  meanwhile  take  fire,  the  eoinbustion 
may  be  stopped  by  tlirowing  on  it  a little  more 
calcium  fluoride. 

The  magnesium  is  then  separated  from  its  slag  by 
a few  blows  with  a hammer.  It  should  amount 
to  three-fourths  of  the  quantit}'  equivalent  to  the 
sodium  used.  By  melting  the  slag  this  proportion 
may  be  greatly  increased. 

Good  results  are  also  obtained  by  using  a mixture 
of  magnesium  chloride  with  one-sixth  of  its  weight 
of  sodium  chloride,  or  of  the  mixture  of  sodium  and 
potassium  chlorides  (recommended  by  AVohlei!). 
and  one-sixth  of  calcium  fluoride.  This  mixture  is 
melted  with  sodium,  as  above  described. 

Ingots  of  magnesium  are  cast  by  melting  the  metal 
with  a mixture  of  magnesium  and  .sodium  chlorides 
with  calcium  fluoride.  On  gradually  increasing  the 
proportion  of  the  latter  salt  in  the  melted  slag,  it  is 
rendered  less  fusible  than  magnesium,  and  solidifies; 
at  this  moment  the  metal  is  poured  off  into  suitable 
moulds.  Or,  the  globules  of  magnesium,  eleaned  by 
means  of  nitric  acid,  are  melted  with  mixed  alkaline 
chlorides;  at  the  moment  of  solidification  the 
globules  of  magnesium  become  denser  than  the 
slag,  and  sinking  to  the  bottom  of  the  crucible 
uni*e  into  a button. 

Thus  obtained,  magnesium  contains  carbon,  silicon. 


and  magTicsium  nitride.  Alagnesium  is  volatile  at 
nearly  the  same  temperature  as  zinc,  and  like  it 
boils.  Devili.e  and  C.\U0N  availed  tiiemselves  of 
this  property  in  devising  a process  for  pnrifj'ing  the 
metal.  This  they  did  by  distilling  it  in  carbon-lined 
vessels  in  an  atmosphere  of  hydrogen. 

The  melting  point  of  magnesium  thus  prepared  is 
nearly  the  same  as  that  of  zinc.  In  the  crude  .state 
the  metal  is  very  brittle,  but  when  pure  is  pliable. 
It  tarnishes  in  the  air,  but  not  more  quickly  than 
zinc,  and  the  oxidation  is  never  very  consiilerable. 

E.  SONSTADT  in  1863  patented  a process  for  manu- 
facturing magnesium,  which  is  substantially  tliesame 
as  that  of  Devh.le  and  Caron;  the  main  difference 
bem'gthat  he  employs  an  iron  crucible  in  place  of  an 
earthen  one.  He  uses  a mixture  of  sodium  chloride 
and  magnesium  chloride ; this  he  places  with  the 
necessary  quantity  of  sodium  in  an  iron  crucible  or 
vessel  closed  with  an  iron  cover,  and  heats  it  to  full 
redness. 

To  make  his  mixture  he  first  prepares  pure 
magnesia  or  carbonate  of  magnesia  by  decomposing 
magnesium  sulphate  with  soda  or  sodium  carbonate, 
washing  the  precipitate,  drynng  it,  and  again  wash- 
ing, rejieating  this  until  the  sulphuric  acid  is  entirely 
removed.  The  ])ure  magnesia,  or  magnesium  car- 
bonate, is  then  dissolved  in  hydrochloric  acid,  and 
sodium  chloride  atlded  in  such  quantity,  that  for  every 
part  by  weight  of  acid  (T152  specific  gravity)  there 
may  be  about  (J'55  parts  of  sodium  chloride.  The 
residue  obtained  by  evaporating  the  solution  to  dry- 
ness is  fused  in  a platinum  crucible,  and  poured  out 
on  an  iron  jilate ; this  constitutes  his  working  inixtuie. 

In  order  to  obtain  magnesium  from  this  mixture 
it  is  placed,  with  one-fifth  of  its  weight  of  sodium, 
in  an  iron  crucible  with  a close-fitting  cover,  and 
heated  to  redness. 

If  the  proportion  of  sodium  is  much  increased, 
the  excess  burns  explosively  when  the  cold  fused 
mass  is  washed  with  water ; if  much  less  is  used,  the 
yield  of  magnesium  is  diminished. 

'I’he  best  results  are  obtained  when  the  mixture 
of  magnesium  and  sodium  chlorides  is  roughly 
powdered  before  being  treated  with  sodium.  There 
should  be  a layer  of  the  mixed  salts  at  the  bottom 
of  the  crucible,  then  the  greater  part  of  the  soilium 
in  large  pieces;  lastly,  the  crucible  should  be  filled 
up  with  the  rest  of  the  chlorides  interspersed  with 
small  pieces  of  sodium. 

The  crucible  must  be  perfectly  free  from  rust,  and 
the  cover  should  have  an  inside  flange  so  as  to  fit 
closely,  but  need  not  be  fastened  down.  The  whole 
mass  should  be  heated  quickly  up  to,  but  not  beyond, 
full  redness.  If  the  heat  be  raised  too  high,  magnesium 
vapour  forces  its  way  into  the  air  and  burns  bril- 
liantly. It  is  not  necessary  for  the  heat  to  be 
continued  for  more  than  about  half  an  hour  after 
the  whole  crucible  has  become  red  hot.  The  iron  is 
not  attacked  if  air  be  excluded. 

The  magnesium  thus  obtained  is  purified  by  fusion 
in  anhydrous  chloride  of  magnesium,  without  any 
other  flux.  When  the  magnesium  is  pulverulent, 
it  is  thrown  into  a small  quantity  of  magnesium 
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Fig.  1. 


cliloride  already  fused  in  a crucible.  The  crucible 
cover  must  be  instantly  put  on,  and  the  heat  con- 
tinued for  a few  minutes  more  or  less,  according  to 
the  quantity  to  be  operated  on.  'J'he  cover  is  then 
quickly  removed,  and  the  mass  compressed  by  a 
rather  large  and  perfectly  dry  and  clean  iron  rod. 
As  the  magnesium  chloride  begins  to  solidify  (the 
heat  meanwhile  being  diminished)  tlie  metal  is  com- 
jiressed  into  globules,  which  then  run  together. 
M'lien  cold  the  lump  of  magnesium  is  washed  first 
with  dilute  acetic  or  nitric  acid,  and  tifterwards 
thoroughly  with  water. 

Son.stadt  afterwards  patented  an  ingenious  ap- 
paratus by  which  Deville  and  Caron's  method  of 
jinrifying  magnesium  by  distillation  can  be  profitably 
carried  out  on  a commercial  scale. 

Fig.  1 is  a section  of  this  magnesium  still.  It 
consists  of  two  wrought-iron  vessels,  a and  E,  con- 
nected together  by  a pipe,  c.  '1  hese  vessels  can  both  be 
rendered  air  tight,  and  during  the  process  of  distilla- 
tion they  are  so  close  1.  'I'he 
upper  of  the  vessels  is  placed 
in  a furnace  and  surrounded 
by  fuel;  in  this  the  mag- 
nesium to  be  purified  is 
jdaced.  The  under  vessel,  E, 
is  fitted  into  a recess  formed 
for  it  in  the  fire  grating,  or 
bars  of  the  furnace,  and  pro- 
jects below.  'J'he  crude  mag- 
nesium having  been  placed  in 
A,  the  lid,  also  of  wrought 
iron.  B,  is  screwed  on,  and 
the  whole  apparatus  being 
made  airtight,  acnrrentof  dry 
hydrogen  is  passed  through 
the  two  vessels  through  the 
holes,  e e,  left  for  that  pur- 
pose. M'hen  the  whole  of 
the  air  has  been  swept  out, 
these  apertures  are  closed  by 
driving  in  steel  plugs;  but  there  is  a small  orifice 
left  in  the  plug  of  the  lower  vessel,  so  that,  when 
the  apparatus  is  heated  and  the  gas  expands,  the 
excess  may  be  able  to  escape.  'Fhis  passage  can 
be  closed  by  a wire  which  is  made  to  fit  it  closely. 

The  apparatus  being  charged,  the  fire  is  lighted 
around  it,  and  the  hydrogen,  as  it  escapes  from  the 
small  wire  hole,  f,  is  ignited  and  allowed  to  burn  as 
long  as  it  will,  after  which  the  hole  is  closed.  The 
lower  vessel,  E,  is  kept  cool  by  mopping  it  externally 
with  water.  The  vessel.  A,  containing  the  magne- 
sium should  be  heated  to  a bright  red,  approaching  a 
white  heat,  and  maintained  at  this  temperature  until 
the  operation  is  complete. 

The  apparatus  is  then  withdrawn  from  the  fire  and 
cooled  ; it  is  then  taken  apart,  when  the  magnesium 
will  be  found  in  a more  or  less  solid  mass  in  the 
lower  vessel. 

In  Fig.  1,  A is  the  w'rought-iron  crucible;  B,  its 
cover,  screwed  on  ; cc,  tube  connecting  the  crucible 
and  condenser,  and  screwed  into  both  ; D,  lock  nut 
to  fix  the  tube,  c,  air  tight;  E,  iron  condenser 


with  one-fourth  inch  hole,  e,  stopped  with  iron  plug; 
F,  cap  to  the  condenser,  held  by  screw  bolts  and 
clips. 

' Magnesia. — Mn^vmvm  nri/le;  mnrj/iesie,  mafpiesium 

I oxytlt,  mayrie’sk'  hlanche,  French;  maiiiies-ia,  mnyneshim- 
oxi/fl,  talktrde,  hifteirrde,  German.  Symbol,  MgO. 

Magnesium  oxide  is  a fine,  light,  white  powder, 
tasteless  and  inodorous.  It  requires  for  its  solution 
5000  parts  of  water  at  (10°  Fahr.  (15°-5  C.)  and  36.000 
parts  at  212°  Fahr.  (100°  C.).  Its  specific  gravity 
ranges  from  3’07  to  3'2,  and  is  increased  by  prolonged 
ignition  to  3'61  (Rose).  It  is  fusible  by  the  heat  of 
the  oxyhydrogen  blowpipe,  when  it  forms  an  enamel 
sufficiently  hard  to  scratch  glass.  It  is  not  caustic, 

' yet  perfectly  neutralizes  all  acids.  It  attracts  car- 
[ bonic  acid  from  the  air,  though  very  slowly,  forming 
1 magnesium  carbonate. 

IMagnesia  changes  the  colour  of  the  purple  infusion 
of  red  c:  bbage  to  a bright  green,  reddened  litmus 
' solution  to  blue,  and  yellow  turmeric  to  brown. 

, Magnesia  is  produced  when  magnesium  is  burnt  in 
air  or  in  oxygen.  Commercially  it  is  obtained  by 
ignition  of  the  carbonate,  or  by  precipitation  as 
I hydrate  from  solution  of  the  sulphate  by  potassium 
j or  sodium  hydrate.  Mgll^O^,  the  hydrate  of  the 
j oxide,  occurs  native  as  brucite  in  rhombohedral 
j forms.  'The  oxide  can  be  crystallized  in  cubes  and 
regular  octahedra  by  igniting  the  amorphous  mag- 
nesia in  a stream  of  hydrochloric  acid  gas. 

iMagnesia  is  a valuable  medicine;  as  an  antacid  it 
is  as  efficacious  as  the  alkalies,  whilst,  unlike  them, 
it  is  not  caustic. 

The  most  delicate  test  for  magnesia  in  solution 
is  to  add  first  ammonium  carbonate,  then  sodium 
phosphate,  w'hen  a dense  crystalline  powder  precipi- 
tates, having  the  composition  Mg(NH^)P0^6Il20  ; 
if  the  solution  is  dilute  the  precipitation  is  much 
promoted  by  stirring. 

Deville  states  that  magnesia  prepared  by  ignition 
of  the  nitrate  is  convert' d,  by  prolonged  immersion 
in  water,  into  a hydrate  (Mgll^O.,,)  much  resembling 
marble,  but  harder  and  more  translucent.  A similar 
hydrate  is  formed  by  heating  the  chloride.  The 
ignition  must  not  exceed  a dull  red  heat;  by  exposure 
to  a white  heat  for  tw'elve  hours  magnesia  loses 
altogether  the  property  of  hardening  w'hen  hydrated. 

H.  Schwarz  has  succeeded  in  manufacturing  a like 
hydrate  from  the  native  carbonate  (MgCOg)  by  ignit- 
ing it  at  the  lowest  possible  temperature  consistent 
with  the  evolution  of  the  carbonic  acid.  'Fhe  paste 
made  by  mixing  this  oxide  with  water  hardens  in 
about  twelve  hours,  and  afterwards  by  prolonged 
immersion  becomes  as  hard  as  the  best  Portland 
cement. 

Sorrel  states  that  a mixture  of  magnesia  with  con- 
centrated solution  of  magnesium  chloride  (specific 
gravity  T1  to  1’2)  hardens  in  a short  time,  and  be- 
comes an  eminently  useful  hydraulic  cement.  The 
paste  thus  made  is  capable  of  binding  20  times  its 
weight  of  sand.  Calcium  chloride  may  be  substi- 
tuted for  the  magnesium  chloride  with  good  effect. 

Magnesium  Carhouole,  MgCOg. — 'I'his  salt  of  mag- 
nesium occurs  native,  in  rhombohedral  crystals,  as 
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viof/iiesite ; it  is  found  in  Piedmont,  Moravia.  North 
America,  &c.,  associated  with  serpentine  and  the 
native  hydrate.  It  is  also  found  in  combination  with 
carbonate  of  lime;  indeed,  most  of  the  calcareous 
rocks  contain  magnesium  carbonate.  The  species  of 
marble  called  dolomite  contains  about  40  per  cent,  of 
magnesium  carbonate. 

The  anhjalrous  magnesium  carbonate  is  isomor- 
phous  with  calcium  carbonate  ; when  moistened  with 
water  it  gives  an  alkaline  reaction  with  litmus  and 
turmeric.  It  is  infusible  before  the  blowpipe,  and 
dis.solv'es  slowly  in  acids  with  but  little  eflfervescence. 

Alkaline  carbonates  do  not  precipitate  anhydrous 
magnesium  carbonate  from  solutions  of  magnesium 
salts,  but  an  hydrated  carbonate  ; this  can,  however, 
be  dehydrated  by  passing  a stream  of  carbonic  acid 
through  a mixture  of  the  washed  precipitate  with 
water,  until  it  is  completely  dissolved,  and  then 
evaporating  the  liquid  to  dryness.  MgCOg  is  then 
obtained  as  a crystalline  powder,  having  the  fornt  of 
arragonite  (CaCOg).  If  the  solution  be  left  to 
evaporate  spontaneously  crystals  deposit,  having  the 
composition  MgCOg  + 311,0.  The  same  hexagonal 
crystals  are  deposited  from  a mixed  solution  of 
magnesium  sulphate  and  potassium  and  sodium 
sesquicarbonate. 

The  solution  of  magnesium  carbonate  is  sold  ex- 
tensively as  sohihle  mai/nesia,  or  bicarbonate  of  magnesia. 

AVhen  an  alkaline  carbonate  is  poured  into  a 
solution  of  a salt  of  magnesia,  a white  gelatinous  pre- 
cipitate is  formed,  which  is  a hydrated  magnesium 
carbonate,  or  a combination  of  the  hydrate  and  of 
the  carbonate.  The  [iroportions  of  these  two  com- 
pounds vary  according  to  the  quantity  of  alkaline 
carbonate  employed,  the  strengtli  of  the  solutions, 
and  the  temperature.  This  product  is  made  in  large 
quantities  in  pharmaceutical  chemistry,  and  is  the 
magnesia  alba  of  the  pharmacopoeia.  Two  kinds, 
identical  in  composition,  are  prepared,  namely,  the 
light  and  the  heavy.  For  heavy  magnesia,  add  one 
volume  of  a cold  saturated  solution  of  sodium  car- 
bonate to  a boiling  mixture  of  one  volume  of  a sat- 
urated solution  of  sulphate  of  magnesia,  and  three 
volumes  of  water;  boil  until  effervescence  has  ceased, 
constantly  stirring  with  a spatula;  then  dilute  with 
boiling  water,  set  aside,  pour  off  the  su2)ernataut 
liquor,  and  wash  the  precipitate  with  hot  water  on  a 
linen  cloth ; afterwards  dry  it  by  heat  in  an  iron  pot 
Light  magnesia  is  prepared  by  employing  dilute  solu- 
tions of  the  sulphate  of  magnesia  and  carbonate  of 
soda.  If  no  heat  be  used,  it  is  apt  to  be  gritty. 

A heavy  granular  magnesia  is  prepared  by  sepa- 
rately dissolving  12  parts  of  magnesium  sulphate, 
and  13  parts  of  crystallized  sodium  carbonate,  in  as 
small  a quantity  of  w.ater  as  possible,  mixing  the  hot 
solutions,  and  washing  the  precipitate. 

The  light  magnesium  carbonate  is  prepared  as 
follows:  — A solution  of  100  parts  of  sulphate 
of  magnesia  in  100  of  water  is  put  into  a vat 
heated  by  steam ; a solution  of  125  parts  of  crystal- 
lized carbonate  of  soda  is  quickly  stirred  into  it,  and 
the  temperature  raised  to  176°  Fahr.  to  expel  car- 
bonic acid,  which  holds  some  of  the  magnesia  in  solu- 


tion ; the  liquor  is  then  decanted,  and  the  precipitate 
is  washed  three  times  with  lukewarm  water,  free  from 
salts  of  lime.  It  is  then  transferred  to  linen 
strainers,  and  allowed  to  drip  from  twenty-four  to 
forty-eight  hours,  and  is  transferred  to  cubical  boxes 
without  bottoms,  placed  upon  a table  of  plaster  or 
porous  stone,  which  quickly  absorbs  the  water;  after 
some  time  the  boxes  are  turned,  so  as  to  present 
the  upper  side  of  the  magnesia  to  the  absorptive 
surface ; the  drying  is  completed  in  warm  rooms. 

The  carbonate  of  magnesia  of  commerce  is  likewise 
obtained  in  various  ways  from  bittern.  It  is  also 
separated  from  magnesian  limestone  by  a process 
adopted  by  Pattison,  which  consists  in  calcining  it 
at  a dull  red  heat,  by  which  only  the  magnesian  car- 
bonate is  decomposed;  tlie  calcined  stone  is  then 
diffused  through  water,  and  subjected  to  the  action 
of  carbonic  acid  under  pressure,  by  which  the 
magnesia  alone  is  dissolved,  and  is  afterwards  ob- 
tained by  rapidly  boiling  down  the  solution.  It  is 
a beautiful  white  subsbince,  very  light,  and  without 
taste  or  smell.  It  dissolves  in  2500  parts  of  cold, 
and  in  9000  parts  of  hot  water. 

Magnesium  Citrate  (CgIIgO~)„Mg3  -f-  Aq. — 
This  salt  is  prepared  by  saturating  a solution  of 
citric  acid  with  magnesium  carbonate.  It  is  white, 
pulverulent,  tasteless,  and  very  soft  to  the  touch, 
heavier  than  magnesia,  and  when  a slight  excess  of 
citric  acid  is  present,  is  readily  dissolved  by  water. 

Magnesia,  Granular  Effervescent  Citrate 
OF. — This  popular  saline  does  not  contain  citrate 
of  magnesia,  as  its  name  inqilies;  but  is  essentially 
a kind  of  lemon  and  kali  in  a granular  form,  with 
or  without  a minute  quantity  of  sulphate  of  magnesia 
(Epsom  salt).  A solution  of  the  granules  in  water 
contains,  after  the  efferve.scence  is  conqdete,  tartrate 
and  citrate  of  soda  and  sugar. 

The  following  is  the  jwocess  for  preparing  this 
compound  followed  by  one  of  the  largest  manufac- 
turers:— 16  parts  of  bicarbonate  of  soda,  10^  of  tar- 
taric acid,  4 of  citric  acid,  from  8 to  18  of  sugar,  half 
of  sulphate  of  magnesia,  and  2 parts  of  crystallized 
bisulphate  of  soda,  are  intimately  mixed  by  sifting, 
and  jdaced  to  a depth  of  not  more  than  half  an  inch 
on  a hot  zinc,  tin,  or  enamelled  iron  jilate.  In  a few 
minutes  the  mixture  becomes  spongy  from  the  for- 
mation of  carbonic  acid  gas,  when  it  is  worked  about 
and  turned  over  with  a scoop  or  other  convenient 
instrument,  to  prevent  any  of  the  particles  from 
becoming  too  dry.  In  a minute  or  two  more  the 
I mass  is  thrown  on  a cold  slab,  and  put  through  a 
sieve  of  four  to  six  meshes  to  the  square  inch.  It 
I is  again  heated  and  sifted  through  a rather  finer 
sieve  to  separate  the  dust,  and  finally  further  heated 
till  desiccation  is  complete. 

Some  manufacturers  replace  a portion  of  the  citric 
by  an  equivalent  quantity  of  tartaric  acid,  and  omit 
the  Epsom  salt.  Others  add  as  a flavouring  agent  a 
little  essence  of  lemon. 

A solution  of  the  true  citrate  of  magnesia  may  be 
readily  prepared  in  an  effervescent  form,  by  adding 
to  a large  wine-glassful  of  Jiuid  magnesia,  two  tea- 
sjioonfuls  of  lemon  juice,  or  a solution  of  citric  acid. 
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Magnesium  Sulphate  ; hitter  mlt.  ml  atir/Hcum, 
ml  aeidlitzense,  sal  catliartioim,  sal  amnruni,  Epsom 
salts,  Epsomite.  MgS0^,7H.,0. 

'I'his  salt  is  found  in  sea  water,  and  in  many 
mineral  waters — such  as  those  of  Seidlitz,  Leyds- 
clmtz,  Egra,  and  Epsom,  in  Surrey.  It  is  largely 
manufactured  from  dolomite  (native  carbonate  of 
magnesia),  by  treating  it  with  sulpliuric  acid.  The 
dolomite  is  calcined,  and  reduced  to  j)o\vder  by  being 
sprinkled  with  water  whde  still  hot;  it  is  then 
diffused  through  a large  bulk  of  water,  and  strong 
oil  of  vitriol  added.  Calcium  sul|>hate  and  mag- 
nesium sulphate  are  formed  ; as  the  former  is  almost 
insoluble  in  water,  while  the  latter  is  extremely 
soluble,  they  are  readily  separated. 

Magnesium  sulphate,  besides  being  used  as  a 
purgative  and  for  agricultural  purposes,  is  manu- 
factured on  a very  large  scale  for  the  use  of  warp 
sizers.  Manchester  alone  uses  something  like  150 
tons  weekly.  The  pre.sent  method  of  making  it  from 
magnesite  (magnesium  carbonate)  is  described  by 
J.  II.  Swindells. 

The  plant  required  consists  of — 

1.  A digester,  a square  wooden  box,  lined  with 
thick  sheet  lead ; on  the  bottom  and  about  3 feet 
up  the  sides  Yorkshire  fligs  are  placed,  so  as  to 
protect  the  lead  from  the  effects  of  blows  from  the 
magnesian  limestone,  which  often  shakes  about  very 
much.  This  digester  is  made  of  various  sizes. 

2.  A settler,  made  either  of  lead  or  flags  well 
cemented  together.  The  use  of  iron  should  be 
avoided.  The  settler  may  be  made  as  large  or  larger 
than  the  digester. 

3.  An  iron  evaporating  pan,  heated  by  steam 
or  a fire. 

4.  Coolers.  These  are  generally  made  of  wood. 
J.  II.  Swindells  recommends  them  to  be  made  of 
slate  or  flags.  He  thinks  one  large  shallow  slate 
cooler  is  better  than  several  small  deep  ones. 

5.  A drainer.  This  is  a large  vessel  with  a false 
bottom  for  draining  the  salts.  . It  may  be  made  of 
wood,  and  of  any  shape. 

6.  A stove  room  for  drying  the  salts.  This  con- 
tains shelves  of  any  width,  placed  about  18  inches 
apart.  The  stove  is  heated  by  means  of  steam  pass- 
ing through  pipes  running  along  the  floor. 

7.  A “ washer  ” for  washing  the  “ settlings  ” of 
the  “ drainer.” 

8.  A steam  boiler. 

Tliis  may  be  considered  the  whole  of  the  manu- 
facturing plant. 

Supposing  the  digester  is  6 feet  square  and  7 feet 
deep,  the  process  is  begum  by  placing  therein  about 
3 tons  of  magnesian  limestone.  Twelve  ordinary 
carboys  of  sulphuric  acid  are  then  emptied  into  the 
digester,  and  water  added  until  tlie  liquor  has  a 
specific  gravity  of  1'125  or  1T50.  Tlie  dilute  acid 
is  allowed  to  act  upon  the  stone  for  about  an  hour 
without  being  aided  by  heat;  at  the  end  of  this 
time  the  action  slackens,  and  steam  from  the  boiler 
is  supplied  to  quicken  it.  A lead  pipe  of  about 
three-quarters  of  an  inch  bore  is  ma<le  to  go  about 
half  way  down  the  digester,  and  through  this  pipe 


steam  is  forced  into  the  liquor.  From  eight  to 
twelve  hours  is  the  usual  time  taken  to  neutralize 
a "b.atch.” 

When  sufficiently  neutral,  the  liquor  in  the  diges- 
ter will  stand  from  40°  to  50°  on  Twaddell’s  hydro- 
meter. It  is  tlien  run  off  by  means  of  a tap  or  plug 
into  the  settler.  If  the  liquor  happens  to  show  a 
trace  of  acid  it  is  neutralized,  and  any  iron  present 
precipitated  by  any  of  the  known  means.  “Settling” 
occupies  from  three  to  four  hours.  The  clear  liquor 
is  then  siphoned  off  into  the  evaporating  pan. 

The  same  process  is  gone  through  with  successive 
batches,  until  sufficient  liquor  has  been  obtained  for 
a “ boiling,”  care  being  always  taken  to  keep  the 
liquor  free  from  acid.  Indeed,  working  on  the  alka- 
line test  may  be  said  to  answer  best. 

The  liquor  in  the  boiling  down  pan  is  evaporated 
till  it  stands  6C°  Twaddell.  When  this  point  is 
reached  the  steam  (if  used)  is  turned  off,  and  the 
liquor  allowed  to  remain  undisturbed  for  a few 
hours,  so  as  to  allow  all  floating  and  suspended 
particles  to  settle  down.  The  liquor  should  be 
perfectly  clear  before  it  is  run  off. 

When  sufficiently  settled  the  solution  is  conveyed 
to  the  cooler  or  coolers,  and  agitated  at  certain 
intervals,  to  make  the  salt  fall  in  small  crystals. 
When  the  salt  has  finished  falling,  the  motlier  liquor 
is  run  off  and  pumped  into  the  evaporating  pan. 
New  liquor  from  the  digester  is  added,  and  the 
same  process,  already  described,  is  gone  over  again. 
The  salt  is  taken  from  the  coolers  and  allowed  to 
drain.  It  is  then  placed  on  the  shelves  of  the  stove 
room,  and  dried  at  a temperature  not  above  8U° 
Fahr.  When  sufficiently  dry  it  is  sifte'd  (sometimes 
crushed),  and  placed  in  casks  for  the  market. 

The  “ settlings  ” from  the  “ drainer  ” are  placed  in 
the  “ w.asher  ” and  washed,  and  tlie  liquor  is  allowed 
to  filter  through,  after  which  it  is  pumped  into  the 
evaporating  pan  with  the  other  liquor. 

This  may  be  said  to  be  the  whole  process,  the 
object  aimed  at  being  to  make  sulphate  of  magnesia 
pure,  and  especially  free  from  iron. 

When  used  by  warp-sizers  it  is  for  the  purpose  of 
adding  weiglit  to  the  cloth. 

Epsom  salts  are  also  made  from  the  bittern  or 
mother  liquor  remaining  after  the  evaporation  of  sea 
water,  and  the  separation  of  the  chloride  of  sodium 
therefrom.  The  liquor  is  boiled  for  some  hours  in 
iron  pans.  During  tlie  ebullition,  some  chloride  of 
sodium  deposits.  The  lighter  impurities  are  sep- 
arated by  skimming,  and  the  strong  solution  is 
removed  into  wooden  refrigerators,  where,  in  a day, 
one-eighth  part  of  crystals  of  sulpliate,  called  sin;/le 
Epsom  salts,  or  simjles,  are  deposited.  These  are 
drained,  dis.solved,  and  recrystellized ; they  are  then 
termed  doithle  Epsom  salts,  or  simply  doubles. 

At  Monte  della  Guardia,  near  Genoa,  sulphate  of 
magnesia  is  prepared  from  schistose  minerals  con- 
taining sulphur,  magnesia,  copper,  and  iron.  The 
ores,  after  roasting,  are  converted  into  sulphates  by 
moistening  and  exposure  to  air.  They  are  tlien 
lixiviated,  and  the  solution  is  deprived,  first  of 
copper  by  refuse  iron,  and  afterwards  of  iron  by 
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is  found  in  North  America,  Sala  in  Sweden,  Cornwall, 
and  China.  It  iseinjdoyed  in  polishing  articles  made  of 
serpentine,  marble,  sulpliate  of  lime,  and  plate-glass; 
it  is  also  sometimes  used  as  a substitute  for  grease 
for  tlie  axles  of  carriages.  It  is  further  used  for 
sketching  in  outline  on  silk,  linen,  and  glass;  as 
crayon ; for  painting  on  glass,  and  for  removing 
stains  in  woollen  and  silk  goods.  It  has  also  been 
added  in  some  cases  to  the  materials  for  porcelain, 
to  improve  the  transparency,  but  it  renders  the  mass 
much  more  brittle.  The  apparatus  employed  for 
the  production  of  chlorine  is  occasionally  manu- 
factured from  tins  material,  as  it  resists  the  cor- 
rosive action  of  that  gas. 

Mi:ei!SCUAum,  employed  in  manufacturing  the 
celebrated  tobacco  pipes,  contains  : — 


Levant. 

Madrid. 

Natolia. 

Lyuhiiell. 

Berthier. 

Tlmiiison. 

Silica, 

..  60-87  ... 

. 53  80  . . . 

. 42-00 

. 30-50 

. 2-30 

...  27-80 

. 23-80  . . . 

Lime, 

Alumina,. . . . 

1-20  ... 

. 2-00 

Ferric  oxide, 

Water, 

. 20-00  ... 

. 23-00 

Loss, 

1 20  . . . 

■20 

100-00 

100-00 

100-00 

MEERSCHAUM 

FROM  MOROCCO 

ANALYZED  BY 

D.\MOUR. 

Silica,  . . . 

.55-00 

Magnesia, 28-00 

Alumina l-‘20 

Ferric  oxide, 1-40 

Lime, 1-00 

Potash, •52 

Waier, 10-85 

Sand, 2-50 

Loss, -03 


lime.  At  Baltimore  suljrhate  of  magnesia  is  pro- 
cured from  the  silicious  hydrate  of  magnesia  or 
mnrmnUte.  by  reducing  the  mineral  to  powder,  satu- 
rating with  sulphuric  acid,  and  calcining  the  dried 
mass  to  convert  the  iron  into  ferric  oxide.  It  is 
then  redissolved  in  water,  he.-itpd  with  sulphide  of 
calcium  to  remove  the  remaining  iron,  and  crystal- 
lized. By  a second  crystallization  it  is  obtained 
netirlv  pure. 

A very  large  quantity  of  sulphate  of  magnesia  is 
manufactured  at  Newcastle-upon-Tyne.  It  is  made 
from  magnesian  limestone,  by  calcination  and  wash- 
ing to  separate  the  lime,  and  subsequent  addition 
of  sulphuric  acid. 

The  carbonic  acid  produced  bj'^  the  action  of  the 
sulphuric  acid  is  sometimes  employed  in  the  manu- 
facture of  bicarbonate  of  soda.  The  mixed  sul- 
phates of  lime  and  magnesia  are  thrown  into  large 
wooden  vessels,  fitted  with  a false  bottom.  "Water 
is  now  poured  upon  the  thick  mass,  and  drawn 
through  by  the  action  of  a pair  of  pumps,  worked 
from  an  engine  shaft  in  any  convenient  manner. 
In  this  way  the  whole  of  the  sulphate  of  m.agnesia 
is  extracted  with  small  expenditure  of  water ; and 
the  solution,  after  being  pumped  into  a reservoir,  is 
allowed  to  filter  through  layers  of  sandstone  and 
charcoal,  to  render  it  clear  and  bright.  The  liquor 
is  now  concentrated  by  evaporation,  and  made  to 
crystallize  as  rapidly  as  possible,  in  shallow  wooden 
troughs  lined  with  lead,  in  order  that  the  crystals 
may  be  as  small  as  possible,  to  meet  the  prejudice 
of  the  trade  in  this  respect.  The  sulphate  of  lime 
left  on  the  filter  or  false  bottom  is  worked  up  in  the 
manufacture  of  Venetian  red. 

In  the  manufacture  of  alum  as  condm  ted  near 
Whitby,  the  salts'  mothers  by  crystallization  yield  a 
crude  sulphate  of  magnesia,  called  Bough  Epsoms, 
and  having  the  following  composition  : — 


Sulphuric  acid, 32-26 

Magnesia 1535 

Ferrous  oxide 1-73 

Oxides  of  nickel  and  cobalt, 0-12 

Lime, 0 09 

Alumina, 1-33 

Fotash, 0 83 

Water 48'29 


100-00 

These  rough  Epsoms  are  mixed  with  magnesian 
lime  in  such  proportions  that  all  the  sulphuric  acid, 
except  that  in’  combination  with  the  potash  and 
magnesia,  is  taken  up  by  the  free  alkaline  earths. 
The  mixture  is  then  calcined  in  an  ordinary  rever- 
beratory, at  a dull  red  he.at.  The  calcined  product 
is  afterwards  thrown  into  a kirge  circular  cistern 
filled  with  water,  and  in  which  a pair  of  edge-stones 
are  made  to  revolve  by  suitable  machinery.  By  this 
arrangement  the  large  pieces  are  ground  to- powder, 
while  the  agitation  produced  by  the  motion  of  the 
edge-stones  facilitates  the  solution  of  the  Epsom  salt. 

The  sulphate  of  magnesia  liquor  is  subsequently 
clarified  in  the  manner  previously  described,  and 
crystallized  in  the  usual  shallow  pans. 

Steatite,  soapstone,  contains  silica,  magnesia,  alum- 
ina, oxide  of  iron,  oxide  of  manganese,  and  water.  It 


100  00 

Asbestos. — This  material  is  of  frequent  use  in  the 
laboratory,  and  in  the  manufacture  of  various  articles 
intended  to  resist  the  action  of  fire,  such  as  lamp- 
wicks,  &c.  Annexed  is  its  composition  : — 


Silica, 

Kobell. 
. 43-50 

Bicbnrdson. 

43-25  . 

Thomson. 

. . . 40-95 

Magnesia 

. 4U-00 

33-85  . 

. ..  34-70 

Ferric  oxide,. . 

. 2-08) 

....  10-90  . 

J I0-05 

Alumina, 

. -40 ; 

••'t  1-60 

Water 

. 13-80 

7 00  . 

. ..  12-00 

Loss, 

■22 

5-00  . 

1-00 

100-00 

100-00 

100-00 

A mixture  of  asbestos  with  a small  quantity  of 
paper  pulp  has  lately  been  made  into  sheets  of  about 
the  i\pth  of  an  inch  in  thickness,  and  found  to  resist 
the  action  of  moderately  high  temperatures  very 
well ; being  plastic  it  can  be  cut  and  moulded  into  a 
variety  of  useful  shapes  for  laboratory  uses. 

MAUGAIfESE  — Manganese,  French  ; Mangan,  Ger- 
man ; Mangarntm,  Latin.  Symbol,  Mn.  Atomic  ' 

weight,  55. — The  black  mineral  known  in  commerce 
by  the  name  of  manganese — hrannstein,  Germ, -in — 
has  long  been  employed  to  counteract  the  green 
tint  of  glass.  It  was  formerly  called  magnesia  nigra, 
from  its  resemblance  to  the  magnetic  oxide  of  iron, 
or  loadstone.  A mine  of  this  mineral  was  dis- 
covered in  England  by  Boyle.  Some  experiments 
were  made  upon  it  by  Glauber  in  165C,  and  by 
Waiz  in  1705  ; but  chemists  do  not  appear  to  have 


MANGANESE. — Pkeparation.  85a 


directed  particular  attention  to  it  until  a later  period. 
jMineralogists  agreed  in  classing  it  among  tlie  ferru- 
ginous ores  until  I’OTT,  in  1740,  showed  that  it  often 
contains  mere  traces  of  iron  ; after  which,  on  the 
supposition  that  it  consisted  chiefly  of  a peculiar 
earth,  a separate  place  was  assigned  to  it  in  treatises 
on  mineralogy.  This  hypothesis  was  in  the  year 
1774  distinctly  proved  to  be  correct,  by  the  elaborate 
researches  of  Sciieele  and  IIerg.man.  Gaiin  sub- 
sequently showed  that  this  earthy  base  contained 
a metal,  not  hitherto  isolated,  upon  M’hich  he  be- 
stowed the  appellation  of  mar/nesium.  As,  however, 
this  term  was  afterwards  employed  to  distinguish 
the  metallic  base  of  magnesia,  it  was  superseded  by 
the  designation  now  in  use.  The  metal  manganese, 
owing  to  its  powerful  attraction  for  oxygen,  does  not 
occur  in  a free  state  in  the  earth’s  crust;  but  its 
mineral  oxides  are  abundant,  and  are  extensively 
employed  in  the  Jirts — chiefly  in  the  manufacture  of 
glass  and  pottery,  and  in  the  preparation  of  chlorine 
for  the  production  of  bleaching  powder. 

Pi’.El’A RATION. — From  the  difficulty  of  its  isolation, 
metallic  manganese  has  not  been  rendered  available 
for  any  useful  purpose.  The  processes  for  its  reduc- 
tion are  generally  conducted  on  a small  scale,  in  the 
laboratory.  lake  iron  and  cobalt,  it  is  very  difficult 
to  be  obtained  in  a state  of  absolute  purity.  It  is 
necessary,  in  the  first  place,  to  procure  a pure  oxide 
of  manganese,  which  may  be  effected  by  any  of  the 
following  processes : — The  common  black  oxide  of 
manganese  of  commerce  is  digested  for  some  time 
with  dilute  hydrochloric  acid,  washed,  in  order  to 
free  it  from  carbonate  of  lime,  and  then  heated  with 
strong  hydrochloric  acid.  During  the  solution  of 
the  mineral,  chlorine  gas  is  abundantly  disengaged, 
and  when  the  action  is  complete  the  solution  con- 
tains chloride  of  manganese  and  sesquichloride  of 
iron.  The  liquor,  after  filtration,  is  evaporated  to 
dryness  in  a porcelain  basin,  and  the  dry  residue 
is  strongly  heated,  with  constant  stirring,  until  it 
assumes  an  ash-grey  hue,  and  no  longer  evolves  acid 
fumes.  liy  this  treatment  the  chloride  of  iron  is  in 
part  volatilized,  and  in  part  converted  into  sesqui- 
oxide  of  iron  and  hydrochloric  acid.  The  residue  is 
now  digested  with  water,  the  solution  filtered,  and 
carbonate  of  soda,  in  slight  excess,  added  to  the 
liquid.  The  precipitated  carbonate,  after  washing 
and  drying,  is  ignited  in  a covered  crucible,  when  it 
furnishes  a pure  oxide  ; or  the  solution  in  hydro- 
chloric acid  is  diluted  with  water,  and  treated  with 
repeated  quantities  of  carbonate  of  soda,  with  con- 
tinued digestion  and  stirring,  until  the  liquid, 
rendered  clear  by  subsidence  or  filtration,  gives  a 
•pure  white  precipitate  with  a further  quantity  of 
carbonate  of  soda,  showing  that  all  the  oxide  of  iron 
has  been  precipitated.  This  having  been  attained, 
the  whole  solution  is  freed  by  filtration  from  the 
precipitate,  and  the  clear  liquid  precipitated  by 
carbonate  of  soda  in  excess. 

Faraday  recommends  the  following  process  for 
the  preparation  of  pure  protochloriueof  manganese : — 
Finely-po«dered  and  strongly-calcined  black  oxide, 
previously  cleansed  from  carbonate  of  lime,  is 
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ignited  with  half  its  weight  of  chloride  of  ammo- 
nium, beginning  with  a moderate  heat,  and  gradually 
raising  the  temperature  to  low  redness.  The  chloride 
of  manganese  formed  is  dissolved  out,  and  the 
solution  filtered.  'Fhe  pure  oxide  of  manganese, 
prejiared  by  the  process  already  indicated,  is 
moistened  with  oil  and  heated  to  redness  several 
times;  then  made  into  a thick  paste  with  oil,  intro- 
duced into  a charcoal-lined  crucible,  covered  with 
charcoal  powder,  and  a lid  luted  on  the  mouth  of 
the  crucible,  which  is  afterwards  exposed  for  two 
or  three  hours  to  the  strongest  heat  of  a smith’s 
forge  or  a powerful  blast  furnace.  Sefstrom’s 
apparatus,  rejiresented  in  Fig.  1,  is  commonly 
employed  for  the  reduction,  in  a cylindrical  iron 
case.  A,  is  placed  a second  cylinder,  u,  lined  with 


Fig.  1. 


A 


fire-brick.  The  crucible,  H.  is  arranged  as  represented 
in  the  drawing,  and  surrounded  with  glowing  char- 
coal or  coke.  'I'he  blast  is  admitted  at  F into  the 
space,  C,  which  intervenes  between  the  two  cylinders, 
from  which,  after  becoming  considerably  heated,  it  is 
forced  into  the  fire-chamber  through  a series  of 
openings,  D D.  The  metal  collects  in  the  form  of  a 
button  at  the  bottom  of  the  crucible. 

P roperties. — Metallic  manganese,  as  thus  obtained, 
contains  some  carbon;  it  presents  a greyish-white 
colour  without  much  lustre,  and  a fine  granular 
texture.  It  is  rather  soft  and  brittle,  and  is  readily 
split  or  broken.  Its  specific  gravity  is  stated  by 
John  to  be  8’013.  Its  equivalent  is  55.  When 
pure  it  is  not  attracted  by  the  magnet.  It  is  exceed- 
ingly difficult  of  fusion,  requiring  for  liquefaction 
the  most  intense  heat  of  a wind  furnace.  The 
manganese  prejiared  by  the  process  described  is 
always  contaminated  with  carbon  and  silicium,  and 
resembles,  therefore,  common  pig  or  cast  iron.  On 
subjecting  the  metal  to  fusion  with  borax,  the  carbon 
is  separated,  and  the  regulus  becomes  more  fusible  ; 
but  it  is  probable  that  the  product  in  this  case  con- 
tains boron  or  sodium.  Manganese  readily  tarnishes 
by  exposure  to  the  air — hence,  like  potassium,  it 
must  be  kept  under  naphtha.  AVhen  heated  to  red- 
ness in  ojien  vessels,  it  absorbs  oxygen  with  rapidity. 
It  decomposes  water  slowly  at  common  tempera- 
tures, with  disengagement  of  hydrogen  gas ; but  at  a 
red  heat  oxidation  is  very  rapid.  It  also  dissolves 
4,5 
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White  flux 34  pavts. 

Lain))  lilack, oi  “ 

MaiigaiiBBe  ore  (rich), 6uJ  “ 


readily  in  dilute  acids,  with  escape  of  hydrogen. 
By  fusion  at  a high  tenipeniture,  manganese  may  be 
alloyed  with  various  other  mettils.  A compound  of 
about  4 equivalents  of  manganese  and  1 equivalent 
of  iron  was  produced  in  considerable  quantity  by 
Bl’TTRAy,  in  a furnace  employed  for  fusing  cast-steel. 
This  alloy  became  only  slightly  tarnished  when  freely 
exposed  to  the  air,  and  did  not  affect  the  magnetic 
needle.  When  manganese  is  combined  by  fusion 
with  6 or  7 per  cent,  of  silicium,  a regulus  results 
which  possesses  the  appearance  of  the  ordinary  metal, 
but  differs  much  from  it  in  its  chemical  charac- 
teristics ; it  does  not  oxidise  even  at  a red  heat,  and 
withstands  the  action  of  nitro-hydrochloric  acid. — 
Sefsteom. 

Berzelius  expressed  the  opinion  that  the  pre- 
sence of  the  small  proportion  of  silicium  is  not  suffi- 
cient to  account  for  this  total  change  of  properties, 
and  that  there  must  exist  in  the  compound  or  alloy 
an  allotropic  modification  of  the  metal,  the  alteration 
being  effected  or  induced  by  the  presence  of  the 
silicium  at  a temperature  at  which  it  would  not 
occur  with  manganese  alone. 

C.  Brunner  prepared  metallic  manganese  by  act- 
ing upon  the  fluoride  with  half  its  weight  of  sodium, 
the  process  being  similar  to  that  employed  for  the 
reduction  of  aluminium.  Deville  procured  pure 
manganese  by  reducing  pure  manganic  oxide  with  an 
insufficient  quantity  of  sugar  charcoal  in  a lime 
crucible.  Manganese  thus  obtained  po.ssesses  pro- 
perties essentially  different  from  those  usually 
attributed  to  this  metal.  Its  colour  is  like  that 
of  some  cast  iron.  It  is  brittle  and  very  hard, 
not  yielding  to  a steel  file ; but,  on  the  country, 
scratching  the  best-tempered  steel.  It  is  capable 
of  the  most  perfect  polish.  It  is  not  altered 
even  in  moist  air  at  the  ordinary  temperature.  When 
heated  it  acquires  nearly  the  same  colours  as  steel, 
passing  afterwards  to  brown,  by  covering  itseli 
with  a layer  of  oxide.  The  specific  gravity  of  differ- 
ent specimens  varied  from  7’13'S  to  7'206.  It  is 
not  attracted  by  the  magnet  even  when  in  powder, 
and  has  no  influence  on  the  magnetic  needle.  Acids 
attack  it  violently,  even  in  the  cold. 

The  alloys  which  it  forms,  with  the  exception  of 
ferro-manganese,  have  not  received  any  extensive 
applications,  although  some  of  them  are  both  malle- 
able and  ductile.  Perhaps  the  most  remarkable 
are  the  alloys  with  copper  and  zinc,  which  are  similar 
in  appearance  to  German  silver,  and  can  be  rolled 
both  hot  and  cold,  whereas  German  silver  can  only 
be  rolled  cold.  The  principal  objection  to  their  ap- 
plication seems  to  have  been  the  cost  of  metallic 
manganese ; but  this  objection  has  been  to  a great 
measure  overcome  by  Hugo  Zamin’s  process  of 
making  cast  manganese  direct  from  manganese  ore. 

Za.min  makes  use  of  two  fluxes,  which  he  calls 
respectively  white  flux  and  green  flux.  His  white 
flux  consists  of — 

Gromul  glars, ft  parts. 

Quick  lime, “ 

h'luor  sjiar,. . . , “ 

His  green  flux  is  made  by  fusing  together — 


The  produce  of  this  fusion  is  17^  parts  of  cast  man- 
ganese, and  a slag  of  an  olive  green  colour  which 
is  saturated  with  protoxide  of  manganese,  and  con- 
stitutes his  green  flux.  Having  obtained  the  green 
flux,  Zainiii  makes  cast  manganese  by  mixing  1000 
parts  of  manganese  ore  with  91  of  lamp  black  and 
635  of  green  flux,  and  finally  adds  enough  oil  to 
moisten  it.  This  mixture  is  heated  in  a graphite 
crucible  protected  from  oxidation  by  a round  cover 
of  thick  wood  placed  over  it,  and  the  crucible  is 
covered  with  a fire-clay  or  plumbago  lid,  which  is 
luted  on,  with  the  exception  of  a small  opening  for 
the  escape  of  gases.  This  mixture  yields  a green 
slag  and  420  parts  of  cast  manganese,  which,  in  the 
case  of  an  ore  containing  50'5  per  cent,  of  man- 
ganese and  3'5  per  cent,  of  iron,  was  found  to  have 
the  following  composition  : — 

Per  Cent. 


Manganese 9(r‘J00 

Iron I'OoO 

Ahiminimn, ’100 

Calcinni, 'OriO 

Phos|ihoius '050 

Sulpliiir, •O.'/O 

Silicon ’SirO 

Carbon, 'OoO 


100-000 

This  cast  manganese,  after  being  reduced  to  coarse 
powder  and  purified  by  fusion  with  one-eighth  of 
its  weight  of  carbonate  of  manganese,  was  found  to 
have  the  following  composition  ; — 

Per  Cent. 


Manganese, 00-910 

Iron, -050 

Silicon, ‘01.5 

Carbon ‘025 

Other  substances, traces 


100-000 

Oxides. — Manganese  forms  at  least  five  distinct 
compounds  with  oxygen,  besiiles  several  compound 
oxides.  The  composition  of  these  oxides  is  exhibited 
in  the  following  table  : — 

Protoxide,  or  manganous  oxide,  . . MnO. 
Sesquioxide,ormaiiganicoxide.  ..  Mn,,03. 

Binoxide,  or  peroxide  — black 

oxide, MnOj. 

Manganoso-manganic  oxide — red 

oxide Mn.jO^or  MnOjMn.jOj. 

Varvicite, Mn.3U3,2MhO.>. 

Manganic  aidiydride MnUj. 

Permanganic  anhydride, M112U7. 

Of  these  the  first  only  possesses  marked  basic 
properties;  the  sesquioxide  is  a very  feeble  base;' 
and  the  two  compounds  at  the  bottom  of  the  list 
arc,  as  their  names  indicate,  anhydrous  acids.  The 
protoxide  is  readily  obtained  by  heating  the  oxalate 
in  a covered  crucible,  or  in  a glass  tube  closed  at  one 
end.  "WTen  a caustic  alkali  is  added  to  a solution 
of  chloride  or  sulphate  of  mangane.'se,  the  hydrated 
oxide  falls  as  a flocculent  white  precipitate,  which 
rapidly  acquires  a dark  tint  on  exposure  to  the  air. 
Binoxide  of  manganese  may  be  prepared  by  passing 
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diloritie  gas  through  a solution  of  the  acetate.  Ses-  ^ powdered  and  added  to  a considerable  quantity  of 
quioxide  of  manganese  is  produced  when  the  bin-  boiling  water,  and  the  solution  allowed  to  settle. 
o.Kide  is  kept  for  a considerable  time  at  a moderate  When  clear  it  is  decanted,  and  is  ready  for  use.  It 
red  heat.  It  also  occurs  in  nature  as  hrmudte  and  is  quite  permanent  when  preserved  in  well-stoppered 
mangaiiile.  The  red  or  manganoso-nianganic  oxide  bottles. 

is  always  produced  when  any  of  the  higher  oxides  is  All  the  higher  oxides  of  manganese  are  reduced  to 

exposed  to  a white  heat,  either  in  closed  or  open  the  c audition  of  proto-compounds  by  the  action  of 
vessels,  or  when  hydrated  protoxide  is  exposed  to  warm  sulphuric  or  hydrochloric  acid,  with  the  elimi- 
the  air.  It  is  the  most  permanent  of  all  the  oxides  nation  of  oxygen  or  chlorine,  as  the  case  may  be. 
of  manganese;  it  is  not  affected  by  exposure  to  any  The  following  equations  represent  the  action  of 
temperature,  while  all  the  other  oxides  readily  pass  hydrochloric  acid  upon  the  binoxide,  the  sesquio.xide, 

“ into  it,  under  the  influence  of  heat.  When  finely  and  the  red  oxide  of  manganese : — 
powdered  it  is  brownish-red  while  cold,  and  nearly  „ ^ 

black  while  warm.  \\  hen  fused  with  borax  or  glass,  + ynci  = 2 + 3HjO  + Cl.j 

it  communicates  to  these  bodies  a beautiful  violet  MU3U4  + 8UC1  = 3 MuUi.^  + 

or  amethyst  tint,  a cliaracter  by  which  manganese 

may  readily  be  detected  before  the  blow-pipe.  Many  Protoxide  of  manganese  is  a powerful  base  of  the 

coloured  minerals-for  example,  the  amethyst-owe  “^gnesiau  class.  Its  salts  are  sometimes  quite  colour- 
their  tint  to  the  presence  of  this  oxide.  Manganate  but  they  frequently  possess  a pink  shade, 

of  potash  is  readily  produced  by  fusing  binoxide  with  Probably  from  the  presence  of  traces  of  permanganic 
carbonate  or  hydrate  of  potash,  with  or  without  acid,  or  oxide  of  cobalt.  The  soluble  salts  are  nearly 
the  addition  of  chlorate.  The  compound  has  a fine  “^utral,  mid  when  dissolved  exhibit  the  following 
green  colour.  Upon  the  ready  formation  and  great  reactions  . 

colouring  power  of  manganic  anhydride,  E.  Daw  has  f ^ "hite  precipitate  of  hydrated 

founded  an  elegant  method  tor  the  detection  of  ^«-usiic  potasn, -j  brown  by  the  absorption  ot 

manganese.  The  substance  is  heated  on  silver  foil,  L o.xygeu. 

with  a drop  of  a strong  solution  of  caustic  potiish,  Ammonia........ Do. 

and  the  dry  residue  is  gently  ignited,  when  it  will  carbonates j- White  precipitate. 

exhibit,  if  manganese  be  present  in  appreciable  Ferrocyamde  ot  )intHN!<iuiii,..  Do. 

quantity,  a very  distinct  green  colour.  A\  hen  com-  Ammonium  sulphide,. .... . A flesh-coloured  precipitate. 

pounds  of  manganese  are  heated  before  the  blow- 
pipe with  carbonate  of  soda,  on  a loop  of  platinum  For  the  detection  of  minute  quantities  of  manganese, 
wire,  a green  bead  is  obtained,  manganate  of  soda  especially  when  mi.xed  with  other  metals,  Cul'm’s 
being  formed.  Manganate  of  potash  has  received  test,  already  detailed,  is  probably  the  most  delicate, 
the  name  of  chameleon  mineral,  from  the  circumstance  Ores. — The  compounds  of  manganese  which  occur 

that  the  dark-green  solution  obtained  by  digesting  native  are  numerous,  but  as  those  only  are  of  iin- 
it  in  a small  quantity  of  cold  water,  assumes  various  portance  in  the  arts  which  consist  solely  or  chiefly 
shades  of  colour  on  being  diluted,  the  ultimate  of  one  of  the  higher  oxides,  the  minerals  which  come 
result  being  a liquid  having  a fine  carmine-red  tint,  under  consideration  in  this  place  are  comparatively 
The  change  of  tint,  which  is  induced  more  readily  few  in  number. 

by  the  addition  of  an  acid,  is  owing  to  the  resolution  Pyroluiite  is  the  name  applied  to  the  native  bin- 

of  the  manganic  into  permanganic  acid,  which  re-  oxide  in  its  anhydrous  and  crystallized  state.  It  is 
mains  in  solution,  ana  binoxide  of  manganese,  which  chiefly  this  variety  that  is  employed  by  the  glass- 
falls  as  a precipitate.  makers,  while  icad  and  other  less  pure  ores  are 

,,,,  „ -K,  r,  ■«.  ,,  consumed  in  the  elimination  of  chlorine  from  hydro- 

3JI11O3  = Mii.O,  + MnOo.  r.M  „ 

chloric  acid  or  sodium  chloride.  I he  crystalline 

Crum’s  test  for  manganese  depends  upon  the  form  of  pyrolusite  is  the  rhombic  prism,  and  it 
formation  of  permanganic  acid.  The  compound  generally  occurs  in  the  form  of  minute  crystals 
under  examination  is  dissolved  in  a little  nitric  acid,  grouped  together,  and  radiating  from  a common 
and  binoxide  of  Iccad  added,  when  the  fine  red  tint  centre.  It  has  the  same  form  as  mangunlle,  which 
of  permanganic  acid  will  be  communicated  to  the  consists  of  hydrated  sesqtiioxide,  and  appears  to  he 
liquid.  Solution  of  permanganate  of  potash  is  much  formed  from  that  mineral  by  absorption  of  oxygen 
employed  in  the  German  and  French  laboratories  as  and  loss  of  water,  some  masses  of  crystals  having 
an  oxidising  agent : in  this  country  the  bichromate  ' been  observed  to  consist  of  pyrolusite  e.xternally  and 
is  more  generally  used.  'I'he  solution  is  best  pre-  manganite  internally.  Pyrolusite  has  an  iron-black 
pared  by  the  methoil  recommended  by  Gregory  : ; or  dark  steel-grey  colour,  and  a mefiillic  lustre.  It 
4 parts  of  finely  pulverized  binoxide  of  manganese,  is  not  very  hard;  its  specific  gravity  is  4‘7  to  4'97. 
and  3-^  parts  of  chlorate  of  potash,  are  intimately  It  frequently  contains  manganite,  jisilomelane,  ses- 
mixed  together,  and  added  to  5 parts  of  hydrate  of  j quioxide  of  iron,  alumina,  silica,  baryta,  carbonate 
potash  dissolved  in  a small  quantity  of  water.  The  [ and  sulphate  of  lime,  and  occasionally,  according 
mixture  is  evaporated,  and  the  residue  completely  to  Piiillirs,  traces  of  calcium  chloride.  The  fol- 
dried,  pulverized,  and  exposed  to  a low  red  heat  in  ' lowing  analyses  of  specimens  of  jiyrolusite  are  by 
a platinum  crucible.  The  agglutinated  mass  is  again  , Turner  ; — 
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Elgersbmg. 

Ihlefeld. 

Binoxide  of  manganese,... 

. 97 -2-2 

Baryta, 

....  -53  .. 

. *66 

Silica 

....  -51  .. 

. ‘5-t 

Water 

. 1 -51 

Calcium  chloride, 

100-00 

. traces 
lCO-00 

This  valuable  ore  is  extensively  worked  in 
Ilmenau,  Elgersburg,  and  various  other  districts  in 
Thuringia;  and  the  mines  at  Vorderschrensdorf, 
in  Moravia,  yield  annually  many  hundred  tons.  It 
has  also  been  found  in  several  localities  in  America 
and  elsewhere. 


Composition. 

Kanie  of  Ore. 

Locality. 

Binoxide 

of 

gaiiese. 

Sepqui- 
oxide  of 
Manga- 
nese. 

Sesqui- 
oxide of 
non. 

Baryta. 

Lime. 

Clay. 

Water. 

Analyst 

= MnO-i. 

Wad 

Grorio,  Mayenne, 

04-2 

11-0 

0-0 

30 

15-8 

Berthier. 

7l)"2 

Viodessos, 

54  6 

26-0 

7-0 

— 

— 

Quartz 

1-2-4 

68-9 

U 

•22-6 

31  0 

3-6 





8-8 

ii 

39-6 

t< 

Upton  I’yue,  Devon, 

Cl-7 

26-2 

1-4 

— 

Silica. 

10-7 

Turner. 

76-1 

« 

Dinenau, 

ol-6 

27-0 

1-0 

8-1 

And  KO. 

2-5 

9-8 

Scheffler. 

66-4 

660 

150 

10 

•3 

(3-y 

•5 

10-3 

Ranimelsberg. 

Turner. 

74-2 

Ochrey  Wad, 

73-3 

23-6 

trace 

3-1 

86-3 

Varvicite 

Warwickshire, 

50* 

45* 

— 

— 

— 

— 

5- 

74-7 

Psilomelane, 

Schneeberg, 

54-5 

■22-7 

— 

16-4 

Potash. 

•2 

6-2 

“ 

660 

74-3 

17-0 







4 2 

83*6 

53*2 

Brannite 

Elgersburg 

96-8 

— 

2-3 

trace 

9 

Turner. 

Manganite, 

Ihlefeld, 

Prot- 

oxide. 

89-9 

10-1 

49-4 

Hausinannite, 

30-7 

68-3 

— 

•1 

— 

•4 

•5 

U 

37-5 

Wad  is  the  native  hydrated  binoxide.  It  is  this 
ore  that  is  commonly  employe  1 in  the  preparation  of 
chlorine.  It  is  tolerably  abundant,  and  is  found  in 
England,  Ireland,  Sweden,  Germany,  and  America ; 
it  appears  generally  in  the  form  of  brownish-black 
masses,  or  loosely  agglomerated  brown  scales.  Some 
varieties  are  hard  and  compact,  and  difficult  to  pul- 
verize ; others  are  comparatively  soft  and  ochrey. 
Wad  consists  essentially  of  hydrated  binoxide  of 
manganese,  MnO^.lUO,  but  it  is  always  more  or 
less  mixed  up  with  tnanganic  or  manganoso-man- 
ganic  oxide,  and  generally  with  variable  quantities 
of  sesquioxide  of  iron,  clay,  quartz,  baryta,  carbonate 
of  lime,  &c.  Some  specimens  contain  much  oxide  of 
cobalt,  and  a few  contain  oxide  of  copper.  Analyses 
of  specimens  of  wad  from  various  localities,  and  of 
other  ores  of  manganese  capable  of  being  applied  to 
economic  purposes,  are  exhibited  in  the  preceding 
table.  The  last  column  of  the  table  shows  the  amount 
of  pure  binoxide  corresponding  with  the  quantity  of 
chlorine  yielded  by  100  parts  of  the  ore. 

Puilvmelune  is  one  of  the  most  generally  diffused 
ores  of  manganese.  It  is  compact  and  fibrous ; 
specific  gravity  4 to  4'3:18 ; rather  hard.  It  has  a 
dai'k  steel-grey  colour,  and  submetallic  lustre ; it 
generally  occurs  in  botryoidal  masses. 

Brauiiile  is  met  with  in  octohedral  crystals,  and 
also  massive ; it  is  commonly  nearly  pure  sesqui- 
oxide of  manganese.  Manf/anite,  or  grey  manganese 
ore,  is  the  hydrated  sesquioxide,  Mn203.H20,  and 
is  generally  very  pure,  and  therefore  well  adapted 
for  the  manufacture  of  glass.  It  occurs  in  rhom- 
boidal  prisms,  and  also  in  columnar  and  granular 
masses.  It  is  moderately  hard  ; specific  gravity  4'3 
to  4‘4 ; colour  between  iron-black  and  steel-grey, 
with  a submetallic  lustre.  It  is  found  at  Ihlefeld  in 


the  Ilartz.  in  Aberdeenshire,  Bohemia,  Saxony,  and 
other  localities. 

Uses. — The  most  important  applications  of  man- 
ganese ore  in  the  arts  are  the  production  of  chlorine 
and  the  decoloring  of  glass.  Although,  in  the 
manufacture  of  glass,  the  purest  materials  are  em- 
ployed, yet  traces  of  iron  compounds  are  invariably 
present  in  one  or  more  of  the  materials,  giving  to 
the  product  a very  faint  but  distinct  green,  olive,  or 
yellow  tint,  according  to  the  state  of  oxidation  of 
the  metal.  The  cautious  addition  of  black  oxide  of 
manganese  destroys  or  conceals  the  objectionable 
tint.  Its  action  was  formerly  supposed  to  be  merely 
the  oxidation  of  the  green  protoxide  of  iron  to  the 
faint  yellow  sesquioxide ; but  Liebig  has  suggested 
that  the  effect  is  not  chemical  but  optical,  and  that 
the  amethyst  colour  communicated  by  the  red  oxide 
of  manganese  counteracts  the  yellow  or  greenish- 
yellow  tint  of  the  oxide  of  iron.  This  is  probably 
the  correct  explanation  of  the  action,  since  other 
oxidising  agents,  red  oxide  of  lead  for  examjde,  do 
not  produce  the  desired  effect.  Chemi.sts  employ  the 
binoxide  of  manganese  for  the  preparation  of  oxygen 
and  chlorine  gases,  and  it  is  employed,  in  conjunc- 
tion with  dilute  sulphuric  acid,  as  an  oxidising  agent 
in  organic  chemistry. 

Binoxide  of  manganese  has  been  employed  for 
increasing  the  siccative  quality  of  linseed  oil ; and 
the  artificial  binoxide,  mixed  with  the  same  oil,  has 
been  recommended  as  a black  paint,  which  may 
be  used  with  advantage  for  the  manufacture  of 
printers’  ink. 

Of  the  numerous  combinations  of  manganese  with 
the  halogens,  and  of  the  oxides  with  acids,  the 
acetate,  protochloride,  and  the  sulphate  of  the 
protoxide  are  the  only  compounds  which  are  manu- 
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factured  on  the  large  scale  or  applied  to  economic 
purjioses,  and  are  consequently  sufficiently  important 
to  claim  consideration  in  a work  on  technology. 

Acetate  of  Mata/aiiese. — A full  description  of  this 
salt  is  given  in  the  article  Acetic  Acid. 

Chloride  of  Mumjanese. — A solution  of  this  com- 
pound in  a state  of  purity  is  most  readily  obtained 
by  the  method  recommended  by  Faraday,  already 
detailed,  or  by  dige.sting  a solution  of  purified  black 
oxide  of  manganese  in  hot  and  strong  hydrochloric 
acid,  with  carbonate  of  manganese,  until  all  the 
sesquioxide  of  iron  is  displaced  and  thrown  down. 
When  the  solution  is  highly  concentrated  by 
evaporation,  it  yields  crystals  of  the  hydrated  salt, 
MnCl,4llO.  These  crysbds  are  hlg'.ily  deliquescent, 
and  dissolve  in  two-thirds  of  their  weight  of  water 
at  C0°,  and  in  a much  smaller  quantity  at  a higher 
temperature.  The  salt  may  be  rendered  anhydrous 
by  the  application  of  the  heat  of  a spirit  flame,  while 
inclosed  in  a glass  tube  through  which  a current  of 
dry  hydrochloric  acid  gas  is  made  to  pass.  It  is  a 
ro.se-coloured  crystalline  mass. 

Chloride  of  manganese  is  a refuse  or  waste  product 
in  chemical  factories  where  chlorine  is  prepared  from 
manganese  and  hydrochloric  acid.  It  has  been  em- 
ployed in  the  purification  of  coal  gas.  It  may  be 
used  in  dyeing  for  the  proiluction  of  manganese  brown, 
but  the  sulphate  is  generally  employed  for  this  pur- 
pose. A crude  solution  of  chloride  of  manganese, 
neutral  and  free  from  iron,  may  be  prepared  by 
digesting  the  refuse  menstruum  already  referred  to 
with  powdered  chalk,  which  decomposes  the  sesqui- 
chloride  of  iron,  butdoes  not  affect  the  manganese  salt. 

Sviphate  of  manganese  is  obtained  in  transparent, 
slightly  rose-coloured  crystals,  by  dissolving  the  pure 
carbonate  in  dilute  sulphuric  acid,  and  concentrating 
by  spontaneous  evaporation.  I'he  crystals  have  tlie 
form  of  sulphate  of  copper,  and  a similar  composi- 
tion, MnSO^  -f  fillgO;  but  by  evaporation  and 
crystallization  at  various  temperatures,  crystals  with 
greater  and  less  proportions  of  water  may  be  ob- 
tained. I'he  crystals  are  remarkably  soluble  in  water. 

'I'his  salt  is  prepared  on  a considerable  scale  for 
the  use  of  the  dyer  and  calico  printer.  The  mode  of 
preparation  generally  adopted  is  as  follows: — Black 
oxide  of  manganese  is  ignited  with  a small  quantity 
of  charcoal  powder,  in  order  to  reduce  it  to  the  state 
of  protoxide.  This  product  being  now  treated  with 
moderately  dilute  sulphuric  acid,  a crude  sulphate  is 
obtained  containing  a considerable  proportion  of 
sulphate  of  iron,  to  get  rid  of  which  the  solution  is 
boiled  down  to  dryness,  and  the  residue  ignited  or 
roasted.  The  mass  is  digested  with  wafer,  when 
the  manganese  salt  dissolves,  while  the  iron  remains 
in.soluble  as  a basic  sesquisulphate.  Tlie  salt  is  ob- 
tained from  the  solution  by  evaporation.  Another 
mode  of  preparation  is  to  ignite  a mixture  of  black 
oxide  of  manganese  and  sulphate  of  iron,  then  to 
digest  in  water,  and  evaporate  the  solution.  Man- 
ganese brown,  or  bronze,  is  produced  by  immersing 
the  fabric  in  a solution  of  sulphate  of  manganese, 
and  then  in  one  of  dilute  caustic  alkali  to  precipitate 
the  protoxide,  which  is  raised  to  a higher  state  of 

oxidation  either  by  simple  exposure  to  the  air,  or, 
more  rapidly,  by  transmitting  it  through  a solution 
of  bleaching  powder. 

Processes  for  the  Recovery  of  Maxganese. — 
It  has  been  customary  for  manufacturers  who  elimi- 
nate chlorine  on  the  large  scale,  to  throw  away  the 
chloride  of  manganese  that  results.  To  prevent  this 
enormous  loss  of  valuable  material,  various  methods 
have  been  proposed  and  patented  for  recovering 
the  manganese,  or  reconverting  the  chloride  into  the 
binoxide  or  sesquioxide.  It  is  well  known  that  the 
protoxide  of  manganese  is  readily  converted  by  the 
oxygen  of  the  air  into  the  sesquioxide  by  gentle 
ustulation  ; and  it  was  mentioned  long  ago  by 
Forchhammer,  that  carbonate  of  manganese,  when 
heated  in  an  open  vessel  to  500°  F.  (200°  C.),  is 
converted  for  the  most  part  into  binoxide,  an  ob- 
servation which  does  not  seem,  until  lately,  to  have 
attracted  that  degree  of  attention  which  its  im- 
portance merits.  The  principal  processes  for  the 
recovery  of  manganese,  at  present  in  use,  are  those 
of  Dunlop  and  Weldon,  for  which  see  article  on 
Chlorine. 

Colours. — Various  colours  can  be  obtained  directly 
or  indirectly  from  the  natural  manganese  or  a re- 
covered oxide.  A brown  colour,  according  to  T. 
Rowan,  can  be  got  by  heating  the  recovered  oxide, 
or  by  freely  exposing  it  to  the  air;  a green  colour,  by 
heating  the  carbonate  of  manganese  in  a closed  ves- 
sel, with  a tube  loosely  filled  with  carbon  to  allow 
gases  to  escape,  but  prevent  access  of  air.  By 
cautiously  heating  the  carbonate  of  manganese  with 
free  access  of  air  a black  pigment  is  obtained.  A 
pure  violet  colour,  according  to  Leikauf,  can  be 
obtained  by  fusing  recovered  oxide  of  mangane.se 
with  phosphoric  acid,  boiling  the  fused  mass  with 
ammonia  or  carbonate  of  ammonia,  filtering  the 
oxide  of  manganese  which  separates,  and  evaporat- 
ing the  filtrate  to  dryness.  The  dried  residue  is 
then  fused,  and  when  cool  boiled  with  water.  The 
insoluble  forms  a violet  powder,  known  as  Man- 
ganese or  Niirnberg  Violet.  Tlie  addition  of  a salt 
of  iron  to  the  first  fusion  produces  a blue  shade. 
In  addition  to  these  pigments  tliere  is  a green  colour, 
consisting  essentially  of  nianganate  of  barium,  which 
Rosenstiehl  obtains  by  heating  a moist  mixture  of 
from  3 to  4 parts  baryta,  2 parts  nitrate  of  baryta, 
and  ’5  part  oxide  of  manganese.  On  heating  with 
water  an  insoluble  crystalline  powder  of  a pure 
green  colour  is  obtained. 

Quantitative  Estimation. — Manganese  is  weighed 
almost  invariably  as  the  red  oxide,  Mn^O^,  229  parts 
of  which  are  equivalent  to  lC5of  metidlic  manganese, 
213  of  protoxide,  and  261  of  binoxide.  When  no 
other  base  is  present,  or  only  the  alkalies,  the  mode- 
rately dilute  solution  is  heated  to  boiling,  and  the 
manganese  is  thrown  down  as  carbonate  by  the  addi- 
tion of  carbonate  of  soda  in  excess.  The  precipiffite 
is  collected  on  a filter,  washed  with  boiling  water, 
dried  and  ignited  over  a powerful  lamp  or  in  a fur- 
nace, until  the  weight  ceases  to  vary.  The  residue 
in  the  crucible  is  pure  red  oxide.  If  the  liquid 
contains  ammoniacal  salts,  it  must  be  boiled  with 
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carbonate  of  soda  in  excess  until  the  odour  of  the 
volatile  alkali  is  no  longer  perceptible. 

^Vhen  .any  of  the  metals  preeipitable  by  sulphide  of 
hydrogen  .are  contained  in  the  liquid,  it  must  be  ren- 
dered acid  by  the  addition  of  hydrochloric  acid,  and 
tre.ated  with  this  agent,  in  order  to  remove  them. 
Sesquioxide  of  iron  is  most  readily  separ.ated  by  the 
addition  of  succinate  of  ammonia  to  the  nearly  neu- 
tral liquid.  Mang,anese  m.ay  be  separ.ated  from  the 
alkalies,  earths,  and  the  oxides  of  iron,  nickel,  and 
zinc,  by  the  ingenious  method  of  Sciiiel.  The  acid 
menstruum  is  nearly  neutralized  with  c.arbonate  of 
soda,  acetate  of  soda  added,  and  chlorine  gas  passed 
through  the  liquid  to  s.aturation.  The  manganese 
is  completely  deposited  as  hydr,ated  binoxide,  which 
may  be  converted  into  red  oxide  by  ignition  ; the 
other  bases  remain  in  solution.  The  .absolute  separ- 
ation of  manganese  and  cob.alt  is  attended  with  con- 
siderable difficulty;  but  the  following  simple  method 
gives  results  which  are  sufficiently  accurate  for  all 
technical  purposes : — The  two  metals  are  precipitated 
by  sulphide  of  ammonium  and  excess  of  acetic  acid 
then  .added,  when  the  sulphide  of  manganese  dis- 
solves, and  the  sulphide  of  cob,alt  remains  intact. 

The  separation  of  manganese  from  nickel  is  given 
under  the  latter  metal.  Il.aving  obtained  the  sul- 
phide of  manganese  by  the  process  mixed  with  sul- 
phide of  zinc,  it  will  be  well  to  give  here  the  mode 
of  obtaining  the  mang.anese  per  se.  Dissolve  the 
sulphide  in  hydrochloric  acid,  then  nearly  neutralize 
with  c.arbonate  of  soda,  add  acetate  of  soda,  and  next 
conduct  chlorine  gas  into  the  mixture.  The  man- 
ganese s.alt  is  thereby  decomposed,  and  the  whole  of 
the  m.anganese  separates  as  binoxide.  The  zinc 
remains  in  solution. 

For  the  viiluation  and  testing  of  m.anganese  ores, 
the  re.ader  is  referred  to  Bleaching  Powder  under 
the  article  Chlorine. 

Plnixio/oi/ical  Ejfcctx.— The  effects  of  manganese 
upon  the  system  are  imperfectly  known.  Kapp 
reg.ards  it  as  a permanent  stimulant,  and  s.ays  it 
promotes  the  appetite  .and  digestion.  Vogt  ]ilaces 
it  among  the  tonics,  and  considers  it  to  be  inter- 
mediate between  iron  and  lead;  but  his  views  are 
altogether  theoretical,  as  he  does  not  seem  to  have 
prescribed  it.  Dr.  Copper  has  described  several 
cases  of  disease  which  took  place  among  the  men 
engaged  in  grinding  it  at  the  chemical  works  of 
Me.ssrs.  Tennant  & Co.  in  Glasgow ; from  these 
it  appears  that,  when  slowly  introduced  into  the 
system,  it  produces  paralysis  of  the  motor  nerves. 
The  disease  commences  with  symptoms  of  para- 
plegia. It  differs  from  the  paralj'sis  of  leail  in  not 
causing  colica  pectorum,  or  constipation  ; and  from 
mercury,  in  first  affecting  the  lower  extremities,  and 
in  not  exciting  tumours  of  the  afflicted  part. 

^Manganese  is  rarely  used  in  medicine  ; it  appears 
to  have  been  employed  in  the  last  century  in  the 
treatment  of  inflammatory  fevers.  Grille  long  since 
observed  that  the  workmen  in  the  mangane.se  mines  at 
iM.ai^on  were  not  subject  to  the  itch  ; and  that  others 
who  became  affected  with  this  disease  were  cured  by 
working  in  the  mines.  This  led  him,  as  well  as 


Morelot  and  others,  to  employ  it  in  cut.aneous 
maladies.  Kapp  administered  it,  as  well  as  the  salts 
of  manganese,  both  internally  and  externally  in 
various  forms  of  syphilis;  he  used  it  with  benefit  in 
herpes,  scabies,  and  the  scorbutic  diathesis.  Brera 
gave  it  in  chlorosis,  scorbutus,  hypochondriasis, 
hysteria,  &c.  Otto  administered  it  in  cachectic 
complaints,  with  favourable  results.  Ooier  em- 
ployed it  in  cardialgia.  It  has  been  applied  as 
an  ab  orbent  in  the  treatment  of  old  ulcers,  as  a 
depilatory,  and  as  a remedy  for  skin  diseases, 
especially  itch  and  porrigo.  Kl'Gler  gave  it  with 
benefit  in  scrofula. 

Hunefeld  gave  to  a rabbit  ne.arly  2 drachms  of 
manganic  acid  in  three  days,  in  doses  of  10  or  15 
grains.  The  only  obvious  effect  was  increased  secre- 
tion of  urine.  The  animal  being  killed,  the  peri- 
toneum and  extern.al  coat  of  the  colon  were  found 
of  a greenish  colour  (protoxide  of  manganese  is  of 
a pale  grass-green  colour),  the  muscles  were  readily 
lacerated  and  livid,  the  liver  was  inflamed,  the  biltt 
increased. 

MANURE — By  manure  we  understand  all  sub- 
stances which  are  applied  to  land  for  the  purpose  of 
increasing  the  amount  of  plant-food  which  it  con- 
tains. To  understand  the  science  of  manuring  in 
its  application  to  English  agriculture,  we  must  be 
acquainted,  in  the  first  place,  with  the  food  require- 
ments of  our  crops,  and  the  m.anner  in  which  these 
requirements  are  met  in  nature. 

The  constituents  of  a pl.ant  fall  under  three  great 
divisions.  First,  there  is  water,  which  forms  by  far 
the  larger  part  of  all  growing  plants.  The  dry 
matter  may  next  be  divided  into  combustible  car- 
bonaceous matter,  and  into  incombustible  matter  or 
ash.  The  combustible  ingredients  include  the  vege- 
table fibre,  sug,ar,  starch,  fat,  albuminoids,  the  colour- 
ing and  flavouring  principles,  &c.  These  are  very 
commonly  called  organic  substances,  while  the  in- 
gredients of  the  ash  are  termed  inorganic.  This 
distinction  is,  however,  not  an  accurate  one,  as  the 
constituents  of  the  ash,  so  long  as  they  form  a part 
of  the  plant,  have  as  much  right  to  be  called  organic 
as  albumin  or  cellulose,  being  equally  indispensable 
parts  of  the  vegetable  structure. 

To  illustrate  the  composition  of  a crop,  we  will 
take  as  an  instance  a crop  of  meadow  hay,  weighing 
when  mown  5 tons,  and  yielding  ton  of  hay  when 
made.  Its  constituents,  expressed  in  pounds,  will 
be  about  as  follows: — 


-C'O.MPOSITION  OF  MEADOW  HAV. 


Water 

(Jai'boii, 

talSl 

Hydiogen, 

144  ' 

Nitrogen, 

49  r 

Oxvgeii  and  stilnlinr,  1105  J 

Potash, 

56-3  I 

S(.da, 

11-9 

Lime, 

28T 

Magnesia 

10-1 

Oxide  of  iron, 

•9  ' 

Plios|dioric  acid, . . . 

12-7  ^ 

Snl|ihiiric  acid,  .... 

10-8 

Chlorine, 

KV2 

Silica, 

57-5 

Sand,  &c  , 

4’5 

Total 

cro]), . 

y Ash, 
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Of  these  ingredients,  tlie  water  will  have  been 
derived  from  the  soil  through  the  roots.  It  seems 
doubtful  whether  tlie  leaves  of  plants  have  any 
power  of  imbibing  water. 

The  carbon  will  have  been  obtained  almost  wholly 
from  the  atmosphere  through  the  agency  of  the 
leaves.  The  air  at  the  surface  of  the  earth  contains 
in  10,000  volumes  about  3-j  volumes  of  carbonic  acid 
gas,  or  1 lb.  of  carbon  in  3500  cubic  yards  of  air  of  the 
ordinary  temperature  and  pressure.  The  carbonic 
acid  is  absorbed  through  the  cuticle  of  the  plant, 
which  is  more  pervious  to  this  gas  than  to  the  nitro- 
gen and  oxygen  which  form  the  main  bulk  of  the 
atmosphere,  and  is  decomjiosed  under  the  influence 
of  light,  oxygen  being  evolved,  and  the  carbon  re- 
tained by  the  plant.  This  fixation  of  carbon  from 
the  atmosphere  under  the  influence  of  light,  is  a 
function  exercised  more  or  less  by  all  the  green  parts 
of  a plant,  but  especially  by  the  leaves.  It  seems 
possible  that  plants  may  obtain  a small  part  of  their 
carbonic  acid  in  solution  through  the  roots;  but  the 
fact  that  wheat  crops  containing  a ton  of  carbon 
have  been  grown  annually  at  Rothamsted  on  the 
same  land  for  twenty-five  years,  without  any  artificial 
supply  of  carbon  to  the  soil,  proves  that  in  this  case, 
at  least,  the  atmosphere  is  an  amply  sufficient  source 
of  nutriment. 

The  nitrogen  in  the  crop  will  have  been  obtained 
almost  entirely  from  the  soil.  The  amount  of  am- 
monia gas  in  the  atmosphere  is  very  small;  according 
to  ScHi.OESiNG,  it  varies  from  about  1 lb.  in  6,000.000 
cubic  yards,  to  1 lb.  in  119,000,000  cubic  yards.  The 
experiments  of  Sachs,  Meyer,  and  Schloesing  have 
proveil  that  plants  are  capable  of  biking  up  nitrogen 
from  an  atmosphere  artificially  enriched  with  am- 
monia, but  even  then  not  apparently  to  the  extent 
required  for  healthy  vigorous  growth.  Boussiiigalxt 
has  distinctly  shown  that  the  ordinary  atmosphere  is 
quite  incapable  of  supplying  sufficient  nitrogen  for 
the  requirements  of  a plant,  'i'his  fact  leads  to  the 
further  conclusion  established  by  the  investigations 
of  RoissiNGAUET,  and  of  Lawes,  Gilbert,  and 
I’CGii,  that  plants  are  incapable  of  assimilating  the 
free  nitrogen  of  the  air.  But  although  crops  obtain 
directly  from  the  atmosphere  a very  small  quantity 
of  the  nitrogen  which  they  contain,  yet  indirectly 
the  amount  of  nitrogen  derived  from  the  atmosphere 
is  undoubtedly  considerable.  The  quantity  of  am- 
monia and  nitric  acid  annually  conveyed  to  the  soil 
by  rain,  and  the  ammonia  directly  absorbed  from 
the  atmosphere  by  the  soil  itself,  are  both,  under 
certain  circumstances,  very  importiint.  The  form  of 
nitrogen  most  suitable  for  the  assimilation  of  plants 
is  nitric  acid ; ammonia,  urea,  uric  and  hippuric  acids, 
are  also  available  forms  of  nitrogen. 

The  hydrogen  and  oxygen,  which  form  a part  of 
the  combustible  constituents  of  a plant,  will  be  ob- 
tained as  water  from  the  soil.  The  sul))hur  will  also 
be  taken  from  the  soil  in  the  form  of  sulphuric  acid. 

The  whole  of  the  ingredients  of  the  ash  will  be 
obtained  from  the  soil. 

'I'o  sum  up  the  above  facts,  we  may  say  that  a 
Top  derives  nearly  all  its  carbon  directly  from  the  I 
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! atmosphere  through  the  agency  of  its  leaves ; but 
that,  with  the  exception  of  a small  quantity  of  nitro- 
gen taken  up  as  gaseous  ammonia,  the  whole  of  the 
other  ingredients  of  a crop  are  obtained  from  the 
soil  through  the  roots. 

Let  us  now  imagine  that  the  crop  of  grass  just 
described  is  the  produce  of  a natural  meadow.  If 
the  grass  is  not  cut  for  hay,  nor  consumed  by  ani- 
mals, but  is  allowed  to  grow  in  a wild  state  without 
check,  it  is  obvious,  in  the  first  place,  that  the  soil 
can  suffer  no  loss  of  the  incombustible  elements  of 
the  crop.  In  autumn  a great  part  of  the  grass  pro- 
duced in  summer  would,  decay;  but  as  decay  is 
merely  a more  or  less  complete  combustion,  it  would 
have  no  influence  on  the  incombu.stible  constituents, 
and  with  the  decay  of  the  grass  these  would  be  re- 
turned to  the  soil.  During  the  death  of  the  crop 
there  would  be  a great  loss  of  water,  a considerable 
loss  of  carbon,  and  some  loss  of  nitrogen.  At  the 
end  of  the  year  the  nett  result  of  the  vegetable 
growth,  and  of  the  atmospheric  influences  during 
this  period,  would  be  that  the  amount  of  incombus- 
tible constituents  in  the  field  would  remain  un- 
changed, while  the  amount  of  carbon  and  nitrogen 
in  the  soil  would  be  increased.  A continual  course 
of  vegetation  under  these  circumstances  would  lead 
to  the  accumulation  on  the  surface  of  the  field  of  a 
large  quantity  of  vegetable  soil,  rich  in  carbon,  and 
containing  also  a notable  amount  of  nitrogen. 

Let  us  next  assumethat  the  produceof  the  meadow, 
instead  of  being  left  to  decay,  is  consumed  by  ani- 
mals. If  the  animals  are  wild,  and  their  bodies  are 
naturally  returned  to  the  soil  at  death,  we  shall  here 
again  have  no  loss  of  the  ash  constituents  of  the 
crop.  The  loss  of  nitrogen  will  probably  also  be 
little  greater  than  that  which  took  place  in  the  pre- 
vious instance  during  the  decay  of  the  grass.  Ex- 
periments have  failed  to  establish  that  nitrogen  is 
lost  in  the  animal  economy;  the  loss  would  therefore 
be  confined  to  that  resulting  from  the  exposure  of 
the  voidings  to  the  atmosphere,  and  to  the  ga.ses 
evolved  during  the  decomposition  of  the  body  at 
death.  The  main  effect  of  the  consumption  of  the 
grass  as  animal  food  would  be  the  speedy  combustion 
of  the  carbon,  which  would  be  returned  to  the  atmo- 
S])here  as  carbonic  acid.  There  would  thus  in  this 
case  be  far  less  accumulation  of  vegetable  soil  on 
the  land ; and  it  is  probable  that,  as  a consequence 
of  this,  there  would  also  be  but  little  accumulation 
of  nitrogen.  Nitrogenous  peaty  matter  is  very  per- 
manent, and  may  accumulate  to  any  extent;  but 
animal  nitrogenous  matter  is  easily  converted  into 
nitrates,  which  are  very  soluble,  and  readily  pass  into 
the  drainage  water  during  heavy  rain. 

Turning  from  these  simple  natural  conditions  of 
pasture  to  the  conditions  of  pasture  in  ordinary 
agriculture,  we  observe  at  once  that  one  of  the  char- 
acteristic features  of  agricultural  operations  is  the 
removal  of  more  or  less  of  the  produce  from  the 
soil.  If  the  grass  is  cut  for  hay,  it  is  plain  that  the 
whole  of  the  constituents  of  the  crop  are  taken  from 
the  land.  If  the  pasture  is  fed  by  stock,  which  are 
afterwards  sold,  it  is  evident  that  the  soil  is  deprived 
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of  the  cinereal  matter  which  has  formed  the  bone, 
and  which  is  contained  in  the  blood  and  flesh  of  the 
animal.  A quantity  of  nitrogen  and  carbon  will  also 
be  removed  in  the  animal  body.  Sales  of  wool  and 
milk,  in  the  same  way.  represent  matter  taken  out 
of  the  soil.  In  ordinary  agriculture  we  have  then  a 
necessity  for  artiflcial  manuring;  we  must  bring  back 
on  to  the  land  important  constituents  taken  from  it, 
if  its  fertility  is  to  be  permanently  maintained. 

The  produce,  whether  vegetable  or  animal,  which 
a farmer  removes  from  his  flelds  is  clearly  not 
absolutely  lost.  It  is  consumed  by  man  or  by 
other  animals;  and  could  this  consumption  take 
place  on  the  farm,  and  the  excreta  resulting  from 
the  food  so  consumed  be  returned  to  the  fields 
which  yielded  the  produce,  the  manure  required  to 
maintain  the  fertility  of  the  land  would  be  at  once 
obtained.  This  simple  and  perfect  form  of  agriculture 
can  be  carried  out  to  only  a limited  e.xtent.  'I'he  pro- 
duce of  the  farmer’s  land  is  in  most  cases  consumed 
in  towns  at  a distance  from  the  farm,  and  no  method 
has  yet  been  contrived  for  converting  the  excreta  of 
a population  into  a portable  manure  which  could  be 
returned  with  economy  to  the  land  which  supplied 
the  food.  In  villages  much  might  be  done  by  the 


careful  use  of  the  earth-closet  system  ; but  in  large 
towns  the  sewage  system  is  apparently  indispens- 
able ; and  under  this  system  a complete  return 
of  the  manure  to  the  land  is  hopeless.  All  efforts 
have  failed  to  precipitate  from  sewage  more  than  a 
small  fraction  of  its  valuable  constituents.  By  em- 
ploying sewage  in  irrigation,  a large  proportion  of 
its  nitrogen  and  other  constituents  may  indeed  be 
recovered,  and  made  to  serve  as  food  for  crops ; but 
the  benefit  of  this  manuring  must  clearly  be  confined 
to  the  land  in  the  neighbourhood  of  towns.  How- 
ever great,  therefore,  may  be  the  advantages  to  be 
derived  from  sewage  irrigation,  it  can  never  solve 
the  problem  of  returning  to  the  land  the  elements  of 
fertility  removed  in  the  crops. 

We  will  now  consider  what  quantities  of  the  more 
important  elements  of  plant  food  are  removed  from 
the  soil  by  the  various  crops  on  a farm.  The  follow- 
ing tiible  gives  the  weight  of  average  crops  of  wheat, 
barley,  oats,  meadow  hay,  clover  hay,  beans,  turnips, 
swedes,  mangels,  and  potatoes ; and  also  their 
composition,  as  far  as  this  is  necessary  for  our  pre- 
sent purpose.  The  “ total  ash  ” represents  ash 
deprived  of  its  carbonic  acid  ; its  quantity  therefore 
corresponds  with  the  amount  derived  Iroin  the  soil. 
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Wheat,  grain,  30  bushels 

“ straw, 

Weight 
At  Harvest 

of  Crop. 
Dry. 

ToUl 

Ash. 

N itro- 
geu. 

Sulphur. 

Potash. 

Soda. 

Lime. 

Mag- 

nesia. 

Phos- 

phoric 

Acid. 

Chlo- 

line. 

Silica. 

Lbs. 

1,800 

3,158 

Lbs. 

1,530 

2,653 

Lbs. 

31 

158 

Lbs. 

33 

12 

Lbs. 

2-7 

51 

Lbs. 

9-7 

18-2 

Lbs. 

•9 

2-5 

Lbs. 

1-0 

9-2 

Lbs. 

3- 7 

4- 0 

Lbs. 

14-3 

8-4 

Lbs. 

•2 

1-7 

Lbs. 

•5 

liO-6 

Total  crop, 

4,958 

4,183 

189 

45 

7-8 

27-9 

3-4 

10-2 

7-7 

22-7 

1-9 

111-1 

Bariev,  grain,  40  bushels 

2,080 

1,747 

46 

34 

2-9 

lOT 

1-3 

1-2 

3-8 

15-1 

•5 

12-5 

“ straw, 

2,447 

2,080 

no 

12 

3-2 

23-7 

4-5 

8-5 

2-6 

4-9 

2-8 

59-5 

Total  crop, 

4,  .527 

3,827 

156 

46 

6T 

33-8 

5-8 

9-7 

6-4 

20-0 

3-3 

72-0 

Oats,  grain,  45  bushels, 

1,890 

1.625 

54 

38 

3-2 

8-5 

1-4 

2-0 

3-9 

11-8 



24-8 

“ straw 

2,835 

2,353 

140 

14 

4-8 

29-6 

5-9 

9-8 

5-3 

7-1 

5-5 

69-3 

Total  crop, 

4,725 

3,978 

194 

52 

8-0 

38T 

7-3 

11-8 

9-2 

18-9 

5-5 

94-1 

Meadow  hay,  IJ  ton, 

3,360 

2,822 

208 

49 

5-7 

56-3 

11-9 

28-1 

10-1 

12-7 

16-2 

5T5 

Clover  hay,  2 tons, 

4,480 

3,763 

255 

102 

9-4 

87-4 

4-1 

86-1 

30-9 

25-1 

9-4 

6-8 

Beans,  gr,ain,  30  bushels, 

1,920 

1,613 

57 

77 

4-4 

23-0 

-8 

2-9 

3-8 

22-3 

1-5 

-8 

“ straw, 

2,240 

1,848 

130 

22 

4-9 

58-1 

4-‘J 

30-2 

10-3 

9-2 

18-1 

6-9 

Total  crop, 

4,160 

3,461 

187 

99 

9-3 

81T 

5-7 

33-1 

14-1 

31-5 

19-6 

7-7 

Turnips,  root,  17  tons 

38,080 

3,126 

218 

71 

15-2 

108-6 

17-0 

25-5 

5-7 

22-4 

10-9 

2-6 

“ leaf, 

11,424 

1,531 

146 

49 

5-7 

40-2 

7-5 

48-5 

3-8 

10-7 

11-2 

5-1 

Total  crop, 

49,504 

4,657 

364 

120 

20-9 

148-8 

24-5 

74-0 

9-5 

33-1 

22-1 

7-7 

Swedes,  root.  14  tons 

31,360 

3,349 

163 

74 

14-6 

63-3 

22-8 

19-7 

6-8 

16-9 

6-8 

3-1 

“ leaf, 

4,704 

706 

75 

28 

3-2 

16-4 

9-2 

22-7 

2-4 

4-8 

8-3 

3-6 

Total  crop 

36,064 

4,055 

238 

102 

17-8* 

79-7 

32-0 

42-4 

9-2 

21-7 

15-1 

6-7 

Mangels,  root,  22  tons, 

49,280 

.5,628 

410 

96 

4-9 

191-1 

75-4 

24-2 

19-7 

34-0 

40-6 

16-4 

“ leaf, 

18,233 

1,654 

280 

51 

91 

71-4 

65-2 

29-1 

27-2 

15-1 

49-8 

9-2 

Total  crop, 

67,51,1 

7,282 

690 

147 

14-0 

262-5 

140-6 

53-3 

46-9 

49-1 

90-4 

25-6 

Potatoes,  tuber,  6 tons, 

13,440 

3,360 

126 

47 

2-7 

75-4 

2-0 

2-9 

5-7 

24-1 

3-5 

2-9 

“ haulm,* 

4,274 

9.54 

50 

20 

21 

1-1 

2-0 

22-7 

12-4 

2-7 

1-9 

2-1 

Total  crop, 

17,714 

4,314 

176 

67 

4-8 

76-5 

4-0 

25-6 

18-1 

26-8 

5-4 

5-0 

* Calculated  from  a swingle  analysis  only. 
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It  is  interesting  to  observe  that  the  quantity  of 
dry  matter  contained  in  average  crops  is  generally 
very  similar;  and  if  we  except  mangel  wurzel 
(which  is  never  grown  unless  highly  manured),  and 
meadow  hay,  the  single  crop  of  which  does  not  re- 
present tlie  wliole  year’s  produce,  the  uniformity  is 
very  great,  being  about  4000  lbs.  per  Englisli  acre. 
The  bulk  of  the  dry  matter,  we  have  already  seen,  is 
derived  from  the  atmosphere,  through  the  agency 
of  sunlight  on  the  plant.  It  would  appear  from  the 
abo\e  facts  that  very  different  plants,  when  placed 
undi  r equally  favourable  circumstances,  and  cover- 
ing the  same  area  of  ground,  will  assimilate  in  their 
annual  growth  very  similar  amounts  of  carbon. 

The  other  important  combustible  ingredient  of 
crops,  nitrogen,  is  seen  to  occur  in  very  various 
jiroportions.  Roughly  speaking,  the  graminaceous 
crops — wheat,  barley,  oats,  and  meadow  grass — all 
contain  .oO  lbs.  of  nitrogen  ; while  the  leguminous 
crops — clover  and  beans — and  the  various  root  crops 
(potatoes  excei>ted),  all  contain  at  least  twice  this 
amount  of  nitrogen  The  same  comparison  holds 
good  whether  we  exclude  or  include  the  straw  and 
le;if — bean  corn  containing  twice  as  much  nitrogen 
as  cereal  corn,  and  a crop  of  turnip  roots  deprived 
of  leaf  contiiining  twice  as  much  nitrogen  as  the 
grain  of  wheat  or  barley.  It  is  evident,  therefore, 
that  the  sale  of  one  class  of  crops  will  deprive  the 
farm  of  far  more  nitrogen  than  the  sale  of  the 
opjiosite  class. 

In  the  quantity  of  sulphur  required,  the  turnip 
crop  stands  at  the  head  of  all  the  others. 

It  will  be  unnecessary  to  pass  in  review  the  whole 
of  the  ash  constituents  mentioned  in  the  table.  It 
is  doubtful  whether  soda  is  essential  to  the  perfect 
growth  of  plants;  it  is  frequently  entirely  absent 
in  potatoes,  parsnips,  and  in  cereal  grains,  though 
always  present  in  beet.  Chlorine  and  silica  may 
also  be  omitted  from  notice.  Cereals  may,  according 
to  the  German  experimenters,  be  brought  to  con- 
siderable perfection  without  either  of  these  sub- 
stances being  supplied ; it  is  probable,  however,  that 
both  are  of  some  use  in  the  chemical  operations 
within  the  plant,  though  not  required  to  build  up 
tissue.  Huckwhoat  grown  without  chlorine  is  speedily 
affected  by  “storch-sickness;”  and  Lawes  and  Gil- 
bert have  found  silicates  to  increa.se  the  produce  of 
a meadow  which  had  been  deprived  of  silica  by  con- 
tinuous cropping. 

Very  small  quantities  of  lime  and  magnesia  are 
required  by  the  cereal  crops;  the  lime  is  chiefly 
found  in  the  straw.  In  meadow  hay  lime  is  much 
more  abundant;  grass  in  its  composition,  indeed, 
greatly  resembles  a crop  of  unripe  straw.  In  root 
crops  lime  is  still  more  abundant,  preponderating  in 
the  leaf;  it  is  also  very  abundant  in  bean  straw.  It 
reaches  its  highest  amount  in  clover  hay.  In  both 
clover  and  bean  straw  lime  is  a very  variable  con- 
stituent ; on  soils  rich  in  potash  these  crops  contain 
comparatively  little  lime,  while  on  calcareous  soils 
jioor  in  potash  the  amount  of  lime  taken  up  is  very 
large.  Magnesia  is  most  abundant  in  clover  and  in 
mangel  wurzel. 

VOT,.  II. 


The  most  important  of  the  ash  constituents  of  a 
crop,  agriculturally  speaking,  are  undoubtedly  phos- 
phoric acid  and  potash ; these  are  not  only  absolutely 
necessary  for  the  formation  of  vegetable  tissue,  but 
also  generally  present  in  the  soil  to  only  a small 
extent.  Phosphoric  acid  is  chiefly  concentrated  in 
the  seed  of  the  plant;  in  the  case  of  a biennial  plant, 
as  the  turnip,  &c.,  it  is  also  found  stored  up  in  the 
root  at  the  end  of  the  first  season’s  growth.  Potash 
is  usually  present  in  much  greater  quantity  than 
phosphoric  acid.  It  occurs  more  abundantly  in  the 
straw  of  cereal  crops  than  in  the  grain.  In  hay  it 
reaches  a large  amount.  The  maximum  contents  is, 
however,  reached  in  the  root  crojis ; here  potash, 
like  phosphoric  acid,  is  stored  up  in  the  root  at  the 
end  of  the  first  period  of  growth. 

The  facts  and  figures  now  before  us  will  suffice  to 
point  out  the  nature  and  extent  of  tlie  exhaustion 
which  takes  place  when  crops  are  entirely  removed 
from  the  land.  In  practice,  however,  as  is  well 
known,  the  farmer  usually  consumes  upon  the  farm 
the  whole  of  his  straw,  hay,  and  roots,  and  sells  only 
corn,  meat,  wool,  and  milk.  Where  this  is  strictly 
done  the  loss  of  cinereal  matter  is  very  small.  The 
following  table  shows  approximately  the  loss  in  lbs. 
per  acre  of  the  three  most  important  constituents 
of  crops  during  an  ordinary  four-course  rotation, 
in  which  only  corn  and  meat  are  sold  : — 


TABLE  III. — LOSSES  PF.U  ACRE  OUKING  A FOUR-COURSE 
ROTATION. 


Nitrogen. 

Potash. 

Phosphoric 

Acid. 

Lbs. 

Lbs. 

Lbs. 

Bv  feeding  swedes  (14  tons) 

Ill 

■24 

1-8J 

Bv  sale  of  barlev  (fO  bushels).  .. 

34-0 

10-10 

1.1-10 

By  feeding  seeds*  (3  tons  of  ) 

hay) i 

18-7 

•40 

3-20 

By  Scale  ot  wheat  (.30  bushels),  . . 
By  feeding  straw  ton), 

33-0 

•7 

9*70 

*02 

14-30 

•12 

Total  loss  in  four  years, . . 

97-5 

20-46 

34-61 

Average  loss  each  year,. 

24-4 

5-11 

8-05 

* Assumed  as  half  clover,  half  grass. 


It  appears  from  these  figures  that  the  annual  loss 
of  phosphoric  acid  per  acre  would  be  about  8^  lbs., 
and  the  loss  of  potash  5 lbs.  The  amount  of  nitro- 
gen removed  from  the  land  is  far  more  considerable; 
it  cannot,  however,  be  stated  witli  much  exactness. 
It  is  assumed  in  the  table  that  15  per  cent,  of  the 
nitrogen  of  the  swedes,  hay,  and  straw  are  either 
retained  by  the  animal,  or  unavoidably  lost  during 
the  formation  of  the  manure;  this  is  the  provisional 
assumption  of  Messrs.  Lawes  and  Gilbert. 

On  a farm  in  whicli  there  are  a variety  of  exports 
and  imports,  it  will  be  necessary  to  state  each 
item  separately,  and  to  balance  the  totals  against 
eacli  other,  if  the  losses  or  gains  are  to  be  ascertiuned 
with  any  exactness.  Table  II.  has  shown  the  com- 
position of  the  vegetable  exports  of  a farm,  the  fol- 
lowing table  will  give  the  necessary  information 
relating  to  the  animal  exports : — 
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TABLE  IV. — COMPOSITION  OF  THE  ANIMAL  EXPORTS  OF  A FARM. 


Nitrogen. 

Phosphoric  Acid. 

Potash. 

Lime. 

Magnesia. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Fat  ox,  1000  lbs.  fatted  live  weight, 

23-18 

1(5.02 

1-84 

19-20 

-63 

Fat  sheeii,  “ “ 

19-fiO 

1 1 "29 

1-59 

12-80 

-50 

Fat  ])ig.  “ “ 

17 -.07 

6-92 

1-48 

6-67 

■35 

Wool,  unwashed,  1000  lbs 

7.1-00 

i-oo 

40-00 

1-00 

•70 

Milk,  lUUU  lbs 

b-50 

2-00 

1-70 

1-60 

•20 

Cheese,  1000  lbs 

44-00 

11-50 

2-50 

6-90 

•30 

The  composition  of  fat  stock  given  in  this  table 
is  deduced  from  the  experiments  at  Kothamsted,  in 
whicli  the  entire  bodies  of  animals  were  submitted 
to  analysis.  The  amount  of  potash  contained  in 
unwashed  wool  has  been  frequently  determined  by 
French  and  German  chemists ; their  results  sliow 
nearly  b per  cent,  to  be  present.  As,  however,  the 
fleeces  were  in  many  cases  those  of  merino  sheep, 
which  are  carefully  protected  from  rain,  it  is  proba- 
ble that  the  ordinary  English  fleece  will  contain  less. 
The  ash  constituents  of  cheese  are  deduced  from 
two  German  analyses,  the  only  ones  the  writer  is 
acquainted  with. 

The  data  now  before  us  afford  pretty  full  informa- 
tion as  to  the  loss  of  cinereal  matter  which  a farm 
may  suffer,  either  by  sale  of  crops  or  by  sale  of 
animal  produce.  A further  loss  of  the  ash  con- 
stituents of  plants  will  take  place  in  the  drainage 
water  from  the  fields.  Owing,  however,  to  the 
wonderful  power  of  retaining  phosphoric  acid  and 
potash  possessed  by  fertile  soil,  the  losses  of  these 
important  elements  will  be  very  small,  and  in  the 
case  of  the  former  of  them  practically  nil.  Large 
quantities  of  lime  and  soda,  and  of  sulphuric  acid 
and  chlorine,  will,  however,  be  lost  during  winter 
drainage. 

The  information  supplied  as  to  the  loss  of  nitro- 
gen is  less  complete  ; the  nitrogen  lost  to  the  farm 
will  indeed  be  always  greater  than  the  nitrogen 
sold.  The  extra  loss  occurs  partly  during  the  making 
of  the  manure:  this  loss  does  not  admit  of  general 
estimation,  but  will  be  greater  or  less  according  to 
the  management  pursued.  There  will  further  be  an 
important  loss  of  nitrogen  in  the  drainage  water. 
Ammonia  is  retained  by  soil  with  great  persistence  ; 
the  nitrogenous  organic  matter  of  soils  is  also  toler- 
ably insoluble.  Nitrates,  on  the  other  hand,  are  re- 
tained by  soil  to  only  a small  extent,  and  being  very 
soluble,  are  easily  washed  out  by  rain.  As  ammonia 
is  rapidly  oxidised  into  nitric  acid  in  a porous  soil, 
and  nitrogenous  organic  matter  suffers  more  slowly 
a similar  change,  very  considerable  losses  of  nitrogen 
may  take  place  during  winter  drainage.  In  tiie 
case  of  soils  deficient  in  porosity,  or  from  other 
causes  ill  supplied  with  oxygen,  little  or  no  loss  of 
nitric  acid  will  take  place ; but  it  seems  probable 
from  Sciiloesing’s  experiments,  that  under  these 
circumstances  the  decomposition  of  the  nitrogenous 
matter  will  yield  free  nitrogen,  which  will  be  equally 
lost  to  the  soil. 

We  pass  now  to  the  imports  of  a farm,  and  will 
consider  first  the  natural  and  very  important  impiort 
— rain. 


Rain  contains  nitrogen  in  the  form  of  ammonia, 
and  in  the  form  of  nitric  and  nitrous  acid.  The 
ammonia  present  is  merely  dissolved  atmospheric 
ammonia,  and  the  rain  simply  returns  to  the  earth 
ammonia  previously  volatilized  from  the  earth's 
surface.  Ammonia  is,  according  to  Schloesing, 
principally  volatilized  from  the  ocean  in  tropical 
latitudes ; from  thence  it  is  carried  by  the  diffusion 
of  gases  and  atmospheric  currents  to  every  part  of 
the  globe.  The  nitrates  lost  to  the  soil  by  drainage 
finally  reach  the  sea ; here  they  feed  marine  plants, 
which  in  their  turn  sustain  marine  animals ; the 
plants  and  animals  in  their  decay  furnish  ammonia, 
which,  diffusing  into  the  atmosphere,  is  carried  over 
continents,  and  becomes  once  more  food  for  terres- 
trial vegetation.  The  nitrous  and  nitric  acid  of  rain 
are  not  derived  from  the  earth,  but  are  actually  gener- 
ated in  the  atmosphere,  electric  discharges  having  the 
power  of  causing  the  free  nitrogen  and  oxygen  of  the  air 
to  combine.  The  quantity  of  combined  nitrogen  thus 
generated  is,  however,  but  small ; and  rain  always 
contains  more  nitrogen  in  the  form  of  ammonia  than 
in  the  form  of  nitric  or  nitrous  acid.  The  amount 
of  nitrogen  brought  down  in  the  annual  rain-fall  has 
been  many  timesdetermined ; it  apparently  varies  very 
much.  The  average  of  seventeen  series  of  experi- 
ments, made  chiefly  in  Germany',  in  each  of  which 
the  rain-fall  was  examined  for  a whole  year,  gives  9‘45 
lbs.  of  nitrogen  as  the  amount  annually  contributed 
to  an  English  acre.  The  average  rain-fall  in  these 
experiments  was  about  22^  inches.  A two  years’ 
determination  at  Kothamsted  gave  7T7  lbs.  as  the 
annual  supply  of  nitrogen  by  rain.  Besides  nitrogen, 
rain  supplies  small  quantities  of  chloride  of  sodium, 
and  other  salts.  The  rain  at  Valencia,  on  the  west 
coast  of  Ireland,  would  supply,  according  to  Dr.  A. 
Smith’s  analysis,  17^  lbs.  of  common  salt  per  acre 
for  each  inch  of  rain  that  fell.  In  inland  country 
places  of  England  and  Scotland  the  amount  of 
chloride  of  sodium  would,  according  to  the  same 
authority,  not  on  an  average  exceed  IJ  lb.  per  inch 
of  rain.  At  Cirencester,  35  miles  from  the  Bristol 
Channel,  Professor  Church  finds  the  chlorine  in  the 
annual  rain-fall  equivalent  to  30  lbs.  of  common  salt 
per  acre,  and  in  exceptional  years  this  is  much  in- 
creased. In  the  neighbourhood  of  towns,  sulphuric 
acid  and  other  impurities  are  contained  in  rain  water. 

It  is  probable  that  besides  the  amount  of  nitrogen 
brought  to  the  soil  by  rain,  there  is,  in  some  way 
not  well  understood,  a further  considerable  amount 
of  nitrogen  derived  from  the  atmosphere,  either  by 
the  growing  crops  or  by  the  soil  itself.  It  was  long 
ago  oKserved  by  Boussingault  that  the  nitrogen 
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contained  in  crops  moderately  manured  does  in  the 
long  run  exceed  the  nitrogen  supplied  in  the  manure, 
and  that  to  a greater  extent  than  can  be  accounted 
for  by  the  agency  of  rain.  The  field  experiments 
at  Rothamsted  afford  the  best  evidence  on  this 
point.  Wheat  and  barley  crops  grown  year  after 
year  on  the  same  land,  manured  with  phosphates, 
potjish,  and  other  ash  constituents,  but  receiving  no 
nitrogen,  have  yielded  on  an  average  18  to  22  lbs. 
of  nitrogen  annually  as  corn  and  straw,  during 
twenty-four  years.  These  crops  are,  however, 
slowly  falling  off ; it  is  ])robable,  therefore,  that  a 
part  of  the  nitrogen  has  been  obtained  from  former 
accumulations  in  the  soil.  Beans  grown  with  purely 
cinereal  manures  have  yielded  in  twenty-one  crops  an 
average  of  45  lbs.  of  nitrogen  per  annum  ; this  crop, 
too,  has  fallen  off.  The  strongest  evidence  of  assimi- 
lation of  nitrogen  from  the  atmosphere  is,  however, 
to  be  found  in  the  experiments  with  meadow  land, 
and  with  a rotation.  With  meadow  land,  manured 
with  purely  cinereal  manures,  the  average  nitrogen 
in  the  produce  during  twenty  years  has  reached  the 
large  amount  of  55  lbs.  On  this  plot  there  is  at 
present  no  sign  of  falling  off  in  the  produce.  Tlie 
cinereal  manure  has  developed  a large  amount  of 
clover,  and  this  is  doubtless  one  reason  of  the  nitro- 
genous character  of  the  crop.  On  ttie  rotation  field, 
whether  we  tiike  tlie  entirely  unnianured  rotation, 
or  the  rotation  receiving  superphosphate  only,  or 
that  which  is  liberally  manured  both  with  nitrogen 
and  ash  constituents,  we  find  in  eacli  case  that  the 
average  annual  yield  of  nitrogen  by  the  crops  during 
twenty-eight  years  is  more  than  36  lbs.  in  excess  of 
that  supplied  as  manure.  In  the  case  of  the  liberally 
manured  rotation,  a falling  off  in  the  crops  is  hardly 
to  be  expected. 

A part  of  the  atmospheric  nitrogen  thus  assimi- 
lated is  doubtless  taken  up  by  the  crop  as  gaseous 
ammonia  from  the  atmosphere.  The  soil  will  also 
absorb  some  ammonia  from  the  air ; but  it  seems 
doubtful  whether  these  actions  can  fully  account 
for  the  considerable  assimilation  of  nitrogen  which 
appears  in  the  above  experiments — an  assimilation 
wliich  seems  specially  associated  with  leguminous 
crops,  r.  DkiilCRAiN  believes  that  the  humus  of 
soils  is  capable,  in  the  absence  of  oxygen,  of  com- 
bining with  the  free  nitrogen  of  the  air,  which  he 
su[)poses,  under  these  circumstances,  to  be  first 
converted  into  ammoniii.  'I'fiis  enrichment  of  the 
soil  with  nitrogen  he  believes  takes  place  in  the 
lower  layers  of  the  soil.  The  reaction  in  question 
is  very  far  from  being  established.  Bkrthklot  has 
recently  made  experiments,  from  which  he  concludes 
that  plants  can  assimilate  free  nitrogen  when  exposed 
to  certain  electrical  influences.  This  action,  also, 
requires  to  be  substantiated. 

It  is  clear  from  what  has  now  been  said,  that  it  is 
not  only  diflicult,  but  impossible  to  express  with 
exactness  many  of  the  gains  and  losses  of  nitrogen 
upon  a farm. 

We  turn  next  to  the  artificial  imports  to  a farm. 

Manure  /mm  /•'eetliiif/  Stii/ln. — A large  class  of  the 
imports  to  a farm  consists  of  the  various  foods  pur- 


chased for  the  stock,  and  the  manure  from  which  is 
eventualiy  applied  to  the  land.  The  following  table 
gives  the  average  composition  in  1000  parts  of  the 
more  common  feeding  stuffs  employed  on  a farm, 
so  far  as  their  manurial  value  is  concerned  : — 


TABLE  V. — COMPOSITION’  OF  OimiNARY  FEEDING  STUFFS 
IX  1000  PAK’l'S. 


Dry 

Matter. 

Nitrogen. 

Potash. 

Phos- 

phoriuacid 

Cotton  cake  (flecorticated), 

900 

600 

15-0  ’ 

31-2 

It’ipe  cake, 

900 

48-0 

13-2 

24-6 

bniseed  cake, 

fe85 

450 

14-7 

19-6 

Cotton  cakeluiidecorlicated) 

885 

37-0 

20-1 

22-9 

lauseed 

90.5 

12  3 

15-4 

Palm-kernel  meal  jEiiglish), 

930 

25-0 

5'5 

12-2 

Beaus 

850 

40-0 

12-0 

11-6 

Peas, 

800 

360 

9-8 

8-8 

Malt  dust, 

905 

38’0 

19  5 

17-2 

Bran 

805 

22-0 

14-8 

32-3 

Oats, 

800 

20 -0 

4-5 

G'*2 

Wheat, 

850 

18  0 

5-4 

8-0 

Barley, 

8 to 

16 -5 

4-9 

7 3 

Maize, 

880 

16-0 

3 6 

61 

Clover  hav 

840 

23  0 

19-5 

5’6 

Meadow  hay, 

840 

14-6 

16-8 

3 8 

Bean  straw 

825 

10-0 

25-9 

41 

Wheat  straw, 

840 

4-0 

5-8 

2-6 

Barley  straw, 

850 

5-0 

9 7 

2 0 

Oat  straw, 

830 

5-0 

10  4 

2-5 

Potatoes, 

250 

3*5 

5’6 

1-8 

Mangels, 

115 

2-0 

3-9 

■7 

Swedes, 

107 

2-3 

20 

•6 

Carrots, 

Turnips, 

142 

1-6 

3-2 

1-0 

82 

1-9 

2-9 

•6 

The  value  of  any  food,  regarded  as  a source  of 
manure,  will  depend  on  the  proportion  of  nitrogen, 
phosphoric  acid,  and  potash  which  it  contains,  and 
chiefly  on  the  first-named  constituent.  The  table 
just  given  shows  that  of  all  foods  oil-cakes  contain 
most  nitrogen;  they  are  also  rich  in  phosphoric  acid 
and  potash.  Leguminous  seeds,  as  beans  and  peas, 
are  also  very  rich  in  nitrogen.  The  cereal  grains  are 
much  poorer  both  in  nitrogen  and  ash  constituents 
than  the  two  classes  of  foods  just  named ; certain 
products,  however,  as  malt-dust  and  bran,  have  a 
much  higher  manurial  value.  Clover  hay  is  richer  in 
nitrogen  than  the  cereal  grains,  but  grass  hay  stands 
below  them.  Hay  always  contains  an  abundance  of 
potash.  Roots  contain  about  the  same  proportion  of 
nitrogen  in  their  dry  matter  as  the  cereal  grains,  but 
a much  larger  proportion  of  potash.  Straw  has  the 
lowest  manurial  value  of  any  of  the  foods  named; 
bean  straw  stands  highest. 

IVheii  food  is  consumed  by  an  adult  animal  whose 
weight  remains  constantly  unchanged,  the  total 
quantity  of  nitrogen  and  of  ash  constituents  found 
in  the  liquid  and  solid  excrements  will  be  the  same 
as  that  in  the  food  consumed.  A part  of  the  albu- 
min, phosphates,  &c.,  of  the  food  will,  indeed,  be 
stored  up,  being  used  in  the  production  of  new 
tissue;  but  the  quantity  thus  assimilated  will  merely 
supply  the  place  of  a corresponding  waste,  the 
weight  of  the  animal  remaining  constant.  With  a 
working  horse  or  ox  the  farmer  will  obtain  in  the 
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manure,  practically,  the  whole  of  the  nitrogen  and 
ash  constituents  which  w'ere  originally  present  in  the 
food.  If,  however,  an  animal  is  increasing  in  weight, 
is  breeding,  or  is  yielding  to  tlie  farmer  wmol  or 
milk,  it  is  evident  that  a part  of  tlie  food  is  finall)'^ 
converted  into  animal  increase,  and  that  the  whole 
of  the  nitrogen  and  ash  constituents  of  the  food  -will 
not  be  found  in  the  manure.  The  value  of  the 
manure  will  thus  depend,  not  only  on  the  compo.si- 
tion  of  tlie  food,  but  also,  to  a less  extent,  on  the 
condition  of  the  animal  which  consumes  it. 

Law'es  has  shown  by  experiment  that  something 
less  than  5 per  cent,  of  the  nitrogen  contained  in 
the  mixed  diet  (cake,  chaff,  and  roots)  of  a fattening 
ox  or  sheep  is  retained  by  the  animal,  and  th.at  the 
proportion  retained  by  pigs  fed  on  barley  meal  is 
about  14  per  cent.  These  figures  do  not  include 
the  loss  of  nitrogen  which  may  take  place  during  the 
collection  or  preservation  of  the  manure.  The  com- 
position of  the  bodies  of  oxen,  sheep,  and  pigs 
further  teach  us  that  for  100  of  nitrogen  stored 
up  in  the  animal  there  will  be  retained  the  following 
proportions  of  phosphoric  acid  and  potash  : — 


Phosphoric  Acid. 

PotASh. 

Oxen, 

71  

....  8 

58  

8 

Pigs,* 

....  84 

The  proportion  of  phosphoric  acid  assimilated  will, 
I'.owever,  be  greater  than  ajipears  from  these  figures 
in  the  youth  of  the  animal,  and  less  during  the  final 
period  of  fattening. 

On  the  very  important  question,  whether  the 
nitrogen  of  animal  excrements  is  as  efficacious  as 
a manure  for  crops  as  the  nitrogen  of  such  artificial 
manureg  as  nitrate  of  sodium  and  ammonium  salts, 
exact  information  is  at  present  wanting ; experi- 
ments on  this  point  are  now  in  progress  on  the 
Duke  of  Bedford's  estate  at  Woburn. 

Furin-i/anl  Manure. — This  staple  manure  of  every 
farm  consists  of  the  excrements  of  animals,  dis- 
tributed through  a large  bulk  of  litter  employed  as 
an  absorbent.  It  is  important  for  the  farmer  to 
remember  that  the  larger  part  of  the  nitrogen 
voided  by  animals  is  in  the  form  of  urine,  and 
that  consequently  great  care  must  be  taken  for  the 
preservation  of  the  liquid  ingredients  of  the  manure. 
With  cattle  and  sheep  fed  on  ordinary  diets,  60  to 
80  per  eent.  of  the  nitrogen  leaving  the  animal  will 
be  found  in  the  urine ; the  richer  the  diet  is  the 
greater  will  be  the  proportion  of  nitrogen  excreted 
in  the  liquid  form. 

Farm-yard  manure  contains  all  the  necessary  in- 
gredients of  plant  food,  and  is  for  this  reason  a 
perfect  manure,  possessing  in  itself  all  that  is  re- 
quired to  restore  fei’tility  to  exhausted  land.  In 
this  respect  it  differs  widely  from  most  artificial 
manures,  which  usually  supply  but  one  or  two  of 
the  individual  ingredients  of  plant  food,  and  requiie 
therefore  to  be  applied  with  judgment  to  yield  an 
economic  result. 

'I'he  composition  of  farm-yard  manure  will  vary 
greatly,  according  to  the  nature  of  the  food  and 
litter,  the  character  of  the  stock,  the  extent  to  which 


the  manure  has  rotted,  and  the  care  and  skill  which 
has  been  bestow-ed  on  its  management.  The  follow- 
ing is  given  by  Professor  Wolff  as  the  average  eom- 
position  of  100  parts  of  farm-yard  manure; — 


TABLE  VI. — PERCENTAGE  COMPOSMION  OF  FAK.M-YAKD 
MANURE. 


Fresh. 

Modeiutely 

Hutteu. 

Thorougiily 

Rotteu. 

Water, 

71-0 

7.5-0 

790 

Organic  matter, 

24-6 

19-2 

14-5 

Ash, 

4-4 

5-8 

6-5 

Potash, 

•52 

•63 

•50 

Soda, 

•15 

•19 

•13 

Lime, 

•57 

•70 

•88 

Magnesia 

•It 

•18 

•18 

Pliosjihoric  acid, 

•21 

•26 

•30 

Sulphuric  acid, 

•1-2 

•16 

•13 

Chlorine, 

•15 

•19 

•16 

Silica, 

1-25 

1-68 

1-70 

Nitrogen, 

•45 

•50 

•58 

The  above  represents  the  composition  of  yard 
manure  of  rather  poor  quality.  With  animals  re- 
ceiving a moderate  amount  of  cake,  '60  of  nitrogen 
and  -oO  of  phosphoric  acid  would  be  found  in  good 
fresh  dung. 

The  analyses  in  the  table  show  the  alteration 
which  dung  suffers  during  fermentation.  The  or- 
ganic matter  gxadually  disappeai-s,  being  converted 
into  water  and  carbonic  acid,  while  the  ash  consti- 
tuents and  water  increase.  Well-fermented  dung  is 
a more  concentrated  manure  than  fresh  dung,  as  it 
has  lost  considerably  in  bulk  without  any  important 
waste  of  nitrogen  or  ash  constituents.  If,  however, 
the  fermenting  dung  has  been  exposed  to  rain,  and 
has  suffered  loss  from  drainage,  the  diminution 
of  nitrogen  and  of  soluble  ash  constituents  wil.  be 
, very  considerable.  There  is  no  doubt  that  in  prac- 
. tice  a large  amount  of  most  valuable  manurial  matter 
: is  lost  by  the  unrecovered  drainage  from  farm  yards 
and  from  manure  heaps. 

The  immediate  effect  of  farm-yard  manure  is,  under 
most  circumstances,  much  less  than  that  of  an  arti- 
ficial manure  supplying  the  same  amount  of  plant 
food.  Farm -yard  manure  supplying  100  lbs.  of 
nitrogen  will  produce  a much  less  effect  on  a corn 
or  grass  crop  than  a dressing  of  guano,  ammonium 
salts,  or  nitrate  of  sodium,  supplying  the  same  quan- 
tity of  nitrogen.  This  is  owing  to  the  slow  decom- 
position of  the  organic  matter  contained  in  the  yard 
manure.  This  decomposition  is  probably  slower  the 
more  litter  has  been  used.  A part  of  the  nitrogen 
of  the  yard  manure  not  recovered  in  the  first  crop 
is  appropriated  by  following  crops,  but  it  is  doubtful 
whether  the  final  return  ever  equals  that  from 
artificial  manures  judiciously  applied. 

Sea-u-eed  is  largely  used  as  a manure  in  many 
places  bordering  on  the  sea.  It  differs  much  in 
composition,  according  to  the  kind  of  weed  collected, 
the  season  of  the  year,  and  tlie  extent  to  which  it  is 
mixed  with  sand,  or  covered  with  shells  and  marine 
animals.  An  analysis  of  Anderson’s  of  the  mixed 
weeds  collected  on  the  Orkney  islands  will  give  a 
general  idea  of  the  composition  of  this  manure — 
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Water, 80'44 

Organic  matter, 9 25 

Ash, 10  31 

100-00 

Nitrogen, -45 

Pota>h, 1 95 

Phosphoric  acid, -47 


Davy  found  in  dry  sea- weed  from  1-58  to  4-65 
])er  cent,  of  nitrogen.  The  usual  amount  seems  to 
be  1-5  to  2 per  cent.  Stanford  found  in  various  dry 
weeds  2-04  to  8'96  per  cent,  of  potash.  The  average 
of  fifteen  analyses  by  different  chemists  of  species 
of  Fhcus  and  Laminaria  is  3-18  per  cent  of  pot- 
ash ; the  latter  species  is  much  richer  in  potash  than 
the  former.  The  phosphoric  acid  in  the  ash  of  sea- 
weed is  always  small  in  quantity.  The  ash  is  very 
rich  in  sulphates.  Fresh  sea- weed  is,  on  the  whole, 
very  similar  to  farm-yard  manure  in  its  contents  in 
nitrogen  and  potash,  but  unless  associated  with  ani- 
mal organisms  is  deficient  in  pliosphoric  acid. 

(jnano. — This  manure  was  introduced  into  Eng- 
land in  1839,  and  for  the  last  thirty  ye.ars  it  has  held 
the  first  place  among  our  artificial  manures.  During 
this  period  about  200,000  tons  have  been  annually 
consumed  in  the  United  Kingdom.  Guano  is,  how- 
ever, fast  becoming  a subject  for  bygone  history ; 


the  best  and  largest  deposits  are  exhausted,  and 
probably  a few  more  years  will  see  the  end  of  the 
remainder. 

Guano  is  fonned  of  the  excrements  and  carcasses 
of  sea  fowl,  accunudated  for  the  most  part  during 
untold  centuries.  The  fresh  excrements  are  Idghly 
nitrogenous,  and  consist  chiefly  of  uric  acid  and 
phosphates.  If  the  dim  ite  is  hot  and  iiry  the 
deposits  are  quickly  dessicated,  ami  suffer  only  a 
moderate  amount  of  decomposition  from  heavy  dews 
and  sea  spray ; the  result  in  this  case  is  a nitrogenous 
guano,  such  as  is  found  on  the  Peruvian  coast.  But 
if  the  climate  is  such  that  the  guano  is  exposed  to 
rain,  a great  loss  of  nitrogenous  matter  takes  ])lace, 
partly  by  solution  and  drainage,  but  still  more  by 
conversion  into  carbonate  of  ammonium,  which  vola- 
tilizes ; the  residual  guano  will  in  this  case  consist 
chiefly  of  insoluble  phosphates.  The  coast  of  Peru, 
between  latitude  14°  and  21°  S.,  is  almost  the  only 
spot  where  the  conditions  of  climate  allow  the  pre- 
servation of  a nitrogenous  guano ; the  guano  from 
other  localities  is  mainly  phospliatic.  unless  of  very 
recent  origin,  and  removed  before  much  decom- 
position has  taken  place. 

The  following  table  shows  the  general  composition 
of  the  principal  guanos: — 


TABLE  VII. — AVERAGE  PERCENTAGE  COMPOSITION  OF  GUANOS. 


Peruvian. 


African. 


Pacific  Ocean. 


An^a- 

Chin- 

Balles- 

Gua- 

Maca- 

Pabil- 

Punta 

de 

Lubos. 

Huan- 

Inde- 

peii- 

Lobos 

Ichaboe. 

Saldanha  Bay, 

Baker’.s 

Jarvis* 

lllOS. 

cha. 

tas. 

iiape. 

bi. 

lou. 

illos. 

deticia 

Bay. 

Islands 

Old. 

New. 

Old. 

New. 

Island. 

Island. 

Water, 

12-36 

13  67 

17-94 

21-41 

29-07 

11-59 

8-11 

18-01 

8-69 

19-96 

, o 
1 

16-98 

22  03 

12-18 

10-00 

11-80 

Organic  matter  and ) 
ainnioniuni  salts,  . . J 

59  92 

,52-05 

48-21 

39-03 

39-06 

39  89 

30-81 

36-22 

34-62 

18-73  !34*30 

f 

48-22 

14-93 

35-51 

9-20 

8-20 

Earthy  phosiihatea,  .... 

17-01 

22-78 

•22-18 

•24-60 

23-37 

26  98 

35-96 

24-81 

20-13 

42-59 

30-30 

•22-76 

56-46 

12-78 

73-15 

— 

Alkali  salts, 

7-20 

9-67 

9-86 

10-81 

6-59 

15-65 

■20-23 

16’G6 

13  62 

10-92 

7-10 

3-25 

5-04 

9-09 

— 

— 

8and  and  silica, 

3-51 

1-83 

1 80 

4-15 

1-90 

5-89 

4-89 

4-30 

2‘2-94 

7-80 

1-00 

8-79 

1-54 

30-44 

•80 

•50 

Nitrogen, 

'J'otal  )ihos|>lioric  acid, . . 
Soluble  phosphoric  acid, 

17-38 

13-61 

12  65 

9-86 

10-93 

8-79 

5-95 

7-77 

7-89 

3-.55 

6-01 

12-06 

1-21 

9 00 

•50 

•40 

8-99 

13-78 

12-81 

14  26 

12-48 

13-82 

17-87 

14  18 

10-24 

•20-66 







9 -20  !34  80 

•20  60 

1-20 

3-34 

2-65 

3-76 

1-78 

1-47 

1-41 

2-82 

1-02 

1-38 

— 

— 

3-34 

•37 

— 

Angamos  guano  is  a freshly  deposited  guano,  col- 
lected in  small  quantities  from  ledges  of  rock ; the 
analysis  is  that  given  by  Ander.SON.  The  guano 
from  the  Chincha  Islands  has  formed  the  great  bulk 
of  the  imports  during  the  last  thirty  years ; the 
enormous  deposits  on  the  three  islands  are  now 
exhaiLsted.  The  composition  given  is  the  mean  of 
seventy-eight  analyses  by  Way,  representing  cargoes 
received  in  1852-55.  This  guano  preserved  almost 
to  the  end  a very  uniform  composition.  Ballest.as, 
Guanape,  and  Macabi  guano  are  deposits  which  have 
been  worked  since  the  exhaustion  of  the  Chincha 
Islands;  these  deposits  aKo  are  at  the  present  mo- 
ment almost  or  entirely  consumed.  'J’hese  guanos 
contained  much  more  water  and  less  nitrogen  than 
Cliincha  guano.  The  composition  given  for  Bal- 
lestas  guano  is  the  mean  of  seventeen  analyses  by 
VoEi.CKEK  and  one  by  Bocii.mann;  that  for  Guanape 
guano  is  the  mean  of  four  analyses  by  Voei.CKEH 
and  six  by  German  chemists;  that  for  Macabi  guano 
is  the  mean  of  six  analyses  by  Voeecker.  The 
South  Peruvian  guanos  in  present  use  are  those  of 


Pabillon  de  Pica,  Punta  de  Lobos,  Huanillos,  and 
Independcncia  Bay:  some  is  also  brought  from  the 
Lobos  Islands.  'I'he  deposits  on  the  first-named 
islands  are  by  much  the  most  extensive.  The  com- 
position given  for  Pabillon  guano  is  the  mean  of  five 
analyses,  that  of  Punta  de  Lobos  of  four  analyses, 
that  of  Huanillos,  Independencia  Bay,  and  Lobos 
Islands,  each  of  four  analyses,  all  by  Voelcker.  The 
South  Peruvian  guano  is  seen  to  contain  an  abun- 
dance of  alkali  salts,  and  to  be  generally  ))Oor  in 
nitrogen  ■ it  is,  however,  much  drier  than  the  pre- 
ceding importations. 

The  African  guanos  mentioned  have  been  long 
exhausted,  but  fresh  deposits  are  annually  formed 
on  the  i.slands  to  a small  extent.  The  analyses  given 
of  the  old  deposits  are  averages  of  the  results  ob- 
tained by  Ure,  Teschemacher,  and  Way.  The  ana- 
lysis of  the  new  Ichaboe  guano  is  the  mean  of  two 
by  Voeecker.  The  analysis  of  the  new  Saldanha 
Bay  deposit  is  the  mean  of  three  analyses  by  Boch- 
MANN  and  Krocker.  The  new  deposits  are  seen  to 
be  far  more  nitrogenous  than  the  old ; but  from 
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their  thinness  are  apt  to  be  much  contaminated  with 
sand  and  stones. 

The  Baker,  Jarvis,  and  Howland  guanos  are  now 
nearly,  if  not  quite,  exhausted;  they  have  principally 
been  used  in  Germany.  Jarvis’  Island  guano  con- 
tained about  40  per  cent,  of  gypsum,  and  a consi- 
derable part  of  the  phosphoric  acid  existed  as  dicalcic 
phosphate.  Tlie  analyses  given  are  the  averages 
adopted  by  E.  Wolff;  the  soluble  phosphoric  acid 
is  from  Liebig. 

The  series  of  guanos  in  the  table  exhibits  plainly 
their  great  variation  in  composition.  In  the  Anga- 
mos  guano  we  have  the  nitrogen  twice  the  phosphoric 
acid ; in  the  Baker’s  Island  guano  the  phosphoric 
acid  is  about  seventy  times  the  nitrogen ; this 
wide  difference  is  probably  simply  owing  to  differ- 
ence of  climate.  Guano  has  been  obtained  from 
many  places  besides  those  named,  and  notably  from 
the  west  coast  of  America,  both  above  and  below 
Peru  ; but  the  individual  deposits  do  not  seem  suffi- 
ciently important  to  merit  notice.  Several  phosphatb 
guanos  will  be  noticed  by  and  by,  under  the  head  of 
materials  used  for  superphosphate. 

The  better  kinds  of  Peruvian  guano  usually  con- 
tain about  1 per  cent,  of  ammonia  in  the  form  of 
carbonate  (in  damp  guanos  the  amount,  is  larger), 
and  about  5 per  cent,  of  ammonia  in  other  combina- 
tions ; the  bulk  of  the  nitrogen  occurs  as  uric  acid  and 
urates,  but  a small  quantity  exists  as  guanine,  and  a 
more  considerable  amount  as  insoluble  humic  com- 
pounds. The  phosphoric  acid  exists  for  the  most 
part  as  finely  divided  phosphate  of  calcium  (bone 
earth),  but  a rather  notable  quantity  is  in  the  form 
of  alkali  phosphates,  and  consequently  in  a soluble 
state.  Guano  contains  about  3^  per  cent,  of  potash ; 
soda,  magnesia,  sulphuric  acid,  and  chlorine  are  also 
present.  Guano,  in  fact,  supplies  not  only  large 
quantities  of  nitrogen  and  phosphates,  but  to  a 
.small  extent  many  other  elements  of  plant  food.  It 
is,  however,  chiefly  important  as  a source  of  nitrogen. 
The  nitrogen  in  guano  readily  becomes  available  as 
plant  food,  and  may  be  reckoned  as  of  equal  value 
with  the  nitrogen  of  ammonium  salts. 

Peruvian  guano  is  at  the  pi'esent  time  treated  on 
a large  scale  with  a small  quantity  of  sulphuric  acid, 
the  guano  being  at  the  same  time  dried  if  necessary, 
and  reduced  to  powder.  This  “dissolved  guano” 
is  prepared  by  IMessrs.  Ohlendouff,  and  is  guaran- 
teed to  contain  nitrogen  equal  to  9 per  cent,  of 
ammonia,  20  per  cent,  of  soluble  phosphates,  and  4 
per  cent,  of  insoluble  phosphates.  By  this  treatment 
the  volatile  carbonate  of  ammonium  is  fixed,  and  a 
large  quantity  of  the  phosphate  rendered  soluble. 
According  to  A.  Vogel  a further  effect  of  the  sul- 
phuric acid  is  to  convert  a great  part  of  the  uric 
acid  into  ammonia.  A damp  or  lumpy  guano 
thus  treated  is  reduced  to  a fine  powder.  These 
considerable  advantages  are  of  course  attended  by 
an  increa.se  in  price.  The  dissolved  guano  is  largely 
used  in  Germany. 

When  guano  is  applied  to  land  a considerable  loss 
of  ammonia  may  take  place,  according  to  StoCK- 
HARDT,  if  the  manure  is  not  thoroughly  covered  by 


the  soil ; this  loss  will  be  diminished  in  the  case  of 
dissolved  guano. 

Nitrate  of  Sodium. — This  manure  has  hitherto  held 
the  second  place  to  guano  as  a source  of  nitrogen 
to  the  farm,  but  the  rapid  exhaustion  of  the  latter 
manure,  and  the  uncertain  quality  of  the  deposits, 
are  gradually  securing  for  the  nitrate  a chief  place 
in  the  farmer’s  attention.  Nitrate  of  sodium  is  at 
present  obtained  from  the  Pampas,  lying  between 
Iquique  and  the  Cordilleras  in  Peru.  These  Pam- 
pas are  a table-land  3000  feet  above  the  sea,  and 
are  almost  entirely  desert.  The  district  worked  for 
nitrate  is  about  20  miles  wide  and  7.5  miles  long; 
the  nearest  point  to  the  coast  is  .about  10  miles  dis- 
tant. The  surface  of  the  Pampas  is  mostly  covered 
with  an  indurated  gravel  known  as  “ costra.”  Be- 
ne.ath  this,  lying  not  in  strata,  but  in  pockets  or 
hollows,  is  the  crude  nitrate,  called  “caliche.”  Under 
the  nitrate  is  a stratum  of  clay,  often  of  great  depth, 
known  as  “cova.”  The  gravel  varies  in  depth  from 
about  1 to  4 yards,  and  may  be  said  to  average 
yard  in  thickness.  The  caliche  is  occasionally 
4 yards  in  thickness,  but  averages  three-quarters 
of  a yard ; if  less  than  half  a yard  it  is  seldom 
worked.  Caliche  contains  on  an  average  50  to  55 
per  cent,  of  re.al  nitrate,  but  occ.asionally  as  much  as 
75  per  cent.;  qualities  .as  low  as  35  per  cent,  are 
worked.  The  principal  impurity  in  caliche  is  com- 
mon salt.  The  following  analyses  of  caliche  are  by 
Dr.  Machattie: — 


While  Caliche. 

Bvuwn  Caliche. 

W ater, 

■SI9 

5-04 

Sodium  nitrate, 

70-G2 

60-97 

“ chloride, 

•22 -.39 

16-8,'j 

“ sulphate, 

1-80 

4 -.56 

“ iodate 

1-90 

•73 

Calcium  sul[)hate, 

•87 

1-31 

Magnesium  sulphate, 

-.31 

5 88 

Insoluble  matter, 

•92 

4-06 

100-00 

100-00 

The  caliche  is  purified  by  boiling  with  water,  or 
more  generally  wit^i  the  mother  liquor  from  a 
previous  operation ; the  hot  liquor  is  allowed  to 
stand  to  deposit  impurities,  and  is  then  run  off  for 
crystallization.  As  the  solubility  of  nitrate  of  sodium 
is  very  different  in  hot  and  cold  water,  while  the 
solubility  of  common  salt  is  not  greatly  affected  by 
temperature,  tiffs  simjile  process  .suffices  to  purify  the 
nitrate.  The  residue  of  the  caliche  which  is  thrown 
away  is  of  course  very  rich  in  common  salt;  it  also 
generally  contains  20  per  cent,  of  unextracted  nitrate. 
Iodine  is  now  prep.ared  from  the  mother  liquors  in 
large  quantity.  * 

Commercial  nitrate  of  sodium  is  of  standard 
quality  when  it  contains  95  per  cent,  of  real  nitrate, 
inferior  qualities  may  contain  90  to  92  per  cent.  The 
principal  impurities  are  water  and  common  salt.  A 
little  nitrate  of  potassium  is  generally  present. 

Nitrate  of  sodium  of  95  per  cent,  will  contain 
15’65  per  cent,  of  nitrogen,  a larger  quantity  than  is 

* For  many  of  tlie  above  particulars  the  writer  is  indebted 
to  Flagg’s  paper  in  the  American  Chemist,  iv.  403. 
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supplied  in  any  ordinary  guano.  Nitrates  contain 
nitrogen  in  the  form  most  readily  assimilated  by 
j)lants ; this  fact,  joined  witli  the  ready  diffusibility 
of  nitrates  in  the  soil,  renders  nitrate  of  sodium  the 
most  powerful  and  rapid  in  action  of  all  the  nitro- 
genous manures  at  the  farmer's  disposal.  Being  of 
so  soluble  a nature,  and  being  retained  but  slightly 
by  the  soil,  it  should  only  be  applied  in  spring,  when 
the  plant  is  in  a growing  state,  and  ready  to  make 
immediiite  u.se  of  it. 

The  soda  in  this  manure  probably  has  no  direct 
effect  as  a plant  food ; but  by  its  action  in  the  soil  it 
appears  to  liberate  phosphoric  acid  and  potash  from 
their  combinations,  and  thus  indirectly  may  be  of 
material  assistance. 

Ammimium  Salu. — The  artificial  supply  of  ammo- 
nia is  but  small,  and  is  alone  quite  inadequate  to 
meet  the  demands  of  the  farmer  for  nitrogenous 
manure.  Small  quantities  are  obtained  in  the 
destructive  distill  tion  of  animal  matter,  as  in  the 
preparation  of  animal  charcoal ; the  greatest  amount, 
however,  is  obtained  from  coal.  The  amount  of 
nitrogen  in  coal  varies  from  '5  to  rather  more  tlian  2 
per  cent.  When  coal  is  burnt,  the  greater  part  of 
the  nitrogen  is  evolved  as  ammonia.  Gas  works  are 
the  principal  sources  of  ammonia.  The  condensed 
water  from  the  gas,  and  the  ammoniacal  liquor  from 
the  scrubbers,  are  more  or  less  rich  in  ammonia;  the 
quantity,  however,  varies  very  much  according  to  the 
quality  of  the  coal  and  the  method  of  its  treatment. 
Gas  liipior  may  contain  from  4 to  40  lbs.  of  ammonia 
per  100  gallon.s.  The  greater  part  of  this  ammonia 
generally  exists  as  carbonate,  a smaller  quantity  is 
pre.sent  as  hydrosulphate,  hyposulphite,  sulphate, 
chloride,  and  sulphocyanate  of  ammonium.  In  the 
case  of  some  coals  the  amount  of  chloride  of  am- 
monium in  the  condensed  water  is  very  large, 
amounting  to  more  than  half  the  total  ammonia. 
The  water  from  the  scrubbers  contains,  of  course, 
nothing  but  volatile  salts.  The  ammoniacal  liquor 
obtained  from  bones  is  far  stronger  than  that  yielded 
by  coal.  Gas  liquor  is  sometimes  employed  directly 
as  a manure  ; in  this  case  it  should  be  considerably 
diluted  with  water  before  being  applied  to  the  land. 
Most  generally,  however,  the  liquor  is  distilled,  and 
the  ammonia  collected  in  sulphuric  acid,  commercial 
sulphate  of  ammonium  being  thus  produced. 

The  further  purification  of  coal  gas  furnishes 
additional  quantities  of  ammonia.  When  the  gas  is 
passed  over  hydrated  ferric  oxide  (Hill’s  patent), 
for  the  purpose  of  removing  sulj)huretted  hydrogen, 
the  product  contains  both  sulphate  and  sulpho- 
cyanate of  ammonium.  The  mean  of  102  analyses 
by  J.  Hughes,  chemist  to  Lam  es’  Chemical  Manure 
Company,  gave  0‘12  per  cent,  of  suljihate,  and  3'82 
per  cent,  of  sulphocyanate  of  ammonium.  The 
spent  oxide  is  M’ashed  to  extract  the  ammonium 
Sidts,  ami  the  residue  is  used  for  the  manufacture 
of  sulphuric  acid.  A far  better  source  of  ammonia 
is,  however,  afforded  when  the  gas  is  purified  by 
sawdust  soaked  with  sid|)huric  acid  (Odling’s 
patent) ; the  product  thus  obtained  contains  Avhen 
dry  about  12  per  cent,  of  nitrogen,  equal  to  more 


than  50  per  eent.  of  sulphate  of  ammonium.  The 
whole  of  this  nitrogen  is  not  in  the  form  of  sulphate 
of  ammonium,  a part  exists  as  cyanides  and  sulpho- 
cyanates ; the  proportion  which  these  bear  to  the 
ammonia  is,  however,  far  smaller  than  in  the  spent 
oxide  just  noticed.  By  keeping  the  gas  ammonia  in 
bulk  for  some  time  it  is  said  to  lose  sulphocj’anio 
acid.  This  acid,  being  very  volatile,  is  readily  expelled 
if  the  gas  ammonia  is  mixed  with  hydrochloric  or 
sulphuric  acid,  and  heat  applied.  Dry  hydroch  ori ; 
acid  gas  is  very  effective,  and  might  perhaps  b • 
employed  on  a large  scale  for  this  purpose.  Gas 
ammonia,  if  free  from  sulphocyanates,  may  be  used  at 
once  as  a manure ; but  if  more  than  a trace  of  these 
salts  be  present  it  is  dangerous  to  do  so,  sulpho- 
cyanates being  highly  poisonous  to  plants. 

Commercial  sulphate  of  ammonium  is  usually 
guaranteed  to  contain  24  per  cent,  of  ammonia, 
equal  to  93T8  per  cent,  of  real  sulphate.  Samples 
containing  a very  large  amount  of  nitrogen  are 
probably  contaminated  with  sulphocyanate.  Sulpho- 
cyanate of  ammonium  contains  36‘8  per  cent,  of  nitro- 
gen, which,  calculated  as  ammonia,  is  447  per  eent. 

Ammonium  salts  of  all  kinds  are  readily  tested 
for  sulphocyanates,  by  adding  to  their  solution  in  water 
some  ferric  chloride  ; the  formation  of  a blood-red 
colour  shows  the  presence  of  sulj)hocyanates.  If 
phosphates  are  present,  hydrochloric  acid  must  also 
be  added  to  obtain  the  reaction. 

Soot. — This  manure  is  hardly  w'orth  mentioning, 
save  that,  as  another  nitrogenous  manure  derived 
from  coal,  it  completes  this  part  of  the  subject. 
House  soot  contains,  according  to  Voelckei:,  about 
per  cent,  of  ammonia,  probably  existing  as  sul- 
phate ; some  kinds  of  soot  yield,  however,  4 to  5 
p(  r eent.  of  ammonia.  A large  part  of  common  soot 
consists  of  coal  ashes. 

Woolkn  Hefii.se. — Woollen  refuse  has  been  long 
made  use  of  as  manure.  Pure  dry  wool  contains 
about  17  per  cent,  of  nitrogen.  Hair  is  equally 
nitrogenous.  As  hair  and  wool  contain  only  about 
2 per  cent,  of  ash,  they  must  be  regarded  as  purely 
nitrogenous  manures.  Refuse  wool  is  deteriorated 
in  quality  in  proportion  as  it  is  associated  with 
cotton  and  other  fibres  not  nitrogenous,  or  is  con- 
taminated M'ith  oil,  mineral  dirt,  and  M’ater.  Way 
found  in  M'oollen  rags  (seams  of.  old  clothes)  10'47 
per  cent.;  in  premings,  9’92  |ier  cent.;  and  in  cut- 
tings, 1T84  per  cent,  of  nitrogen  The  most  abun- 
dant form  of  woollen  refuse  is  shoddy.  AVhen  first 
employed  as  a manure  shoddy  was  rich  in  oil  (Way 
found  26-35  per  eent.)  and  in  ash,  and  contained 
only  2 to  5 per  cent,  of  nitrogen.  Shoddy  of  a 
higher  quality  can  noAV  be  purchased.  The  folloAV- 
ing  analyses  by  Hughes  show  the  eomposition  of  a 
good  eommereial  article  : — 


No.  1. 

Ko.  2. 

Water 

. . y-86 

Organic  matter, 

. . 76-08 

A^h 

16-67  .. 

..  14-06 

100-00  . . 

..  100-00 

Nitrogen, 

..  7 92 
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By  further  care  in  removing  dirt  still  liigher 
qualifies  may  be  obtained.  The  writer  has  known 
clean  shoddy  to  contain  9 to  10  per  cent,  of  nitrogen. 

As  wool  and  hair  suffer  decay  very  slowly,  their 
effect  as  manure  is  not  immediate,  but  is  spread 
over  several  years. 

Blood  is  another  nitrogenous  manure  of  some 
importance.  Perfectly  dry  blood  will  contain  about 
lo  per  cent,  of  nitrogen,  and  4 per  cent,  of  ash,  of 
which  about  one-half  is  common  salt ; blood  may 
therefore  be  classed  among  the  purely  nitrogenous 
manures.  Blood  is  very  retentive  of  moisture,  and 
samples  apparently  dry  may  contain  more  than  20 
per  cent,  of  water.  On  the  extent  to  which  it  has 
been  dried  the  percentage  of  nitrogen  greatly  de- 
pends. The  nitrogen  in  commercial  dry  blood 
usually  varies  between  10  and  13  per  cent.  Dried 
blood  forms  an  excellent  manure,  but  the  difficulties 
of  preparing  it  on  a large  scale  have  hitherto  pre- 
vented its  extensive  use. 

Fksh. — Dried  flesh  has  been  little  used  as  a 
manure.  There  seems,  however,  some  prospect  of 
the  solid  residue  obtained  in  South  America  and 
Australia  from  the  manufacture  of  Lieuig’s  extract 
of  meat  being  utilized  for  this  purpose.  Tliree 
samples,  recently  imported  from  Australia,  New 
Orleans,  and  South  America,  were  found  byVoELCKER 
to  contain  11  to  12  per  cent,  of  nitrogen:  the  ash 
constituents  were  3 to  8 per  cent. 

Fi.di. — Fish  are  occasionally  caught  in  such  im- 
mense quantities  on  the  sea-coast  as  to  be  applied 
directly  to  the  land  as  a manure,  but  fish  manures 
are  more  usually  prepared  from  the  offal  of  fisheries. 
The  following  analyses  show  the  composition  of 
fresh  sprats,  and  of  dried  Newfoundland  cod.  The 
sprats  were  analyzed  by  Way.  These  fish  are  occa- 
sionally used  in  large  quantities  as  manure  on  the 
south-east  coast  of  England.  The  analysis  of  cod 
fish  is  by  Lawes  and  Gilbert. 

Fresh  Sprats.  Dried  Cod. 

Water, 63  G5  ....  40-74 

Oil, 18-fc’O  ....  90 

Nitrogenous  matter, 15  65  ....  39'70 

Ash 2-10  18-66 

100  00  100-00 

Nitrogen, 1-94  ....  6-60 

The  ash  of  fish  consists  chiefly  of  phosphate  of 
calcium  and  phosphate  of  potassium.  Way  found 
in  the  ash  of  sprats  42  per  cent,  of  phosphoric  acid, 
25-4  per  cent,  of  lime,  and  20-3  per  cent,  of  potash. 

Fish  manures  are  usually  very  variable  in  com- 
position, and  should  only  be  purchased  on  analysis. 
Sometimes  they  merely  consist  of  dried  fisli  refuse, 
at  other  times  sulphuric  acid  has  been  added,  and  a 
part  of  the  phosphate  of  calciutn  rendered  soluble 
As  an  example  of  the  former  clfiss  of  manures  we 
will  give  the  composition  of  Norwegian  fish  guano. 
This  manure  is  of  very  constant  coiniiosition.  The 
figures  given  below  are  the  mean  of  six  analyses 
made  by  German  chemists  during  the  last  twelve 
years,  during  which  time  the  composition  seems  to 
have  remained  practically  the  same. 

Norwegiao  Fish  Guano. 

Water 12-36 

Organic  matter, 52-91 

Abh, 34'73 

100-00 

Nitrogen, 7-84 

This  manure  contains  28'9  per  cent,  of  phosphate 
of  calcium ; the  remainder  of  the  ash  is  chiefly  made 
up  of  salts  of  sodium  and  potassium. 

Bone. — Bone  is  a very  important  manure,  of  which 
immense  quantities  are  consumed  by  the  farmer. 
Large  quantities  of  bones  are  obtained  from  London 
and  other  great  towns  of  the  United  Kingdom  ; they 
are  also  imported  to  a large  extent.  Formerly  the 
principal  imports  were  from  the  north  of  Europe ; 
but  improved  means  of  communication  have  opened 
up  other  sources,  and  large  quantities  are  now 
obtained  from  America,  Africa,  and  other  distant 
countries. 

Bones  are  seldom  used  in  their  raw  state ; the 
fat  is  usually  first  extracted  by  steaming  them  for 
a short  time.  The  average  of  seven  analyses  of 
commercial  bones  by  Yoelcker,  and  other  Engli.sh 
chemists,  gives  the  following  as  their  general  com- 
position : — 

Commercial  Bones 

Water, 11  -06 

Organic  matter 30-48 

I’liosjiliate  of  calcium, .50-69 

Carbonate  of  calcium  and  undetermined  I . , „ 

matter, J 

Alkali  salts, 2-25 

band, -50 

100-00 

Nitrogen 3-61 

Stoiimann  has  remarked  that  the  hard  parts  of 
bone  contain  more  phosphate  and  less  nitrogen  than 
tl'.e  soft  parts ; ordinary  bone-dust,  being  obtained 
by  sifting  crushed  bones,  is  chiefly  derived  from  the 
soft  tissue.  Stoiimann  found  in  seven  .specimens  of 
normal  bone-dust  a mean  of  55'2  per  cent,  phosphate 
of  calcium,  and  3-44  percent,  nitrogen ; while  in  seven 
specimens  of  bone-dust  prepared  from  the  soft  parts 
of  bone  he  found  44  per  cent,  of  phosphate,  and  4-14 
per  cent,  of  nitrogen. 

Bones  are  boiled  by  glue-makers  under  pressure 
to  extract  the  gelatin ; such  bones  contain,  of  course, 
less  animal  matter,  and  a larger  proportion  of  phos- 
phate. VoELCKER  found  in  a good  sample  of  boiled 
bones  60-48  per  cent,  of  ^ihosphates,  and  1 84  per 
cent,  of  nitrogen. 

The  effect  of  bones  as  manure  is  only  gradually 
manifested,  as  they  undergo  decomposition  but 
slowly ; they  are  of  most  use  on  light  land,  on  clay 
they  decay  so  slowly  as  to  be  almost  ineffective. 
The  smaller  the  bones  are  broken,  the  more  speedy 
will  be  their  action. 

Animal  Charcoal,  resulting  from  the  distillation  of 
bones  in  close  vessels,  is  employed  in  many  manu- 
factures for  the  purpose  of  decolorizing  liquids; 
when  it  ceases  to  be  efficacious  in  this  respect  it  is 
sold  to  makers  of  superphosphate.  The  composi- 
tion of  the  waste  charcoal  is  most  variable,  depending 
on  the  purpose  for  which  it  has  been  used.  It  may 
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coiitiiin,  according  to  R.  Weber,  50  to  82  per  cent,  of 
pliospliates,  5 to  10  per  cent,  of  carbonate  of  cal- 
cium, 1 to  G per  cent,  of  free  lime,  2 to  28  per  cent, 
of  sand,  and  9 to  26  per  cent,  of  water  and  carbon. 

Bone  .!.</(  is  cliiefly  obtained  from  South  America: 
the  jiroportion  of  phosphate  of  calcium  it  contains 
varies  very  much  according  to  the  amoutit  of  water 
and  sand  present,  the  percentage  ranging  from  GO 
to  82  per  cent.  It  is  usually  sold  on  a basis  of  70 
or  75  per  cent,  of  phosphate.  The  composition  of 
pure  bone  ash  from  the  mixed  carcass  bones  of  an 
entire  ox,  and  the  composition  of  a commercial 
sample  were  as  follows: — 


Water  and  carbon, 

Pure  Ox 
Boue  Ash. 

Commercial 
Buue  Ash. 

6-70 

I'hosphoric  acid, 

39-. '.5 

33-t)8 

Lime, 

. ..  52 -dt) 

...  43'37 

Magnesia 

....  102 

...  1-14 

0.x  ide  of  iron, 

•17 

-.58 

(Jarbonic  acid,  alkalies,  and  sub-) 

...  4-84 

stances  not  determined,  . . 

Siliceous  matter, 

....  -51 

...  9-69 

100  00 

100-00 

• Equal  to  tricalcic  Phosphate 86‘34  ....  73'52 


The  phosphates  of  guano,  fish,  bone,  animal  char- 
coal, and  bone  ash  are  all  in  a physical  condition  far 
ntore  easily  attacked  by  the  natural  solvents  of  the  soil 
than  is  the  case  with  crystallized,  mineriil,  or  fossil 
phosphates ; the  former  may  therefore  be  ajtplied 
directly  to  the  soil  as  phosphatic  manures,  but  in  the 
case  of  all,  and  especially  of  animal  charcoal  and 
bone  ash,  their  efficacy  will  be  much  increased  by 
treatment  with  sulphuric  acid. 

Sii/iei phosphate. — The  gigantic  manufacture  of  arti- 
ficial manures  in  this  country  is  based  on  the  treat- 
ment of  phosphates  with  sulphuric  acid,  by  which 
the  phosphate  of  calcium  is  (iecomposed,  sulphate  of 
calcium  formed,  and  the  phosjihoric  acid  converted 
into  a soluble  acid  calcium  salt  (a  superphosphate), 
or  else  reduced  to  the  free  state.  The  suggestion  to 
act  on  bones  with  sulphuric  achl  we  owe  to  Liebig 
(1840);  the  utilization  of  crystalline  and  fossil  phos- 
phates by  a similar  treatment  was  the  work  of  Lawes. 
Ilis  process  for  converting  these  hitherto  valueless 
phosphates  into  manure  was  patented  by  him  in  1842. 

The  reaction  of  sulphuric  acid  upon  the  tricalcic 
phosphate  is  in  its  simplest  form  as  follows: — 
ChsI’-jOs  + 2(HjS04  -H  2IIjO)  = CalLP-^Og  -t-  2{CaSOj2HjO). 

Here  one  molecule  of  tricalcic  phosphate  is  acted 
on  by  two  molecules  of  oil  of  vitriol  and  two  of 
water,  the  result  being  one  molecule  of  monocalcic 
pliosphate  and  two  of  gypsum.  This  is  a possible 
reaction,  for  it  has  been  shown  both  by  Piccaiid  and 
Jones  that  two  molecules  of  dilute  sulphuric  acid  are 
sufficient  to  dissolve  one  molecule  of  tricalcic  phos- 
phate; but  it  is  very  doubtful  if  it  ever  occurs  in 
practice.  When  a powdered  phosphate  is  treated 
with  sulphuric  acid  of  the  strength  usually  employed 
in  making  superphoS()hate  (specific  gravity,  T55  to 
I'GO),  great  heat  is  evolved.  If  pure  tricalcic  j)hos- 
phate  is  employed,  and  the  mixture  is  made  on  a 
large  scale,  the  temperature  of  the  mass  may,  accord- 
ing to  Kolb,  rise  as  high  as  150°  C.;  and  in  the 
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ordinary  manufacture  the  heat  reached  is  always 
considerably  above  that  of  boiling  water.  Kolb 
has  shown  that  samples  of  superphosphate,  taken 
while  the  temperature  is  thus  elevated,  contain  a 
large  quantity  of  free  phosphoric  acid.  He  believes 
that  the  first  reaction  is  as  follows: — 

6H._jS04  4-  3Ca3P.^()g  = 6CaS04  + 4H3PO4  -t-  Ca3P20g. 

Free  phosphoric  acid  is  thus  first  produced,  and 
this  slowly  reacts  on  the  tricalcic  phosphate  as  yet 
untouched,  and  forms  monocalcic  phosphate : — 

4H3PO4  + OajPjOg  = 3CaH4P„Og. 

If  a pure  and  finely-ground  phosphate  is  used, 
and  a perfect  mixture  with  the  acid  obtained, 
the  second  reaction  is  probably  almost  complete, 
so  that  the  final  result  is  the  production  of  mono- 
calcic phosphate  by  the  action  of  two  molecules  of 
sulphuric  acid  on  one  molecule  of  tricalcic  phos- 
phate. In  practice,  however,  the  second  reaction 
is  rarely  complete.  A part  of  the  tricalcic  phosjihate 
resists  the  action  of  the  free  phosphoric  acid,  and 
the  resulting  manure  is  found  to  contain  some  free 
phosphoric  acid,  as  well  as  monocalcic  phosphate ; 
and,  consequently,  more  than  two  molecules  of  sul- 
I)huric  acid  are  found  to  have  been  consumed  in  ren- 
dering one  molecule  of  tricalcic  phosphate  soluble. 
Kolb’s  theory  is  apparently  suilicienily  supported 
by  facts.  It  has  been  shown  by  several  chemists 
that  the  phosphates  of  calcium  have  a general  ten- 
dency to  split  up  into  phosphoric  acid  and  basic 
phosphates,  when  heated  in  the  presence  of  water. 

It  has  been  supposed  by  some  chemists  that  the 
diminution  of  soluble  phosidiate,  which  sometimes 
occurs  in  superpliosphate  when  stored,  is  due  to  the 
reaction  of  monocalcic  upon  tricalcic  phosphate,  dical- 
cic  or  more  basic  phosphates  being  produced.  It  is 
quite  plain  that  this  can  only  happen  when  an  insuf- 
ficient quantity  of  sulphuric  acid  has  been  used,  and 
an  excess  of  unacted  on  tricalcic  phosphate  remains; 
this,  however,  will  only  be  the  case  when  the  phos- 
phate is  badly  ground,  or  solid  bone  is  an  ingredient 
of  the  manure.  R.  Jones  believes  that  the  drying 
of  a superphosphate  is  attended  with  a decomposi- 
tion of  the  monocalcic  phosphate,  phosphoric  acid 
and  basic  phosphates  being  formed,  and  that  here 
we  have  another  cause  of  the  reduction  of  soluble 
phosphate.  According,  however,  to  A.  Millot.  drying 
doesnot  diminish  the  percentage  of  soluble  phosphate. 
There  is  practically  little  or  no  reduction  of  soluble 
phosphate  during  the  storing  of  a well  made  super- 
phosphate prepared  from  finely  ground  and  pure 
materials.  In  the  presence  of  iron  and  aluminium 
a considerable  reduction  of  soluble  phosphate  may 
take  place  after  the  manure  is  made;  this  reaction 
will  be  considered  presently. 

Before  considering  further  points  in  the  chemistry 
of  superphosphate,  it  is  necessary  that  we  should 
have  before  us  the  composition  of  the  phosphates 
actually  employed  by  the  manufacturer.  In  Table 
YIII.  we  have  the  composition  of  nearly  all  the 
phosphates  employed  in  this  country  for  the  pre- 
paration of  superphosphate ; those  only  are  excluded 
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TABI.E  VIII.— PERCENTAGE  COMPOSITION  OP  PHOSPHATES  EMPI.OTEI)  IN  THE  MANUFACTURE  OK  SUPERPHOSPHATE. 


Number  of  Analyses 

Norwegian 

Apatite. 

Canadian 

Apatite. 

Spanish  Phosphorite. 

r ‘ 

Superior,  j Ordinary. 

Bordeaux  Phosphate. 

Nassau  Phosphate. 

Cambridge 

Coprolite. 

Suffolk 

Coprolite. 

Superior. 

Ordinary. 

Superior, 

Good. 

1 

5 

1 

16 

3 

7 

1 

6 

15 

7 

Water — l oss  on  ignition,  .. 

•90 

-91 

3-.')9 

1-00 

4-88 

6-75 

1 -83 

2 98 

4-04* 

4-40* 

Phosplioric  acid, 

3,'i-(>9 

33-27 

33-38 

28-67 

34-8.5 

30-02 

32 -.50 

27-99 

26-62 

25-29 

Lime, 

4G-39 

4.o-,'i6 

47-16 

40-60 

46-92 

37-89 

48-18 

39-39 

43-30 

39-  4 

Magnesia, 

•74 

— 

trace. 

1-48* 

-10* 

— 

— 

-18* 

-95* 

•84* 

Potash 

•36 

— 

— 

— 

— 

— 

— 

-15* 

-58* 

•51* 

Soda, 

— 

— 

— 

— 

— 

— 

— 

-18* 

-64* 

•87* 

Ferric  oxide, 

1-29 



2 -.09 

-63* 

— 

2-91 

6-88 

2-18* 

4-74* 

Alninina 

— 

•89 

-50* 

J-  6 63| 

— 

1-J6 

4-02 

2-0.5* 

3-7-2* 

Carbonic  acid 

none. 

— 

4-10 

4-67* 

3-91 

— 

1-91* 

2-07* 

6-82 

5-27* 

Sulphuric  acid, 

•29 

— 

*57 

-90* 

— 

— 

— 

— 

-91* 

1-13* 

Chlorine,  

l-C-2 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Fluorine, 

— 

— 

— 

-67* 

— 

— 

— 

4-88* 

— 

— 

Siliceous  matter, 

11-62 

10-38 

3-71 

20-92 

2-6,5 

7-51 

2-46 

12-01 

8-19 

10-98 

Phosphoric  acid,  reckoned  ) 
as  Iricalcic  phosphate,  . j" 

77-90 

72-62 

72-87 

62‘5'J 

7,5-97 

65-53 

70-95 

61-10 

58-11 

.55-20 

Carbonate  ol  calcium, 

none. 

— 

9-31 

IO-6‘2* 

8-89 

— 

4-34* 

4-70* 

15-50 

11-97* 

Lime  for  100  Phos.  acid,.  .. 

130 

137 

141 

142 

135 

P26 

148 

141 

163 

155 

Number  of  Analyses, 

Potton 

Coprolite. 

Boulogne 

Coprolite. 

South  Carolina  Phosi»hate. 

Sombrero  Phosphate. 

Navassa 

Phosphate. 

Meiillones 

Guano. 

Malden 

Guano. 

River. 

River  Cal- 
cined. 

Land. 

Eai'lier 

Cargoes. 

Later 

Cargoes. 

7 

13 

13 

48 

11 

5 

4 

8 

3 

3 

Water, \ 

Lnss  on  ignition j 

Phosphoric  acid, 

Lime, 

Magnesia, 

Potash, 

Soda, 

Ferric  oxide, 

Alumina, 

Carhnnic  acid 

Sulphuric  acid, 

Chlorine, 

Fluorine, 

Siliceous  matter, 

Phos))hnric  acid,  reckoned  ) 
as  tricalcic  pliosidiate,. . ) 
Caihonate  of  calcium, 

3-.3o* 

24-92 

33-64 

-15* 

5-75 
3 -.50* 

15-30 

1- 14* 

2- 60* 
20-39 
32. 50 

-58* 

4-02* 

4"27* 

4-44 

1-03* 

26-41 

1 4-96* 
24-99 
40-15 
-49* 
-07* 
-69* 

2- 23* 
1-28* 
5-61* 
1-12* 

-0-2* 

3- 24* 
13-48 

26 -.33 
40-55 

5-17* 
12  74 

6 06 

24-53 
37  95 
-60* 

3-86* 

3-39* 

3-87* 

1-84* 

14-15 

6-76 

5-60 

34-78 

37-97 

•46 

3-n 

5-83 

1-46 

•45 

•35 

1-54 

1 8-71 
3-2-18 
45-76 

6-55 

•96 

,5-03 

6-93 

32-01 

36-54 

•64* 

•56* 

•38* 

4-37* 

8-94* 

2- 15* 
•20* 
•16* 

none. 

3-  -22 

7-61 

6-70 

32-55 

36-94 

3-08* 

•44* 

3- 55* 
•52 

•86 

4- 44 
1-57 

1-65 

4- 38 
8-14 

33-61 
43-22 
1-47* 
•18 
1 -32 
•98* 

5- -18 
•75 
-95 

54-39 

44-50 

10-10 

54 -.55 
12-7.5* 

.57-47 

11-74* 

53 -.54 
8-79* 

75-92 

3-31 

70-25 

14-89 

69-88 

5-57* 

71-06 

1-84 

73-37 

12-45 

Lime  lor  100  Phos.  acid,.  .. 

135 

169 

161 

154 

155 

109 

142 

114 

114 

1-29 

of  wliicli  the  published  analyses  are  too  few,  or  too 
discordant,  to  allow  of  their  average  composition 
being  ascertained.  The  object  kept  in  view  in  con- 
structing the  table  has  been  to  represent  as  far  as 
possible  the  composition  of  the  bulks  actually  used 
in  the  manufacture,  and  not  the  composition  of 
picked  samples.  Large  use  has,  therefore,  been 
made  of  commercial  analyses,  and  the  writer  is  much 
indebted  to  Dr.  Voei.cker  and  to  Mr.  IluGHE.s,  for 
the  grant  of  some  of  their  unpublished  results.  Ana- 
lyses made  for  commercial  purposes  are  usually  incom- 
plete, and  express  only  the  more  important  of  the 
ingredients  fresent.  The  figures  given  in  the  table 
for  the  smaller  constituents  are  thus  frequently  the 
average  of  fewer  analyses  than  the  number  stated 
at  the  head  of  the  column ; such  figures  are  distin- 
guished by  an  asterisk.  In  many  cases  no  complete 
analysis  of  a phosphate  has  been  found,  and  blanks 
consequently  oceur  in  the  table;  in  these  cases  it 
must  not  be  assumed  that  constituents  are  absent 


beeau.se  no  determination  of  them  is  recorded.  The 
composition  of  bone  and  bone  ash  has  been  already 
given,  and  is  therefore  not  repeated. 

Apatite  is  the  purest  form  of  phosphate  of  calcium 
which  is  at  the  manufacturer’s  disposal.  It  is  a 
definite  chemical  comjiound,  consisting  either  of 
3(CagPoOg)CaFlq,  known  as  fluor-apatite,  or  of 
3(Ca3P2^s)^‘^^^2’  I'uown  as  chlor-apatite,  or  else 
of  these  two  united  in  indefinite  proportions.  The 
pure  crystals  of  fluor-apatite  will  contain  42‘2G  per 
cent,  of  phosphoric  acid,  equal  to  92-26  per  cent,  of 
triealcic  phosphate.  The  crystals  of  chlor-apatite 
will  contain  40-92  per  cent,  of  phosphoric  acid, 
equivalent  to  89-32  per  cent,  of  tricalcic  phosphate. 
These  are  the  highest  proportions  of  phosphoric 
acid  which  the  manufacturer  has  to  deal  with. 

The  composition  of  Nom-C(jinn  Apatite  given  in 
the  table  is  from  a single  analysis  by  Voei.cker, 
and  represents  the  average  of  a cargo  from  Krageroe. 
The  Norwegian  apatite  is  a chlor-apatite.  It  is 
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fouml  in  primitive  rocks,  and  is  consequently,  when 
in  bulk,  more  or  less  contaminated  with  siliceous 
matter;  in  picked  specimens  Voeecker  found  90 
per  cent,  of  tricalcic  phosphate.  Norwegian  apatite 
is  little  used  in  this  country. 

The  composition  of  Canadian  Apatite  is  the  mean 
of  five  analyses  by  Voelcker.  and  represents  cargoes 
of  good  quality.  Apatite  containing  only  65  per 
cent,  of  tricalcic  phosphate  is  occasionally  imported. 
Canadian  capatite  contains  fluoride,  and  sometimes 
carbonate  of  calcium  ; its  chief  impurity  is  siliceous 
matter.  Rather  considerable  quantities  of  this 
phosphate  are  imported. 

Spanish  Pliasphorile  is  really  a fluor-apatite,  more 
or  less  contaminated  with  quartz,  and  occasionally 
with  limestone.  It  is  found  in  large  quantities  in 
Estremjidura,  and  in  the  neighbouring  districts  of 
Portugal.  The  principal  deposits  have  been  known 
for  many  years,  but  have  only  recently  been  largely 
worked.  The  analj’sis  of  the  superior  sample  is  by 
Voelcker.  The  composition  given  for  the  ordinary 
quality  is  the  mean  of  twelve  analyses  by  Voelcker, 
and  four  by  Nieoer.stadt.  Cargoes  occasionally 
contain  less  than  56  per  cent,  of  tricalcic  phosphate. 
A considerable  quantity  is  imported. 

Bardmux  Phosphate  is  the  name  by  which  the 
phosphate  raised  in  the  departments  of  Lot  and 
Taru-et-Garonne  is  known  to  English  merchants. 
This  phosphate  does  not  resemble  the  apatites ; it 
is  of  very  various  aspects  and  qualities.  The  com- 
po.sition  of  the  superior  phosphate  given  in  the 
table  shows  it  to  contain  a high  percentage  of  phos- 
phoric acid,  with  a somewhat  considerable  amount 
of  oxide  of  iron  and  alumina,  and  some  carbonate 
o'  calcium ; but  little  fluorine  is  present.  The 
higher  qualities  are  now  more  rarely  imjiorted,  and 
cargoes  yiehling  less  than  60  per  cent,  of  tricalcic 
phosphate  fire  not  uncommon.  These  low  quality 
phosphates  contain  much  iron  and  aluminium,  and 
are  not  suited  for  the  manufacture  of  superphos- 
phate. The  anfilyses  given  are  by  Voelcker. 
Rordeaux  phosphate  is  of  quite  recent  introduction. 
A large  amount  has  been  imported  to  this  country. 

Nassau  Phosphate,  better  known  in  England  as 
“ German  Phosphate,'’  is  found  in  the  valley  of  the 
Lahn,  in  Nfissfiu.  It  was  discovered  in  1864,  and  a few 
years  later  was  imported  in  large  quantities.  It  varies 
from  30  to  70  per  cent,  of  tricalcic  phosphate.  The 
best  qualities  form  an  excellent  phosphate,  but  the 
amount  of  ferric  oxide  rapidly  increases  as  the 
quality  diminishes,  'riius,  while  five  cargoes,  yield- 
ing 61  per  cent,  of  tricalcic  phosphate,  contained 
5'88  per  cent,  of  ferric  oxide,  and  4'02  per  cent,  of 
alumimi,  the  average  of  seven  other  cargoes  received 
about  the  same  time,  but  yielding  only  56  per  cent, 
of  tricalcic  phosphate,  was  7’17  per  cent,  of  ferric 
oxide  and  4'(I7  per  cent,  alumina.  The  low  qualities 
of  Nfvssau  phosphate  are  quite  unfit  for  the  manu- 
facture of  superphosphate.  They  care  sometimes 
used  in  Germany  without  treatment  with  sulphuric 
acid,  being  made  into  a compost  with  farmyfird 
dung,  turf,  leaf  mould,  &c.,  and  api)lied  in  this  stfitc 
to  the  laud.  Of  the  higher  qualities  but  little  is 


raised,  and  the  total  imports  to  England  have  much 
diminished.  Niissau  phosphate  is  remarkable  for 
contiiining  a distinct  iimount  of  iodine;  when  treated 
with  sulphuric  acid  on  a large  scale  violet  vapours 
are  frequently  produced.  The  analyses  in  the  table 
are  by  Warington;  the  determinations  marked  with 
an  casterisk  in  the  composition  of  the  second-class 
phosphate  are  by  Dietrich  and  Konig. 

Phosphatic  nodules  .and  fossils  of  various  kinds, 
known  as  coprolites,  are  found  in  many  parts  of 
England  and  the  Continent ; they  occur  in  very 
various  geological  str.ata.  Only  those  deposits  are 
worked  which  are  of  sufficient  size,  and  are  tolerably 
rich  in  phosphoric  acid. 

Cambridge  Coprolile  is  of  all  English  coprolites  the 
best  suited  for  the  manufacture  of  superphosphate, 
being  both  richer  in  phosphoric  acid,  and  containing 
at  the  same  time  a smaller  amount  of  objectionable 
impurities  than  is  found  in  other  deposits.  The 
coprolites  are  raised  from  the  Upper  Greensand  of 
Cambridgeshire  and  Buckinghamshire;  they  are  of  a 
grey  or  greenish  tint;  the  large  coprolites  are  of  a 
better  quality  than  the  small  ones.  In  Cambridge 
coprolites  the  iron  does  not  exist  as  ferric  oxide,  or 
only  so  to  a small  extent,  but  is  present  as  pyrites 
.and  ferrous  silicate — forms  which  we  shall  presently 
see  are  far  less  prejudicial  to  the  manufacturer  than 
ferric  oxide.  Cambridge  coprolite  contains  much 
more  carbonate  of  calcium  than  other  coprolites. 
All  coprolites  contain  fluorine.  The  composition 
given  in  the  table  is  the  mean  of  eleven  analyses  by 
Hughes,  three  by  Voelcker.  and  one  by  Richter. 
These  coprolites  have  for  many  years  formed  the 
staple  material  of  the  English  manufacturer. 

Suffolk  Coprolites. — These  are  raised  in  Suffolk  and 
some  adjoining  counties;  they  are  of  tertiary  origin. 
Suffolk  coprolites  were  the  coprolites  fir.st  employed 
in  the  manufacture  of  superphosphate,  and  for  about 
fifteen  years  were  the  principal  material  used. 
These  coprolites  are  of  a reddish  brown  colour. 
They  are  poorer  in  phosphoric  acid  and  richer  in 
iron  than  the  Cambridge  coprolites ; the  iron  is  also 
to  a considerable  extent  present  in  the  ferric  state. 
They  are  not  suitable  for  the  preparation  of  a high 
I class  superphosphate,  but  are  now  employed  for 
I mixing  with  other  materials.  The  composition  given 
is  the  mean  of  four  analyses  by  Hughes,  two  by 
Voelcker,  and  one  by  AVarington. 

Potton  Coprolite  is  raised  in  Bedfordshire  ; it  occurs 
in  the  Lower  Green.sand  formation.  These  copro- 
lites .are  of  a red  colour ; they  are  Inferior  to  the 
.Suffolk  in  quality.  The  best  and  largest  coprolites 
contain  <is  much  phosphoric  acid  as  good  Cambridge 
coprolite,  with  considerably  less  lime,  and  much 
more  ferric  oxide.  The  sm.aller  coprolites  are  very 
inferior,  containing  about  48  per  cent,  of  tricalcic 
phosphate,  with  a larye  amount  of  iron.  The  com- 
position given  in  the  table  represents  coprolite  of  good 
quality ; it  is  the  average  of  five  analyses  by  AV’ar- 
i.NGTOK,  one  by  Voelcker,  and  one  by  Richter. 

Boulogne  Coprolite  has  been  used  lately  for  mixing 
with  materials  of  higher  quality;  it  is  of  a grey 
colour,  and  occurs  in  the  Upper  Greensand.  In 
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composition  it  is  very  similar  to  tlie  coprolites  found 
on  the  English  coast  at  Folkestone.  Boulogne  cop- 
rolite  is  poor  in  phosphoric  acid ; but  its  principal 
impurity  beine  siliceous  matter,  it  yields  better 
resulis  to  the  manufacturer  than  richer  phosphates 
contaminated  with  ferric  oxide.  The  composition 
given  is  the  mean  of  eight  analyses  by  IIcghes,  and 
five  by  VOELCKER. 

South  Carolina  Phosphate,  also  known  as  Charleston 
Phosphate,  differs  in  external  character  from  copro- 
lite,  though  of  a similar  composition.  It  occurs  in 
rougli  masses,  largely  perforated  by  boring  mol- 
lusca,  and  associated  with  fossil  bones  and  teeth. 
The  river  phosphate  is  of  a dark-grey  colour,  the 
land  phosphate  of  a pale  brown.  Carolina  phos- 
phate is  apparently  a converted  Eocene  marl.  It 
was  long  known  to  geologists,  but  its  commercial 
value  was  not  recognized  till  1807 ; since  then  im- 
mense quantities  h.ave  been  raised  and  exported  to 
England.  The  cavities  in  the  phosphate  are  naturally 
filled  with  sand  and  clay,  and  it  requires  careful  wash- 
ing; when  this  washing  is  imperfectly  performed  the 
phosphate  is  of  lower  quality.  The  river  phosphate 
is  obtained  by  dredging  in  the  Bull,  Soosaw,  and 
Stono  rivers;  it  is  the  kind  chiefly  imported  to  Eng- 
land. River  phosphate  is  much  hanler  than  the 
land  phosphate,  but  is  of  superior  quality  for  the 
purpose  of  manufacturing  superphosphate.  In  the 
river  phosphate  the  iron  exists  partly  as  pyrites ; 
thus,  out  of  the  2'23  per  cent,  of  iron  reckoned  as 
ferric  oxide,  given  in  the  table,  1 '04  existeil  as  [)yrites. 
In  the  land  phosphate  the  iron  is  a]iparently  in  the 
ferric  state.  River  phosphate  is  now  dried  by  hot- 
air flues  before  exportation,  and  is  then  known  as 
calcined  phosphate.  Carolina  phosphate  is  very  uni- 
form in  comjiosition.  Though  containing  gener.dly 
rather  less  phosphoric  acid  than  good  Cambridge 
coprolite,  the  river  phosphate  is  distinctly  superior 
to  coprolite  as  a m.aterial  for  superphosphate ; the 
lower  amount  of  carbonate  of  calcium  present  allow- 
ing a smaller  proportion  of  sulphuric  acid  to  be  used, 
and  the  phosphate  being  of  a nature  more  easily 
attacked  by  acid.  The  land  phosphate  is  of  less 
value,  and  yields  a lower  percentage  of  soluble  phos- 
jihate.  The  analyses  of  the  river  phosphate  are  by 
'Warington,  those  of  the  calcined  phosphate  by 
llfGHES,  and  those  of  the  land  phosphate  are  the 
average  of  seven  by  Voelcker  and  four  by  Waring- 
ton. 'The  determinations  of  magnesia,  potash,  soda, 
chlorine,  and  fluorine,  in  river  phosphate,  are  from  a 
single  analysis  by  Fresenius.  The  determinations 
of  carbonic  acid  in  all  three  phosphates  are  chiefly 
from  analyses  by  Cripps. 

Sombrero  Phosphate  is  one  of  the  numerous  phos- 
phates which  are  obtained  from  the  coral  islands  of 
the  Caribbean  Sea.  These  phosphates  are  frequently 
called  Rock  Guanos;  tl.eir  origin  is,  however,  in 
several  cases  very  obscure.  Sombrero  phosphate 
is  of  high  quality,  containing  sometimes,  however,  a 
good  deal  of  alumina-;  the  later  impo’-tations  con- 
tain much  carbonate  of  calcium.  The  phosphate  is 
rapidly  approaching  exhaustion.  The  analyses  given 
are  by  Voelcker. 


Navassa  Phosphate  is  another  of  the  West  Indian 
phosphates  ; it  has  a well-marked  pisolitic  structure, 
and  is  of  a bright  red  colour.  'I’his  phosphate  con- 
tains phosphoric  acid  equal  to  from  60  to  70  pi-r 
cent,  of  tricalcic  phosphate,  a moderate  amount  of 
carbonat  of  calcium,  a rather  considerable  quantity 
of  iron,  and  a large  amount  of  alumina.  The  latter 
is  its  distinguishing  feature,  and  prevents  its  suc- 
cessful employment  for  h'.gh-class  superphosphates. 
Like  the  other  phosphates  of  its  class  it  contains 
no  fluorine.  Large  quantities  of  this  phosphate 
have  been  imported  to  England.  The  composition 
given  is  the  mean  of  four  analyses  by  Voelcker, 
and  one  each  by  Bretschneider,  Gilbert,  Ulex, 
and  AVarington 

The  chief  of  the  other  Caribbean  islands  yielding 
phosphates  are  Maracaibo  or  Monk’s  island,  from 
which  a phosphate  of  very  high  quality,  formerly 
employed  in  the  manufacture  of  Lawson’s  Phospho- 
guano,  was  obtained,  but  which  is  now  apparently 
exhausted ; St.  Martins  island,  yielding  at  the  jire- 
sent  time  an  excellent  phosphate,  but  apt  to  be  con- 
taminated with  a large  proportion  of  carbonate  of 
calcium;  Caroftm  island,  also  producing  an  excellent 
phosphate;  .iriiba  island,  yielding  a phosphate  of 
variable  quality,  and  sometimes  containing  much 
iron  and  aluminium ; Pedro  Keys  island,  and  others 
of  le.ss  importance. 

MejiUones  Guano  is  obtained  from  the  coast  of 
Bolivia;  it  is  a phosphate  of  high  quality,  very 
free  from  impurities  hurtful  to  the  manufacture 
of  super[)hosphate.  It  is  at  present  largely  used  for 
the  preparation  of  “ Biphosphated  Guano.”  The 
analyses  given  are  by  Voelcker.  Besides  the  in- 
gredients mentioned  in  the  table  the  phosphate  con- 
tained an  average  of  '89  per  cent,  of  nitrogen. 

Baker,  .Tarris,  Howland,  Malden,  and  Starbnek 
islands  belong  to  the  Pacific  Ocean  group.  Most  of 
these  phosphatic  guanos  have  been  largely  used  in 
Germany  for  the  preparation  of  high-class  super- 
phos])hates.  The  two  former  i.shinds  are  now  almost 
exhausted ; the  composition  of  their  guanos  has 
been  noticed  already  under  the  head  of  Guano. 
The  Howland  phosphate  is  still  used  for  the  manu- 
facture of  phospho-guano.  The  analyses  of  Alalden 
guano  are  by  Fittbogen,  Krocker,  ami  Von  Grote. 
This  guano  contained  ’43  per  cent,  of  nitrogen. 

We  have  now  before  us  the  com|)Osition  of  the 
principal  phosphates  employed  in  the  manufacture 
of  manure  ; we  see  that  they  contain  besides  tricalcic 
phosphate  a variety  of  other  ingredienis.  The 
reaction  of  sulphuric  acid  with  pure  tricalcic  phos- 
phate has  been,  already  considered  ; we  have  now  to 
notice  the  reactions  which  are  determined  by  the  pres- 
ence of  the  other  ingredients  of  mineral  phosphates. 

It  is  evident,  in  the  first  place,  that  all  carbonate, 
fluoride,  and  chloride  of  calcium  present  will  be 
attacked  by  the  sulphuric  acid  used,  that  sulphate 
of  calcium  will  be  produced,  and  carbonic,  hydro- 
fluoric, and  hydrochloric  acid  expelled  in  the  form 
of  gas.  This  action  is  much  aided  by  the  high 
temperature  which  the  mass  reaches  after  the  addi- 
tion of  sulphuric  acid.  It  of  course  follows  that 
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when  any  of  these  calcium  salts  are  present,  a larger 
amount  of  sulphuric  acid  must  be  used  to  render  the 
phosphate  soluble  than  is  required  by  the  amount  of 
phosphate  of  calcium  jiresent,  and  that  the  resulting 
manure  will  contain  an  excessive  quantity  of  gypsum 
over  that  yielded  by  ])ure  tricalcic  phos[)hate.  This 
dilution  of  the  product  with  gypsum  naturally 
reduces  the  percentage  of  soluble  phosphate  present, 
while  the  increased  amount  of  sulphuric  acid  con- 
sumed by  no  means  conduces  to  economy  of  manu- 
facture. On  the  other  hand,  the  evolution  of  gas 
insures  a light  porous  texture  in  the  manure — a point 
of  very  great  importance;  and  the  extra  quantity 
of  gypsum  formed  increases  the  dryness  of  the  pro- 
duct. The  presence  of  a small  quantity  of  carbonate 
in  a phosphate  is  on  the  whole  certainly  advanta- 
geous to  the  manufacturer;  excessive  quantities  are 
plainly  injurious.  Fluorides  and  chlorides,  especially 
the  former,  are  sources  of  great  annoyance  from  the 
irritating  nature  of  the  gases  evolved. 

At  the  foot  of  Table  VIII.  the  proportion  of  lime 
to  jihosphoric  acid  in  each  of  the  natural  phos- 
phates has  been  given  ; this  will  generally  give  a fair 
idea  of  the  proportion  of  calcium  salts  other  than 
phosphate  jiresent.  In  cases  where  the  mineral 
contains  sulphate  of  calcium,  the  amount  of  sulphuric 
acid  retjuired  will,  however,  be  less  than  would 
follow  from  these  figures.  In  pure  tricalcic  phos- 
phate the  jirojiortion  of  phosphoric  acid  to  lime  is 
100  ; 118  ; in  pure  apatite  the  proportion  is  100  : 131. 

Magnesia,  and  salts  of  the  alkalies,  are  usually 
present  in  quantities  too  small  to  possess  much 
influence  ; they  are  most  abundant  in  guanos. 

Ferric  oxide  and  alumina  are  ingredients  of  tlie 
greatest  moment  to  the  superphosjihate  manufac- 
turer. Phosphates  containing  iron  and  aluminium 
have  generally  a part  of  their  phosphoric  acid  in 
union  with  these  bases.  This  is  plainly  the  case 
in  some  j)hosj)hates  containing  much  iron  and  alum- 
inium. Thus  in  Sombrero  and  Navassa  phosphates 
there  is  clearly  less  lime  than  is  leqiiired  to  form 
tricalcic  pho8j)hate  with  the  jihosjihoric  acid  present; 
and  we  must  either  conclude  that  a jmrt  of  the  phos- 
phate of  calcium  is  more  acid  than  tricalcic  phosj)hate 
(which  is  improbable,  as  both  minerals  contain  car- 
bonate of  calcium),  or  that  a portion  of  the  phosphoric 
aciil  is  united  to  aluminium  or  iron.  Phosphate  of 
iron  and  aluminium  are  only  soluble  in  the  presence 
of  much  free  acid,  and  are  never  found,  save  in  very 
small  quantity,  in  the  aqueous  solution  of  ordinary 
superjfhosphatos ; they  are  thus  valueless  for  the 
production  of  soluble  phosphate.  The  lUdouila  and 
Alta  Vela  phosphates  are  examples  of  minerals  rich 
in  phosjjhate  of  aluminium,  but  quite  u.seless  to  the 
maker  of  sujierphosphate. 

The  larger  poition  of  the  iron  and  aluminium  in 
ordinaiy  j)hosj)hates  is,  however,  not  combined  with 
phosj)horic  acid;  unfortunately,  it  iloes  not  remain 
so.  If  a pho8|>hate  containing  free  ferric  oxide,  as 
Nassau  or  Navassa  j)ho8j)hate,  is  treated  with  sul- 
l)huric  acid  on  a large  scale,  the  rid  colour  of  the 
phosj)hate  is  seen  to  disajqiear  shortly  after  mixing, 
and  the  mass  becomes  white.  If  samples  of  the 


mass  be  taken  immediately  after  mixing,  and  again 
after  the  red  colour  has  gone,  it  will  be  found  that 
in  this  short  time  the  amount  of  soluble  phosjihate 
has  greatly  diminished.  The  rapidity  with  which 
the  red  colour  disajipears  depends  greatly  on  the 
temperature  of  the  nnuss.  Thus  if  similar  propor- 
tions of  phosphate  and  acid  are  mixed,  and  the  mass 
in  one  case  be  broken  and  spread  out  to  cool 
immediately  it  has  set,  and  in  the  other  case  be 
covered  and  allowed  to  retain  its  heat  for  twelve 
hours,  it  will  be  found  that  under  the  first  condi- 
tions a red  manure  is  produced  containing  far  more 
soluble  phosphate  than  the  white  manure  obtained 
by  working  on  the  second  plan.  In  an  experiment 
made  witli  Nassau  phosphate  mixed  with  85  ]>er 
cent,  of  sulphuric  acid,  sp.  gr.  1'6,  the  mass  weighing 
about  14  cwts.,  it  was  found  that  if  broken  up  and 
cooled  as  soon  as  set  tlie  manure  contained  23'75 
per  cent,  of  soluble  phosphate,  while  if  left  untouched 
for  eighteen  hours  the  amount  of  soluble  pho.sphate  was 
only  13‘55  per  cent.  The  temperature  of  the  mass 
at  tlie  end  of  eighteen  hours  was  still  70°  C.  A similar 
experiment  made  with  Navassa  phosphate  mixed  with 
its  own  weight  of  sulphuric  acid,  sp.  gr.  T6,  yielded, 
after  half  an  hour’s  standing,  30  per  cent,  of  soluble 
pliosphate,  and  after  twelve  and  a half  hour's  stand- 
ing 25'8  per  cent,  of  soluble  phosphate;  the  tempera- 
ture of  the  mass  was  then  82°.  "Wdien  ferruginous 
phosphates  are  mixed  with  sulphuric  acid  on  a small 
scale  by  iiieans  of  a pestle  and  mortar,  any  rise  of 
temperature  being  prevented  by  standing  the  mortar 
in  cold  water,  ar  higher  amounts  of  soluble  phosphate 
are  obtained  than  by  mixing  the  same  proportions 
in  bulk.  This  striking  influence  of  heat  in  promoting 
the  formation  of  ferric  and  aluminic  phosphate  is 
doubtless  due,  not  only  to  the  greater  activity  of 
re-agents  at  a high  temperature,  but  also  to  the 
fact,  already  noticed,  that  at  a high  temperature  free 
phosphoric  acid  is  largely  formed,  while  in  the  cold 
the  product  is  chiefly  monocalcic  phosphate.  Ihe 
free  phosphoric  acid  would  doubtless  attack  ferric 
oxide  and  alumina  with  far  greater  energy  than  an 
acid  calcium  salt  would  be  cajrable  of  exerting. 

The  facts  just  described  naturally  suggest  the 
treatment  of  ferruginous  jihosphates  in  tlie  cold,  or 
at  least  with  as  short  an  exposure  to  heat  as  possible. 
The  latter  method  has  been  tried  by  Lawf.s,  but  is 
unfortunately  only  temporarily  successful.  The 
manure  is  at  first  much  richer  in  soluble  phosphate 
than  that  prepared  in  the  ordinary  way ; but  it  gradu- 
ally deteriorates,  and  a few  months’  keeping  is  found 
to  jiroduce  the  same  effect  as  a few  hours’  exposure 
to  a high  temperature.  The  mechanical  condition 
of  the  manure  made  with  little  heat  is  also  inferior 
to  that  prejwred  in  bulk  at  a high  temperature. 
The  writer  believes,  however,  from  his  experiments, 
that  if  a manure  could  be  made  in  the  cold  with  a 
minimum  of  acid,  and  brought  to  a sufficiently  (Irij 
condition,  it  would  remain  for  any  length  of  time 
unaltered  ; but  if  moisture  or  excess  of  acid  be  pre- 
sent the  iron  is  sure  to  be  gradually  attacked.  The 
difficulty,  however,  of  jirejiaring  a thoroughly  dry 
manure  liy  treatment  in  the  cold  is  very  considerable. 
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The  behaviour  of  alumina  differs  in  some  import- 


ant respects  from  that  of  ferric  oxide.  Superplios- 
phate  made  from  Navassa,  anti  allowed  to  remain 
hot,  quickly  loses  its  red  colour;  but  the  reduction 
of  the  soluble  phosphate  by  the  alumina  takes  a 
much  longer  time.  Till  the  reduction  is  nearly  com- 
pleted the  manure  is  of  an  extraordinary  gluey 
consistence,  and  if  treated  with  cold  water  large 
quantities  of  alumina  pass  into  solution  ; but  after 
the  heat  has  long  continued  the  manure  becomes 
dry  and  pulverulent,  and  when  treated  with  water 
but  little  alumina  is  dissolved.  This  change  takes 
place  through  the  whole  mass  of  the  manure,  and  is 
not  connected  with  any  loss  of  water.  Whether  an 
acid  phosphate  of  aluminium  is  first  formed,  which 
afterwards  becomes  basic  by  acting  on  the  remaining 
alumina,  or  whether  some  other  explanation  is  the 
true  one,  it  is  difficult  to  say. 

The  reactions  just  described  are  in  their  results 
well  known  to  manure  manufacturers.  The  manure 
is  said  to  “ go  back,”  and  the  soluble  phosphate  to 
become  “reduced.” 

Supposing  the  ferric  oxide  and  alumina  of  a phos- 
ph.atic  mineral  to  be  entirely  converted  into  normal 
phosphates  in  the  manufacture  of  superphosphate, 
then  lOU  parts  of  ferric  oxide  will  render  887  of 
phosphoric  acid  insoluble,  equivalent  to  a loss  of  194 
of  soluble  jihosphate ; and  100  parts  of  alumina  will 
render  137-8  of  phosphoric  acid  insoluble,  equal  to 
a loss  of  3U0  of  soluble  phosphate. 

The  form  in  which  the  iron  and  aluminium  are 
present  doubtless  influences  their  action  towards  the 
phosphoric  acid.  Iron  pyrites  is  insoluble  in  acids, 
and  has  probably  no  effect  on  the  manure.  Ferrous 
silicates  have  also  probably  but  little  action.  The 
iron  of  French  and  Cambridge  coprolite,  and  of  the 
Carolina  river  phosphate,  is  thus  comparatively 
harmles.s.  Free  ferric  oxide  is,  on  the  other  hand, 
actively  injurious. 

Sand  is  the  mo.st  innocent  of  all  the  useless  in- 
gredients of  mineral  j^hosphates  ;■  it  consumes  no 
acid,  it  does  not  reduce  the  soluble  phosphate,  it  is 
simply  inert.  Sanrly  phosphates  are  thus  often  of 
more  value  than  would  appear  from  their  analysis. 
The  writer  has  known  a poor  Folkestone  coprolite, 
containing  4.o  per  cent,  of  phosphate  and  30  of  sand, 
when  treated  with  the  small  amount  of  acid  which  it 
required,  to  yield  a manure  containing  a larger  per- 
centage of  soluble  phosphate  than  was  obtained  by 
working  a 70  per  cent.  Navassa  phosphate  on  a large 
scale. 

The  composition  of  a phosphate  being  known,  it 
is.  of  course,  possible  to  calculate  the  quantity  of 
sulphuric  acid  which  will  be  required  to  render  the 
phosphate  soluble.  To  do  this  we  must  assume  that 
the  reactions  will  proceed  in  a certain  manner.  If 
we  suppose  that  monocalcic  phosphate  will  result 
from  the  action  of  the  sulphuric  acid  on  tricalcic 
phosphate,  and  that  ortho-phosphate  of  aluminium 
and  iron  will  result  from  the  reaction  with  the  oxides 
of  these  metals,  we  may  proceed  as  follows : — Reckon 
first  all  the  phosphoric  acid  as  tricalcic  phosphate; 
an  excess  of  lime  will  usually  remain.  If,  however. 


an  excess  of  phosphoric  acid  is  found,  calculate  its 
equivalence  in  alumina,  and  deduct  this  alumina 
from  the  amount  present.  We  have  then  to  find  the 
amount  of  sulphuric  acid  required  by  the  tricalcic 
phosphate,  excess  of  lime,  ferric  oxide,  and  alumina. 
On  the  assumption  already  made  it  is  only  necessary 
to  reckon  one  molecule  of  sulphuric  acid  for  each 
molecule  of  alumina  and  ferric  oxide,  as  the  sul- 
phuric acid  calculated  for  the  other  constituents  is 
sufficient  to  convert  all  phosphoric  acid  into  mono- 
calcic  phosphate,  and 

CaH4P.p8  + AI2O3  + S03=  CaSOj  + Al^PaOs  + 2H3O. 

The  magnesia  and  alkalies  present  may  generally 
be  left  out  of  consideration  ; if,  however,  they  dis- 
tinctly exceed  the  amount  of  sulphuric  acid  naturally 
present  in  the  mineral  they  must,  of  course,  be 
included  in  the  calculation.  In  phosphates  contain- 
ing sulphate  of  calcium,  the  lime  thus  combined 
must  be  subtracted  from  the  excess  of  lime  before 
reckoning  its  equivalent  in  acid.  The  data  given 
in  the  following  table  will  suffice  for  mo.st  of 
the  phosphates  used  by  the  manufacturer.  It  is 
assumed  that  chamber  acid  of  1-6  specific  gravity 
contains  00  per  cent.,  and  acid  of  specific  gravity 
1-5.5,  51-5  per  cent,  of  sulphuric  anhydride: — 


TABLE  IX. — KELATION  TO  SULPIlUIilC  ACJD  OP  THE  VARIOUS 
INGREIUENTS  OF  MIKERAL  PHOSPHATES. 


100  Parts  require. 

Sulphuric 

Anhydride. 

(S03). 

Sulphuric 

Acid. 

Sp.  Gr.  1 '60. 

Sulphuiic 

Acid. 

Sp.  Gr.  1 '55, 

'I'riciilcic  phosphate, 

51-6 

94 

100 

E.Ncess  oi  liii.e, 

142-8 

200 

277 

Ferric  oxide, 

5U-0 

91 

97 

Alumina, 

77-6 

141 

151 

In  cases  in  which  the  phosphoric  acid  is  in  excess 
of  the  lime  a further  figure  will  be  required: — - 

100  phosiihoi'ic  acid  = 72-5  alumina. 


A calculation  made  from  these  data  may  possibly 
give  too  little  acid,  as  in  practice  some  free  acid  is 
generally  found  in  superphosphate;  but  will  more 
probably  err  in  the  other  direction,  as  a part  of  the 
mineral  generally  escapes  the  action  of  the  acid.  A 
manufacturer  in  practice  will  generally  use  as  much 
acid  as  is  consistent  with  a dry  product,  but  it  is 
well  to  check  the  work  by  a calculation  such  as  has 
been  just  described. 

Another  point  to  be  considered  is  the  proper 
strength  of  acid  to  be  employed.  If  tricalcic  phos- 
phate is  acted  on  by  sulphuric  acid  with  a view  to 
form  monocalcic  phosphate  (Call^PgOg)  and  gypsum 
(CaSO^‘21I.,t)),  then  it  is  clear  that  the  sulphuric 
acid  must  be  IlgSO^  + 2II2O,  corresponding  with 
a specific  gravity  1 -65.  The  same  strength  of  acid 
would  theoretically  be  required  to  produce  free 
phosphoric  acid  (IIgP20g)  and  gypsum.  If,  how- 
ever, we  assume  with  Joulie  that  monocalcic  phos- 
phate can  only  exist  in  a hydrated  state,  having  the 
formula.  CaII^P20g,2Il20  it  then  becomes  necessary 
to  emjiloy  II.,SO^  + 311., O to  insure  its  formation. 
Sulphuric  acid  of  this  formula  has  the  specific  gravity 
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l'.5.5.  If  the  acid  is  to  act  on  carbonate  or  fluoride 
of  calcium,  sulphuric  acid,  II,,SO^  + IIoO,  specific 
gravity  17H,  will  tlieoretically  ne  the  proper  strength 
to  insure  the  formation  of  gypsum.  As  to  the 
strength  of  the  acid  proper  to  act  on  phosphates 
containing  iron  and  aluminium,  nothing  can  be  said, 
as  little  is  known  as  to  the  hydratiou  of  the  ferric 
and  aluminic  products. 

On  the  whole,  it  may  be  concluded  that  pure 
suliihuric  acid  of  the  gravity  1-55  is  the  normal 
strength  for  acting  on  pure  phosphates  ; but  that  in 
the  case  of  phosphates  containing  much  excess  of 
lime,  as  Cambridge  coprolite,  a somewh.at  greater 
strength  may  be  advantageously  employed.  It  must 
be  recollected  that  the  chamber  acid  used  by  manure- 
makers  is  alw.ays  weaker  than  its  gravity  indicates, 
as  the  gravity  is  increased  by  the  impurities  present. 
Acid  somewliat  denser  than  1’55  will  thus  be  equal 
to  this  gravity  in  pure  acid. 

A point  of  great  importance  for  the  successful 
preparation  of  superphosphate  is  the  fine  grinding 
of  the  materials  ; unless  the  phosphate  is  reduced 
to  a very  fine  powder,  the  action  of  the  acid  will  be 
incomplete.  The  following  results  obtained  with 
Nas.sau  phosphate  in  various  conditions  of  fineness, 
but  treated  in  every  case  with  the  same  proportion 
of  acid,  will  illustrate  the  subject : — 

Passed  through  38-wire  sieve, 

“ 50-wire  sieve, 23’80 

Finest  powder  wliich  could  be  ground,  . . 25'75 

No  dust  should  be  used  which  does  not  pass 
through  a sieve  of  forty  wires  to  the  inch,  and  in 
the  case  of  hard  phosphates  still  finer  grinding  is 
very  desirable.  Bone  is  never  reduced  to  powder 
when  used  as  an  ingredient  of  superphosphate,  but 
is  merely  broken  into  half  or  quarter  inch  pieces; 
the  du.st  formed  in  crushing  the  bones  being  sifted 
out  and  sold  as  bone  dust.  The  object  of  the  manu- 
facturer is  that  the  bone  shall  appear  in  the  manure. 
This  is  do!ie  solely  to  please  the  eye  of  the  consumer, 
who  is  satisfied  that  bone  has  been  used  if  he  sees 
it  visibly  present.  The  result  of  this  practice  is  that 
the  phosphate  of  the  bone  is  very  partially  acted  on 
by  the  acid,  and  such  superphosphates  are  apt  to 
diminish  in  soluble  phosphate  by  keeping. 

'I’he  richness  of  the  superphosphate  produced 
depends,  of  course,  primarily  on  the  quality  of  the 
phosphate  used,  and  the  completeness  with  which 
it  is  acted  on.  'Ihe  highest  quality  of  superphos- 
phate is  usuiilly  prepared  from  pliosphatic  guanos  : 
the  guano  of  Mejillones,  Howland,  and  Mahlen 
island  are  used  at  present  for  this  purpose.  Such 
guanos,  containing  no  excess  of  lime,  require  but 
little  acid  in  relation  to  the  phosphate  present ; and 
being  almost  free  from  iron  .and  aluminium  there  is 
no  ditrieulty  in  rendering  the  whole  of  the  phosph.ate 
soluble.  With  such  materials  it  is  possible  to  obtain 
superphosphates  containing  40  to  45  per  cent,  of 
soluble  phosphate.  * Bone  ash  is  another  excellent 

• 'I'lie  term  “ soluble  j>hosi)lmte  ” is  universally  used  for 
the  soluble  ]>bos)ihatic  matter  in  su|>er|ilios|iliate  ; by  this 
I'hrase  monocnlcic  ))hosphale  is  not  meant,  but  tricalcic  plios- 
pUiite  lemlered  aolMe. 

phosphate,  .and  one  readily  attacked  by  acid;  it  con- 
tains, however,  a small  excess  of  litne.  Bone  .ash 
will  yield  su[>erphosph.ates  containing  35  to  40  per 
cent,  of  soluble  phosph.ate.  Many  other  of  the  high 
quality  phosph.ates  mentioned  in  Table  VIII.  also 
yield  manures  rich  in  soluble  phosph.ate.  Of  the 
more  or.litt.ary  and  more  largely  used  phosph.ates, 
Carolitia  river  phosph.ate  is  the  best,  30  per  cent,  of 
soluble  phosphate  being  readily  obtainable.  With 
Cambridge  coprolite  25  per  cent,  of  soluble  phos- 
phate is  about  the  aver.age,  but  with  selected  copro- 
lites  and  fine  grinding  this  may  be  raised  to  27  per 
cent.  Bone  is  perhaps  of  all  the  ordinary  phosphates 
the  one  that  yields  the  least  soluble  phosph.ate  ; it 
contains  but  a low  percentage  of 'triciilcic  phosphate, 
and  this  in  a condition  which  is  with  difficulty 
attacked  by  acid. 

In  making  most  superphosphates  a mixture  of 
ingredients  is  employed.  It  is  usually  desired  to 
produce  a manure  containing  a certain  definite  per- 
centage of  soluble  phosphate;  with  this  view  it 
is  common  to  mix  together  a higher  .and  lower 
quality  of  phosphate.  High  quality  phosphates  .are 
for  the  s.ame  reason  sometimes  also  diluted  by  mix- 
ture with  gypsum.  The  massive  selenite  of  Rouen 
is  largely  used  for  this  purpose. 

Another  re.ason  for  mixture  is  the  desire  to  intro- 
duce nitrogen  into  the  manure.  To  attain  this 
object  the  ground  phosphate  is  mixed  with  bone, 
shoddy,  or  crude  ammonium  salts,  and  the  whole 
mixture  treated  with  sulphuric  acid.  The  m.anures 
resulting  from  such  mixtures  are  known  as  Dis- 
solved Bones,  and  Turnip  Manure.  Ammonium 
salts  containing  sulphocyanates  are  especially  suit- 
able for  use  in  this  m.anner.  These  impure  salts,  if 
applied  directly  to  the  land,  would  kill  the  crop; 
but  when  mixed  with  sulphuric  acid,  and  subjected 
to  the  heat  of  the  manure  pit,  the  sulphocyanic  acid 
is  voliitilized,  while  all  the  .ammonia  is  retained. 

Superphosphate  was  in  its  earliest  days  made  by 
hand;  various  forms  of  machinery  have  since  been 
employed  to  effect  the  mixing.  One  of  the  simplest 
and  best  forms  of  apparatus  is  that  made  by  Messrs. 
Turner  of  Ipswich.  On  Phate  I.  is  .an  engraving 
of  one  of  these  mixers.  The  drawing  represents 
the  mixing  machinery  in  use  at  the  Barking  Factory 
of  Lawes’  Chemical  Manure  Co.  The  sketch  has 
been  taken  by  their  kind  permission. 

The  pit  to  receive  the  manure  occupies  the  lower 
part  of  the  Plate;  it  is  shown  in  section,  and  extends 
to  the  right  much  further  th.an  is  represented  in 
the  drawing.  The  pit  is  a chamber  .about  33  feet 
long,  19  feet  wide,  and  11  feet  high.  The  sides 
.and  the  b.ack  end  are  formed  of  brick  walls,  the 
front  end  is  closed  by  bo.ards  when  the  pit  is  being 
filled.  The  pit  hsis  a permanent  wooden  roof,  sup- 
ported by  the  side  walls,  and  by  a series  of  wooden 
posts  (shown  in  section),  which  p.ass  down  the  centre 
of  the  pit.  The  pit  is  m.ade  tolerably  .air-tight  by 
packing  all  crevices  before  mixing  commences. 

The  mixer,  with  its  Archimedean  screw,  is  show  n in 
section.  'I’he  frame  of  the  mixer  is  made  of  wood, 
the  screw  of  iron.  At  the  left  extremity  of  the 
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mixer  is  a hopper  for  introducing  the  powdered 
phosphate,  known  as  “dust;”  in  the  drawing  the 
hopper  is  behind  the  mixer.  At  the  same  extremity 
is  the  pipe  which  delivers  the  acid  to  the  mixer. 
The  acid  tank  is  seen  on  the  extreme  left;  it  is 
filled  from  a cock  attached  to  the  main.  The  tank 
is  made  of  wood,  lined  with  lead;  it  is  provided  with 
a gauge,  by  which  ttie  quantity  of  acid  used  is  deter- 
mined ; the  exit  pipe  from  the  tank  is  closed  by  a 
plug  attached  to  a long  handle.  When  mixing  is 
to  commence,  the  charge  of  dust  being  already 
weighed  in  bags,  and  the  tank  filled  to  the  proper 
mark  on  the  gauge,  the  mixing  screw  is  set  in 
action,  and  the  delivery  of  acid  and  dust  proceeded 
with  simultaneously.  As  soon  as  all  the  materials 
are  run  in  the  cord  is  drawn  which  opens  the  valve 
at  the  right  end  of  the  mixer,  and  the  whole  charge 
is  by  the  continued  motion  of  the  screw  turned  out 
into  the  pit.  The  artist  has  represented  the  mixer 
as  being  both  charged  and  discharged  at  the  same 
time,  in  order  to  show  every  part  in  action ; of 
course,  in  practice,  charging  does  not  recommence 
until  the  exit  valve  has  been  again  closed.  A charge 
consists  of  15  cwts.  of  material.  The  operation  of 
charging  and  mixing  is  very  brief,  so  that  10  tons 
of  manure  are  easily  made  in  one  hour,  and  a con- 
siderably larger  amount  can  be  made  by  brisk  work- 
ing. The  manure  when  discharged  is  sufficiently 
fluid  to  run  pretty  equally  over  the  pit;  it  sets  in 
less  than  an  hour.  A pit  of  the  size  named  will  hold 
when  fairly  filled  about  liO  tons  of  manure. 

To  the  right  of  the  mixer  is  seen  the  ventilating 
apparatus  designed  to  carry  off  the  gases  evolved. 
The  air  in  the  ventilating  shaft  is  put  in  motion  by 
a fan  worked  by  the  bands  shown  in  the  plate.  The 
ventilating  shaft  is  connected  both  with  the  mixer, 
to  remove  the  gases  given  off  during  mixing,  and 
also  with  the  pit ; the  ventilating  shaft  from  the  pit 
is  shown  in  dotted  lines  only,  as  it  would  obstruct 
the  view  of  the  principal  shaft.  At  the  Barking 
Factory  there  are  several  pits  side  by  side,  each 
with  its  own  mixer ; but  there  is  only  one  acid 
tank,  and  one  ventilating  shaft  for  the  series,  each 
mixer  having  its  own  connection  with  the  shaft  and 
tank.  Only  one  mixer  is  used  at  a time.  The  ven- 
tilating shaft  is  made  of  wood,  covered  with  pitch 
on  the  inside. 

The  gases  given  off  during  mixing  are  carbonic 
acid,  fluoride  of  silicon,  hydrochloric  acid,  and  water, 
and  under  some  circumstances  iodine  and  sulpho- 
cyanic  acid.  Most  of  these  gases  are  extremely 
irritating  to  the  lungs,  and  very  injurious  to  health  ; 
their  perfect  removal  is  a vital  necessity.  The  gases 
are  conducted  by  the  ventilating  shaft  to  a small 
water  tower,  filled  in  some  cases  with  coke ; here 
the  acids  are  condensed  by  a stream  of  water,  and 
the  gas  is  rendered  fit  to  enter  the  atmosphere. 

A curious  dej^osit  takes  place  in  the  ventilating 
shafts ; they  become  after  a time  so  completely  choked 
with  white  flakes,  which  grow  out  from  all  sides, 
that  they  have  to  be  taken  down,  cleaned,  and  re- 
placed. These  white  flakes  consist  of  silica,  mois- 
tened with  solution  of  hydrofluosilicic  acid.  Their 


: origin  is  simply  explained.  The  mixed  water  vapour 
and  fluoride  of  silica  evolved  by  the  manure,  decom- 
pose each  other  as  they  pass  through  the  shaft, 
silica  is  deposited,  and  hydrofluosilicic  acid  formed. 

The  manure  when  thoroughly  set  is  removed  from 
the  pits  at  the  end  temporarily  closed  with  boards ; 
it  is  broken  down  with  picks,  and  may  be  at  once 
put  into  bags.  If,  however,  the  manure  is  to  be 
sown  by  drill  the  lumps  must  be  broken,  and  the 
whole  reduced  to  a fine  powder;  this  is  done  by 
passing  the  manure  through  a sieve  or  screen,  or 
by  the  use  of  Carr’s  disintegrator. 

The  character  of  superphosphates  has  greatly 
improved  of  late  years,  from  the  employment  of 
better  phosph.ates,  finer  grinding,  acid  of  proper 
strength,  and  more  effective  methods  of  mixing. 
AYay,  writing  in  1855,  states  as  the  result  of  his 
examination  of  171  samples  of  superphosphate  in 
the  preceding  three  years,  that 

6|  per  cent,  contained  less  than  5 per  cent,  soluble  phosphate. 
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He  adds,  “I  am  inclined  to  adopt  15  per  cent,  (as 
I have  done  for  some  years)  as  a fair  average  for  a 
well-made  article.”  It  is  only  fair,  however,  to  add 
that  he  is  speaking  of  manures  containing  some 
nitrogen,  and  states  that  on  an  average  1 per  cent, 
of  ammonia  will  also  be  present.  At  the  present 
time  turnip  manures  with  one-half  to  1 per  cent, 
ammonia  are  readily  procured,  containing  23  to  25 
per  cent,  of  soluble  phos[)hate,  while  cheap  mineral 
superphosphates  with  25  to  27  per  cent,  soluble 
are  equally  common.  Higher  priced  articles  may  be 
obtained  of  almost  any  quality. 

When  a superphosphate  is  to  contain  much  nitro- 
gen, the  nitrogenous  material  is  usually  added  after 
the  superphosphate  has  been  made;  this  is  a necessity 
if  the  nitrogenous  matter  is  of  a bulky  character,  or 
if  nitrate  of  sodium  is  to  be  employed.  The  sub- 
stances added  to  superphosphate,  for  the  preparation 
of  mixed  manures,  are  generally  crystallized  sulphate 
of  ammonium,  Odling’s  gas  ammonia,  nitrate  of 
sodium,  dried  blood,  or  shoddy  and  other  inferior 
materials.  If  a highly  concentrated  manure  is  to  be 
prepared,  crystallized  sulphate  of  ammonium  must  be 
employed,  this  being  the  material  richest  in  nitrogen 
at  the  manufacturer’s  command;  for  ordinary  mixed 
manures  nitrate  of  sodium  or  crude  ammonium  salts 
are  largely  employed. 

Mixtures  of  ammonium  salts  and  superphosphate 
are  very  satisfactory  and  permanent;  the  mixtures 
' with  nitrate  of  sodium  are  permanent  oidy  when 
; carefully  made.  If  nitrate  of  sodium  is  mixed  with 
I a high  quality  superphosphate  that  is  at  all  damp, 

I the  nitrate  is  apt  to  be  attacked  by  the  acid  of  the 
, manure,  red  fumes  are  evolved,  the  mass  becomes 
very  hot,  and  great  mischief  may  ensue.  This  is 
especially  the  c.ase  if  the  proportion  of  superphos- 
phate is  large  in  proportion  to  the  nitrate.  The  diffi- 
culty may  be  avoided  by  adding  a very  small  quantity 
of  sified  slaked  lime,  or  some  dry  gypsum,  when  the 
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mixture  is  made.  Ammonium  salts  and  nitrate  of 
sodium  sliould  on  no  account  be  employed  in  the 
same  manure.  The  mixture  of  sulphate  of  am- 
monium and  nitrate  of  sodium  is  very  hygroscopic 
(nitrate  of  ammonium  is  evidently  formed) ; the 
heating  of  the  mixture  in  the  presence  of  super- 
phosphate is  also  more  energetic  than  with  nitrate 
only. 

The  ingredients  of  mixed  manures  are  united  by 
passing  them  through  a screen,  or  through  Caiip.’s 
disintegrator.  These  mixed  nitrogenous  manures  are 
known  as  “wheat,”  “barley,”  “mangold,” and  “potato” 
manures.  If  intended  for  autumn  application  nitrate 
of  sodium  should  not  be  employed  in  such  mixed 
manures ; for  spring  manures  it  is  a most  valuable 
ingredient. 

Having  described  the  manufacture  of  superphos- 
phate, and  of  kindred  artificial  manures,  we  must 
add  a few  words  as  to  the  manurial  value  of  their 
constituents. 

Superphosphate  supplies  to  the  soil  large  quanti- 
ties of  phosphoric  acid,  sulphuric  acid,  and  lime,  and 
in  the  case  of  a mixed  manure  also  some  nitrogen. 
In  analyses  of  superphosphate  the  phosphoric  acid 
is  given  in  two  forms — as  soluble,  and  as  insoluble 
phosphate.  The  soluble  phosphate,  we  have  already 
seen,  consists  of  monocalcic  phosphate  with  some 
free  phosphoric  acid.  When  applied  to  the  land  the 
soluble  phosphate  is  dissolved  by  rain,  and  distri- 
buted more  or  less  throughout  the  surrounding  soil. 
When  thus  brought  in  contact  with  fertile  soil,  the 
soluble  phosphate  is  more  or  less  speedily  precipi- 
tated. This  precipitation  is  brought  about  either 
by  the  carbonate  of  calcium  of  the  soil,  or  by  the 
hydrateil  ferric  oxide  and  alun>ina  present.  In  the 
first  case  a more  or  less  insoluble  phosphate  of 
calcium,  and  in  the  second  case  a basic  phosphate 
of  iron  or  aluminium,  is  pro  iuced.  In  all  soils  con- 
taining ferric  oxide  and  alumina  it  would  appear  that 
even  when  the  first  precipitation  is  brought  about  by 
calcium  carbonate,  yet  by'  slow  degrees  the  greater 
part  of  the  phosj)horic  acid  is  transferred  to  iron 
and  aluminium.  As  basic  phosphates  of  iron  and 
aluminium  are  cerbiinly  forms  of  phosphoric  acid 
which  can  be  only  slowly  appropriated  by  plants,  it 
is  evident  that  the  main  effect  of  soluble  phosphate 
must  be  yielded  within  a short  time  of  its  application. 

'I’he  imsoluble  phosphate  of  superphosphate  was 
formerly  supposed  to  consist  simply  of  the  original 
phosphate  of  the  material  which  had  escaped  the 
action  of  the  acid  ; we  now  know  that  the  insoluble 
phosphates  consist  partly,  and  in  some  superphos- 
l)hates  largely,  of  “ reduced  phosphates,”  which,  we 
have  already  seen,  are  phosphates  of  iron  and  alum- 
inium. The  insoluble  phosphates  of  superphosphates 
may  be  classed  as — calcium  ])hosphates  less  basic  than 
tricalcic  j)ho.sphate,  umacted-on  bone,  precipitated 
phosphates  of  iron  and  aluminium,  and  unacted-on 
mineral  phosphate.  The  manurial  value  of  these 
various  kinds  of  insoluble  phosphate  will  doubtless 
st.and  in  the  order  in  which  we  have  named  them. 
It  has  been  argued  by  some  chemists  that  the 
manurial  value  of  reduced  phosphate  must  be  equal 
voi..  II. 


to  that  of  soluble  phosphate,  because  soluble  phos- 
phate becomes  itself  reduced  after  contact  with  S(ul. 
We  must  recollect,  however,  that  soluble  phosphate 
is  first  dissolved  and  distributed  through  a consi  ler- 
able  bulk  of  soil  before  reduction  takes  place.  'I'his 
facility  of  distribution  is  the  main  cause  of  the  great 
value  of  soluble  manures,  and  is  entirely  wanting  in 
the  case  of  ready-formed  reduced  phosphates.  If 
only  for  this  reason,  reduced  phosphate  must  have 
a far  lower  manurial  value  than  soluble  phosphate. 
Although  the  insoluble  phosphate  of  superphosphate 
plainly  consists  of  phosphates  of  different  value, 
cl'emical  analysis  is  unfortunately  unable  to  dis- 
tinguish satisfactorily  between  them,  or  to  ascertain 
the  quantity  of  each. 

Besides  soluble  and  insoluble  phosphates,  super- 
phosphate contains  a large  amount  of  gypsum.  The 
proportion  of  gypsum  is  of  course  greater  where  the 
phosphates  have  originally  contained  an  excess  of 
calcium,  either  as  carbonate  or  fluoride.  As  this  gyp- 
sum is  in  a very  fine  state  of  division,  it  forms  an 
important  constituent  of  the  manure,  and  for  some 
soils  and  crops  ad<ls  considerably  to  its  value. 

The  nitrogenous  matter  of  turnip  manure,  and  other 
mixed  superphosphates,  may  also  have  very  different 
manurial  values.  If  the  nitrogen  exist  in  the  form 
of  ammonia  or  nitric  acid,  it  will  be  in  tlie  highest 
degree  available  for  the  plant’s  use ; if  present  as 
the  animal  matter  of  bone  or  blood,  it  will  also  be 
entirely,  but  more  slowly,  available  as  manure.  If 
the  nitrogen  occur  as  woollen  fibre  (shoddy),  it  will, 
if  the  fibre  exists  entire,  be  more  slowly  available 
than  the  nitrogen  of  bone.  Shoddy  is,  however, 
very  completely  disintegrated  when  mixed  with  sul- 
phuric acid  and  a phosphate,  and  subjected  to  the 
heat  of  the  manure  pit.  Shoddy  also  readily  dis- 
solves in  hot  chamber  acid,  and  has  sometimes  been 
used  in  this  state  in  the  preparation  of  turnip 
manures.  The  changes  w'hich  woollen  fibre  suffers 
by  solution  in  sulphuric  acid,  or  by  contact  with 
acid  in  the  manure  pit,  are  little  understood,  and  it 
is  impossible  to  say  what  may  be  the  manurial  value 
of  the  nitrogenous  substances  produced.  According 
to  Bhaconnot,  the  action  of  sulphuric  acid  on  wool 
gives  rise  to  a variety  of  nitrogenous  products.  By 
chemical  analysis  of  a manure,  the  quantity  of 
rea<!y-forrned  ammonia  and  nitric  acid  can  easily  be 
ascertoined.  The  quantity  of  nitrogen  present  in 
organic  combinations  is  more  ditficult  of  estimation, 
and  the  particular  source  and  actual  condition  of 
such  nitrogen  can  very  seldom  be  ascertained. 

Giijisinn  is  a manure  supplying  lime  and  sulphuric 
acid  to  the  soil.  The  waste  gypsum  of  tarhuic  acid 
works,  and  of  candle  factories,  is  commonly  employed 
in  the  composition  of  manures.  Native  gypsum 
usually  contains  a small  quantity  of  carbonate  of 
calcium.  As  porous  soils  are  continually  losing 
sulphate  of  calcium  by  drainage,  gyj)sum  is  on  such 
soils  a generally  useful  manure,  though  of  limited 
effect.  Crops  such  as  clover  and  turnips,  which 
contain  much  sulphur,  are  those  most  benefited  by 
its  application.  We  have  already  seen  that  super- 
phosphate contains  a lanre  amount  of  gypsum  ; w'here 
^ 48 
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tlierefore  superpho.sphate  is  used,  applications  of 
gypsum  are  unnecessary. 

Lime,  with  Chalk  and  Marl,  are  manures  largely 
used ; the  plant  food  whicli  they  supjdy  is  mainly 
limited  to  one  element — lime;  small  quantities  of 
j)hosphoric  acid  may,  however,  also  be  sui)plied. 
Lime  prepared  from  dolomite  will  also  furnish  a 
considerable  amount  of  magnesia.  On  soils  naturally 
destitute  of  lime  these  manures  are  very  valuable, 
as  sujiplying  the  missing  element;  but  in  the  majority 
of  cases  the  beneficial  influence  of  lime  is  due  to  its 
mechanical  and  chemical  action  within  the  soil.  The 
addition  of  lime  to  clay  soil  effectually  disintegrates 
the  clay,  and  thus  produces  very  beneficial  results. 
The  chemical  effects  of  lime  consist  in  promoting 
the  oxidation  of  humus,  and  in  liberating  a portion 
of  the  combined  potash  and  phosphoric  acid  of  the 
soil ; the  quantity  of  available  plant  food  within  the 
soil  being  thus  increased.  The  presence  of  lime  is  also 
essential  to  the  exerci.se  of  the  absorptive  power  of 
soils,  at  least  as  far  as  a large  class  of  manurial  con- 
stituents are  concerned.  Lime  is  also  probably  neces- 
sary for  the  assimilation  by  the  plant  of  such  salts 
as  sulphate  and  chloride  of  ammonium.  The  best 
lime  and  chalk  is  that  which  breaks  up  most  thoroughly 


on  the  land.  The  waste  lime  from  the  purifiers  of 
gas  works  is  on  the  whole  of  inferior  value,  and  may 
be  injurious  if  not  first  thoroughly  exposed  to  air 
before  use. 

Putasifiwn  Salts, — The  means  at  the  farmer’s  dis- 
posal for  restoring  to  the  land  the  potash  removed 
by  sale  of  crops,  or  for  enriching  naturally  poor  soil 
with  this  element,  were  till  within  the  last  twelve  or 
thirteen  years  very  limited.  The  farmer  had  in  most 
cases  to  rely  on  the  importation  of  purchased  food 
to  be  consumed  by  stock  upon  the  laud,  or  to 
employ  small  applications  of  vegetable  ashes.  The 
discovery  of  large  beds  of  potassium  salts  at  Stass- 
furt  in  Prussia,  and  at  Leopoldshall  in  Anhalt,  has 
happily  placed  moderately  cheap  potash  manures  at 
the  farmer’s  disposal.  The  potash  beds  at  Stassfurt 
•and  Leopoldshall  are  about  150  feet  thick,  and  rest 
on  the  surface  of  an  enormous  deposit  of  rock  salt. 
The  native  potassium  salts  are  of  very  various  com- 
position, and  contain  much  chloride  and  sulphate  of 
magnesium,  and  common  salt.  From  the  crude  salts 
Dr.  Frank  succeeded  in  obtaining  potassium  salts 
of  considerable  purity.  The  general  percentage  com- 
position of  the  potash  manures  at  present  prepared 
at  Stassfurt  is  given  by  E.  Wolff  as  follows; — 


TABLE  IX. — AVERAGE  PERCENTAGE  COMPOSITIO.V  OF  GERMAN  POTASH  SALTS. 


PotA-sh 

Guarauteed. 

Potassium 

Sulphate. 

Potassium 

Chloride. 

M.aruesium 

Sulphate. 

Ma'jiiesiuiji 
Chloride  ami 
Ma',uiesia. 

Sotiium 

Chloride. 

Potash  manure 

“ concentrated, 

10-P2 
2.5— ‘26 

18-25 

22—26 

19—22 

15 — 25 
15 — ‘20 

3—6 

3—6 

S5-.55 

20—35 

“ three  times  concentrated, 

30-34 

— 

48—55 

5—10 

3—6 

30-50 

“ tour  times  concentrated 

38-42 

— 

60—67 

— 

3 — 6 

30—40 

“ five  times  concentrated 

50 — 55 

— 

80-85 

— 

3—6 

10— ‘20 

Crude  potassium  magnesium  sulpliate, 

Leopoldshall  (Aidialtj  Kainit, 

15—17 

13-14 

27—30 

23—25 

— 

25— .30 
25—30 

3 — 6 
(?) 

25—40 

30—45 

Kainit,  and  calcined  k linit  (tl  e latter  is  called  in 
the  table  ‘‘crude  pota.-siuin  maenesium  sulphate”), 
are  the  potash  manures  most  largely  employed  in 
this  countiy.  Kainit  in  its  pure  state  has  the  com- 
position KCl  -b  Mg.SO^  -f  3H2O,  or,  according  to 
other  chemi.sts,  the  elements  are  arranged  as  K.,SO^ 
-f  l\IgSO_j -b  MgClg  + GIL,0.  Kainit  should  thus  con- 
tain just  19  per  cent,  of  potash.  It  is,  however, 
very  rarely  found  pure,  being  intimately  associated 
with  carnallite  (KCl  -b  iSIgCl^  + 611., 0).  common  salt, 
or  chloride  of  magnesium  ; its  composition  is  thus 
very  various.  Kainit  is  superior  in  quality  the 
smaller  the  amount  of  chloride  of  magnesium  present, 
the  latter  salt  being  very  hygroscopic.  Kainit  is  for 
the  same  reason  improved  by  calcination,  by  which 
not  only  is  water  lost  and  the  .salt  rendered  more 
concentrated;  but  the  chloride  of  magnesium  is  to 
some  extent  deconqiosed,  and  caustic  magnesia 
formed.  The  Anhalt  mines  yield  the  largest  amount 
of  kainit. 

Kainit  is  clearly  a bulky  manure,  supplying  only  a 
very  moderate  amount  of  potash ; large  quantities  of 
it  cannot  also  be  employed  at  once,  as  an  excess  of 
any  soluble  salt  is  injurious  to  plants.  It  jiroduces 
its  greatest  effect  when  applied  with  superphosphate 
to  light  land ; thus  applied  it  sometimes  produces 


considerable  effects  on  pasture,  and  on  leguminous 
and  root  crops. 

Wao'l  Ash  is,  where  it  can  be  obt  lined  in  quantity, 
an  excellent  potash  manure.  The  ash  of  pine  wood 
contains,  according  to  Wolff,  about  6 per  cent,  of 
potash,  and  the  ash  of  ordinary  deciduous  timber 
10  per  cent.;  4‘5  to  6‘5  per  cent,  of  phosphoric  acid 
is  also  present.  The  principal  ingredient  of  wood 
ashes  is  carbonate  of  calcium.  The  ash  of  small 
boughs,  twigs,  and  leaves  is  much  richer  in  potash. 

Common  Salt. — This  substance  is  occasionally  em- 
ployed as  a manure.  The  ingredients  it  supplies — 
chlorine  and  sodium — are  both  of  doubtful  efficacy 
as  plant  food.  Salt  has,  however,  in  some  cases  a 
beneficial  effect  from  its  action  within  the  soil,  by 
which  small  quantities  of  ammonia,  potash,  and  other 
ingredients  of  plant  food  are  liberated  for  the  plant’s 
use.  Commercial  salt,  if  tolerably  free  from  insol- 
uble impurities,  is  sufficiently  good  for  all  agricul- 
tural purposes. 

We  have  now  completed  our  description  of  the 
manures  employed  in  agriculture.  AVe  treateil,  in 
the  first  place,  of  the  exports  of  a farm,  which  neces- 
sitate the  return  to  the  land  of  the  more  important 
of  the  ingredients  removed;  we  have  now  completed 
a review  of  the  various  imports,  natural  and  artifi- 
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cial,  by  which  in  modern  agriculture  the  fertility  of 

on  its  capacity  for  appropriating  it.  Every  plant 

the  land  i.s  restored  or  raised  to  a point  higher  than 

has  strong  and  weak  points  in  its  powers  of  assimila- 

before.  We  have  next  to  inquire  what  principles 

tion,  and  it  is  the  part  of  a skilful  husbandman  to 

should  govern  the  use  of  these  manures? 

be  acquainted  with  these,  and  to  assist  the  plant 

If  a crop  has  just  removed  from  the  soil  a certain 

with  manure  where  it  is  naturally  weakest. 

quantity  of  nitrogen,  phosphoric  acid,  potash,  or 

It  is  easy  to  illustrate  by  examples  the  diffe  rence 

other  constituents,  should  the  farmer  at  once  en- 

in  the  feeding  powers  of  different  crops.  Legumin- 

deavour  to  return  the  lost  matter  to  the  land  ? Or, 

ous  plants  are  well  able  to  supply  themselves  with 

when  the  farmer  is  desirous  of  preparing  land  for 

nitrogen,  and  to  attain  a vigorous  growth  in  soils 

the  growth  of  a particular  crop,  ought  he  to  manure 

which,  unless  artificially  dressed  with  nitrogenous 

the  soil  with  all  the  constituents  of  that  croit,  or  at 

manure,  would  yield  very  poor  crops  of  wheat  or 

least  with  those  constituents  which  it  contains  in 

barley.  Experience,  again,  has  amply  shown  the 

preponderating  quantity? 

efficacy  of  phospliatic  manures  for  turnijis,  and  the 

These  two  principles  of  restoration  and  manuring 

generally  small  effect  of  potash  ; yet  the  turnip  crop 

are  those  which  naturally  first  occur  to  the  scientific  really  contains  four  or  five  times  more  potash  than 

student  of  the  subject ; they  have  been  put  forward 

phosphoric  acid.  It  is  evident,  therefore,  that  the 

by  clever  theorists  as  being  the  only  sound  and 

turnip  can  appropriate  the  potash  of  the  soil  far 

rational  principles  of  action  ; but,  in  fact,  they  are 

more  readily  than  the  phosphoric  aeid,  and  an 

foreign  to  all  good  agricultural  practice,  would  pro- 

artificial  supply  of  easily  - assimilated  phosphates 

duce  but  inferior  results  if  fully  carried  out,  and  in 

becomes,  in  most  cases,  the  economic  'manuring 

most  cases  would  be  attended  with  an  expense  that 

demanded  by  this  crop.  We  may  illustrate  the 

must  always  prevent  their  general  adoption.  Man- 

same  fact  from  the  cereals.  Cereal  crops  are  the  least 

uring,  according  to  these  principles,  would  lead  us 

nitrogenous  of  all  the  crops  grown  by  the  farmer. 

to  ajiply  an  abundant  dressing  of  silica  for  a wdieat 

yet  they  stand  in  most  need  of  artificial  suj>plies  of 

crop,  to  treat  turnips  with  a heavy  dressing  of 

nitrogen.  On  soils  yielding  to  analysis  considerable 

potassium  salts,  and  to  supply  red  clover  and  beans 

quantities  of  nitrogen,  wheat  is  frequently  a very 

with  twice  tis  much  nitrogen  as  would  be  given  to 

poor  crop ; while  the  application  to  this  land  of  a 

1 

wheat  or  barley.  The  principle  of  complete  restora- 

small  quantity  of  a soluble  nitrogenous  manure  may 

tion  would  teach  us  to  manure  our  clover  leys  with 

at  once  double  the  produce.  Cereals  have,  com- 

the  immense  amount  of  nitrogen  removed  in  the 

pared  with  other  crops,  little  power  of  assimilating 

crop,  and  scrupulously  to  return  to  our  clay  land 

nitrogen;  economic  manuring  clearly,  therefore,  re- 

the  silica  and  potash  furnished  by  it.  Such  modes 

quires  that  in  their  case  the  supply  of  available 

of  proceeding,  we  need  hardly  say,  would  be  agricul- 

nitrogen  should  receive  special  attention. 

tural  folly. 

The  special  manuring  which  we  have  just  pointed 

'I'he  true  economical  princi(ile  of  manuring  is  to 

out  to  be  most  consistent  with  economy  is  not 

supplii  the  soil  with  the  element  or  elements  in  which  it  is 

attended  with  exhaustion  of  the  soil,  if  a proper 

relatirely  deficient,  in  respect  oj  the  requirements  of  the 

rotation  is  followed.  Land  which  receives  super- 

crop  it  is  intended  to  (/row.  A good  clay  soil,  for 

phosphate  for  one  crop,  nitrate  of  sodium  for  a 

instance,  or  one  derived  from  igneous  rocks,  is 

second,  and  farm-yard  manure  for  a third  or  fourth 

generally  rich  in  available  potash,  and  contains 

crop,  is  not  exhausted  by  this  treatment ; a complete 

minerals  which,  by  their  decomposition,  are  continu- 

manuring  has  been  given ; all  the  important  con- 

ally  yielding  fresh  supjdies  of  that  substance.  To 

stituents  removed  in  the  crops  have  been  restored ; 

ap|ily  potassium  salts  to  such  a soil  is  practically 

but  the  manure  has  been  distributed  according  to  the 

to  throw  the  manure  away,  as  no  return  will  be 

special  necessities  of  the  individual  crops,  and  has 

obtained  from  the  expenditure.  Where  a soil  is 

consequently  yielded  the  most  economical  results. 

characteristically  rich  in  any  element  of  plant  food. 

Having  made  it  evident  that  the  special  characters 

the  supply  of  that  element  may  clearly  be  dis- 

of  a crop  must  be  known  if  manure  is  to  be  econ- 

Iiensed  with. 

omically  applied,  we  cannot  do  better  than  present 

Hut  not  only  does  the  character  of  economic  manur- 

our  readers  with  a brief  account  of  the  results  yielded 

ing  depend  on  the  composition  of  the  soil,  it  depends 

by  Lawes’  field  experiments  at  Rothamsted,  in  Hert- 

also  on  the  requirements  of  the  crop.  AVhatare  the 

fordshire,  which  supply  by  far  the  best  information 

special  food  requirements  of  any  crop  cannot  be  i eter- 

we  have  on  this  part  of  our  subject.  The  results 

mined  from  its  conqiosition,  as  we  should  at  first 

obtained  at  Rothamsted  will  further  serve  to  illus- 

naturally  suppose ; they  can  be  ascertained  only  by  a 

trate  other  very  important  facts  belonging  to  the 

study  of  the  crop  during  growth.  It  is,  indeed,  quite 

action  of  manures. 

true  that  a crop  must  be  supplied  with  (dl  the  ingredi- 

The  soil  at  Rothamsted  is  a heavy  loam  containing 

cuts  which  enter  into  its  composition  ; but  this  truth 

flint;  it  rests  on  clay,  with  a chalk  subsoil  about 

is  largely  governed  in  practice  by  the  fact  that  differ- 

G feet  from  the  surface.  The  general  plan  of  the 

ent  orders  of  plants  have  very  different  capacities 

field  experiments  is  to  grow  the  same  crop  year  after 

for  obtaining  food,  and  the  more  carefully  croj>s  are 

year  on  the  same  land.  The  fields  are  divided  into 

studied  the  more  does  this  distinctive  character  of 

jilots,  each  of  which  is  constantly  manured  in  the 

each  appear.  The  luxuriance  of  a crop  thus  depends 

same  manner.  'I’he  whole  of  the  produce  is  removed 

not  merely  on  the  quantity  of  food  in  the  soil,  but 

from  the  soil.  By  this  mode  of  proceeding  the  per- 
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majient  effect  of  each  system  of  manuring  becomes 
apparent,  and  exhaustion  or  accumulation  is  made 
evident;  the  effect  of  season  is  also  shown,  and 
trustworthy  averages  are  obtained. 

Whidt  Exjieninciils. — The  first  experimental  crop 
of  wheat  was  taken  in  1844;  since  then  the  field  has 


borne  wheat  every  year.  As  the  manuring  was 
somewhat  variable  in  the  earlier  years  of  the  experi- 
ment, we  will  take  for  the  purpose  of  average  results 
the  period  of  twenty  years,  18.o2— 71.  The  following 
table  gives  the  average  produce  on  some  of  the 
principal  plots  during  this  period: — 


TABLE  X. — AVERAGE  rKOlJlICE  OF  WHEAT  PER  ACRE  DURING  TWENTY  YEARS. 


Plot 

Numbeia. 

manures  per  Acre. 

Dressed 

Corn. 

Straw  and 
Chau. 

Total 

Produce. 

Corn  to 
100  Straw. 

Weight  i>er 
Buahel  ot 
Dressed  Coru. 

3 

Unmauured 

Bushels. 

Ui 

Cwts. 

16 

Lhs. 

2 65 

64-4 

Lbs. 

574 

1 

Alkali  salts 

134 

2607 

619 

584 

0 

Siijierpliosj.hate, 

Ui 

2819 

06’5 

584 

5 

Mixed  cinereals 

17 

154 

2740 

6.6-0 

10  a 

Ainmoniimi  salts,  100  llis., 

224 

2l| 

386.6 

5H-0 

67^ 

11 

“ 400  Ills.,  with  snperi'hnsphate, 

28 

204 

47-6 

60-4 

574 

7 

“ 400  Ihs.,  with  mixed  cinereals, 

354 

6187 

56-5 

6a  1 

96 

Nitrate  ot  sodium,  ,to0  Ihs., 

28,* 

4819  * 

52-5 

564  * 

9 a 

“ 650  Ihs.,  with  mixed  cinereals, 

384  t 

43,  t 

7325  t 

50-1 

59  t 

2 

Farm-yard  manure,  14  tons, 

354 

334 

6004 

60-4 

60 

* Mean  of  nineteen  years. 

The  first  point  shown  by  the  table  is,  that  it  is 
quite  possible  to  grow  good  crops  of  wheat  on  the 
same  land  without  intermission  if  .suitable  manure 
be  applied.  Wheat  has  now  (1877)  been  grown  for 
thirty-four  seasons  on  this  field,  and  on  such  plots 
as  7,  9o,  and  2,  good  crops  are  always  obtained  if 
the  season  is  a favourable  one. 

M'e  learn  further  that  purely  inorganic  manures, 
as  the  mixture  apjilied  to  9u,  are  all  that  is  demanded 
for  the  nutriment  of  the  crop.  The  produce  of  plot 
9«  exceeds,  indeed,  that  of  fann-yard  manure  on 
plot  2.  Wheat  is  thus  clearly  capable  of  obtaining 
from  the  atmosphere  all  the  carbon  it  requires,  even 
when  heavy  crops  are  produced. 

The  above  results  show  with  equal  plainness,  that 
wheat  is  not  capable  of  obtaining  from  the  atmo- 
sphere a quantity  of  nitrogen  sufficient  to  produce 
a full  crop.'  That  the  whole  supply  of  nitrogen  from 
the  atmosphere  is  inadequate  for  this  purpose,  is 
shown  by  the  results  on  plot  i).  The  mixed  cinereals 
applied  to  this  plot  consist  of  superphosphate  of 
lime,  and  the  suljihates  of  potassium,  sodium,  and 
magnesium  ; with  the  exception,  therefore,  of  silica, 
all  the  important  ash  constituents  of  the  crop  are 
abundantly  furnished,  while  no  nitrogen  is  sujiplied. 
That  an  artificial  supply  of  silica  is  not  required  by 
the  wheat  crop,  is  shown  by  the  results  on  plots  7 
and  9(7,  where  good  crops  are  produced  without  any 
silica  being  afiplied.  The  evidence  on  this  point 
becomes  still  stronger  when  we  recollect  that  the 
exhaustion  of  silica  on  these  plots  has  been  enormous, 
the  whole  of  the  produce  being  annually  removed. 
The  average  produce  on  plot  <5,  by  the  manure  sup- 
plying only  the  ash  constituents  of  the  wheat  crop, 
is  seen  to  be  17  bushels  jier  acre  ; this  amount  is 
clearly  a measure  of  the  quantity  of  nitrogen  obtained 
by  the  w'heat  croji  from  the  atmos|)here  and  soil 
under  ordinary  conditions  of  climate  and  tillage. 
'I'he  quantity  of  nitrogen  thus  assimilated  from 
natural  sources  is  about  22  lbs.  per  annum.  Mlien 
to  this  manure,  supplying  only  the  ;ish  constituents 
of  the  wheat,  nitrate  of  sodium  or  ammonium  salts 


t Mean  of  seventeen  years. 

are  added  (plots  9«  and  7),  the  produce  is  at  once 
more  than  doubled  ; the  nitrogen  necessary  for  a full 
crop  being  thus  artificially  supplied. 

These  results  are  of  great  importance,  as  disprov- 
ing Liebig’s  “nnneral  theory,”  a theory  which  was 
at  one  time  widely  held.  In  1843  Liebig  published 
the  third  edition  of  his  “ Organic  Chemistry,  in  its 
Applications  to  Agriculture  and  Physiology.”  In 
this  work  he  says — “Cultivated  plants  receive  the 
same  quantity  of  nitrogen  from  the  atmosphere  as 
trees,  shrubs,  and  other  wild  pkints ; and  this  is 
quite  sufficient  for  the  purposes  of  agriculture.”  lie 
further  says — “ Is  fertility  not  quite  independent  of 
the  ammonia  conveyed  to  the  soil?  If  we  evaporated 
urine,  dried  and  burned  the  solid  excrements,  and 
supplied  to  our  land  the  salts  of  the  urine  and  the 
ashes  of  the  solid  excrements,  would  not  the  culti- 
vated plants  grown  on  it — the  Gramiuex  and  Legu- 
minusx — obtain  their  carbon  and  nitrogen  from  the 
same  sources  whence  they  are  obtained  by  the 
Gramincx  and  Leguiniiwsx  of  our  meadows?  There 
can  scarcely  be  a doubt  with  regard  to  these  ques- 
tions, when  we  unite  the  information  furnished  by 
science  to  that  supplied  by  the  practice  of  agricul- 
ture.” The  question  is  summed  up  by  saying — “The 
crops  on  a field  diminish  or  increase  in  exact  pro- 
portion to  the  diminution  or  increase  of  the  mineral 
substances  conveyed  to  it  in  manure.”  Baron  Liebig 
here  clearly  maintixined  the  uselessness  of  nitrogen 
or  carbon  as  an  ingredient  of  manures,  and  ascribed 
the  increased  produce  resulting  from  manuring  solely 
to  the  ash  constituents  which  the  manure  supplied.  It 
is  also  evident  from  a comparison  of  the  last  two 
quotations,  and  many  others  might  be  added,  that 
by  the  term  “mineral”  he  designated  the  ash  con- 
stituents of  plants,  as  opposed  to  the  combustible 
nitrogenous  and  carbonaceous  matters  which  they 
contain.  The  origimd  mineral  theory  was  amply 
disproved,  both  by  the  e.xact  experiments  at  Roth- 
amsted,  and  by  general  farm  practice.  It  is  sad  to 
have  to  add  that  in  liiter  years  Liebig,  instead  of 
acknowledging  his  mistake,  asserted  that  by  the  term 
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‘‘minerals”  he  included  ammonia  and  nitric  acid! 
The  mineral  tlieory  of  his  later  life  was  simjdy  tliat 
tlie  food  of  plants  was  purely  inorganic,  a statement 
the  general  truth  of  wliich  no  one  disputes. 

AVe  have  seen  that  the  a.sh  constituents  of  wheat 
yielded  when  aj)plied  alone  but  17  bushels  of  grain  ; 
this  was  the  measure  of  the  nitrogen  naturally 
available.  On  turning  to  plots  10a  and  '9/y,  we  see 
the  produce  yielded  by  nitrogenous  manures  supply- 
ing none  of  the  important  ash  constituents;  the 
produce  here  is  plainly  a measure  of  the  ash  con- 
stituents naturally  available.  The  much  larger 
crops  obtained  on  these  plots  than  were  obtained 
by  supplying  asli  constituents  only,  proves  that  the 
natural  supply  of  ash  constituents  in  the  soil  was 
considerably  more  effective  than  the  natural  supply- 
of  nitrogen.  This  relation  between  the  two  is  at 
the  present  date  still  very  manife.st  on  the  experi- 
mental field,  although  the  exhaustion  of  the  soil  of 
ash  constituents  on  plots  lOo  and  9/^  has  become 
enormous.  Since  1844  plot  10a  has  received  none 
of  the  ash  constituents  of  the  wheat  crop,  and  the 
whole  of  the  j'roduce  has  been  removed  from  the 
land.  The  soil  of  this  plot  has  lost  by  thirty  years’ 
wheat  cropping  probably  about  470  lbs.  of  phos- 
phoric acid,  and  C80  lbs.  of  potash  per  acre  : a loss 
of  ))ho.sphoric  acid  which,  accorditig  to  Table  III., 
would  only  occur  in  fifty-five  years  of  ordittary 
rotation,  and  a loss  of  potash  equivalent  to  one 
hundred  and  thirty-three  years  of  the  same  rotation. 
Notwith.stonding  this  exhaustion,  which  would  never 
take  place  in  actual  practice,  the  available  cinereal 
food  in  the  soil  still  considerably  exceeds  the  .avail- 
able nitrogenous  food  ; and  this  will  be  found  to 
hold  true  in  the  majority  of  cases  in  which  cereal 
crops  are  cultivated,  and  consequently  manuring 
with  nitrogen  will  produce  a far  greater  effect  on 
these  crops  than  manuring  with  cineretils. 

It  is  seen  by  the  tiible  that  on  adding  super- 
phosphate to  the  ammonium  salts  the  produce  is 
raised  5^  bushels,  and  by  further  .adding  salts  of 
pot.assium,  sodium,  and  magnesium,  the  produce  is 
ncreased  by  another  7^  bushels.  Such  an  increase 


as  this  will  very  rarely  be  obtained  in  ordinary 
pr.actice,  the  soil  in  the  pre.sent  case  being  far  more 
exhaus;ed  of  cinereal  food  than  under  the  ordinary 
conditions  of  farming.  It  will,  however,  getierally 
be  found  th.at  a mixture  of  phosphates  and  nitrogen 
for  cereal  croj)S  is  decidedly  more  economical  than 
a purely  nitrogenous  manuring.  AVith  reganl  to 
the  large  increase  obtained  by  the  use  of  alkali  salts, 
we  may  mention,  th.at  in  experiments  not  included 
in  the  table,  potassium,  so(lium,  and  magnesium 
sulph.ate  were  .separate/;/  employed,  each  of  them  in 
mixture  with  superphosphate  and  400  lbs.  of  ammo- 
nium s.alls.  The  result  in  twenty  years  did  not 
show  that  one  of  these  salts  was  superior  to  the 
other.  It  would  appear  consequently  that  the 
wheat  plant  wiis  excellently  able  to  supply  itself  with 
potash,  and  that  the  effect  of  the  alkali  salts  was 
simply  to  render  the  pl.int  food  of  the  soil  more 
available.  Common  salt,  as  is  well  known,  is  occa- 
sionally applied  to  wheat  with  excellent  effect.  It 
probably  brings  into  use  the  residues  of  pirevious 
man  uring. 

The  experiments  quoted  in  the  table  show  the 
effect  of  nitrogen  in  three  forms — as  ammonia,  nitric 
acid,  and  ordinary  farm-yard  manure.  Supposing 
the  ammonium  salts  and  nitrate  of  so  lium  to  con- 
tain 5 per  cent,  of  impurities,  the  former  (a  mixture 
of  equal  parts  chloride  and  sulphate)  would  supply 
90  lbs.  and  the  latter  8(5  lbs.  of  nitrogen.  The  farm- 
yard manure  is  estim.ated  to  contain  200  lbs.  of 
nitrogen.  It  is  evident  from  the  relative  weight  of 
the  crops,  that  the  large  quantity  of  nitrogenous 
matter  in  dung  is  really  not  so  effective  as  the  far 
smaller  quantity  supplied  in  the  form  of  ammonia 
or  nitric  acid.  The  nitrogen  in  dung  exists  chiefly 
as  org.anic  compounds  ; these  have  to  undergo  oxida- 
tion in  the  soil  before  they  can  be  assimilated  by  the 
pl.ant.  The  action  of  dung  is  thus  always  slow,  and 
is  limited  by  the  extent  to  which  the  soil  is  .aei'ated. 

liarle;/  Experiments. — In  Table  XI.  is  given  the 
average  produce  during  twenty  years  (1852-71)  of 
some  of  the  moi’e  characteristic  plots  of  the  barley 
field 


T,Vm,E  XI.  — AVERXOE  PROnUCE  OF  BARLEY  PER  ACRE  DURING  TWENTY  TEARS. 


Plot 

Nuiu.-ers. 

MAiiures  per  Acre. 

Dressed 

Coni. 

Straw  and 
Cliatt'. 

• Total 
Produce. 

Coni  to 
lUO  Straw. 

Weight  per 
Bushel  of 
Dressed  Coni. 

1 0 

No  inamire 

Bushels. 

20 

Cwts. 

iij 

Lbs. 

24,64 

86-6 

Lbs. 

52-3 

3 0 

Alkali  salts, 

22a 

12i 

2641 

92-4 

53-0 

•2  0 

huiieriiliosiiliate, 

m 

2931 

97-1 

53-2 

40 

Mixed  ciiicruids, 

•275 

14if 

3162 

90-4 

53-4 

1 A 

Aminoninm  salts,  ‘200  lbs., 

3-2i 

IHA 

3019 

89-2 

52  1 

3 A 

“ ‘200  lbs.,  with  alkali  salts 

3.T 

204 

4317 

86-3 

52-8 

‘2  A 

“ 200  lbs.,  with  sU|)or|)bos]diate, 

47 

27-J 

5700 

80-8 

53-5 

4 A 

“ 200  lbs.,  with  mixed  cinereals, 

401 

28A 

5817 

83-2 

54  0 

1 0 

Rape  cake  (mean,  1300  lbs.}, 

4.H 

•265 

5571 

87-3 

53-8 

7 

Farm-yard  manure,  14  tons, 

48i 

284 

5933 

88-5 

54-3 

AA'ith  barley,  ns  with  wheat,  there  is  no  difficulty 
in  growing  a continuous  series  of  crops  if  suitable 
manure  be  applied.  The  sufficiency  of  inorganic 
food  for  a cereal  crop,  and  the  in.adequate  character 
of  the  atmospheric  supply  of  nitrogen,  are  also 
shown  as  plainly  in  the  barley  experiments  as  in 


those  with  wheat.  These  points  will  not  require 
fresh  discussion. 

It  will  be  noticed  that  the  addition  of  superphos- 
phate to  the  ammonium  salts  (plot  2a)  produces  a 
much  larger  increase  of  crop  than  is  the  case  with 
wheat ; and  that  the  further  addition  of  alkali  s.alts 
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(plot  4a)  fails  to  increase  the  crop,  although  in  the 
case  of  wheat  the  alkali  salts  were  most  effective. 
We  should  gather  from  these  results,  that  the  shorter- 
rooted  and  shorter-lived  barley  had  rather  less 
capacity  than  wheat  for  obtaining  phosphates  from 
the  soil.  That  barley  has  a greater  capacity  than 
wheat  for  supplying  itself  with  alkalies  may  be  true, 
but  can  scarcely  be  proved,  as  the  considerable  effect 
of  the  alkalies  on  the  wheat  crop  appears  to  be  due 
to  some  secondary  action.  The  barley  plots  manured 
with  superphosphate  are  found  to  ripen  one  or  two 
weeks  earlier  than  the  corresponding  plots  without 
superphosphate. 

In  the  barley  field  nitrogen  is  applied  as  nitric 
acid,  ammonia,  rape  cake,  and  farm-yard  manure. 
As  in  the  wheat  field,  the  nitrogen  in  the  form  of 
nitric  acid  or  ammonia  is  seen  to  be  far  more  effec- 
tive than  the  nitrogen  of  farm-yard  manure.  The 
rape  cake  was  applied  at  the  rate  of  2000  lbs.  per 
acre  during  the  first  six  years,  and  at  the  rate  of 
1000  lbs.  per  acre  afterwards : the  cake  supplied 
more  nitrogen  than  either  the  ammonium  salts  or 
nitrate.  The  smaller  dressing  of  1000  lbs.  of  rape 
cake  would  contain  about  48  lbs.  of  nitrogen,  while 
200  lbs.  of  ammonium  salts  would  contain  about  45 
lbs. ; 1000  lbs.  of  rape  cake  would  also  supply  about 
25  lbs.  of  phosphoric  acid  and  13  lbs.  of  potash.  Owing 
to  the  presence  of  these  important  ash  constituents, 
rape  cake,  when  applied  alone,  gives  a better  return 
than  either  ammonium  salts  or  nitrate  of  sodium  ; 
but  when  the  ammonium  salts  or  nitrate  are  mixed 
with  superphosphate,  they  then  produce  a larger 
crop  for  the  amount  of  nitrogen  applied  than  is 
yielded  by  the  rape  cake,  even  when  the  latter  is 
also  mixed  with  superphosphate.  Rape  cake  is  an 
excellent  manure,  especially  for  light  land.  Its 
nitrogen  is  in  the  form  of  organic  compounds,  but 
is  far  more  available  than  the  nitrogen  of  farm-yard 
manure,  being  associated  with  far  less  carbonaceous 
matter,  and  thus  more  readily  oxidised  in  the  soil. 
Of  all  the  nitrogenous  manures  applied  to  wheat 


and  barley,  nitrate  of  sodium  is  apparently  the  most 
effective. 

A comparison  of  the  results  obtained  with  wheat 
and  barley  shows  that  barley  yields  a better  return 
than  wheat  for  the  same  amount  of  nitrogen  applied. 
When  ammonia  is  not  employed  in  excess,  and  a 
sufficient  amount  of  cinereal  food  is  present,  Lawes 
and  Gilbeht  reckon  that  5 lbs.  of  ammonia  will  on 
an  average  yield  1 bushel  of  wheat  and  its  usual 
proportion  of  straw,  and  that  lbs.  of  ammonia 
will  yield  in  the  same  way  1 bushel  of  barley.  Or  the 
same  weight  of  total  produce  is  obtained  by  the  appli- 
cation of  14  lbs.  of  ammonia  to  wheat,  and  9 lbs.  to 
barley.  In  tlie  experiments,  however,  from  which 
these  calculations  were  made,  the  ammonium  salts 
are  applied  to  wheat  in  the  autumn  and  to  barley 
in  the  spring;  any  loss  of  manure  from  winter  drain- 
age falls  therefore  upon  the  wheat,  and  not  on  the 
barley  crop. 

As  barley  yields  a greater  return  for  nitrogen 
applied  than  wheat,  it  follows  that  an  amount  of 
niti'ogenous  manure,  not  more  than  sufficient  for 
a wheat  crop,  will  be  excessive  for  a barley  crop 
grown  under  similar  circumstances,  and  this  is  fully 
borne  out  by  the  Rothamsted  experiments. 

Further  evidence  of  the  greater  capacity  of  barley 
for  appropriating  the  nitrogen  of  the  soil,  is  shown 
by  the  greater  weight  of  produce  which  it  yields 
with  purely  cinereal  manures.  The  total  produce  of 
wheat  with  mixed  cinereal  manure  was  2746  lbs. ; 
with  barley,  3162  lbs.  per  acre.  The  barley  crop  was 
not  only  heavier,  but  contained  much  more  nitrogen. 
The  unmanured  barley,  and  the  other  barley  plots 
receiving  no  nitrogen,  have  considerably  fallen  off 
in  produce  during  the  later  years  of  the  experiment, 
from  the  gradual  exhaustion  of  the  nitrogen  of 
the  soil. 

Oat  Experiment.  — The  experiments  with  oats 
(Black  Tartarian)  are  on  a more  limited  scale  than 
those  with  wheat  or  barley.  The  average  produce 
of  five  years  (1869-73)  is  given  in  Table  XII. 


TABLE  XII.  — AVERAGE  PRODUCE  OP  0 ITS  DURING  FIVE  YEARS. 


Plot 

Numbers. 

Manures  per  Acre. 

Dressed 

Corn. 

Straw  and 
Chart'. 

Total 

Produce, 

Co’’M  to 
lUU  Straw. 

Weiglit  per 
Bushel  ui 
Dressed  Cuni. 

1 

No  manure, 

Bushels. 

VJi 

Cwts. 

lO^j 

L1>9. 

1088 

72 

Lb». 

s.ii 

2 

Mixed  einereala 

24^ 

2.732 

70 

35 

3 

Ammonium  salts,  400  IBs., 

47 

28^ 

51 

65 

35-J 

4 

Nitrate  of  Sodium,  ,u5  1 Uis., 

27, 

5110 

60 

5 

Ammonium  salts,  400  IBs.,  witli  mixed  eiiiereals, 

59 

71(50 

58 

37 

6 

Nitrate  of  soilium,  .-j.'iO  IBs.,  witli  mixed  cinereals, . . . . 

o7p 

35 

0347 

67 

3.5f 

The  manures  exhibit  the  same  general  results  as  made  with  wheat,  barley,  and  oats.  In  every  case 
in  the  wheat  and  barley  experiments.  The  un-  ^ the  crop  was  abundantly  supplied  with  the  necessary 
manured  produce,  and  the  produce  with  cinereal  \ ash  constituents,  and  the  increase  due  to  the  nitro- 
manure,  is,  however,  distinctly  smaller  than  with  I genous  manure  was  ascertained  by  subtracting  from 
the  other  cereal  crops.  The  crops  with  purely  ! the  produce  yielded  by  the  mixed  nitrogenous  and 
nitrogenous  manures  are  large,  only  a limited  ex-  [ cinereal  manure  that  given  on  other  portions  of  the 
haustion  of  the  soil  having  as  yet  taken  place.  | field  by  the  cinereal  manure  alone.  The  results  of  the 

Lawes  and  Gilbeut  have  determined  the  pro-  calculation  are  shown  in  Table  XIII.  The  figures  for 
portion  of  nitrogen  which  is  under  various  circum-  | wheat  and  larley  are  the  average  of  twenty  years’ 
stances  recovered  in  cereal  crops  for  one  hundred  ' experiment;  the  figures  for  oats  are  the  average  of 
supplied  in  the  manure  ; the  experiments  have  been  tliree  years  only,  and  are  consequently  less  reliable. 
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TAUI.E  XIII.— NlTliOGEN  KEtOVEliEl)  IN  THE  INCREASE  FOR  100  SCriM.IED  IN  MANURE. 


Mamu’es  per  Acre. 

Wheat. 

Barley. 

Oats. 

Ciiiereals  and  aniinoniimi  salts  (41  lbs.  nitrogen), 

32-4 

48-1 



“ “ lbs.  nitrogen), 

— 

49-8 

— 

“ “ (82  lbs.  nitrogen) 

32-9 

— 

51-9 

“ “ (123  lbs.  nitrogen), 

31  5 

— 

— 

“ “ (164  lbs.  nitrogen), 

28-5  * 

— 

— 

“ and  sodium  nitrate  (82  IIjs.  nitrogen), 

46-3 

— 

50-4 

“ and  rape  cake  (61-75  lbs.  nitrogen), 

— 

3G*3 

— 

Farm-yard  manure  (about  20o  lbs.  nitrogen), 

14-6 

10-7 

— 

* Average  of  thirteen  years. 


The  experiments  with  wheat  are  the  most  complete. 
M'e  see  that  when  the  amount  of  ammonia  applied 
to  the  land  exceeds  82  lbs.  of  nitrogen  (400  lbs. 
ammonium  salts*)  per  acre,  the  proportion  assimi- 
lated by  the  crop  diminishes.  The  best  result  of  all 
is  obtained  with  nitrate  of  sodium,  which  being  sup- 
plied as  a top  dressing  in  spring  suffers  no  loss  from 
winter  drainage.  Farm-yard  manure  is  seen  to  yield 
a very  low  return  for  the  amount  of  nitrogen  which 
it  contains. 

liarley  gives  a better  return  for  the  nitrogen  ap- 
plied than  wheat.  The  ammonium  salts  are  always 
applied  to  the  barley  field  in  the  spring,  and  would 
be  expected,  therefore,  to  yield  a better  crop  than 
the  autumn  applications  in  the  wheat  field.  The 
spring  dressings  of  ammonia  to  barley  are  seen,  how- 
ever, to  yield  a greater  return  than  even  the  spring 
dressings  of  nitrate  to  wheat,  a clear  proof  of  the 
greater  assimilating  powers  of  barley.  In  the  case 
of  farm-yard  manure  the  figures  show  a less  return 
of  nitrogen  in  the  barley  than  in  the  w'heat  crop; 
but  the  comparison  is  not  a fair  one,  the  wheat  plot 
having  received  dung  for  nine  years  longer  than 
the  barley  plot,  and  therefore  po.ssessing  a greater 
accumulation  of  manure. 

Oats  apparently  yield  the  best  return  for  the 
nitrogen  applied ; but  the  experiment  in  this  case 
is  too  brief  for  the  result  to  be  insisted  on. 

It  is  evident  from  the  facts  just  quoted  that  cereal 
cro|)S  assimilate  only  a small  part  of  the  nitrogen 
supplied  to  them  in  manure.  The  unused  nitrogen 
is  partly  accumulated  in  the  soil,  and  partly  lost  by 
drainage,  and  possibly  in  other  ways.  The  value 
of  the  nitrogen  left  in  the  soil  for  subsequent  crops 
depends  on  the  character  of  the  manure  from  which 
it  is  derived,  and  the  nature  of  the  crop  w’hich  fol- 
lows it.  The  immense  nitrogenous  residues  remain- 
ing from  farm-yard  manure  have  a very  considerable 
and  lasting  effect  on  subsequent  crops.  This  is 
shown  at  Rothamsted  in  experiments  on  barley, 
grass,  and  roots.  Residues  of  rape  cake  have  also 
a very  distinct  effect  on  following  crops.  The  action 
of  ammonium  salts  or  nitrates  is,  how'ever,  almost 
confined  to  the  first  year  of  application.  Experi- 
ments in  the  barley  field  show  that  large  residues 
Irom  previous  dressings  of  ammonium  salts  and 
nitrate  of  sodium  will  produce  a small  increase  in 

* I, AWES  bikI  Gilbert  assume  timt  400  lbs.  of  ammonium 
salts,  and  .'i.'iO  lbs.  of  iiitiate  of  sodium,  will  each  supplv  about 
82  lbs.  of  nitrogen;  the  amount  really  supplied  is,  perhaps, 
rather  mure. 


subsequent  crops,  the  effect  of  the  residues  being 
spiead  over  many  years.  In  the  wheat  field  mucli 
larger  re.sidues  of  ammonia  have  yielded  only  small 
and  rapidly-diminishing  results.  On  one  plot  in  the 
wheat  field  as  much  as  800  lbs.  of  ammonium  salts 
had  been  applied  ])cr  acre  for  thirteen  years,  with  a 
liberal  cinereal  manure;  of  the  very  large  quantity 
of  ammonium  so  applied  only  28-^  per  cent,  was 
recovered  in  the  crop.  The  annual  application  of 
ammonia  was  then  stopped,  and  the  plot  left  uii- 
maniired.  The  total  produce  obtained  in  seven 
subsequent  years  only  exceeded  by  37|  bushels 
the  produce  of  land  which  had  been  long  cropped 
without  ammonia.  Of  this  37f  bushels,  resulting 
from  the  residue  of  previous  manuring,  19j  bushels 
were  obtained  in  the  first  year  after  stopping  the 
manure;  the  effect  in  the  following  six  years  was 
thus  extremely  small.  M’beat  is  apparently  less 
capable  of  making  use  of  nitrogenous  residues  than 
barley. 

Analyses  of  the  soils  of  the  w'heat  field  to  a depth 
of  27  inches  prove  that  a considerable  amount  of 
the  unused  nitrogen  is  stored  up  in  the  soil,  but 
clearly  in  a condition  little  available  for  the  wheat 
plant.  A still  larger  amount  of  the  nitrogen  applied 
has,  however,  disappeared ; the  greater  part  of  this 
has  apparently  been  washed  into  the  subsoil  in  the 
form  of  nitrates. 

The  wheat  field  is  tile-drained,  each  drain  passing 
under  the  middle  of  a plot;  the  drain  water  has  been 
from  time  to  time  collected  and  analyzed.  The 
winter  drain  water  from  the  plots  receiving  am- 
monium salts  in  tlie  autumn  generally  contains  more 
than  1 part  of  nitrogen  in  100,000;  the  nitrogen  (as 
nitrates)  in  the  drain  ■water  being  greatest  where 
most  ammonia  has  been  applied.  In  one  instance 
the  nitrogen  present  reached  7'84  per  100,000.  The 
late  spring  and  summer  drainage  contains  only  a 
trace  of  nitrates.  The  drain  water  from  the  plots 
manured  with  nitrate  of  sodium  is  richest  in  nitrogen 
in  the  spring,  shortly  after  the  application  of  the 
manure.  In  one  instance  the  amount  of  nitrogen  in 
the  drain  water  from  these  plots  reached  5'38  per 
100,000.  It  is  evident  from  these  results  that  the 
ammonium  salts  applied  to  a soil  are  quickly  con- 
verted into  nitrates,  and  that  large  quantities  of 
nitrogen  may  be  lost  by  the  washing  out  of  these 
nitrates  in  heavy  rains.  Lawes  and  GiLntRT  cal- 
culate that  if  the  drain  water  contains  1 part  of 
nitrogen  in  100,000,  there  will  be  a loss  of  2‘2G  lbs. 
of  nitrogen  per  acre  for  every  inch  of  rain  tiiat 
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p.issL'S  below  the  range  of  tlie  roots.  The  drain 
gauges  at  Rothamsted  show  that  one-third  of  the 
rainfall  may  pass  below  a depth  of  40  inches ; this 
will  cliiefly  occur  in  winter,  when  there  is  little 
evaporation  from  the  surface.  The  practical  lesson 
from  these  valuable  investigations  is  clearly  that 
soluble  nitrogenous  manures  should  not  be  applied 
to  land  until  the  crop  is  ready  to  appropriate  them. 

From  the  plot  receiving  farm-yard  manure  every 
year  very  little  drain  water  ever  runs,  the  soil  having 
become  porous  and  capable  of  holding  much  water; 
the  diain  water  when  collected  contains  compara- 
tively bu»  little  nitrate.  On  this  plot  there  is  appar- 
ently a considerable  loss  of  nitrogen  wliich  cannot 
be  accounted  for  by  drainage.  It  seems  likely  that, 
in  the  decomposition  of  the  organic  matter  in  the 
presence  of  only  a limited  amount  of  oxygen,  a part 
of  the  nitrogen  has  been  evolved  in  the  form  of 
nitrogen  gas. 

Cinereal  manures  are,  like  nitrogenous  manures, 
only  partly  appropriated  by  growing  crojis.  The 
effect  of  the  residues  of  cinereal  manures  upon 
subsequent  wheat  crojis  has  been  studied  at  Rotham- 
sted. There  is  no  doubt  that  residues  of  super- 
phosphate and  alkalies  are  not  nearly  so  effective  as 
fresh  applications  of  these  manures;  but  such  residues 
are  certainly  capable  of  jiroducing  a much  greater 
effect  than  corresponding  residues  of  ammonia  or 
nitrates.  There  is  practically  no  loss  of  the  phos- 
phates, and  but  little  of  the  potash,  applied  to  a 
fertile  soil;  the  part  unused  by  the  crop  remains 
stored  in  the  upper  layers  of  the  soil.  Hermann 
VON  Liebig  has  examined  the  wheat  soils  of  Roth- 
amsted after  twenty-two  years’  application  of  manure, 
lie  found  the  accumulation  of  the  phosphoric  acid 
and  potash  to  be  chiefly  in  the  first  9 inches  of  sur- 
face soil;  none  had  apparently  passed  below  the 
second  9 inches. 

Paxture  Experiment/!. — We  may  now  leave  the 
cereals,  and  pass  to  the  experiments  on  permanent 
pasture.  These  experiments  were  commenced  in 
18.o6  in  Rothamsted  Park,  and  have  now  (1877) 
reached  their  twenty-second  season.  Table  XIV. 
shows  the  average  quantity  of  hay  yielded  by  the 


more  important  jilots  during  twenty  years;  the 
figures  refer  solely  to  the  summer  cutting,  the  autumn 
growth  being  fed  off  on  the  land,  or  otherwise  re- 
turned to  it. 

TABI.E  XIV.— AVERAGE  I'RonUCE  OF  HAY  nUlil.NO  TWENTY 
YEARS. 


Plot 

N uiu  bers. 

Manures  i>er  Acre. 

Hay. 

Cwts. 

3 

No  manure 

21i 

4-1 

Superi'liosjihate, 

2-4 

7 

Mi.xcd  ciiiervals 

5 

Ammonium  >alts,  400  lb<. 

2(5i 

4-2 

J Ammonium  salts,  400 
t superphospiiate, . . . . 

lbs.. 

with  1 

3^ 

9 

J Ammonium  salts,  400 
( mixed  cuiereais,  . . 

lbs.. 

with 

51 

1.5 

Nitrate  of  sotlium,  550  lbs 

• 

14 

J Nitrate  of  sodium,  550 
( mixed  ctnereals,  . . . 

lbs., 

with  1 

....  r 

57  » 

* Average  of  eigliteen  years. 


The  results  obtained  in  these  experiments  with 
permanent  pasture  cannot  be  quite  so  simply  inter- 
preted as  those  of  the  crops  already  considered,  from 
the  fact  that  the  herbage  of  a pasture  is  of  a mixed 
character,  and  contains  many  species  of  plants 
which  are  differently  acted  on  by  manure.  To  such 
an  extent  has  the  growth  of  certain  classes,  and  even 
certain  species  of  plants,  been  affected  by  the  char- 
acter of  the  manuring,  that  the  appearance  of  the 
various  plots  became  wholly  different  shortly  after 
the  commencement  of  the  experiments.  In  one  plot 
clover  became  abundant,  in  others  it  entirely  dis- 
appeared ; certain  free  growing  grasses  and  weeds 
also  became  characteristic  of  special  plots.  To  inves- 
tigate this  influence  of  manures  on  the  character  as 
well  as  on  the  amount  of  the  herbage,  Messrs.  Lawes 
and  Gilbert  have  instituted  periodical  botanicid 
analyses,  in  which  the  number  of  species  on  each 
plot,  and  the  proportion  of  each  to  the  totol  herbage, 
is  carefully  ascertained.  The  average  results  ob- 
tained in  the  botanical  analyses  of  1862,  1867,  and 
1872  for  three  plots,  will  sufficiently  illustrate  the 
subject  for  our  present  purpose. 


TABLE  XV. — AVERVOE  NUMBER  OP  SPECIES,  AND  PERCENT  VGE  BOTANICAL  COMPOSITION  OF  HAY  VARIOUSLY  MANURED. 


No  Manure. 

Mixed  CinerealB. 

Ammonia  and  Ciuereals.  * 

Number  of 
Species. 

Pcrcentaj^e  Com- 
position of  Hay. 

Number  of 
Species. 

Percentage  Com- 
iwsition  of  Hay. 

Number  of 
Species. 

Percentage  Com- 
position of  Uay. 

Graminaceous  herbage 

17 

66-66 

17 

57 -.59 

13 

94-11 

l.eguminous  herbage 

4 

8-27 

4 

25  72 

1 

-01 

Miscellaneous  herbage 

27 

25-08 

21 

16-69 

7 

.5-88 

Total, 

48 

100-00 

42 

100-00 

21 

100-00 

• On  this  plot  800  lbs.  ol  ammonium  salts  are  ajiplied  per  acre. 


We  see  that  manuring  diminishes  the  number  of 
species  growing  on  a pasture,  the  plants  which  profit 
most  by  the  manuring  choking  by  their  vigorous 
growth  the  more  delicate  species.  The  mixed  cine- 
real manure  which  supplies  no  nitrogen  is  seen  to 
favour  to  a remarkable  degree  the  growth  of  clovers. 
Indeed,  in  1872  the  leguminous  herbage  on  this  plot 


amounted  to  39‘8  per  cent,  of  the  whole  produce. 
This  development  of  clover  is  plainly  associated  with 
the  presence  of  [lOtash  in  the  manure;  for  on  another 
plot,  where  only  the  potassium  salts  are  omitted,  the 
clover  is  quite  small  in  quantity.  Nitrogenous  man- 
ures of  all  kinds  favour  the  growth  of  the  grasses,  and 
exterminate  other  kinds  of  herbage.  With  liberal 
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flressinfrs  of  ammonium  salts  clover  is  practically 
destroyed,  even  when  the  manure  supplies  an  abun- 
dance of  jiotash.  We  must  therefore  remember,  in 
discussing  the  produce  by  various  manures,  that  the 
crops  obtained  from  the  nitrogenous  manures  are 
almost  purely  graminaceous,  while  tliat  yielded  by 
the  mixed  cinereal  manure  is  largely  leguminous. 

The  ap])licat:on  of  superphosphate  alone  to  the 
park  land  is  seen  to  increase  the  produce  but  very 
little.  The  addition  of  alkali  salts  to  the  super- 
{)hosphate  largely  increases  the  crop,  though  no 
nitrogen  is  applied.  The  increase  includes  both 
clover  and  grass. 

Ammonium  salts  alone  yield  a very  poor  crop. 
I'he  roots  of  grass  are,  in  fact,  shorter  than  those 
of  wheat  or  barley,  and  are  thus  much  less  capable 
of  collecting  the  required  ash  constituents  from  the 
soil.  Nitrate  of  sodium  applied  alone  yields  a far 
better  result  than  ammonium  salts.  The  nitrate 
has  apparently  developed  the  growth  of  deeply- 
rooted  grasses ; these  are  of  course  better  able  to 
collect  the  cinereal  food  of  the  soil.  From  ap- 
parently the  same  cause  the  nitrate  ]Jots  are  found 
to  suffer  much  less  from  drought  than  those  receiv- 
ing ammonia.  One  reason  of  the  ill  effects  of 
ammonium  salts,  when  applied  alone  for  many  years, 
is  probably  due  to  the  great  lo.ss  of  lime  which  the 
surface  soil  suffers.  As  the  plant  assimilates  am- 
monia only,  the  acid  of  the  ammonium  salt  must 
combine  wi^i  the  carbonate  of  calcium  of  the  soil, 
forming  soluble  compounds,  which  are  washed  into 
the  subsoil.  Not  only  is  the  surface  soil  thus  deprived 
of  the  lime  n quired  as  plant  food,  but  it  must  also 
be  recollected  that  in  the  absence  of  carbonate  of 
calcium,  ammonia,  if  couibined  with  acids,  becomes 
less  effective  as  a manure.  The  application  of  nitrate 
of  sodium  will  not,  like  ammonium  salts,  occasion 
a loss  of  lime,  nor  will  it,  like  them,  fjroduce  an 
acid  condition  of  the  soil.  The  nitrate  of  sodium 
will,  in  fact,  leave  a residue  of  carbonate  of  sodium 
in  tlie  soil,  the  plant  assimilating  more  nitric  acid 
than  sodium.  The  carbonate  of  sodium  thus  left  in 
the  soil  is  probably  efficacious  in  setting  free  the 
cinereal  food  which  the  soil  contains. 

The  addition  of  superphosphate  to  ammonium 
salts  decidedly  increases  the  crop  of  hay,  but  the 
produce  even  then  does  not  equal  that  of  nitrate  of 
sodium  employed  alone.  The  further  addition  of 
alkali  salts  to  the  ammonia  and  superphosphate  has 
a much  greater  effect,  and  largely  increases  the  pro- 
duce of  hay.  Meadow  haj^  is  a crop  contaiiiing 
much  more  potash  than  crops  of  wheat  or  other 
cereals ; and  since  it  has  far  shorter  roots  to  collect 
potash  with,  it  is  not  surprising  that  potash  manures 
should  produce  a considerable  effect  on  exhausted 
pasture.  Nitrate  of  sodium,  with  mixed  cinereals, 
is  seen  to  give  a somewhat  better  result  than  the 
corresponding  plot  receiving  ammonia. 

There  are  among  the  park  experiments  several  of 
great  interest  which  we  have  not  describeil ; enough 
has,  however,  been  said  to  show  the  general  cliarac- 
ter  of  a hay  crop.  If  grass  is  continually  mown  for 
hay,  care  must  evidently  be  taken  to  supply  the  land 
voi,.  It. 


with  the  lime  and  potash  which  the  crop  requires, 

J and  which  it  is  less  capable  of  obtaining  for  itself 
1 than  any  other  crop  on  the  farm.  Farm-yard  7nanure 
[ furnishes  the  natural  means  of  restoring  the  potash 
! removed  in  the  crop.  Wood  ashes  may  also  be  used 
with  great  advantage.  We  have  seen  tliat  vith 
purely  cinereal  manures  the  clover  of  the  pasture  is 
considerably  developed  ; maximum  crops  of  hay  are, 
however,  only  obtained  by  the  united  use  of  nitro- 
genous manures  with  cinereals. 

Bian  Ex/ierimenls. — M'e  turn  next  to  the  Rotham- 
sted  experiments  with  leguminous  crops,  and  first  of 
beans.  The  field  experiments  with  beans  were 
commenced  in  1847.  I'he  crop.s,  after  a few  years, 
considerably  diminished ; in  consequence  of  this, 
and  of  the  foulness  of  the  land,  the  first  series  of 
experiments  concluded  in  1859.  The  following- 
table  shows  the  average  results  on  three  of  the 
principal  plots  during  twelve  seasons  (1847-58): — • 


TAIILE  XVI. — AVEKAGK  rnOPUCK  OK  BEANS  PER  ACRE 
DURING  TWELVE  YEARS. 


No. 

Manures  per  Acre. 

Dressed 

Corn. 

Total 

Straw. 

Total 

Produce. 

Com  to 
1 00  Straw. 

1 

No  mamiro, 

Bushels. 

Cwts. 

Lbs. 

96-8 

2 

S'lperpliosiiliale, .... 

* ^ 8 

n 

2016 

88-7 

3 

Itlixed  cinereals,  .... 

214 

12 

27y-2 

lOG'o 

The  figures  in  the  table  show  that  no  increase  of 
crop  was  obtained  by  tiie  use  of  superphosphate 
alone,  but  that  on  adding  salts  of  potassium,  sodium, 
and  magnesium  to  the  superphosphate  a consider- 
ably greater  produce  followed.  AVe  have  just  seen 
the  striking  effect  produced  by  potassium  salts  in 
developing  the  growth  of  clover  on  pasture  land. 
Potassium  salts  seeni,  indeed,  to  be  especially  effective 
for  all  leguminous  ci-ofis.  AVe  shall  see  presently  the 
same  fact  illustrated  in  the  experiments  Av,th  red 
clover. 

The  results  obtained  by  applying  ammoniacal  man- 
ures to  beans  are  shown  in  the  following  table,  which 
gives  the  average  amount  of  the  crops  during  the 
first  five  years.  1847-51,  after  which  the  application 
of  ammonia  was  stopi>ed  : — 


TABLE  XVII.— AVERAOK.  PRODUCE  OF  BEANR  PER  ACRE 
DURINO  FIVE  YEARS. 


No. 

Manures  per  Acre. 

Dressed 

Com. 

Total 

Straw. 

Bushels. 

Cwts. 

1 

2 

254 

144 

144 

Su|)tTj)hos]»]>aie, 

3 

Mixed  cinereals 

314 

2t| 

18 

4 

141 

1.54 

M 

0 f 

Ammonium  salts,  200  lbs.,  with') 

superiihosphate, j 

Ammonium  salts,  ‘200  lbs.,  with  ) 

334 

19 

mixed  cinereals, ) 

AA'ith  ammonium  salts  alone  the  produce  is  not 
greater  than  on  the  unmanured  plot;  and  ammonium 
salts  mixed  with  cinereal  manures  produce  scarcely 
a larger  crop  than  the  cinereal  manures  applied 
alone.  Ammonia  is,  indeed,  practically  without 
49 
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effect,  a result  in  striking  contrast  with  the  facts 
observed  in  the  case  of  the  cereals  and  grasses. 

In  1860  the  bean  field  was  fallowed,  and  a crop 
of  wheat  afterwards  taken  ; the  experiments  with 
beans  were  then  resumed,  nitrate  of  sodium  being 
employed  in  place  of  ammonium  salts.  The  results 
W'ere  similar  to  those  previously  obtained.  The 
mixed  cinereal  manure  produced  a relatively  greater 
effect  owing  to  the  increased  exhaustion  of  the 
unmanured  land.  The  nitrate  was  decidedly  more 
beneficial  than  the  ammonium  salts,  but  the  increase 
obtained  by  its  use  was  irregular.  All  the  combina- 
tions of  manures  tried  failed  to  maintain  a crop  of 
tolerable  amount. 

The  character  of  the  bean  crop  is  seen  to  be  very 
different  from  that  of  the  crops  hitherto  considered. 
Its  indifference  to  nitrogenous  manures ; the  consider- 
able increase  obtained  by  supplying  ash  constituents 
only ; and  the  fact  that  the  crop  cannot  be  indefinitely 
repeated  with  success  on  the  same  land,  even  with 
ample  manuring — are  all  points  in  which  it  greatly 
differs  from  the  cereals  and  grasses,  but  in  which  it 
agrees  with  clover  and  other  crops  belonging  to  the 
order  Leuumiiiosx. 

The  indifference  of  leguminous  crops  to  nitro- 
genous manures  becomes  the  more  remarkable  when 
we  remember  the  large  amount  of  nitrogen  which 
enters  into  their  composition.  The  small  crop  of 
beans  yielded  by  purely  cinereal  manure  (plot  3) 
must  have  contained  during  twelve  years  an  average 
of  71  lbs.  of  nitrogen,  a quantity  equivalent  to  a wheat 
crop  of  47  bushels.  Yet  this  amount  of  nitrogen 
was  annually  obtained  by  the  bean  plants  from  the 
soil  or  atmosphere,  without  any  supply  of  nitrogen 
in  the  manure. 

Clorer  Euperiments. — The  first  experimental  crop 
of  red  clover  was  taken  in  1849  ; it  was  followed  by 
a crop  of  wheat  unmanured.  A second  clover  crop 
was  taken  in  18.51.  Since  this  time  no  considerable 
crop  of  clover  has  been  obtained  from  the  land, 
though  it  has  been  repeatedly  sown,  ami  various 
kinds  of  n)anure  have  been  tried.  The  amount  of 
the  first  and  second  year’s  crop  on  some  of  the 
principal  plots  is  shown  in  Table  XVIII. 

T,\BI.E  XVIII.  — PROnOCE  OP  RED  CLOVER  IM  R ACRE. 


No. 

Manures  per  Acre. 

H.ay.  1849. 

Hay,  1851. 

Cwta. 

Cwts. 

1 

No  manure, 

7.'  ^ 

2 

Super|ilios|ihate,  2J  cwts 

704 

3 

8u:])hate  of  i)Ota>si(iiii,  30J  Ujs... 

y-i 

I'i 

4 

Mixed  ciiiereals 

02f 

22| 

5 

.-Vnimoiiium  salts,  2U0  ll>s., 

— 

fi  J 

Anmioiiium  salts,  200  lbs.,  with  ] 

siiperphosiiliate, j 

7 -S 
( 

Amniiuiium  salts,  200  lbs.,  with  1 
mixed  ciiiereals, ) 

02 

— 

AVe  have  here  a repetition  of  the  results  obtained 
with  beans.  Superphosphate  has  jiractically  no 
effect  when  applied  alone,  but  the  addition  of  alkali- 
salts  to  the  superphosiihate  (plot  4)  gives  a con- 
siderable increase.  That  this  increase  is  due  to  the 


potassium  salts  contained  in  the  alkalies  is  shown  by 
plot  3,  where  sulphate  of  jiobissium  is  applied  alone; 
this  plot  yielded  in  the  first  jear  the  largest  crop  in 
the  field. 

Ammonium  salts  give  no  increase  whatever,  the 
crops  obtained  where  ammonia  is  applied  being 
practically  the  same  as  those  yielded  by  correspond- 
ing plots  receiving  no  ammonia.  The  indifference 
of  the  clover  to  nitrogenous  manures  is  still  more 
striking  than  in  the  case  of  beans,  as  the  quantity  of 
nkrogen  demanded  by  such  large  crops  of  clover  is 
enormous.  The  crops  grown  on  plots  3 and  4 in 
1849  must  have  contained  about  2o9  lbs.  of  nitrogen 
per  acre. 

The  fact  that  land  becomes  “ clover  sick  ” by  the 
repeated  growth  of  the  crop  is  well  known,  and  is 
abundantly  illustrated  by  the  failure  of  the  field 
experiments  at  Rothamsted.  Messrs.  Lawes  and 
Gilreut  have  tried  to  remedy  the  clover  sickness  of 
their  experimental  land  by  the  application  of  all  kinds 
of  manures,  in  some  cases  mixed  with  the  soil  to  the 
depth  of  3 feet,  but  without  sub-stantial  success.  They 
sum  up  tlieir  experience  by  saying : “ The  general 
result  of  the  experiments  in  the  field  has  been,  that 
neither  organic  matter,  ricli  in  carbon  as  well  as  other 
constituents,  nor  ammonia  salts,  nor  nitrate  of  soda, 
nor  mineral  constituents,  nor  a complex  mixture,  sup- 
plied as  manure,  availed  to  restore  the  clover-yield- 
ing capabilities  of  the  land ; though  where  some  of 
these  (potash  and  nitr.ates)  were  applied  in  large 
quantity,  and  at  considerable  depths,  the  result  was 
better  than  when  they  were  used  in  only  moderate 
quantities,  and  applied  only  on  the  surface.” 

There  is  one  more  experiment  at  Rothamsted 
with  red  clover;  it  is  full  of  intere.st.  In  18.54 
clover  was  sown  in  an  old  kitchen  garden,  the  soil 
of  which  had  been  under  cultiv.ation  for  two  or 
three  centuries.  The  bed  thus  planted  has  for 
twenty-four  seasons  never  failed  to  yield  a crop, 
and  the  clover  at  ]>resent  gi'owing  is  still  very 
luxuriant.  During  the  twenty-four  years  clover 
seed  has  been  applied  five  or  six  times  to  renovate 
the  plant. 

It  is  quite  evident  from  these  facts  th.at  where  the 
character  of  the  soil  is  suitable  clover  sickness  does 
not  exist.  On  what  the  favourable  character  of  the 
soil  depends,  which  renders  it  suitable  for  the  con- 
tinuous growth  of  clover,  we  have  at  present  no 
certain  information. 

Root  Expmiueutx. — These  field  experiments  were 
commenced  in  1843.  For  the  first  six  seasons 
(1843-48)  Norfolk  white  turnips  were  grown  ; then 
swedes  for  four  seasons  (1849-.52).  After  this  bar- 
ley was  grown  for  three  years.  The  experiments 
wdth  swedes  were  then  resumed,  and  continued  for 
fifteen  seasons  (18.56-70).  From  1871  to  187.5  the 
crop  was  sugar  beet. 

As  root  crops  when  removed  from  the  hand  are 
extremely  exhausting  in  their  effects,  we  must  con- 
. sider  .separately  the  action  of  the  manures  in  the  early 
and  later  years  of  the  experiments.  In  Table  XIX. 
j is  shown  the  .average  crop  on  a few  plots  in  the  first 
i two  seasons  (1843  44). 
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TABI.E  XIX.— AVERAGE  PRODUCE  OF  WHITE  TURNIPS 
DURING  TWO  YEARS,  1843-44. 

was  greater  than  that  by  farm -yard  manure,  in  the 
next  year  it  was  below  it,  but  on  an  average  of  the 

Manures  per  Acre. 

Uoots  per  Acre. 

first  two  years  it  is  about  equal  to  it.  After  this 
period  the  produce  by  superphosphate  was  very 
much  below  that  given  by  farm-yard  manure. 

We  w'ill  next  take  the  average  of  the  last  two 
years  (1847-48)  of  the  growth  of  white  turnips.  By 
this  time  a regular  system  of  manuring  had  been 
adopted. 

Cwt». 

Superphosphate,  5 cwls., 

199 

2021 

In  the  first  year  the  produce  by  superphosphate 

T.\m.K  .XX. — AVERAGE  PRODUCE  OF  WHITE  TURNIPS  DURING  TWO  YEARS,  1847-48. 


Manures  per  Acre. 

Root. 

Leaf. 

Leaf  to  100  Root. 

No  mamire 

Cwts, 

36 

Cwts. 

25 

69 

Amiiioiiium  sabs,  200  Ihs.,..  

40 

20 

.50 

Ammoiiiuiii  salts,  200  lbs.;  rape  cake,  2000  lbs., 

165 

118 

72 

Superphosphate,  cwts 

160 

49 

31 

“ with  aiiimoniiim  salts,  200  lbs., 

2u8 

93 

45 

“ “ with  rape  cake,  2000  lbs., 

228 

158 

69 

Superphosphate,  2J  cwts.,  with  alkali  salts 

“ with  ammonium  salts,  200  lbs., 

165 

48 

29 

240 

81 

34 

“ “ with  r«i)e  cake,  2000  !bs., 

264 

150 

57 

We  see  here  that  the  unmanured  produce  had 
become  in  four  years  extremely  small,  and  that 
superphosphate  when  used  alone  still  continued  to 
produce  a large  increase  in  the  erop.  A purely 
nitrogenous  manure,  as  ammonium  salts,  has  clearly 
very  little  effect;  but  when  ammonia  is  added  to 
superphosphate  its  action  is  seen  to  be  decidedly 
beneficial.  The  rape  cake  supplied  more  than  twice 
as  much  nitrogen  as  the  ammonia,  and  also  a rather 
considerable  quantity  of  phosphoric  acid.  Salts  of 
potassium,  sodium,  and  magnesium  have  little  effect, 
except  on  plots  where  the  crops  have  been  con- 
siderable, and  the  exhaustion  of  alkalies  there- 
fore large. 

A further  point  of  interest  in  the  table  is,  that 
the  proportion  of  leaf  to  root  increases  greatly  with 
the  quantity  of  nitrogen  in  the  manure.  A turnip 
in  its  earlier  stages  of  growth  produces  chiefly  leaf ; 


when  the  development  of  the  root  actively  sets  in 
the  leaf  not  only  relatively  but  actually,  diminishes, 
the  matter  of  the  leaf  being  to  a considerable  extent 
absorbed,  and  passing  into  the  root.  .A  turnip  with 
a large  proportion  of  leaf  is  thus  an  immature  turnip. 
We  learn,  therefore,  from  the  table,  what  is  well 
known  in  practice,  that  superphdsphate  applied  alone 
brings  turnips  to  an  early  state  of  maturity ; while 
the  addition  of  guano,  or  other  nitrogenous  manure, 
tends  to  prolong  the  period  of  growth.  It  will  be 
observed  that  where  alkali  salts  form  part  of  the 
manure  the  proportion  of  leaf  is  reduced;  the  com- 
mon practice  of  applying  common  salt  to  mangels  is 
attended  with  a similar  result. 

AVe  will  now  give  some  of  the  results  obtained 
with  swedes  in  a later  .stage  of  the  experiment. 
Table  XXL  shows  the  average  of  thirteen  crops  of 
swedes,  1856-70,  two  crops  in  this  period  failing. 


TAUI.E  X.XI. AVERAGE  PRODUCE  OF  SWEDES  PER  ACRE  DURING  THIRTEEN  SEASONS. 


aVo. 

Root. 

Leaf. 

Leaf  to  100  Root. 

1 

No  manure, 

Cwts. 

12 

Cwts. 

3 

25-0 

2 

Nitrate  ol  sodium,  5.50  lbs 

22 

5 

22-7 

3 

Ammonium  salts,  400  lbs 

15 

3 

20-0 

4 

Ammonium  salts,  400  lbs.;  rape  take,  2000  lbs., 

76 

16 

21-1 

5 

Farm-yard  manure,  14  tons, 

144 

19 

13-2 

6 

Superphosphate,  3 cwts., 

“ with  nitrate  of  sodium,  ,5.50  lbs., 

60 

10 

16-7 

7 

108 

20 

18-.5 

8 

“ with  ammouium  salts,  400  lbs., 

87 

17 

19'5 

9 

“ “ with  rape  cake,  2000  lbs., 

134 

31 

23  1 

The  very  small  result  obtained  on  the  continuously 
unmanured  yilot  is  seen  to  be  but  little  improved 
by  the  application  of  large  quantities  of  purely 
nitrogenous  manures.  Nitrate  of  sodium  (plot  '2)  is 
seen,  how'ever,  to  be  superior  in  its  effects  to  am- 
monium salts  (plot  3). 

Superphosphate  continuously  applied  without  any 
other  manure  is  seen  to  give,  even  on  this  greatly  j 


exhausted  land,  a very  considerable  increase  of  crop, 
far  exceeding  that  produced  by  purely'  nitrogenous 
manures.  The  addition  of  nitrogen  to  the  superphos- 
phate, how’ever,  considerably  increases  the  produce ; 
nitrate  of  sodium  being  clearly'  more  effective  than 
salts  of  ammonium.  As  in  the  experiments  with 
turnips,  we  see  that  in  proportion  as  the  nitrogen 
1 added  to  the  superphosphate  is  increased,  so  the 
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proportion  of  leaf  to  root  also  becomes  greater;  this 
is  shown  by  a comparison  of  plots  6,  8,  and  9.  The 
evidence  is  not  so  striking  as  with  turnips,  the  nat- 
ural proportion  of  leaf  in  swedes  being  far  smaller. 

The  character  of  the  turnip  crop,  as  to  its  capacity 
for  supjilying  itself  with  food,  is  pretty  clearly  shown 
by  the  above  long-continued  field  experiments.  The 
crops,  it  is  true,  are  very  small  even  where  farm-yard 
dung  was  continuously  applied  ; this  is  probably  due 
to  the  heavy  character  of  the  Rothamsted  land,  which 
requires  to  be  lightened  by  the  roots  and  stubble  of 
cereal  crops  to  jjreserve  a favourable  condition  for 
turnips.  The  smallness  of  the  crops  will  not,  how- 
ever, interfere  with  the  interpretation  of  the  results. 

The  weakest  point  in  the  turnip’s  feeding  capacity 
is  clearly  its  faculty  for  appropriating  the  phosphoric 
acid  of  the  soil.  As  soon  as  the  soil  has  become 
partially  exhausted,  nitrogenous  manures  produce 
hardly  any  effect  unless  accompanied  by  phosphates  ; 
while  j)hosphates  ap]>lied  alone  are  capable  of  largcdy 
increasing  the  produce.  It  has  been  suppo.sed  by 
some  that  the  effect  of  superphosphate  on  the  turnip 
crop  is  mainly  due  to  the  sulphate  of  calcium  which 
it  contains.  It  is,  indeed,  probable  that  sulphates 
have  a special  value  for  the  turnip  crop,  seeing 
that  sulphur  enters  rather  largely  into  its  constitu- 
tion; but  as  superphosphate  mfide  with  hydrochloric, 
instead  of  sulphuric  acid,  has  been  found  at  Rotham- 
sted to  be  an  effective  manure,  and  the  sulphates  of 
calcium  and  ammonium  applied  alone  to  have  little 
influence,  there  is  no  reason  to  doubt  that  the  action 
of  superphosphate  is  really  due  to  the  phosphoric 
acid  present. 

It  would  appear  that  with  respect  to  [>otash  tur- 
nips are  well  able  to  su|)]ily  themselves  out  of  the 
natural  resources  of  the  soil,  manuring  with  alkali 
salts,  unless  under  very  exhausted  conditions  of  soil, 
producing  little  effect.  Recent  field  experiments  made 
in  various  parts  of  England  have  also  shown  that 
potassium  salts  do  not  increase  the  crop,  except  on 
very  light  poor  land.  "\Ve  must  remaik  once  more 
in  passing,  how  str  kingly  different  this  actual  inde- 


pendence of  artificial  supplies  of  potash,  and  depend- 
ence on  artificial  sufiplies  of  phosphates,  is  from  the 
idea  which  would  be  formed,  a priori,  from  the 
composition  of  the  turnip  crop.  Since  both  turnips 
and  swedes  contain  about  four  times  as  much  potash 
as  phosphoric  acid,  we  should  naturally  imagine  that 
the  former,  rather  than  the  latter,  would  prove  most 
effective  as  an  artificial  manure. 

The  behaviour  of  the  turnip  crop  towards  nitrogen 
is  full  of  interest.  It  is  evident  from  the  experi- 
ments now  quoted,  and  from  several  others  conducted 
at  Rothamsted,  that  the  turnip  has  a great  power  of 
appropriating  the  nitrogen  of  the  soil.  This  is  shown 
by  the  gre<at  and  continued  effect  of  superphosphate 
applied  alone,  in  which  case  the  whole  of  the  nitro- 
gen must  clearly  be  derived  from  natural  sources. 
It  is  shown  also  by  the  exhausted  state,  as  regards 
nitrogen,  in  which  the  soil  is  left  when  turnips  are 
removed  from  the  land.  After  the  first  ten  crops 
of  roots,  barley,  as  already  mentioned,  was  grown  for 
three  years  on  the  experimental  land.  On  the  part 
of  the  field  where  turnips  had  been  grown  with 
superphosphate  only,  the  barley  crop  was  far  smaller 
than  that  yielded  in  the  experimental  barley  field, 
where  barley  had  been  grown  year  after  year  with- 
out manure.  Barley,  in  fact,  exhausts  the  nitrogen 
of  the  soil  much  less  speedily  than  turnips.  The 
first  ten  crops  of  turnips,  manured  with  superphos- 
phate and  alkalies,  would  remove  from  the  land  on 
an  average  at  least  42  lbs.  of  nitrogen  per  annum ; 
this  is  nearly  double  the  quantity  which  would  be 
contained  in  a similarly  manured  wheat  or  barley 
crop.  In  con.sequence  of  this  exhausting  character 
of  the  turnip  crop,  the  yield  of  roots  will  rapidly 
diminish  if  they  are  grown  year  after  y'ear  on  the 
same  land  without  the  application  of  suitable  manure. 

AVe  turn  to  the  experiments  with  sugar  beet. 
Table  XXII.  shows  the  average  produce  of  root  and 
leaf  during  three  years  (1871-73).  In  these  three 
years  the  arrangement  of  the  plots,  and  the  manures 
applied,  were  the  same  as  in  the  swede  experiments 
last  quoted. 


TABLE  XXIl. — AVEKAGE  BliODUCE  OF  PUOAK  BEET  PEK  ACHE  DURING  THREE  YEARS. 


Manures  per  Acre. 

Root. 

Leaf. 

Leaf  to  100 
Root. 

Cwts 

CwtB. 

137 

35 

26 

204 

88 

33 

385 

122 

32 

118 

29 

25 

270 

90 

33 

“ with  ailrate  of  sodium,  S.'iO  Ihs., 

301 

104 

27 

129 

29 

22 

“ with  ammonium  salts,  400  lbs., 

303 

67 

22 

“ with  nitiate  of  sodium,  550  lbs.,., 

395 

113 

29 

AVith  sugar  beet  we  come  to  a new  species  of 
plant,  the  chemistry  of  whicli  is  in  some  respects 
quite  different  from  that  of  the  turnip  or  swede. 
The  first  point  that  strikes  one  in  the  table  is  the 
very  large  crop  of  beet  which  is  produced  by  purely 
nitrogenous  manures,  and  especially  by  nitrate  of 
sodium  ; whereas  in  the  preceding  experiments  with 


swedes  on  the  same  land,  a very  small  increase  was 
obtained  by  such  manuring.  AA’e  next  observe  that 
superphosphate  has  in  no  case  had  any  m.arked  effect 
in  increasing  the  crop,  a result  wholly  different  from 
what  appears  in  the  case  of  turnips.  These  two 
striking  features  of  the  experiment— the  large  effect 
produced  by  purely  nitrogenous  manure,  and  the 
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little  result  from  applications  of  phosphate — are 
quite  in  harmony.  The  beet-root  was  clearly  well 
able  to  supply  itself  from  the  soil  with  all  the  ))hos- 
phoric  acid  it  required  ; its  roots  are  capable  of 
attacking  the  combined  phosphoric  acid  of  the  soil 
in  a manner  the  turnip  plant  is  unable  to  accomplish. 
The  beet  being  thus  sufficiently  provided  with 
cinereal  food  from  the  soil,  the  sole  application  of 
nitrate  of  sodium  was  quite  enough  to  produce  a 
large  crop  of  roots. 

Beet-root  is  perhaps  as  indifferent  to  manures 
sup])lying  alkalies  as  the  turnip  crop  ; but  on  certain 
plots  of  the  field,  where  the  exhaustion  of  alkalies 
has  been  very  great,  a considerable  increase  is  pro- 
duced by  the  application  of  potassium  salts,  or  of 
the  usual  mixture  of  alkali  salts  and  magnesia. 

Mangel-wurzel  is  merely  a variety  of  beet-root,  and 
will  therefore  be  similarly  influenced  by  manures. 
I'he  usual  practice  of  manuring  mangel  heavily  with 
nitrogenous  manures  illustrates  the  facts  shown  in 
the  Rothamsted  experiments. 

We  have  now  described  those  of  the  field  experi- 
ments at  Rothamsted  which  display  the  special 
characters  of  the  ordinary  farm  crops,  and  teach 
the  principles  on  which  their  economic  manuring 


should  be  based.  There  is  one  other  point  which 
we  must  briefly  touch  before  leaving  this  part  of 
our  subject ; this  is  the  character  of  the  residues 
left  on  the  field  by  various  crops,  and  the  influence 
of  these  residues  on  the  condition  of  the  land. 

The  residue  left  on  the  land  by  a preceding  crop 
consists  of  roots,  or  of  roots  and  stubble.  This 
residue  is  more  considerable  in  proportion  as  the 
roots  are  of  greater  extent ; and  its  value  greatly 
depends  on  the  composition  of  the  roots,  which  is 
generally  analogous  to  that  of  the  plant  to  which 
they  belong.  Crops  such  as  turnips,  mangel,  &c., 
leave  very  little  residue  in  the  soil,  their  rootlets 
being  small,  and  in  the  case  of  the  turnip  confined 
to  the  surface.  The  residues  of  clover,  and  of  other 
long-lived  and  deeply-rooted  crops,  may,  on  the 
other  hand,  be  enormous. 

W EISKE  and  Werneh  determined  in  1869  the 
amount  and  composition  of  the  various  residues  left 
in  the  soil  by  the  crops  grown  on  the  experimental 
station  at  Proskau.  The  soil  after  harvest  was  dug 
on  measured  plots  to  the  depth  of  10  inches;  the 
roots  and  stubble  were  freed  from  soil  by  washing 
on  a fine  sieve,  and  were  then  dried  and  analyzed. 
The  results  are  shown  in  Table  XXIII. 


TAIU.K  XXIII. — STUBBLE  AND  ROOTS  REMAINING  AFTER  HARVEST  (POUNDS  PER  ACRE). 


Total  Dry 
Substance. 

Organic 

Substance. 

Ash. 

Nitrogen. 

Lime. 

JUagiiesia. 

Potash. 

Phosphoric 

Acid. 

Sulphuric 

Acid. 

Lucerne 

9702 

8498 

1204 

137 

197 

25 

37 

40 

19 

Reil  clover, 

8953 

7026 

1927 

193 

263 

50 

82 

75 

26 

Saintoili, 

59.52 

4925 

1027 

124 

118 

32 

43 

30 

21 

Kiiliicv  vetch, 

5023 

4044 

979 

103 

137 

18 

26 

24 

14 

berniiiilla, 

3141 

2.594 

. .547 

65 

80 

14 

9 

19 

9 

3547 

2994 

5.53 

63 

81 

12 

17 

14 

7 

3234 

2560 

674 

57 

72 

11 

11 

15 

10 

Buck  wheat, 

2203 

1736 

467 

48 

81 

7 

9 

11 

7 

live 

5283 

1653 

66 

74 

15 

32 

26 

12 

Wheat 

3490 

2396 

1094 

24 

77 

10 

19 

12 

8 

Oats, 

3792 

2343 

1449 

27 

86 

12 

25 

30 

12 

9 

Harley, 

1 999 
4475 

1617 

3850 

382 

625 

23 

61 

43 

124 

6 

13 

10 

47 

6 

31 

32 

'Pile  total  ash  here  given  is  in  all  cases  too  high,  the 
ash  being  largely  contaminated  with  fine  sand,  which 
it  was  found  impossible  to  remove  from  the  roots. 

The  results  in  this  table  must  not  be  taken  as 
having  the  value  of  averages,  they  are  the  result  of 
a single  season  ; they  are,  nevertheless,  full  of  in- 
terest. We  would  point  first  to  the  immense  resi- 
dues left  by  the  leguminous  fodder  crops,  reaching 
in  the  case  of  lucerne  to  nearly  4 tons  of  dry  organic 
matter  per  acre.  In  contrast  with  this  we  have  the 
small  residues  left  by  wheat  and  oats,  and  especially 
by  the  more  delicately-rooted  barley.  Not  only  are 
the  residues  of  the  leguminous  fodder  crops  con- 
siderable, they  are  also  very  rich  in  nitrogen  ; the 
residue  from  red  clover  contains  indeed  nearly  200 
lbs.  of  nitrogen  per  acre.  The  smaller  residues  of 
leguminous  corn  crops,  as  peas  and  lupines,  are  also 
seen  to  be  relatively  rich  in  nitrogen. 

We  have  here  an  explanat  on  of  the  fact,  so  well 
known  to  farmers,  that  leguminous  crops,  and 
es[)ecially  clover,  are  an  excellent  jireparation  for 
a cereal  crop;  a crop  of  wheat,  indeed,  following 
clover  .stands  in  no  need  of  manure.  At  RothaniSted 


an  unmanured  field  was  sown,  half  with  clover  and 
half  with  barley;  the  following  year  barley  was  taken 
over  the  whole  field  without  manure.  The  crops 
obtained  were  as  under : — 

First  Half  of  Field.  Second  Half  of  Field. 

187.3  Bailey 31  bushels.  I 1873  Clover  hay,  54  cwts. 

1874  “ 3'if  ••  1 1874  Barley,....  58  bushels. 

d’he  clover  crop  removed  from  the  land  an  im- 
mense quantity  of  nitrogen  ; but  it  left  accumulated 
at  the  surface,  in  the  form  of  roots  and  stubble,  an 
ample  supply  of  food  for  a luxuriant  crop  of  barley. 
There  can  be  no  doubt  that  the  long-rooted  legumi- 
nous fodder  crops  are  of  great  use  in  bringing  to 
; the  surface,  and  rendering  available  for  other  crops, 
the  nitrogen  which,  in  the  form  of  nitrates,  had 
passed  by  drainage  into  the  subsoil.  It  is  very 
doubtful,  however,  wdiether  this  explanation  is  sutli- 
cient  to  account  for  the  great  accumulation  of  nitro- 
gen, both  in  the  crop  and  in  the  surface  soil,  which 
occurs  in  the  growth  of  clover. 

We  cannot  now  pursue  the  subject  of  crops 
further,  nor  have  we  space  to  consider  the  influence 
which  manures  have  on  the  composition  as  well  as 
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on  the  amount  of  the  produce  ; we  will  conclude 
our  consideration  of  the  relation  of  manures  to  crops 
by  a few  general  reinark.s. 

It  must  always  be  borne  in  mind  that  in  order  to 
produce  a given  increase  of  crop,  the  quantity  of 
manure  used  must  always  be  considerably  in  e.Kcess 
of  the  amount  which  will  be  assimilated  by  tlie  plant. 
One  reason  for  this  is,  that  it  is  impossible  that  all 
of  the  manure  employed  should  come  into  contact 
with  the  roots.  Such  a result,  so  desirable  on  the 
score  of  economy,  will,  however,  be  favoured  by 
employing  soluble  manures,  or  manures  in  a fine 
state  of  division,  and  by  taking  pains  to  insure  their 
thorough  mixture  with  the  soil.  Sowing  a part  of 
the  manure  by  drill,  so  as  to  concentrate  it  near  the 
seed,  is  also  in  many  cases  attended  with  economy. 
A water  drill  is  specially  suitable  for  such  a purpose. 
In  the  case  of  a light  sandy  or  gravelly  soil,  of  little 
retentive  power,  the  farmer  is  obliged  to  use  soluble 
manures  with  great  judgment;  and  bulky  organic 
manures,  as  farm  yard  manure,  rape  cake,  and 
bones,  with  the  ploughing  in  of  green  crops,  are  the 
most  certain  means  of  improving  the  land. 

As  a considerable  part  of  the  manure  applied  is 
not.  under  tlie  most  favourable  circumstances,  taken 
up  by  the  first  crop,  a more  or  less  valuable  residue 
of  the  manure  will  always  remain  in  the  land.  Since 
all  nitrogenous  matter  in  the  soil  is  gradually  oxi- 
dised, and  passes  away  in  the  drainage  water  as  nitric 
acid,  it  is  economical  in  most  cases  to  keep  the  land 
as  far  as  possible  always  under  a cro[),  in  order  that 
the  soluble  nitrates  may  be  utilized  as  soon  as  formeil. 

The  continual  accumulation  of  valuable  residues 
in  the  land  raises  the  condition  of  the  soil.  High 
condition  is  a state  of  great  value.  It  means  a 
thorough  distribution  of  plant  food  throughout  the 
soil,  so  that  a crop  has  the  best  possible  oppor- 
trtnity  for  vigorous  growth,  and  is,  as  far  as  may  be, 
independent  of  season.  AVith  high  condition,  how- 
ever, often  comes  a waste  of  manure,  the  farmer  still 
continuing  to  apply  manure,  which  from  the  richness 
of  the  land  produces  no  remunerative  result.  This 
is  less  likely  to  happen  where  a special  manuring 
suitable  to  the  character  of  each  crop  is  follow'ed,  than 
where  a general  manuring,  by  feeding  large  quan- 
tities of  artificial  food,  is  adopted.  The  farmer  can 
always,  by  small  comparative  trials  in  the  field,  ascer- 
tain for  himself  if  a certain  aj)plication  of  m.anure  is 
profitable  on  his  own  land.  Small  field  experiments 
of  this  nature  will  be  most  useful  to  the  imlividual 
farmer;  but  their  results  must  be  very  cautiously,  if  j 
at  all,  applied  to  other  farms,  as  the  results  obtained  j 
plainly  depend  on  the  condition  of  the  soil,  which  on 
different  farms  may  be  very  diverse. 

. CiiKMtCAL  Analysis  of  Manures. — This  is  the 
last  division  of  our  subject.  The  value  of  a manure 
plainly  depends  on  the  amount  of  plant  food  which 
it  contains,  and  on  the  condition  in  which  this 
food  occurs ; these  points  arc  more  or  le.ss  capable 
of  being  determined  by  chemical  analysis.  It  will 
be  quite  impossible  to  describe  the  methods  of  ana- 
lysis suitable  for  all  lIic  manures  already  noticed ; 
we  must  limit  our  attention  to  the  determination  of 


the  three  most  important  elements  of  manure — 
nitrogen,  phosphoric  acid,  and  potash. 

Preparation  of  Sample. — The  first  step  in  every 
analysis  is  the  preparation  of  the  sample.  To  prepare 
a fine  powder  which  shall  exactly  represent  the  main 
bulk  of  the  manure  is  no  easy  task,  and  demands 
iiiucli  patience  and  judgment.  A preliminary  sam- 
ple should  first  be  made,  by  taking  portions  from 
many  parts  of  the  bulk ; all  large  pieces  should  then 
be  broken,  and  the  whole  well  mixed.  AA'^here  it  is 
possible,  after  a rough  mixing  by  hand  or  with  a 
shovel,  the  whole  should  be  passed  through  a coarse 
sieve.  A sample  is  then  taken  for  use  in  the  labor- 
atory from  various  parts  of  the  rough  mixture  thus 
obtained.  Mineral  phosphates  should,  whenever 
possible,  be  ground  to  a fine  powder  between  a clean 
pair  of  millstones,  and  small  samples  of  the  powder 
taken  at  frequent  intervals  while  the  grinding 
proceeds. 

The  preparation  of  a fine  sample  for  analysis  from 
the  rough  sample  brought  to  the  laboratory,  is 
generally  effected  by  a repetition  of  the  above  pro- 
cesses : a pestle  and  mortar,  steel  or  bone  spatula, 
and  small  metal  sieves,  made  of  perforated  zinc  of 
various  degrees  of  fineness,  being  the  chief  utensils 
employed.  In  the  case  of  fibrous  substances  a pair 
of  scissors  and  knife  may  also  be  required.  The 
degree  of  fineness  to  be  ainied  at  in  the  powder  finally 
obtained  must  depend  very  much  on  the  quantity  to 
be  taken  for  analysis.  If  the  analysis  is  to  Be  made 
on  a small  weight  of  material,  the  substance  should 
be  reduced  to  the  finest  possible  powder ; if,  on  the 
other  hand,  a considerable  quantity  of  substance  will 
be  taken,  a coarser  sample  will  answer  the  purpose 
with  sufficient  exactness. 

Some  substances  are  too  damp  to  admit  of  being 
reduced  to  a fine  powder.  A considerable  weight 
of  the  rough  sample  should  in  such  cases  be  dried, 
the  loss  of  weight  ascertained,  and  a fine  sample 
prepared  from  the  dry  matter.  The  safest  plan  of 
proceeding  is  to  perfectly  dry  a weighed  quantity 
of  the  rough  sample,  and  thus  ascertain  the  total 
water  present,  and  then  determine  water  again  in  the 
fine  sample  when  completed;  the  relation  of  the  fine 
sample  to  the  original  substance  is  then  exactly 
known.  Indeed,  when  perfect  accuracy  is  desired, 
it  is  nearly  always  necessary  that  the  amount  of 
water  in  the  rough  and  fine  sample  should  be  ascer- 
tained, as  in  the  process  of  grinding  and  sampling 
water  is  generally  lost,  sometimes  to  a large  extent, 
and  the  analysis  consequently  yields  results  above 
the  truth,  being  made  on  a drier  sample  than  the 
original  bulk. . This  source  of  error  is  too  frequently 
overlooked. 

If  soluble  phosphate  is  to  be  determined  in  a 
damp  superphosphate,  the  manure  should  not  be 
dried,  but  beaten  up  into  a perfectly  smooth  paste. 
Damp  guano  must  also  not  be  dried  in  the  ortlinary 
way  if  nitrogen  is  to  be  determined  in  the  dry 
matter ; if,  however,  a weighed  quantity  of  the 
damp  guano  is  first  slightly  acidified  with  solution 
of  oxalic  or  hydrochloric  acid,  it  may  then  be  dried 
without  any  practical  loss  of  ammonia.  As  the 
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wcij'ht  of  the  guano  has  been  increased  by  the  acid 
added,  the  relation  of  the  fine  sample  to  the  original 
must  be  ascertained  by  a comparison  of  their  actual 
weights.  'JTie  guano  should  not  be  completely 
dried,  else  the  product  will  be  hygroscopic,  and  bear 
no  constant  relation  to  the  original. 

Determination  of  Nitrogen. — Nitrogen  occurs  in 
manures  either  in  organic  combinations,  or  as  am- 
monia, cyanides,  or  nitric  acid.  Nitrogen  in  the 
form  of  cyanides  is  useless  or  even  poisonous  to 
plants,  and  should  therefore  not  be  reckoned  among 
the  available  nitrogen  of  a manure.  The  total  nitro- 
gen present  in  the  first  three  forms  is  conveniently 
determined  by  combustion  with  soda  lime;  in  this 
operation  the  whole  of  the  niti'Ogen  is  converted 
into  ammonia,  which  is  absorbed  by  a known  volume 
of  standard  acid,  its  quantity  being  ascertained  from 
the  extent  to  which  the  acid  is  neutralized.  A por- 
tion of  the  nitrogen  existing  as  nitrates  is  also  con- 
verted into  ammonia  during  combustion  with  soda 
lime.  Combustion  with  soda  lime  is  the  best  method 
to  employ  in  the  analysis  of  farm-yard  manure,  sea 
weed,  guano,  fish  manures,  dried  blood,  shoddy, 
bones,  and  superphosphates  containing  bones  or 
ammonia ; it  may  also  be  used  for  ascertaining  the 
value  of  ammonium  salts  if  cyanides  are  absent. 

A piece  of  hard  combustion  tube  is  drawn  out  and 
closed  at  one  end,  and  the  nitrogen  bulbs  fitted  to 
it  with  a good  cork.  The  length  of  the  combustion  | 
tube  *will  be  about  10  inches.  The  tube  is  then 
nearly  two-thirds  filled  with  dry,  coarsely  powdered 
soda  lime.  The  quantity  of  soda  lime  required  for 
mixing  being  thus  ascertained,  a small  quantity  is 
left  in  the  end  of  tlie  tube,  and  the  rest  poured  into 
a mortar  and  intimately  mixed  with  the  weighed 
substance  taken  for  analysis.  The  tube  is  then 
refilled  with  the  mixture,  the  mortar  rinsed  with 
small  quantities  of  fresh  soda  lime,  and  more  soda 
lime  added  till  the  tube  is  filled  to  about  1^  inch 
from  the  open  end.  A small  plug  of  ignited  asbestos 
is  then  pushed  against  the  soda  lime,  the  tube  rapped 
on  its  side  upon  the  table  so  as  to  imsure  a passage 
for  the  gas  along  its  whole  length,  the  nitrogen  bulbs 
containing  the  acid  are  attached,  and  the  whole  is 
then  ready  for  the  furnace. 

Jf  the  substance  to  be  analyzed  contains  ready- 
formed  ammonia,  as  in  the  case  of  guano  or  ammo- 
nium salts,  it  cannot  be  mixed  with  soda  lime  in  an 
0[)en  mortar  without  loss  of  ammonia  taking  place. 
The  substance  is  in  this  case  weighed  in  a small 
corked  tube;  the  combustion  tube  is  then  half  filled 
with  powdered  soda  lime;  on  the  surface  of  this  the 
subsfiince  is  poured  from  the  weighing  tube,  and 
soda  lime  is  then  adtled  to  within  3 inches  of  the 
end.  'I’he  substance  is  now  inclosed  in  soda  lime ; 
a stout  wire  with  a slight  cork-screw  twist  at  one 
end  is  introduced,  and  by  passing  this  quickly  up 
and  down  the  mixture  of  the  sub.stance  with  soda 
lime  is  effected.  Fresh  soda  lime  is  then  placed  in 
the  front  of  the  tube,  asbestos  added  as  before,  and 
the  bulbs  at  once  attached.  Hy  reweighing  the 
corked  tube  the  amount  of  substjuice  taken  is 
ascertained. 


llie  standard  acid  emploj'ed  is  a dilute  solution 
of  pure  sulphuric  acid,  containing  about  .oO  giams. 
of  oil  of  vitriol  per  litre ; its  strength  is  accurately 
ascertained  by  precipitation  with  chloride  of  barium. 
To  fill  the  nitrogen  bulbs  20  c.c.  of  the  acid  are 
accurately  measured  from  a pipette  into  a beaker ; 
the  point  of  the  bulbs  is  then  dipped  into  the  acid, 
which  is  drawn  into  the  bulbs  by  suction.  The 
point  of  the  bulb  is  rinsed  into  the  beaker,  and  at 
the  end  of  the  combustion  the  bulb  is  emptied  and 
rinsed  into  the  same  beaker,  so  that  no  acid  is  lost. 

The  combustion  tube  with  the  bulbs  attached  is 
placed  in  a gas  furnace,  consisting  of  a longrow  of  Bun- 
sen burners  (Griffin’s  furnace  is  commonly  used). 
Heat  is  first  applied  at  the  front  of  the  tube,  near 
the  asbestos,  and  the  part  containing  soda  lime  alone 
is  first  brought  to  redness.  Burner  after  burner  is 
then  gradually  lit  till  the  whole  tube  is  at  a moderate 
red  heat,  which  is  continued  till  no  more  gas  passes 
through  the  acid  in  the  bulbs.  The  combustion  tube 
is  then  allowed  to  cool,  the  sealed  end  is  broken  off, 
and  air  drawn  slowly  through  the  apparatus  by 
suction  applied  to  the  nitrogen  bulbs.  The  bulbs 
are  then  emptied  and  rinsed  into  the  beaker  con- 
taining the  remains  of  the  measured  acid ; the  acid 
liquid  is  then  neutralized  by  a standard  solution  of 
caustic  alkali,  a little  tincture  of  litmus  being  added 
as  an  indicator.  The  number  of  cubic  centimetres 
of  alkali  being  known  which  are  required  to  neutralize 
20  c.c.  of  the  standard  acid,  we  have  only  to  subtract 
from  this  number  the  cubic  centimetres  required  at 
the  end  of  the  combu.stion,  to  find  by  difference  the 
extent  to  which  the  acid  has  been  neutralized  by 
ammonia.  The  value  of  a cubic  centimetre  of  stan- 
dard alkali  in  ammonia  or  nitrogen  being  known,  it 
is  easy  to  calculate  the  percentage  of  nitrogen  in  the 
sub.stance. 

I’he  standard  alkali  is  usually  a very  dilute  solu- 
tion of  caustic  soda,  of  which  100  c.c.  neutrafize 
20  c.c.  of  the  standard  acid.  In  Germany  baryta 
water  is  commonly  used,  and  is  said  to  give  a sharper 
reaction  than  soda.  When  baryta  water  is  used  the 
burette  has  a tubulure  at  its  lower  end,  the  baryta 
water  being  introduced  below  the  float.  The  upper 
end  of  the  burette  is  connected  with  the  air  space 
of  the  baryta  reservoir,  so  that,  as  the  baryta  water 
is  run  out,  air  free  from  carbonic  acid  enters. 

As  ammonia  is  decomposed  at  a high  red  heat,  an 
excessive  temperature  must  be  avoided  in  a com- 
bustion. For  the  same  reason  the  tube  should  not 
be  too  long,  and  there  should  be  a sufficient  amount 
of  carbonaceous  matter  present  to  prouuce  a con- 
tinuous current  of  gas.  In  the  case  of  such  substances 
as  shoddy,  which  require  a pi'olonged  heat,  it  is 
useful  to  mix  a small  quantity  of  jiure  starch  or 
sugar  with  the  substance  (See  Church’s  “Laboratory 
Guide”). 

Dr.  VoELCKER  has  for  a long  time  employed  iron 
tubes  in  his  combustions;  they  are  made  of  gas-pipe 
welded  at  the  end.  It  must  be  ascertained  in  every 
case  that  the  welded  end  is  air  tight  before  employ- 
ing a new  tube.  As  air  cannot  be  drawn  through 
the  tube,  a little  oxalate  of  calcium  should  be  placed 


392  MANURE. — Determination 


in  the  closed  end  before  introducing  the  soda  lime. 
When,  at  the  close  of  the  combustion,  heat  readies  the 
end  o the  tube,  the  oxalate  evolves  carbonic  oxide  gas, 
which  sweeps  out  the  othergases  remaining  in  the  tube. 

It  is  frequently  desirable  to  determine  the  amount 
of  ammonia  present  in  a manure.  Supposing  tliat 
cyanides  and  organic  nitrogenous  matter  are  absent, 
this  is  readily  done  by  boiling  the  substance  in  a 
retort  with  water  and  caustic  soda,  collecting  the 
ammoniacal  distillate  in  a known  volume  of  standard 
acid,  and  then  calculating  the  amount  of  ammonia 
from  the  extent  to  wliich  the  acid  is  neutralized. 
If  cyanides  are  present  caustic  soda  must  not  be 
emjiloyed,  as  a part  of  the  cyanogen  is  thus  trans- 
formed into  ammonia;  in  such  cases  milk  of  lime 
must  be  substituted  for  the  soda.  Distillation  with 
milk  of  lime  is  the  best  method  of  determining 
ammonia  in  commercial  ammonium  salts  in  all  cases 
where  cyanides  are  present.  If  organic  nitrogenous 
matter  is  present,  as  in  a manure  partly  made  from 
bone,  it  is  safest  to  distil  with  freshly  calcined 
magnesia. 

When  ammonium  salts  are  tolerably  pure,  the 
quantity  of  aminonia  present  may  be  directly  deter- 
mined in  the  form  of  platinum  salt  (.'■ee  article 
A.m.monia)  ; the  ammonia  in  the  distillates  just 
described  may  also  be  determined  in  this  form  if  the 
ammoniacal  gas  be  collected  in  hydrochloric  acid. 
Determination  with  cldoride  of  platinum  is,  however, 
except  in  tlie  case  of  pure  ammonium  salts,  more 
tedious  than  the  alkalimetric  method  just  described. 

In  Germany  considerable  use  is  made  of  Knop 
and  Wolf’s  method  of  decomposing  ammoniacal 
compounds  with  a broinated,  strongly  alkaline  solu- 
tion of  sodium  hypochlorite.  In  this  reaction  the 
nitrogen  of  the  ammonia  is  evolved  in  a free  state ; I 
from  the  volume  of  nitrogen  gas  jJroduced  the  ! 
amount  of  ammonia  present  is  calculated.  This  ' 
mode  of  determination  requires  a special  apparatus  \ 
— Knop's  azotometer.  The  method  is  speedy,  and  | 
when  used  with  proper  precautions  accurate.  It  j 
must  be  borne  in  mind  that  urea,  and  a few  other  j 
nitrogenous  organic  bodies,  also  give  up  a large  part  ] 
of  their  nitrogen  when  treated  with  an  alkaline  | 
hypobromite  or  hypochlorite.  ■ 

Gas  liquor  is  the  only  fluid  manure  with  which  1 
we  are  concerned;  its  value  depends  on  the  amount  j 
of  ammonia  it  contains.  The  ammonia  is  usually 
chiefly  present  as  carbonate,  but  a part  always 
exists  in  non-volatile  combinations,  and  in  some 
cases,  depending  on  the  character  of  the  coal,  these 
non-volatile  .salts  actually  preponderate.  Gas  liquor 
is  often  valued  on  the  basis  of  its  specific  gravity, 
but  this  is  no  certain  guide  to  the  ammonia  present. 
.According  to  Gerlach,  the  total  ammonia  present 
in  gas  liquor  bears  on  an  average  the  following 
relation  to  its  gravity : — 


Sl>eriHc  Ammonia. 

Gravity.  Lba.  i>er  lUO  Gallons. 

1-007  O'-SS 

1-013 13-16 

1-O-JO 19-74 

1-0-27 -J6-32 

1-034 32-90 


OF  Ammonia.  Nitric  Acid. 


The  amount  of  volatile  ammonium  compounds 
(carbonate  and  sulphide)  present  in  gas  liquor  is 
readily  determined  by  simple  distillation  into  stan- 
dard acid  after  the  plan  already  described.  The 
total  ammonia  present  is  ascertained  by  distillation 
with  slaked  lime;  soda  must  not  be  used,  as  cyanides 
are  usually  present. 

The  determination  of  nitric  acid  is  only  required 
in  the  analysis  of  nitrate  of  sodium,  or  of  manures 
of  which  it  forms  an  ingredient ; as,  however,  the 
use  of  nitrate  of  sodium  in  mixed  manures  is  largely 
increasing,  the  determination  of  nitric  acid  becomes 
of  considerable  importance. 

The  value  of  nitrate  of  sodium  depends  on  the 
amount  of  pure  nitrate  present ; as  this  is  usually 
very  large  (about  95  per  cent.),  it  is  a common  prac- 
tice to  determine  the  impurities  present — the  water, 
chlorides,  sulphates,  lime,  and  insoluble  matter,  and 
to  find  by  subtraction  the  amount  of  pure  nitrate. 
The  total  quantity  of  impurity  per  cent,  is  known 
as  the  “refraction.” 

The  amount  of  nitric  acid  present  in  nitrate  of 
sodium  may  be  determined  directly  by  several 
methods,  some  of  which  we  will  briefly  describe.  A 
simple  and  convenient  plan  is  to  thoroughly  mix 
5 to  G grams,  of  dry,  finely  powdered  quartz  with 
1 gram,  of  the  powdered  dry  nitrate  in  a platinum 
crucible ; place  the  whole  in  the  water  oven  for  half 
an  hour,  and  then  weigh.  The  covered  crucible  is 
next  heated  to  very  low  redness  for  thirty  minutes 
and  again  weighed.  The  difference  betw-een  the  two 
wei  hings  is  the  nitric  acid  originally  present. 

Another  simple  method  which  has  been  recom- 
mended, is  to  determine  in  the  first  place  the 
chlorine  in  the  nitrate  of  sodium  by  the  volumetric 
silver  method,  and  then  to  convert  all  nitrates  into 
chlorides  by  ignition  with  chloride  of  ammonium. 
Chlorine  is  again  determined  after  ignition,  and  the 
increase  in  its  percentage,  multiplied  by  1-52,  gives 
the  nitric  acid  originally  present. 

The  nitric  acid  in  mixed  manures  may  be  deter- 
mined by  conversion  into  ammonia,  and  estimation 
in  that  form.  The  manure  is  in  the  first  instance 
extracted  with  water;  this  solution  will  contain  all 
the  nitrates  that  may  be  present.  The  watery  solu- 
tion is  made  strongly  alkaline  with  pure  caustic  soda 
or  potash,  and  the  nitric  acid  reduced  to  ammonia 
by  the  action  of  a mixture  of  zinc  and  iron  ; the 
ammonia  is  then  distilled  off,  and  collected  in  stan- 
dard acid  as  already  described.  In  IIarcol'Rt’s 
process,  5<)  grams,  of  finely  granulated  zinc,  25  grams, 
of  iron  filings  (purified  by  sifting,  and  ignition  in  a 
covered  crucible),  and  20  c.c.  of  potash  solution, 
specific  gravity  i-3,  with  20  c.c.  water,  are  employed 
for  -5  gram,  of  nitre,  and  the  wh.ole  at  once  dis- 
tilled. The  metals  unacted  on  may  be  used  for  the 
next  operation.  Some  of  the  German  chemists 
employ  a coil  of  thin  zinc  and  iron  ribbon  ; this  is 
placed  in  the  cold,  strongly  alkaline  solution  for  six 
to  twelve  hours,  at  the  end  of  which  time  the  con- 
version into  ammonia  is  complete.  The  coil  is  then 
removed,  and  the  ammonia  determined  with  hypo- 
bromite of  sodium,  or  by  distillation. 
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A volumetric  method  is  sometimes  employed  for 

santly  low,  the  heat  produced  during  mixture  will 

the  determination  of  nitric  acid : it  is  very  con- 

be  quite  sufficient.  Should  the  colour  of  the  indigo 

venient  when  speedy  results  are  required,  but  must 

fade  slowly  during  the  reaction,  it  is  a sign  that 

be  used  with  some  caution.  A solution  of  indigo  is 

artificial  heat  must  be  employed ; the  flask  should 

first  j>repared  from  the  paste  of  sulphindigotate  of 

then  be  placed  in  a chloride  o!  calcium  bath  after 

sodium,  sold  in  commerce  as  “indigo-carmine;” 

adding  the  oil  of  vitriol ; the  temperature  of  the  bath 

14  grams,  of  the  fresh  paste  may  be  dissolved  in  a 

should  be  about  130°. 

litre  of  water,  and  the  solution  filtered.  The  strength 

The  oil  of  vitriol  must  be  distilled  acid,  and  con- 

of  the  indigo  solution  is  next  ascertained  by  experi- 

tain  neither  nitrous  nor  sulphurous  acid.  The 

ment  with  a standard  solution  of  nitre.  The  nitre 

former  is  detected  by  adding  20  to  30  c.c.  of  the 

solution  is  made  by  dissolving  UOll  gram,  of  pure 

acid  to  its  own  volume  of  distilled  water  previously 

dry  nitrate  of  potassium  in  1 litre  of  water.  10  c.c. 

coloured  by  indigo ; if  the  blue  colour  is  discharged 

of  the  nitre  solution  are  placed  in  a wide-mouthed 

nitrous  impurities  are  present.  Nitric  and  nitrous 

flask  of  about  l.oO  c.c.  capacity,  and  to  this  is  added  25 

acid  may  be  removed  from  oil  of  vitriol  by  adding 

c.c.  of  pure  distilled  oil  of  vitriol ; the  acid  being  added 

to  it  some  crystals  of  oxalate  of  ammonium,  and 

speedily,  but  without  agitation,  so  as  to  form  a layer 

heating  for  an  hour  to  near  its  boiling  point.  Sul- 

at  the  bottom  of  the  flask.  When  the  acid  has  been 

phurous  acid  may  be  removed  by  heating  the  acid 

introduced  the  flask  is  at  once  brought  under  the 

for  several  hours  in  an  open  flask  to  near  its  boiling 

burette  containing  the  indigo,  and  indigo  solution  run 

point. 

in  rapidly  with  agitation  of  the  flask,  till  the  blue  col- 

In  the  presence  of  certain  organic  substances,  or 

our  of  the  indigo  is  no  longer  destroyed.  The  quantity 

of  any  easily  oxidisable  body,  the  results  yielded  by 

of  indigo  taken  in  the  first  experiment  is  considerably 

indigo  become  too  low.  For  further  particulars 

less  than  that  which  the  nitre  is  capable  of  oxidising. 

respecting  the  indigo  method  the  reader  is  referred 

In  the  next  experiment  10  c.c.  of  nitrate  solution 
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are  placed  in  the  flask,  and  a rather  larger  quantity 

Determination  of  Phosphoric  Acid. — The  phosphoric 

of  indigo  added  than  was  used  in  the  first  experi- 

acid  in  bone,  coprolite,  and  in  nearly  all  natural 

ment ; a volume  of  oil  of  vitriol,  equal  to  the  united 

phosphates,  exists  in  a state  insoluble,  or  scarcely 

volumes  ,of  indigo  and  nitrate  solutions,  is  tlien 

soluble,  in  water.  In  superphosphates,  on  the  other 

added  as  suddenly  as  possible,  and  the  whole  imme- 

hand,  the  idiosphoric  acid  is  chiefly  in  a form  solu- 

diately  mixed.  If  the  colour  one  minute  after 

ble  in  water.  The  analysis  of  these  two  classes  of 

mixing  is  cinnamon  or  golden,  another  experiment 

phosphates  will  require  separate  consideration. 

must  be  made  with  more  indigo ; if  the  colour  is 

The  choice  of  a method  suitable  for  the  analysis  of 

greenish  or  blue,  less  indigo  must  be  taken  in  the 

an  insoluble  phosphate  depends  chiefly  on  whether 

next  experiment.  The  tint  desired  for  final  reaction 

iron  and  aluminium  are  present,  and  if  so  in  what 

is  a brownish  shade,  which  on  pouring  the  liquid 

quantity.  In  genuine  Peruvian  guano,  in  clean 

into  twice  its  volume  of  cold  water  becomes  just 

bone  or  bone  ash,  and  in  many  of  the  apatites,  iron 

perceptibly  green.  The  tint  yielded  by  dilution  is 

and  aluminium  are  absent,  or  present  in  very  small 

far  more  distinct  than  that  finst  seen.  It  is  essential 

quantity;  such  [)hosphates  are  conveniently  analyzed 

that  in  every  experiment  the  oil  of  vitriol  used 

either  by  the  s Iver  or  uranium  method.  In  the  case 

should  exactly  equal  the  united  volumes  of  tlie 

of  guano  or  bone,  the  portion  taken  for  analysis 

nitrate  and  indigo.  When  the  relation  of  the  indigo 

must  be  first  ignited  at  a low  red  heat  till  all  organic 

to  the  standard  nitre  solution  has  been  ascertained 

matter  is  destroyed.  As  guano  generally  contains 

by  successive  aiiproximations,  the  former  should  be 

phosphate  of  ammonium,  and  in  some  cases  quite  a 

diluted  so  that  10  c.c.  of  indigo  equal  10  c.c.  of 

considerable  quantity  of  this  salt,  it  is  necessary, 

nitre.  The  strength  of  the  indigo  should  be  redeter- 

when  perfect  accuracy  is  desired,  to  mix  the  guano 

mined  from  time  to  time.  To  make  it  keep  better 

before  burning  with  twice  its  weight  of  a mixture 

the  solution  may  be  heated  for  some  time  to  70°  C., 

of  equal  parts  carbonate  of  sodium  and  nitrate  of 

or  sulj)huric  acid  in  the  proportion  of  2 per  cent,  by 

potassium;  this  insures  the  whole  of  the  phosphoric 

volume  added ; both  of  these  operations  should  pre- 

acid  in  the  ash  being  in  the  tribasic  condition. 

cede  standardizing. 

If  the  silver  metliod  is  employed,  the  phosphate 

To  determine  nitric  acid  in  a manure  by  this 

should  be  ilissolved  in  nitric  acid,  an  excess  of  acid 

method,  a cold  water  extract  of  the  manure  is  pre- 

being  avoided.  In  the  case  of  an  apatite  containing 

pared,  and  brought  to  a known  volume,  a strength  ■ 

fluorine,  the  solution  must  be  evaporated  to  dryness 

somewhat  similar  to  that  of  the  standard  nitre  solu-  j 

to  expel  the  fluorine.  The  evaporation  to  dryne.«s 

tion  being  aimed  at.  lU  c.c.  of  the  solution  <ire  then 

should  also  always  be  performed  in  cases  where 

treated  with  indigo  ex.actly  as  just  described,  till  the 

silica  is  present.  It  is  important,  however,  that  the 

maximum  quantity  of  indigo  oxidisable  by  the  nitrate  ' 

residue  should  not  be  too  strongly  heated,  else  a 

is  ascertiiiued.  With  weak  extracts  20  c.c.  of  solution 

portion  of  the  phosphoric  acid  will  lose  its  tribasic 

may  be  tiiken  for  experiment. 

condition;  a long-continued  heat  at  the  temperature 

'I’he  reaction  of  the  nitrate  and  indigo  only  takes 

of  boiling  water  is  the  safest  proceeding.  The 

place  at  a certain  temperature  (above  100°) ; when. 

residue  left  by  evaporation  is  redissolved  in  nitric 

liowever.  the  oil  of  vitriol  is  of  full  gravity  (l'S4), 

acid  and  water,  and  the  silica  separated  by  filtr.ation. 

and  the  temperature  of  the  laboratory  not  unplea- 

The  clear  nitric  solution  is  then  treated  with  excess 

VOI,.  II. 
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of  nitrate  of  silver.  Oxide  of  silver  is  finally  added, 
and  digestion  in  the  cold  continued  till  the  fluid  is 
neutral.  The  whole  of  the  phosphoric  acid  is  now 
precipitated  as  phosphate  of  silver,  the  calcium 
remaining  in  solution.  The  precipitate  is  collected, 
washed,  dissolved  in  a little  nitric  acid,  the  silver 
precipitated  with  hydrochloric  acid,  the  chloride  of 
silver  removed  by  filtration,  and  the  phosphoric  acid 
precipitated  by  the  addition  of  ammonia  and  mag- 
nesia mixture.  The  precipitate  of  ammonio-magnesic 
phosjihate  may  be  collected  after  six  hours’  standing, 
washed  with  ammonia  water,  dried,  ignited  at  a 
high  temperature,  and  the  resulting  pyrophosphate 
W'eighed : 100  parts  of  the  ignited  precipitate  contain 
63‘964  parts  of  phosphoric  acid.  Magnesia  mixture 
is  best  made  with  55  parts  of  crystallized  chloride  of 
magnesium,  70  parts  of  chloride  of  ammonium,  G50 
parts  of  water,  and  350  parts  of  liquid  ammonia; 

1 0 c.c.  of  this  mixture  are  sufficient  to  precipitate 
1 gram,  of  phosphoric  acid. 

The  volumetric  uranium  method  is  largely  used  on 
account  of  its  speed,  and  in  cases  where  iron  and 
aluminium  are  absent  gives  results  of  sufficient 
accuracy.  About  35  grams,  of  nitrate  of  uranium 
are  dissolved  in  900  c.c.  of  water,  a portion  of  the 
solution  transferred  to  a burette,  and  its  value  in 
phosphoric  acid  accurately  ascertained  by  several 
experiments  with  pure  phosphate  of  calcium.  For 
this  purpose  a nitric  acid  solution  of  phosphate  of 
calcium,  free  from  iron  and  aluminium,  is  prepared, 
using  as  little  nitric  acid  as  possible,  and  the  amount 
of  phosphoric  acid  present  accurately  determined  by 
the  silver  method.  A known  portion  of  this  solu- 
tion, containing  -1  gram,  phosphoric  acid,  is  then 
taken,  10  c.c.  of  a solution  of  acetate  of  sodium  (pre- 
pared by  dissolving  100  grams,  of  acetate  of  sodium  in 
900  c.c.  of  water,  and  adding  100  c.c.  strong  acetic 
acid)  are  then  added,  which  should  proiluce  no 
precipitate,  and  10  to  15  c.c.  of  the  uranium  solution 
run  in.  A drop  of  the  mixture  is  removed  to  a 
wdiite  porcelain  plate,  and  a slight  quantity  of  pow- 
dered ferrocyanide  of  potassium  added;  no  reddish 
colour  should  be  produced.  The  addition  of  the 
uranium  solution  is  then  continued  in  small  quan- 
tities, testing  as  before  after  each  addition.  When 
the  ferrocyanide  produces  a reddish  brown  tint,  the 
w’hole  of  the  liquid  is  to  be  heated  to  near  boiling 
in  a water  batli,  and  a drop  again  tested  with  ferro- 
cyanide. If  the  ferrocyanide  then  gives  a just 
perceptible  reaction  the  experiment  is  completed ; 
if  the  reaction  is,  on  the  other  hand,  distinct,  the  next 
experiment  must  be  made  with  rather  less  uranium. 
When  the  strength  of  the  uranium  solution  has  been 
ascertained  by  several  accordant  experiments,  it  is 
finally  diluted,  till  1 c.c.  equals  ‘005  gram,  phosphoric 
acid,  and  is  then  ready  for  u.se.  It  is  well  not  to 
standardize  the  uranium  solution  till  it  has  been 
made  a few  days,  as  a basic  salt  is  apt  to  be 
deposited. 

In  enq)loying  the  uranium  method  the  solution  of 
the  phosphate  in  nitric  acid  is  brought  to  any  knowm 
volume  (say  250  c.c.),  and  a measured  portion  con-' 
taining  about  "I  gram,  of  phosphoric  acid  taken  for 


the  analysis.  The  liquid  is  treated  with  10  c.c.  of' 
acetate  of  sodium,  and  then  with  uranium  solution, 
as  above  described.  If  the  exact  point  of  first 
reaction  with  ferrocyanide  is  not  hit  in  the  first 
experiment,  a Si.'cond  portion  of  the  fluid  must  be 
taken.  The  solution  of  the  phosphate  should  con- 
tain as  little  free  nitric  acid  as  possible.  If  the 
addition  of  the  acetate  of  sodium  causes  a small 
precipitate  (phosphate  of  iron  or  aluminium),  the 
liquid  must  be  filtered,  and  the  clear  filtrate  used  for 
the  uranium  experiment.  The  precipitate  should  be 
washed,  dried,  burnt,  and  weighed ; 47  per  cent,  of 
its  weight  may  be  reckoned  as  phosphoric  aciil. 
When,  however,  the  precipitate  produced  by  acetate 
of  sodium  becomes  at  all  considerable,  the  method 
cannot  be  relied  on  for  really  accurate  results. 

In  the  analysis  of  coprolite,  or  of  ferruginous 
phosphates centaining  little  alumina,  the  oxalate-citric 
method  may  be  adopted.  The  solution  of  the  phos- 
phate in  hydrochloric  acid,  previously  freed  from  silica 
by  evaporation  to  dryness,  is  cautiously  neutralized 
with  dilute  ammonia,  with  constant  stirring,  till  a 
very  slight  permanent  opalescence  is  produced.  A 
drop  or  two  of  solution  of  oxalic  acid  is  then  added, 
which  clears  the  solution,  and  then  oxalate  of  ammon- 
ium, till  it  ceases  to  produce  a precipitate.  The  whole 
is  then  brought  nearly  to  boiling,  filtered,  and  the  i>re- 
cipitate  washed  with  hot  water.  The  luecipitate  may 
be  dried,  burnt,  and  weighed ; it  gives  the  amount 
of  calcium  (weighed  as  carbonate)  contained  in  the 
mineral.  The  filtrate  is  then  treated  with  citric 
acid,  the  quantity  depending  on  the  amount  of  iron 
present.  Ammonia  is  finally  added  in  excess,  which, 
if  sufficient  citric  acid  has  been  emjiloyed,  will  pro- 
duce a clear  lemon-yello  v solution.  Magnesia 
mixture  is  now  added  in  distinct  excess,  and  the 
whole  allowed  to  stand  twenty-four  hours.  The 
precipitated  aminonio-magiiesic  phosphate  is  col- 
lected, washed  with  ammonia  water,  ignited  at  a 
high  temperature,  and  weighed.  It  is  stated  by 
some  chemists  that  the  precipitate  of  ammonio- 
magnesic  phosphate  obtained  in  this  method  is  not 
always  pure.  DixON  recommends  adding  a rather 
considerable  excess  of  magnesia  mixture,  and  after 
long  standing,  to  pour  off  the  fluid,  wash  slightly, 
redissolve  in  a small  quantity  of  hydrochloric  acid, 
and  reprecipitate  with  ammonia.  Some  chemists 
redissolve  the  washed  precipitate  in  acetic  acid,  add 
acetate  of  sodium,  and  titrate  with  uranium  solution. 
This  latter  modification  is  especially  used  in  France, 
where  the  use  of  oxalate  of  ammonium  is  omitted, 
and  the  hydrochloric  solution  of  the  phosphate  is  at 
o'uce  treated  with  citric  acid  in  such  quantity  that 
ammonia  may  be  added  in  excess  without  occasion- 
ing a precipitate.  INIagnesia  mixture  is  then  added 
(prepared  from  chloride  of  magnesium),  and  the 
precipitated  ammonio-magnesic  phosphate  is,  after 
long  standing,  washed,  redissolved,  and  titrated  with 
uranium,  as  above  described. 

In  cases  where  much  alumina  is  present,  the 
above-mentioned  methods  are  apt  to  give  low  results, 
from  the  solubility  of  the  ammonio-magnesic  phos- 
phate in  aluminic  solutions ; in  such  cases  recourse 


MANURE.-^Deteumination  of  Phosphoric  Acid.  395 

must  be  had  to  the  molybdic  method.  This  method, 

jihates  of  aluminium  and  iron  being  precipitated. 

when  properly  conducted,  is  of  great  accuracy,  and 

On  cooling,  the  precipitate  slowly  redissolves  to  a 

is  advantageously  adopted  in  all  analyses  of  impure 

greater  or  less  extent.  These  facts  teach  us  that 

phosphates.  It  is  necessary  that  silica  should  be 

superphosphates  should  be  extracted  with  cold  water. 

removed  by  evaporation  to  dryness,  and  also  that  no 

and  that  the  extraction  should  be  made  w ith  repeated 

chlorine  should  be  present.  Ferruginous  phosphates 

small  quantities  of  water,  if  the  maximum  amount 

are  best  dissolved  in  strong  hydrochloric  acid,  the 

of  soluble  phosphate  is  under  all  circumstances  to 

solution  evaporated  to  dryness,  and  the  dry  residue 

be  obtained.  It  is  usual  with  some  chemi.sts,  after 

treated  with  dilute  sul[>huric  acid,  and  again  iieated 

extraction  with  cold  water,  to  boil  the  undissolved 

till  all  hydrochloric  acid  is  expelled.  This  is  known 

residue,  and  add  the  solution  thus  obtained  to  the 

by  the  residue  losing  all  its  yellow  colour,  and  by  a 

previous  cold  extract ; by  this  plan  the  amount  of 

further  small  addition  of  sulphuric  acid  giving  no 

soluble  pho.sphate  found  is  further  increased.  The 

smell  of  hydrochloric  acid  when  heat  is  apjdied ; a 

justice  of  this  mode  of  proceeding  is  very  ques- 

great  excess  of  sulphuric  acid  is  to  be  avoided.  The 

tionable,  as  the  soluble  phosphate  obtained  by  ex- 

residue  is  then  dissolved  in  nitric  acid  and  hot  water 

haustion  with  boiling  water  did  not  exist  as  soluble 

(if  a considerable  excess  of  sulphuric  acid  is  present 

phosphate  in  the  manure,  but  has  been  producc<l  by 

the  nitric  acid  may  be  omitted),  and  filtered  from 

the  splitting  up  of  insoluble  phosphates  at  a boiling 

the  insoluble  sulphate  of  calcium  and  silica;  the 

heat  into  more  acid  and  more  basic  compounds. 

filtrate  should  occupy  only  a small  volume.  The 

In  the  case  of  superphosphates  made  from  natural 

molybdic  solution  is  prepared  by  dissolving  7o  grain-s. 

phosphates  nearly  free  from  aluminium  and  iron,  it 

of  molybdate  of  ammonium  in  water  and  ammonia. 

is  sufficient  to  place  10  grams,  of  the  manure  in  a 

so  that  the  total  volume  is  bOO  c.c. ; this  is  then 

mortar,  add  a little  distilled  water,  and  rub  lightly 

slowly  poured  into  5U0  c.c.  of  strong  nitric  acid. 

with  the  pestle,  so  as  to  break  all  lumps  without 

The  solution  should  stand  some  days  before  use. 

grinding.  Transfer  the  whole  to  a litre  flask,  and 

About  100  c.c.  are  sufficient  to  precipitate  "I  gram. 

add  water  to  the  mark  in  the  neck,  then  shake  for  a 

of  phosphoric  acid.  The  solution  of  the  phosphate 

few  minutes,  and  filter.  The  determination  of  sol- 

is  mixed  with  such  a volume  of  the  molybdic  liquor 

uble  phosphate  is  made  on  100  c.c.  of  the  filtrate. 

as  is  judged  sufficient,  and  stooil  in  a warm  place 

If  the  manure,  however,  contains  much  alumina 

(50°)  for  an  hour.  A small  portion  of  the  clear 

and  ferric  oxide,  the  weighed  quantity  is  rubbed 

liquid  is  then  removed,  and  treated  with  its  own 

with  a very  small  quantity  of  water,  transferred  to  a 

volume  of  the  molybdic  solution  ; should  this  pro- 

filter,  and  washed  by  repeated  additions  of  water. 

duce  a ]>recipitate,  a further  quantity  of  the  pre- 

each  washing  being  allowed  to  run  through  before 

cipitiuit  is  added  to  the  main  bulk.  AVhen  an  excess 

another  is  apjilied.  When  the  w'ashings  cease  to  be 

of  the  molybdic  solution  is  present,  the  whole  is 

acid,  the  filtrate  is  cleared  with  a few  drops  of  nitric 

allowed  to  stand  for  four  hours  in  a warm  place. 

acid,  and  diluted  to  any  volume  that  is  desired. 

The  bright  yellow  precipitate  is  then  collected. 

The  solution  of  the  superphosphate  may  be  ana- 

Wiushed  with  warm  water  containing  a quarter  its 

lyzed  by  the  oxalate -citric  method  already  described, 

volume  of  molybdic  liquor,  and  finally  dissolved  off 

except  in  cases  where  a considerable  amount  of 

the  filter  with  hot  ammonia,  using  as  little  as  is 

alumina  is  present;  when  such  is  the  case  the  molyb- 

necessary.  The  ammoniacal  solution  is  then  treated 

die  method  is  the  only  one  yielding  perfectly  exact 

with  hydrochloric  acid,  till  the  precipitate  formed 

results.  The  presence  of  much  alumina  may  be 

redis-solves  but  slowly  on  stirring.  Magnesia  mix- 

known  by  boiling  the  cold  aqueous  extract  of  the 

ture  is  then  added,  and  finally  ammonia.  The 

superphosphate  ; if  the  solution  is  sufficiently  dilute 

precipitate  of  amrnonio-magnesic  phos[>hate  is  col- 

the  phosphate  of  aluminium  is  thrown  down  at  a 

lected  after  twelve  hours’  standing,  washed  with 

boiling  heat.  In  pursuing  the  oxalate-citric  method 

ammonia  water,  dried,  and  ignited  at  a very  high 

the  solution  of  the  superphosphate  may  be  at  once 

temperature  in  the  gas  blow-pipe.  Owing  to  the 

treated  with  oxalate  of  ammonium,  the  addition  of 

bulk  of  the  molybdic  solution,  it  is  not  convenient 

ammonia  being  unnecessary ; the  remainder  of  the 

to  take  much  more  than  "2  gram,  of  phosphoric  acid 

process  has  been  already  described. 

for  a determination.  If  the  solution  ojierated  on 

The  most  usual  way  of  determining  phosphoric 

contains  much  free  sul[)huric  acid,  it  will  be  found 

acid  in  the  solution  of  a superphosphate  is  by  the 

nece.ssary  to  add  some  nitrate  of  ammonium,  to  in- 

volumetric  uranium  method : 100  c.c.  of  the  solu- 

sure  complete  precipitation  by  the  molybdic  liquor. 

tion  (corresponding  to  1 gram,  of  the  manure)  are 

In  the  analysis  of  superphosphate  it  is  required 

treated  with  10  c.c.  of  the  acetate  of  sodium  solution. 

to  ascertain  the  amount  of  phosphoric  acid  that  is 

and  the  rest  of  the  process  conducted  as  already 

soluble  in  water,  and  the  amount  that  is  insoluble. 

described.  If  the  acetate  of  sodium  produces  a 

Superphosphates  contain  monocalcic  phosphate,  and 

precipitate  of  phosphate  of  aluminium  and  iron,  it 

often  some  free  phosphoric  acid ; both  of  these 

is  well  to  take  400  c.c.  of  the  solution,  add  40  c.c.  of 

are  soluble  in  water.  The  aqueous  solution  may 

the  acetate,  filter,  and  take  110  c.c.  of  the  filtrate 

also  contain  the  phosphates  of  aluminium  and  iron. 

for  the  titration  with  uranium.  The  phosphate  of 

dissolveil  in  the  free  i>hosphoric  or  sulphuric  acid 

iron  and  aluminium  is  to  be  washed,  dried,  b.urnt. 

present.  Such  a solution  is  partly  decomposed 

and  weighed,  anil  the  phosphoric  acid  calculated 

on  dilution,  and  still  more  on  boiling,  the  phos- 

therefrom  added  to  that  found  by  uranium.  If  the 
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precipitate  by  acetate  of  sodium  is  small,  the 
method  will  be  satisfactory;  but  if  it  is  large,  the 
results  cannot  be  strictly  relied  on. 

Manufacturers  who  are  continually  making  manure 
in  similar  proportions,  and  from  ptrfcctlij  .similar 
materials,  may  analyze  the  products  so  obtained  by 
the  uranium  method  without  regarding  the  iron  and 
aluminium  present.  For  this  purpose  the  amount 
of  phosphoric  acid  present  in  the  aqueous  solution 
of  a superphosphate  is  in  one  or  more  cases  accu- 
rately determined,  and  at  the  same  time  the  amount 
of  uranium  requiied  for  its  precipitation  ; the  value 
of  the  uranium  solution  in  phosphoric  acid  is  thus 
ascertained  for  the  particular  class  of  manure  in 
question.  By  this  means  speedy  determinations  of 
approximate  accuracy  may  be  obbiined. 

The  free  phosphoric  acid  present  in  a superphos- 
phate may,  according  to  J.  Koui,  be  determined  by 
ascertaining,  first,  the  total  amount  of  jjhosphoric 
acid  soluble  in  water;  and,  secondly,  the  amount  of 
phosphoric  acid  found  in  solution  when  the  same 
weight  of  the  superphosphate  is  extracted  with  80 
per  cent,  alcohol.  As  free  phosphoric  acid  is  soluble 
in  alcohol,  and  monocalcic  phos[)hate  is  split  up  by 
alcohol  into  phosphoric  acid  and  dicalcic  phosphate, 
we  are  enabled  to  arrive  at  the  quantity  of  free 
phosphoric  acid  and  monocalcic  phosphate  originally 
present  by  the  following  calculation  : — 

Let  X = free  phos|ihorio  acid. 

y = pliosplioric  acid  existing  as  monocalcic  phosphate. 

1'  = total  phosphoric  acid  extracted  by  cold  water. 

Q = total  phosphoric  acid  extracted  by  alcohol. 

Then  1‘  = x + y.  Q = a:  + ^y. 

And  a:  = 2Q  — F.  * y z=  2{P  — Q). 

The  iusohthle  phosphate  of  a superphosphate  con- 
sists partly  of  unacted-on  mitieral  phosphate,  and 
partly  (in  the  case  of  manures  made  from  ferru- 
ginous or  aluminous  materials)  of  phosphate  of  iron 
and  aluminium  formed  in  the  manure  out  of  soluble 
phosphate  by  a subsequent  reaction  already  described. 
This  phosphate  of  iron  and  aluminium  is  known  as 
“ reduced  phosphate.”  It  is  undoubtedly  of  greater 
agricultural  value  than  unacted-on  mineral  phos- 
phate, and  many  attempts  have  been  made  to  deter- 
mine satisfactorily  the  amount  of  reduced  phosphate 
in  a manure.  All  such  attempts  have,  however, 
failed  to  yield  trustworthy  results ; a description  of 
the  methods  proposed  may  therefore  be  omitted. 

The  insoluble  phosphate  in  a superphosphate  is 
best  ascertained  by  making  a determination  of  the 
total  phosphoric  acid  in  the  manure,  and  then  sub- 
tracting from  this  the  amount  of  soluble  phosphate. 
If  the  superphosphate  is  tolerably  free  from  alum- 
inium, the  total  phosphoric  acid  may  be  ascertained 
by  digestion  with  hydrochloric  acid,  and  treating  the 
solution  by  the  oxalate-citric  method.  When  much 
alumina  is  present,  the  rnolybdic  method,  or  Flioht’s 
barium  method,  must  be  resorted  to  if  strict  accuracy 
is  desired.  The  eases,  however,  in  which  this  will 
be  neces.sary  are  very  rare ; insoluble  phosphate 
having  only  a small  value  a somewhat  rough 
determination  of  its  quantity  is  generally  sufficient. 

* This  equation  is  incorrectly  given  in  Kolb’s  paper  as 
X = 2(Q  - I'). 


In  reporting  the  results  of  an  analysis  of  super- 
phosphate, the  whole  of  the  soluble  phosphoric  acid 
may  be  reckoned  as  monocalcic  phosphate,  if  no 
determination  of  free  phosphoric  acid  has  been 
made.  It  is  usual,  however,  in  England  to  express 
the  soluble  phosphoric  acid  as  equal  to  so  much 
tricalcic  phosphate  rendered  soluble  ; and  a manure 
is  said  to  contain  so  much  ‘‘  soluble  phosphate 
that  is,  CajjP,,Og  rendered  soluble.  This  is  a very- 
con  venient  form  of  expression.  The  term  biphos- 
phate” (CaP20g)  should  be  avoided,  as  such  a sub- 
stance has  no  existence  in  the  manure,  and  the 
term  is  not  recognized  by  scientific  chemists.  The 
whole  of  the  insoluble  phosphoric  acid  in  a supei’- 
phosphate  is  calculated  as  tricalcic  phosphate,  and 
reported  as  “ insoluble  phosphate.” 

Determination  of  Potash. — This  base  is  always 
weighed  in  the  form  of  the  double  chloride  of  potas- 
sium and  platinum.  The  quantity  of  material  taken 
for  analysis  should  contain  '2  to  -3  gram,  of  potash. 
The  process  employed  depends  upon  the  nature  of 
the  substances  associated  with  the  potassium  salt. 
If  the  salt  is  pure  chloride  of  potassium,  or  contains 
in  addition  only  chloride  of  sodium,  the  conversion 
of  the  potassium  into  the  form  of  platinum  salt 
may  be  at  once  effected.  For  this  purpose  the 
watery  solution  of  the  salt  is  mixed  with  solution 
of  tetrachloride  of  platinum,  and  evaporated  nearly 
to  dryness  in  a small  basin  over  a water  bath. 
The  chloride  of  platinum  must  be  added  in  excess 
of  that  required  to  convert  all  the  sodium  and 
potassium  present  into  platinum  salts;  the  necessary 
excess  of  platinum  may  be  reckoned  to  be  pre.sent 
when  the  moist  residue  left  on  evaporation  yields  a 
dark  orange  solution  when  treated  with  a few  drops 
of  water.  The  moist  crystalline  mass  left  in  the 
basin  by  evaporation  is  to  be  treated  with  alcohol 
of  80  to  90  per  cent.,  and  removed  to  a very  small 
filter  of  Swedish  jmper,  which  has  been  previously 
dried  in  the  water  oven  and  weighed.  The  precipi- 
tate is  then  wiished  w-ith  alcohol  (90  per  cent.)  till 
the  washings  liave  for  some  time  come  through 
colourless.  The  filter  and  its  contents  are  then 
dried  in  the  water  oven  and  weighed;  100  of  the 
2:>recipitate  contain  19'27  of  potash.  'J'he  larger  is 
the  amount  of  sodium  present,  the  greater  should 
be  the  excess  of  chloride  of  platinum  used.  When 
much  chloride  of  sodium  is  present,  the  salt  in 
the  basin  should  also  be  w-etted  with  water  before 
treatment  with  alcohol. 

If  the  potassium  or  sodium  is  present  as  suljrhate, 
it  is  usual  to  remove  the  sulphuric  acid  by  treatment 
with  chloride  of-  barium  or  strontium,  before  pro- 
ceeding to  the  determination  with  j)lafinum.  If 
chloride  of  barium  is  used  the  excess  of  barium  has 
afterwards  to  be  removed;  this  is  most  conveniently 
done  by  adding  pure  crystallized  oxalic  acid  to  the 
liquor.  If  only  a very  small  excess  of  barium  has 
been  employed,  a quantity  of  oxalic  acid  three  and 
a half  times  that  of  the  substance  taken  will  be 
sufficient.  The  whole  is  evaporated  to  dryness  in 
a jdatinum  basin,  and  the  residue  gently  ignited. 
On  treatment  w-ith  water,  and  filtering,  the  alkalies 
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are  obtained  in  solution  as  carbonates,  the  barium 
being  left  undissolveJ ; hydrochloric  acid  is  then 
added  to  the  filtrate,  and  the  determination  with 
platinum  proceeded  with. 

A simpler  plan  is  tlie  use  of  chloride  of  strontium ; 
in  this  case  the  excess  of  strontium  need  not  be 
removed,  as  strontium  forms  a soluble  salt  with 
chloride  of  platinum.  The  concentrated  solution 
of  the  potassium  salt  is  precipitated  with  a small 
excess  of  chloride  of  strontium  ; the  liquid  is  treated 
with  about  half  its  volume  of  alcohol  and  filtered ; 
the  precipitate  is  washed  with  weak  spirit;  the  filtrate 
and  washings  concentrated,  and  treated  with  chloride 
of  platinum. 

Messrs.  Wallace,  Tatlock,  and  Clark  state 
that  the  removal  of  sulphuric  acid  before  the  deter- 
mination with  platinum  is  unnecessary,  and  that 
the  error  occasioned  by  its  presence  may  be  effectu- 
ally met  by  adding  pure  chloride  of  sodium,  which 
prevents  the  formation  of  any  free  sulphuric  acid. 

When  potassium  salts  are  associated  with  calcium 
and  iniignesium,  it  is  usual  to  separate  the  other  bases 
before  proceeding  to  determine  the  potash.  The 
separation  is  effected  in  the  same  jirocess  which 
removes  sulphuric  acid,  namely,  successive  treatment 
with  chloride  of  barium  and  oxalic  acid.  Messrs. 
Wallace,  Tati.ock.  and  Clark  do  not  remove 
magnesium  or  calcium,  but  treat  the  potassium  salt 
at  once  with  excess  of  chloride  of  platinum.  The 
moist  residue  of  platinum  salts  finally  obtained  is 
then  treated,  not  with  alcohol,  but  with  a few  cubic 
centimetres  of  strong  chloride  of  platinum  solution; 
after  standing  an  hour  with  occasional  stirring,  the 
l>recipitate  is  collected,  and  washed  twice  with  a 
few  drops  of  platinum  chloride,  and  finally  with 
alcohol.  This  simple  method  is  said  to  give  good 
results. 

^^'hen  potosh  has  to  be  determined  in  a complex 
manure,  the  aqueous  solution  is  best  precipitated 
with  excess  of  chloride  of  b.arium ; carbonate  of 
ammonium  and  ammonia  are  then  added,  which 
precipitate  with  the  barium  (if  it  has  been  used  in 
snfiicient  excess)  all  the  phosphoric  acid  which  may 
be  present.  Tlie  filtrate  is  evaporated  to  dryness  in 
a jilatinum  basin,  ignited  to  expel  ammonium  salts, 
an<l  then  treated  with  oxalic  acid  exactly  as  already 
described. 

MERCURY,  Qidclsilver. — Mercure,  vif-urgent,  F rench; 
Merhir,  Quicksillicr,  Aiiteril,  German  ; Ilydnnyynim, 
Latin.  Atomic  weight,  200.  Symbol,  Ilg. 

'I’he  most  marked  characteristic  of  mercury,  and 
that  in  which  it  differs  from  all  other  metals,  is  its 
fluidity  at  ordinary  temperatures.  It  is  this  property, 
coupled  with  its  silvery  whiteness  and  metallic  lustre, 
which  probably  determined  its  popular  name,  “quick- 
silver.” Rliny  style§  the  native  metal  Ar<icufiim 
virnin,  the  mefiil  reduced  from  an  ore,  Ilntiran/ip-iim. 

'I’liis  metiil  and  some  of  its  uses  appear  to  have 
been  known  at  a very  early  period  of  the  world’s 
history.  Aristotle  relates  that  D.EnALUs  gave 
motion  to  a wooden  Venus  by  means  of  a current  of 
mercuiy.  Dioscorides  describes  a method  for  its 
reduction  from  cinnabar  (at  that  time  termed  minhnn), 


a process  which  is  remarkable  as  being  the  first 
example  of  distillation.  The  metal  was  ern])loyed 
in  gilding,  much  in  the  same  way  as  at  present,  and 
the  cinnabar  was  used  as  a pigment. 

The  Greeks  drew  their  supplies  of  mercury  from 
Spain,  the  mines  of  which  were  known  and  worked 
seven  hundred  years  before  the  Christian  era. 

Pliny  seems  undecided  as  to  the  true  nature  of 
the  metal,  since  he  thought  that  there  was  some 
radical  difference  between  the  mercury  which  was 
found  in  the  virgin  state  and  that  obtained  by  the 
manufacture  of  the  time.  This  doubt  lurked  in  the 
minds  of  philosophers  till  towards  the  close  of  the 
seventeenth  century,  when  both  kinds  were  submitted 
to  numerous  distillations.  Boerhaaa'E  distilled  the 
same  portion  of  mercury  successively  500  times,  and 
the  products  were  found  to  coincide  in  weight  and  all 
the  then  known  properties.  Still,  at  this  period,  on 
account  of  its  fluidity,  it  was  regarded  as  an  im]ierfect 
or  semi-metal,  containing  a principle  regarded  as 
pure  vitrifiable  earth — the  silica  of  modern  times, 
'riie  fact  of  this  terrestrial  pri})ciple  conferring  solidity 
upon  such  bodies  as  contain  it  in  abundance,  being 
directly  opposed  to  the  fluid  condition  of  mercury, 
induced  Becciier,  an  investigator  of  the  first  half 
of  the  seventeenth  century,  to  infer  the  existence  of 
another  principle,  n mercurial  earth,  which  was  sup- 
posed to  possess  weight  and  volatility  to  a very  great 
degree.  He  then  regarded  quicksilver  as  a compound 
of  three  substances — namely,  the  vitrifiable,  the  in- 
flammable or  phlogistonic,  and  the  mercurial.  On  the 
introduction  of  experimental  research  and  deduction, 
the  nature  of  bodies  came  to  be  regarded  in  a simpler 
but  truer  light,  which  overthrew  the  hypothetical 
obscurity  that  pervaded  all  chemistry  up  till  that  time. 

The  observation  that  mercury  could  be  solidified 
by  cold  was  made  by  the  academicians  of  St.  Peters- 
burg during  the  intensely  cold  winter  of  1759,  and 
was  the  first  step  towards  removing  the  notion  of  its 
semi-metallic  nature ; and  inquiries  to  which  the 
announcement  of  the  fact  gave  rise  in  the  hands  of 
Pallas.  Hutchins,  Bieker,  Blagden,  and  several 
others,  led  the  way  to  its  recognition  as  a true  metal, 
and  elementary  body. 

Preparation.  — Several  methods  are  known  for 
the  production  of  mercury  from  its  combinations, 
many  of  which  are  practised  on  the  large  scale,  and 
will  consequently  be  described  when  treating  of  its 
smelting;  but  as  these  do  not  yield  a pure  metal, 
reference  will  be  here  made  only  to  the  methods 
that  are  calculated  to  afford  such  a product. 

The  mercury  of  commerce,  which  usually  is  con- 
taminated with  variable  portions  of  lead,  tin,  and 
bismuth,  may  be  distilled  with  one-tenth  of  its  weight 
of  cinnabar ; and  provided  the  uistillation  be  care- 
fully effected,  the  foreign  impurities  will  be  found 
in  the  retort,  in  the  form  of  sulphides,  after  the  pure 
mercury  has  passed  over  into  the  receiver. 

A purer  product  is,  however,  obtained  when  care- 
fully prepared  cinnabar  or  corrosive  sublimate  (mer- 
curic chloride,  HgCl.,)  that  has  been  cautiously 
sublimed,  is  distilled  with  one  part  of  iron  filings  in 
a glass  or  earthen  retort.  It  is  best  to  cover  the 
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mercury  with  a thick  layer  of  iron  filings,  to  prevent 
the  foreign  metals  being  carried  over  with  the  vapour, 
or  by  spirting. 

Sometimes  agitation  with  concentrated  nitric  or 
sulphuric  acids  has  the  effect  of  rendering  mercury 
much  purer. 

Bianchi  recommends  boiling  the  impure  mercury 
with  weight  of  mercurous  nitrate  dis- 

solved in  water,  or  with  a small  quantity  of  dilute 
nitric  acid ; . or  the  agitation  of  the  metal  for  some 
days  with  strong  oil  of  vitriol,  till  the  acid  no  longer 
becomes  turbid  or  takes  up  any  body  in  solution. 

The  most  ordinary  impurities  are  lead,  zinc,  and 
tin,  and  common  dirt  and  dust.  A.  Leeds  has 
arranged  a very  convenient  apparatus  (Fig.  1)  for 
removing  these  with  little  trouble  to  the  operator. 
It  consists  of  a glass  funnel,  a,  capable  of  holding 


5 or  10  lbs.  of  mercury,  the  tube  of  which  is  cut  off 
at  a point  just  below  the  india-rubber  stopper  of  the 
bottle,  B.  Cotton  wool  is  jammed  into  the  tube 
until  it  fills  up  the  neck,  and  bulges  out  at  the 
bottom  of  the  funnel.  A short  glass  tube,  bent  at 
right  angles,  passes  likewise  through  the  india-rubber 
stopper,  and  is  connected  with  a water  air-pump. 
The  bottle  is  two-thirds  filled  with  dilute  nitric  acid 
(I  part  of  acid  and  4 or  5 parts  of  water).  Tlie 
impure  mercury  poured  into  the  funnel,  a,  is  drawn 
through  the  cotton  plug  in  a multitude  of  streams, 
leaving  its  mechanical  impurities  behind  it,  and 
passes  as  a fine  rain  through  tlie  acid  below.  The 
foreign  metals,  if  not  in  too  large  quantities,  are 
removed  by  solution  in  the  acid,  and  the  pure 
mercury  collects  below.  It  is  then  run  off  through 
a stop-cock  into  the  second  funnel,  C;  and  after 
being  thoroughly  dried  by  suction  through  another 


plug  of  cotton  wool,  is  caught  and  preserved  in  the 
bottle,  D.  A very  short  time  suffices  for  the  almost 
automatic  purification  of  a large  quantity  of  mercury. 

To  ascertain  purity  of  the  metal  it  is  only  neces- 
sary to  dissolve  a portion  in  an  excess  of  nitric  acid, 
evaporate  the  solution,  and  beat  the  dry  salt  to  red- 
ness ; or  fuse  the  metal  with  pure  sulphur,  and 
sublime  the  product  in  a glass  flask.  In  either  case 
nothing  should  remain  if  the  metal  be  pure ; but  if 
a residue  appear,  the  impurities  are  proportionate  to 
its  weight.  Observation  has  led  to  the  adoption  of 
a simpler,  but  less  reliable  test  than  the  above ; it 
is  this — that  pure  mercury  when  dropped  upon  a 
smooth,  but  slightly-inclined  surface,  breaks  up  into 
drops  which  retain  the  spherical  form  ; but  if  con- 
taminated with  tin,  lead,  or  such  adulterants  or 
impurities,  the  form  of  the  globules  will  appear 
elongated,  so  as  to  present  or  leave  a tail. 

Ulex  purifies  mercury  by  agitoting  2 lbs.  with 
half  an  ounce  of  a solution  of  ferric  chloride,  having 
the  specific  gravity  T48.  After  ten  minutes’  shaking, 
the  mercury  is  washed  with  water,  dried,  and  the 
finely-divided  globules  reunited  by  the  application 
of  a gentle  heat. 

Propertieii. — Mercury  is  fluid  at  all  temperatures 
between  — o9°‘4  C.  and  its  boiling  point,  which  is 
variously  estimated  by  different  experimenters  as 
ranging  between  34fi°  C.  (Crichton)  and  3(30°  C. 
(Dl'long  and  Fetit) — Dalton  estimating  it  at  349° 
C.,  and  Heinrich  at  356°  C.  Regnault  gives  it  as 
357°‘25  at  a pressure  of  760  m.m.  Its  vapour  is 
colourless. 

At  — 39°’44  ( II UTCH  ins)  mercury  solidifies,  and  while 
in  this  state  permits  of  being  beaten  out  under  the 
hammer,  welded,  &c.,  like  other  metals.  When  the 
refrigeration  is  effected  by  means  of  solid  carbonic 
acid  and  ether  in  a dish,  and  if  the  yet  unsolidified 
portion  be  poured  off,  the  metal  adhering  to  the 
walls  of  the  vessel  will  present  well-defined  octa- 
hedral crystals.  Its  density  varies  with  the  degree 
of  temperature  more  than  any  other  metal,  owing 
to  the  freedom  with  which  it  expands.  Schulze 
found  it  in  the  solid  state  to  be  14’391 ; Regnault, 
14'4.  At  4°  C.  Koi’P  estimated  its  gravity  at  13'594. 
Balfour  Stewart,  comparing  water  at  4°  C.  with 
mercury  at  4°  C.,  found  this  determination  correct. 
At  26°  C.  Kupferr  found  the  specific  gravity  to 
be  13-.535 ; Cavendish  and  Brisson,  13-568 ; 
Fahrenheit,  13-757.  Karsten  determined  its  den- 
sity at  the  ordinary  temperature  to  be  13-559. 
Various  researches  show  that  this  metal  evaporates 
at  common  temperatures,  as  well  in  contact  with 
air  as  in  vacuo.  This  was  proved  by  Faraday  by 
suspending  gold  leaf  in  a flask  containing  some  of 
the  metal,  when,  after  a few  weeks,  the  lower  por- 
tion of  the  leaf  will  appear  amalgamated.  Karste.'I 
found  that  at  0°  C.  mercury  gives  off  enough  vajiour 
to  develop  the  image  on  a daguerreotype  plate  held 
over  it  at  a convenient  distance.  This  observation 
was  corroborated  by  Regnault,  who  succeeded  in 
producing  a daguerreotype  picture  by  the  vapour 
evolved  by  mercury  at  — 13°  C.  Brame  affirms  that 
sulphur  in  a finely-divided  condition,  as  when  pre- 
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cipitateil  from  a state  of  vapour,  is  much  more 
delicate  than  gold  leaf.  By  its  aid  he  found  that  at 
12°  C.  the  tension  of  the  vapour  rises  to  the  height 
of  3 feet,  and  even  higher  than  this  ; though,  in  the 
latter  case,  the  delicacy  of  the  then  known  tests  was 
inadequate  for  its  detection — but  that,  in  fact,  its 
atmosphere  has  no  limits.  This  investigator  also 
found  that  in  air  and  vapour  of  sulphur,  the  vapour 
of  mercury  diffuses  itself  according  to  the  law  which 
governs  other  gases. 

Meuget  has  corroborated  and  extended  these 
observations  by  using  as  a test,  paper  coated  with 
amnioniacal  silver  nitrate,  and  has  thus  succeeded  in 
proving  the  vaporization  of  the  metal  at  tempera- 
tures as  low  as  — 44°  C.,  the  volatilization  being 
uninterrupted  even  by  congelation. 

'I'he  specific  gravity  of  mercury  vapour  referred 
to  air  as  unity  is  6'97G,  Dl'MAS;  C'7,  Rineau.  The 
theoretical  density  is  6'933.  daking  hydrogen  as 
unity,  the  theoretical  specific  gravity  is  100. 

The  property  which  mercury  possesses  of  expand- 
ing with  remarkable  regularity  through  a long  range 
of  temperature  renders  it  peculiarly  adapted  for 
estimating  the  sensible  heat  of  bodies.  Hence  its 
use  in  the  thermometer  was  proposed  by  Halley 
in  1C97.  Mercurial  thermometers  were,  neverthe- 
less, not  constructed  till  after  172C. 

The  experiments  of  Regnault  give  the  mean 
coefficient  of  cubical  expansion  of  mercury  between 
0°  and  100°  C.  as  0-00018153.  Matthiessen  gives 
it  as  0-0001812. 

Between  — 38°  and  0°  C.  the  gradation  is  less 
regular,  although  the  difference  is  so  slight  that  it 
may  generally  be  disregarded;  but  at  temperatures 
above  the  boiling  point  of  water  the  coefficient  of 
expansion  increases  somewhat  rapidly.  Thus  while 
the  true  coefficient  at  100°  C.  is  0-00018305,  at  140° 
C.  it  is  0-000186,  and  at  200°  C.  0-000189. 

The  power  of  mercury  for  conducting  heat  is  in 
the  liquid  state  53-5  (Calvert  and  Johnson),  silver 
being  1000.  Its  specific  heat,  solid,  -03113;  liquid, 
0-03192. 

Mercury  is  not  acted  upon  when  exposed  to  air, 
oxygen,  nitrogen,  nitrous  or  nitric  oxide,  or  carbonic 
acid  gases.  If  shaken  with  water,  ether,  oil  of  tur- 
pentine, or  fatty  unctuous  matters,  it  loses  its  me- 
tallic appearance,  and  is  converted  into  a grey  mthiops 
per  se,  in  which  the  mebd  is  not  altered  but  deadened 
— that  is,  reduced  to  minute  and  isolated  globules  by 
the  interposed  stratum  of  tlie  compounded  matter. 
Ordinary  mercurial  ointments  retain  the  metal  in  this 
state,  but  so  finely  divided  as  to  render  its  detection 
by  the  unaided  sight  impossible.  In  a well  prepared 
ointment  the  mercury  forms  uniform  globules,  having 
a diameter  of  about  -iTj^Tith  of  a line.  In  course  of 
time  the  mercury  in  this  finely  divided  sbite  becomes 
oxi<lise  1. 

When  pure,  mercury  is  tasteless  and  inodorous, 
although  a peculiar  odour  has  been  observed  from  it 
when  rubbed  between  the  fingers.  Poured  upon 
dry  bodies,  it  does  not  wet  them  like  other  liquids, 
but  flows  off  in  drops,  except  in  the  case  of  the  metals 
with  which  it  forms  ainalgams.  On  this  account  it  is 
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designated  sometimes  in  old  writings,  aqua  von  made- 
foeiens  mauuK — water  that  does  not  wet  the  hands. 
Kept  at  a temperature  approaching  ebullition  in 
contact  with  air,  it  suffers  oxidation  slowly.  Water 
is  not  decomjjosed  by  it.  The  nitrous,  nitric,  iodic, 
chloric  acids,  &c.,  easily  oxidise  it  without  the  aid  of 
heat;  sulphuric  acid,  when  diluted,  has  no  action 
upon  the  metal,  even  when  aided  by  heat;  but  con- 
centrated acid,  at  a high  temperature,  readily  converts 
it  into  a mercurous  sulphate,  sulphurous  acid  being 
given  off.  With  selenium,  sulphur,  phosphorus, 
chlorine,  bromine,  and  iodine,  it  unites  with  facility. 
It  quickly  combines  with  the  noble  metals  — also 
with  tin,  lead,  bismuth,  zjne,  and  most  of  the  soft 
metals,  giving  rise  to  amalgams  which  often  possess 
particular  interest.  This  is  the  case,  more  especially 
in  a manufacturing  sense,  with  the  amalgams  it  con- 
stitutes with  gold,  silver,  platinum,  as  they  are  avail- 
able in  the  smelting  or  abstraction  of  these  metals 
from  the  gangue  in  which  they  may  be  distributed. 
Indeed,  a chief  portion  of  the  mercury  annually  ex- 
tracted is  devoted  to  this  special  application,  so  that 
a distinct  relation  between  the  yearly  production 
of  gold  and  mercury  may  be  traced.  Besides  this 
ajiplication  it  has  many  others,  such  as  gilding, 
plating,  and  the  like.  Many  of  its  compounds  are 
valuable  in  medicine,  painting,  &c. 

Ores  of  Mercery. — The  minerals  into  the  com- 
position of  which  mercury  enters  are  by  no  means 
numerous.  The  metal  itself  occurs  native  in  the 
form  of  fluid  globules  scattered  through  its  gangue. 
The  quicksilver  mines  of  Almaden  in  Spain,  of  Idria 
in  Carniola,  of  Wblfstein  and  Morsfield  in  the  Pala- 
tinate of  Rosena  in  Hungary,  Sala  in  Sweden,  and 
New  Almaden  in  California,  supply  the  virgin  metal. 
In  some  places-  native  mercury  is  so  plentifully  dis- 
persed through  the  ores,  that  when  an  opening  is 
made  it  escapes,  and  trickling  out,  collects  in  con- 
siderable quantities  at  the  bottoms  of  the  levels. 

A native  amalgam  of  silver,  amorphous  and  crys- 
tallized, is  also  met  with.  Not  unfrequently  this 
mineral  occurs  in  the  form  of  flattened  plates.  Ar- 
f/uirite,  an  argentiferous  amalgam  of  great  value,  is 
found  in  considerable  quantity  in  the  province  of 
Coquimbo  in  Chili.  It  contains  13-5  parts  of  mer- 
cury, and  as  much  as  86-5  per  cent,  of  silver.  In- 
deed, this  is  one  of  the  chief  ores  of  silver  in  the  rich 
mines  of  Arguiros.  An  amalgam  of  gold,  analyzed 
by  Schneider,  and  which  occurred  along  with 
platinum  ore  from  Columbia,  contained  mercury 
57-40,  gold  38-39,  and  silver  5-0.  Native  amalgams 
of  lead,  containing  selenium,  have  been  analyzed 
by  Rose. 

Horn  quicksilver — mercurous  chloride,  Hg2Cl„  or 
n.ative  calomel— is  found  associated  with  the  other 
ores  of  quicksilver  at  Idria.  at  Deux-Ponts,  in  Spain, 
and  elsewhere.  It  is  a yellowish  or  ash-grej-  mineral, 
sectile,  and  subtranslucent.  Sometimes  it  occurs  as 
a crust,  or  forms  granular  concretions.  At  other 
times  it  erystallizes  in  four-sided  prisms.  Its  specific 
gravity  is  6-482,  whilst  that  of  the  powdered  calomel 
of  the  shops  is  7-, 14,  and  that  of  the  crystallized  fac- 
titious subchloride  is  7'2. 
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Iodides,  bromides,  and  selenides  of  mercury  also 
occur,  but  rarely.  The  iodide  has  been  met  with  in 
Mexico,  associated  with  the  selenide. 

The  principid  ore  of  mercury  is  mercuric  sulphide, 
HgS — the  zhinoher  of  the  Germans  and  minium  of 
Puny.  The  colour  of  native  cinnabar  varies  from 
cochineal  red  to  brownish-red  and  leaden  jrrey.  The 
streak  is  scarlet,  and  the  lustre  usually  adamantine. 


The  density  of  this  mineral  is  8'098.  and  when  pure 
it  contains  80-29  parts  of  mercury  with  13-71  of  sul- 
phur. Specimens  of  the  purest  ore  have  occasion- 
ally all  the  richness  of  hue  which  the  best  vermilion 
presents. 

The  followin<i  table  shows  the  percentage  com- 
position of  the  cinnabar  from  various  quarters  of  the 
world : — 


Mercury.  Sulphur.  Bitiunmous  Gangue.  Water.  Carbou.  Silica.  Alumina.  Iron.  Copper.  Lime.  Magnesia.  Total, 
matters. 
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— 

— 

— 

— 
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14-50 
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Idrian  1 . 

Swaore.  ( . . 

. 51-80 

8-20 

6-80 

32-0 

3-20 



81-80 

13-75 

- 

— 

0-73 

2-30 

Nenmarktel, 

85-00 

14  25 

— 









, 18-00 

— 

— 

— 

— 

— 

Almaden, . .., 

. 37-84 

16-22 
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“ .... 

37-75 

16  -22 

— 

— 

— 

— 

(( 

36  94 

15  97 

— 

— 

2-58 

— 

“ .... 

41-79 

16-72 

— 

— 

— 

— 

t!ali  ornia,  . . 

69-36 

11-38 

— 

— 

— 

— 

70-13 

11-21 

— 

— 





(( 

70-23 

11-21 

— 

— 

— 

<( 

72-00 

12-80 





1-20 



Geologically,  the  ores  of  mercury  occur  amongst 
stratified  deposits.  The  voLtility  of  the  metal  may 
account  for  its  not  being  met  with  in  any  larye  quan- 
tity in  crystalline  or  igneous  rocks.  Thus,  it  is  found 
most  abundantly  in  the  independent  coal  formation, 
and  in  beds  lying  between  primitive  argillaceous 
schistus  and  chlorite  slate,  associated  with  quartz, 
calcareous  spar,  spathic  iron,  and  copper  pyrites. 
In  the  famous  quicksilver  mines  of  Almaden  in  the 
province  of  La  Mancha,  a few  miles  from  the  fron- 
tier of  Estremadura,  which  have  been  worked  for 
many  centuries,  the  veins  traverse  micaceous  transi- 
tion schists  and  sandstone  grit,  intersected  here  and 
there  by  granitic  and  porphyritic  eruptions.  A por- 
tion of  the  Almaden  ore  is  extremely  rich ; but  the 
larger  proportion  is  so  intermixed  with  quartzose 
and  argillaceous  gangues,  that  the  yield  is  not  over 
10  per  cent,  of  metal.  At  Quen^a  in  New  Granada, 
Durasno  in  Mexico,  and  in  some  of  the  Peruvian 
mines,  the  mercurial  ore  occurs  in  the  red  sandstone 
above  the  coal ; whilst  at  Deux- Fonts,  at  San  Juan 
de  la  Chica  in  Peru,  and  in  some  other  localities,  it 
is  placed  in  the  subordinate  porphyry.  The  mines 
of  Idria  are  worked  in  a friable  compound  of  dark 
carbonate  of  lime  and  argillaceous  schist.  These 
mines  were  discovered  by  accident  in  1497. 

The  subterranean  passages  of  these  mines  are 
extensive;  but  owing  to  the  loose  and  friable  nature 
of  the  ground  large  excavations  are  impossible. 
Their  greatest  perpendicular  depth,  taken  from  the 
entrance  of  the  shaft,  is  about  800  feet;  but  as  the 
galleries  advance  horizontally  under  a high  moun- 
tain, the  depth  would  be  much  greater  if  measured 
from  the  surface  of  the  hill.  The  mine  w.as  formerly 
entered  either  by  descending  the  shaft  in  a bucket, 
or  by  zig-zag  ladders.  Now,  however,  the  entrance 
is  through  a large  iron  gate,  by  a horizonfid  passage 
to  a descending  flight  of  757  steps,  cut  in  the  lime- 
stone rock,  and  provided  with  a hand-rail.  At  the 
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which  the  miners  perform  their  devotions,  and  from 
which  a labyrinth  of  passages  opens  out.  In  some 
of  the  galleries  the  heat  is  so  intense  as  to  be  almost 
insupportable.  The  noxious  inhalations  of  the  metal 
speedily  become  so  offensive  that  the  visitor  is  glad 
to  make  his  escape.  The  ascent  is  performed  by  a 
perpendicular  shaft. 

Some  of  the  ore  yields  50  to  60  per  cent,  of  metal. 
The  riche.st  qualities  are  termed  stahlerz;  and  the 
poorer,  bituminous  sulphide,  averaging  only  10  per 
cent.,  are  called  zei;/elerz.  Besides  the  quicksilver 
works  there  is  a manufactory  of  cinnabar. 

The  mercury  mines  of  the  Palatinate  are  not 
equal  in  richness  and  importance  to  those  of  Idria 
and  Almaden.  The  workings  at  Drey-Koenigszug. 
at  Potzberg  near  Kussel,  give  an  annual  yield  of 
about  30  tons.  The  ore  is  sandstone  intimately 
mixed  with  mercuric  sulphide,  and  the  depth  to 
which  the  explorations  have  been  carried  exceeds 
GGO  feet.  There  are  several  still  smaller  mines  in 
Hungary,  Bohemia,  and  other  parts  of  Germany. 
The  quicksilver  mines  of  Huancavelica  in  Peru,  the 
products  of  which  are  employed  in  the  treatment 
of  tlie  gold  and  silver  ores  which  abound  in  that 
neighbourhood,  have  been  worked  since  1570.  Up 
to  1800  their  produce  was  53,700  tons  of  quick- 
silver. 

The  Californian  mine  of  New  Almaden  is  situated 
a few  miles  from  the  coast,  about  midway  from  San 
Francisco  and  ilonterey,  and  in  one  of  the  ridges 
of  Sierra  Azul  mountain.  The  mouth  of  the  mine 
is  a few  yards  down  from  the  summit  of  tlie  highest 
hill  that  has  yet  been  found  to  contain  quicksilver, 
and  is  about  1200  feet  above  the  neighbouring 
plain,  and  not  much  more  above  the  ocean.  This 
hill  extends  longitudinally  in  a north-west  direction, 
decreasing  in  height;  and  in  various  parts  of  it,  for 
several  miles,  traces  of  the  ore  have  been  found. 
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and  some  openings  have  been  made  which  promise 
to  be  valuable.  This  range  of  hills  consists  of  a 
variety  of  rocks;  the  prevailing  one  is  a greenish 
talcose  rock,  which  seems  to  embrace  the  bed  of  ore 
at  the  New  Almaden  mine  both  above  and  below. 
The  ore  is  interspersed  through  a yellow  ochreous 
matrix,  which  forms  a bed  42  feet  in  thickness, 
(lipping  north-westerly  at  an  angle  of  about  4.5°. 
'I’he  richest  ore  is  at  present  found  in  the  upper 
part  of  the  bed ; the  poorest  ores  being  taken  from 
the  lowest  portion. 

This  mine,  known  to  the  aborigines  from  time 
immemorial  as  a cave  of  red  earth  from  which  they 
obtained  paint  for  their  bodies,  was  first  discovered 
to  contain  quicksilver  during  experiments  made  by 
some  Mexieans  to  smelt  the  ore  for  the  purpose  of 
obtaining  gold,  which  they  supposed  it  to  contain. 
'I’he  Californian  metal  comes  into  the  market  in 
wrought  iron  bottles,  screw  stoppered,  and  hold- 
ing 75  lbs.  each.  The  bottle  itself  weighs  about 
25  lbs. 

'i’he  present  entrance  to  the  workings  is  bj'  a 
horizontal  shaft  and  r.ailway  1200  feet  long.  'J’he 
large  masses  of  rich  and  comj)act  ore,  some  of  which 
weigh  as  much  as  20  lbs.,  are  separated  from  the 
small  fragments,  which  are  mixed  up  with  yellowish 
earth  and  clay.  The  latter  are  pounded,  kneaded 
up  with  water,  and  dried  in  the  sun;  thus  baked 
they  are  cal.ed  addh&i.  'i’he  smelting  furnaces,  with 
their  eondensing  chambers,  are  situated  a mile  and 
a quarter  from  the  entrance  to  the  mine.  Each 
range  consists  of  a fire  chamber  3 feet  by  5,  placed 
at  the  end  of  a series  of  eight  or  ten  chambers,  7 feet 
long,  4 wide,  and  5 high.  'I’l  e range  is  built  of 
brick  plastered  inside,  and  protected  against  expan- 
sion by  heat  by  iron  rods  passing  from  wall  to  wall, 
and  secured  with  screws  and  nuts.  'I’he  lops  are  of 
boiler  plate,  luted  with  salt  and  ashes.  'I'he  first  or 
fire  chamber  is  separated  from  the  second  or  ore  ch,am- 
ber  by  a network  partition  of  fire-brick.  'I’he  third 
chamber  communicates  with  the  ore  chamber  by  a 
square  opening  at  the  right  Ufiper  corner,  and  this 
first  condensing  chamber  with  the  second  by  a 
similar  opening  at  the  left  lower  corner,  and  so  on; 
the  top  openings  being  on  the  right,  and  the  lower 
openings  on  the  left,  alternately.  From  the  last 
condensing  chambers  the  vapours  pass  into  a wooden 
hose,  in  which  there  is  a continuous  shower  of  cold 
water,  while  any  uncondensed  matters  pass  into  the 
open  air  through  tall  wooden  flues.  'I’he  floors  of 
the  condensers  are  guttered,  and  by  these  the  mer- 
cury flows  into  an  open  conduit,  from  the  end  of 
which  it  pours  over  a brush  into  the  iron  bottles 
already  described. 

'I’he  lumps  of  cinnabar  and  the  addbes  are  piled 
like  bricks  in  the  second  chamber ; a wood  fire  is 
lighted  in  the  furnace,  and  the  flame  plays  through 
the  brick  network  on  the  ore.  Each  ore  chamber 
when  fully  charged  contains  10.000  lbs.  of  cinnabar, 
to  exhaust  which  requires  sixty  hours.  At  the 
jiresent  time  lime  does  not  appear  to  be  used  in 
the  reduction  of  the  ore.  Kuschenbeeueu  conceives 
that  the  addition  of  tltis  substance  would  increase 
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the  yield,  but  not,  he  adds,  sufficiently  to  pay  the 
cost  of  the  earth. 

Assag  of  Meramnl  Ores. — The  methods  generally 
followed  are  distillation  of  the  product,  whether  it 
be  oxide,  chloride,  suljihide,  selenide,  or  iodide, 
with  cfiustic  lime. 

From  15  to  25  parts  of  lime  may  be  taken,  according 
to  the  richness  of  the  ore.  This  is  intimately  blended 
in  a mortar  with  the  finely  ground  ore,  together  with 
a tenth  of  the  weight  of  fine  charcoal,  and  the  whole 
introduced  into  an  earthen  or  hard  glass  retort,  with 
a long  neck  surrounded  with  cloths,,  on  which  a 
stream  of  water  mav  be  kept  flowing  for  the  purpose 
of  condensing  the  vapour.  'Fhe  beak  of  the  retort 
should  likewise  be  inserted  in  a flask  kept  cool  by 
wet  cloths.  'Fhe  distillation  m.ay  be  carried  on  over 
a gas  flame,  or  by  means  of  a small  charcoal  fire  and 
sand  bath.  All  the  mercury  is  transported  into  the 
neck  of  the  retort  in  the  state  of  vapour,  where  it 
condenses,  .and  trickles  into  the  receiver.  AVhen  the 
materials  have  been  carried  to  dull  redness,  the  fire 
is  removed,  and  any  globules  which  may  remain  in 
the  neck  of  the  retort  made  to  flow  over  into  the 
receiver  by  tapping  it  gently,  or  introducing  a small 
brush  ; and  after  the  whole  has  been  collected  the 
product  is  weighed.  In  this  way  the  yield  of  mercury 
is  ascertained  with  a degree  of  accuracy  which  will 
be  dependent  upon  the  carefulness  of  the  operator. 

EshivA  prefers  to  mix  the  finely  pulverized  ore 
with  iron  filings,  and  to  volatilize  the  mercury  in  a 
porcelain  crueible  covered  with  a concave,  close- 
fitting  gold  lid,  the  hollow  of  which  is  filled  with 
cold  water.  'I’he  crucible  is  heated  for  ten  minutes 
in  the  point  of  a flame.  'Fhe  gold  lid  is  then  re- 
moved, the  water  poured  off,  the  convex  side  washed 
with  alcohol,  the  lid  dried,  and  then  weighed.  'Fhe 
increase  of  weight  in  the  gold  represents  the  amount 
of  mercury  in  the  sample.  If  the  mercury  is  abund- 
ant it  may  form  absolute  globules  on  the  surface 
of  the  gold ; care  must  then  be  taken  that  no  loss 
occurs  in  washing. 

Iliduction  of  Mercimal  Ores  on  the  large  scale. — 
There  is,  with  a few  exceptions,  very  little  diversity 
in  the  manner  in  which  the  smelting  of  mercurial 
ores  is  carried  on.  It  is  strange,  however,  that  in 
the  case  of  the  largest  and  most  important  lode  in  the 
world,  that  of  Almaden,  the  comparatively  rude  and 
inefficient  method  of  working  invented  by  Juan 
Ai.onsa  Busta.mente  more  than  two  hundred  years 
cigo,  should  still  be  followed  in  all  its  details. 

Figs.  2 and  3 represent  a section  and  plan  of  the 
kind  of  apparatus  employed,  which  is  known  as  the 
hiiti/roiic  or  aludel  furnace.  It  consists  of  a circular 
or  polygonal  chamber,  a,  about  4 feet  in  diameter, 
and  divided  into  two  compartments  by  a perforated 
brick  arch  about  9 feet  from  the  top.  'Fhe  heat 
is  obtained  from  brushwood  introduced  at  the 
aperture,  C,  into  the  fireplace,  a,  and  the  smoke  is 
carried  off  in  part  by  the  chimney,  D.  A door,  E,  in 
the  side  of  the  cylinder,  and  an  aperture,  F,  at  t!ie 
top,  are  used  to  introduce  the  charge  of  ore,  the 
volatile  products  of  which  escape  into  the  con- 
densing media  by  a system  of  openings,  C,  and 
. I 
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which  communicate  with  files  of  condensers  of 
earthenware,  called  aludeh,  h,  connected  one  with 
another,  as  represented  in  Fig.  4.  These  are  laid 


on  two  planes  of  brick  work,  inclining  to  one  an- 
other, supported  on  arches  represented  in  Fig.  2. 
Where  the  two  planes  meet  is  a channel  or  gutter,  i, 


leading  to  a conduit,  M,  in  the  brickwork,  and  thence 
by  wooden  pipes  at  the  bottom  to  the  receiving 
basins,  J J,  partly  filled  with  water,  and  fixed  in  the 
fioor  of  the  smelting  room.  During  the  passage 
of  the  distilled  vapours  through  the  several  files  of 
aludels,  the  metal  which  condenses  flows  for  the 
most  part  into  the  aludel  which  crosses  the  channel, 
I,  and  issues  into  the  latter  by  a hole  in  its  under 
part;  the  uncondensed  products  pass  into  the  upper 
part  of  a condensing  chamber,  K,  and  are  conducted 
towards  the  bottom  by  a screen,  where  a cistern  of 
cold  water  receives  the  metal.  Such  portions  as 
diffuse  themselves  in  the  chambers  are  deposited 
on  the  walls  in  form  of  soot,  and  are  from  time  to 


Fig.  4. 


c 


time  brushed  off  and  collected  at  the  bottom.  Sul- 
phurous and  other  gases  pass  off  by  the  chimney,  L, 
but  sometimes  a second  chamber  is  above  the  arch 
of  the  first,  in  which  a further  quantity  of  the  metal 
is  retained.  Whatever  is  collected  in  this  way  is 
filtered,  in  order  to  purify  it  from  other  matters, 
and  the  dross  is  worked  up  with  loam  and  fine  or 
powdered  ore  into  bricks,  and  subsequently  distilled 
over  again.  The  charge  of  ore  for  thiS'  furnace 
averages  from  220  to  270  cwts.,  and  is  divided  into 
three  varieties,  each  of  which  occupies  particular 
places  in  the  furnace.  The  larger  jiieces  of  the 
sandstone  rock,  slightly  impregnated  with  cinnabar, 
and  called  .w/eros,  are  placed  on  the  arch  immediately 
above  the  fire.  Being  too  poor  to  be  worked  by 


themselves,  and  requiring  too  much  labour  for  pre- 
liminary dressing,  they  are  worked  off  in  this  part 
of  the  furnace.  Above  the  sokraa,  about  22  cwts.  of 
rich  mineral  are  laid  on,  then  some  poor  ore  in  small 
fragments,  and  the  remaining  space  is  filled  with 
the  dross  from  the  aludels  and  condensing  chambers, 
and  some  fine  ore  previously  worked  up  with  some 
clay  and  moulded  into  bricks.  The  door  in  the  side, 
and  also  the  aperture  in  the  top,  are  then  secured 
by  the  doors,  and  covers,  and  luting.  After  this 
the  adapters  are  arranged  in  proper  order  on  the 
inclined  planes,  and  the  joinings  secured  by  clay 
luting.  The  number  of  these  vessels  being  so 
large,  a good  deal  of  time  and  labour  is  required  for 
this  work.  There  are  6 files  in  each  bench,  and  44 
vessels  in  each  file,  making  for  the  entire  furnace 
about  528.  From  the  aperture  of  the  furnace  to 
the  condensing  chamber  the  length  is  about  65  feet, 
so  that  each  aludel  is  more  than  18  inches  long.  All 
things'  being  ready,  the  fire  is  lighted  and  kept  in 
active  ignition  by  the  supply  of  fresh  brushwood. 
An  abundant  flame  is  thus  produced  which  passes 
up  through  the  apertures  in  the  arch  of  the  furnace, 
and  heats,  first  the  so/eros,  and  saibsequently  the 
remaining  contents,  and  drives  tlie  whole  of  the 
metal  into  the  aludels,  volatilizing  it  with  the  sul- 
phur in  the  form  of  sulphurous  acid  with  a little 
sulphuric  acid.  According  as  the  aludels  become 
heated  by  the  vapours,  they  begin  to  act  more  effectu- 
ally the  part  of  a series  of  chimneys,  and  so  draw  off 
the  products  more  freely.  The  fire  continues  suc- 
cessively for  twelve  days  to  work  off  the  charge, 
after  which  time  it  is  permitted  to  die  out;  and 
three  days  further  are  allowed  to  cool  the  earthen 
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arlapters  before  they  are  detached,  and  the  portion 
of  mercury  in  them  collected.  This  work  also  con- 
sumes a good  deal  of  labour,  as, each  receiver,  after 
being  detached,  has  to  be  brought  to  the  channel 
midway  to  be  emptied.  Any  metal  shed  in  the 
carriage  runs  along  the  incline,  but  is  not  lost ; it 
becomes  soiled,  however,  so  that  it  is  necessary  to 
submit  the  whole  to  a purifying  process.  That 
adopted  is  very  simple:  the  ineUl  is  poured  on 
the  floor  of  the  room  destined  for  the  work,  which 
being  slightly  inclined  towards  one  end,  the  mercury 
flows  down  clean  and  bright  into  a receiver,  and 
leaves  the  dross  and  soot  behind  it  adhering  to  the 
floor.  A good  deal  of  metal  remains  in  the  residue ; 
lienee  it  is  carefully  collected  and  worked  up  in  the 
next  charge.  Each  charge  affords  from  2500  to 
3000  lbs.  of  mercury ; sometimes,  when  the  ore  is  a 
richer  kind,  as  much  as  0000  lbs.  are  obtained  ; but 
the  manager  tries  to  average  the  ore  so  that  the 
yield  may  be  about  the  first-mentioned  quantity. 
If  the  charge  be  enriched  by  using  more  of  the  pufer 
ore,  the  loss  in  mercury  is  considerably  greater  than 
if  only  an  average  kind  be  worked;  besides,  the 
trouble  arising  from  the  cracking  of  the  lutes  secur- 
ing the  connection  of  the  aludels,  and  their  renova- 
tion, is  multiplied.  Besides  the  mercury,  another 
substance  is  found  to  encrust  the  earthen  cones, 
which  Proust  found  to  contain — 

Per  Cent 


Finely-divided  mercury, 6<i-0 

Mercurous  cldoiide, 18‘0 

Cinnabar, 1-0 

Ammonium  suljihate 3 5 

Calcium  sulphate, 1 '0 

Free  sulphuric  acid 2-5 

Carbon,  or  soot, 5 0 

Water, 2'5 

Loss, 0'5 


PitousT  estimates  the  extent  of  its  formation  at 
about  40  lbs.  per  charge,  or  in  its  content  of  mebil 
equal  to  1-500  of  the  weight  of  the  rich  mineral 
wrought,  and  attributes  the  presence  of  the  chloride 
to  its  being  contained  in  the  ore,  and  volatilized  as 
such.  This  loss  is,  in  part,  avoided  by  mixing  some 
quicklime  with  the  schUch  and  cl.-iy  in  making  the 
bricks  which  occupy  the  upper  space  near  the  dome 
of  the  furnace.  Cast-iron  cylinders,  bent,  and  sur- 
rounded with  water,  have  been  tried  at  Almaden  as 
a substitute  for  the  aludels,  but  their  use  was  aban- 
doned in  con.sequence  of  their  being  rapidly  corroded 
by  the  free  acid,  .although  the  mercury  was  found 
to  condense  very  well  in  them. 

A portion  of  the  Almaden  mines,  probably  that 
now  called  Little  Alm.aden,  was  worked  by  the 
Romans.  Puny  spe.aks  of  f>isnpo^  a territurij  of 
licetica,  the  mine  of  minium  there  fonniiifj  a part  of  the 
rcreniien  of  the  Roman  people.  The  modern  town  is 
built  over  the  principal  mine,  the  entrance  to  which 
is  close  to  the  houses,  and  the  ascent  and  descent 
of  the  miners  effected  by  Ladders.  The  produce  of 
the  workings  is  drawn  to  the  surface  by  mules,  up 
a wide  and  well-constructed  stone  shaft. 

The  produce  of  the  Almaden  mines  is  p.aeked  in 
cylindrical  cast-iron  bottles,  which  are  closed  with 
a screw  stopper.  Each  bottle  contains  3 Spanish 


arobas,  making  70  English  lbs.  nett  per  bottle.  But 
the  weight  charged  by  the  importers  is  on  an 
average  only  69  to  70  lbs.,  arising  from  the  tret  of 
4 lbs.  per  every  104  lbs. ; and  1 lb.  draft  being 
allowed,  and  the  tare  being  fixed  at  8 lbs.,  whilst 
the  real  tare  averages  16  to  17  lbs. 

Method  of  Reduction  at  Llria. — This  famous  mine 
was  discovered  so  far  back  as  1497,  but  the  working 
of  the  ore  was  very  irreguhvrly  prose’euted  for  nearly 
a century  afterwards ; and  even  then  there  was  no 
fixed  estoblishment,  but  the  ore  and  utensils  neces- 
sary were  carried  about  in  the  forests  to  where  the 
charcoal  burner  had  chosen  the  site  for  his  meiler,  in 
order  to  make  the  heat  of  the  burning  wood  available 
for  the  reduction  of  the  ore.  A number  of  earthen 
pots,  with  narrow  necks,  were  filled  with  the  ore, 
mixed  sometimes  with  lime ; the  mouth  was  then 
stopped  with  a clay  plug,  so  as  to  retain  the  charge, 
but  allow  the  fluid  metal  to  flow  out  into  a wide- 
mouthed Vessel,  into  which  the  charged  one  was 
inverted.  As  many  of  these  as  would  fit  in  the  base 
of  the  charcoal  heap  were  arranged  as  described, 
and  the  clay  or  soil  raised  .about  the  subjacent  con- 
densing pots,  the  connection  between  the  two  luted, 
and  the  wood  arranged  in  the  usual  way  for  charring. 
During  the  combustion  of  the  wood  the  heat  was 
sufficient  to  set  free  the  metal  which  collected  in  the 
bottom  poL  This  method  of  distillation  per  de.'s- 
censum  was  extremely  w.asteful.  In  1635  a fixed 
establishment  was  erected,  .and  the  gallery  furnace 
analogous  to  that  at  the  Palatinate  adopted;  in  1750 
the  Almaden  system  was  introduced ; and,  fin.ally, 
.at  the  close  of  the  last  century,  for  the  aludel  furn.ace 
the  present  arrangement  was  substituted. 

The  commencement  of  the  present  Idrian  process 
is  the  assortment  of  the  ores  into  two  classes,  accord- 
ing to  the  size  of  the  pieces.  All  from  the  size  of  a 
cubic  foot  to  that  of  a nut  belong  to  No.  1 ; smaller 
pieces,  and  the  dust,  to  No.  2.  In  No.  1 are 
further  subclassified — the  poorest  portions,  yielding 
only  .about  1 per  cent. ; the  pure  sulphide,  yielding 
nearly  80  per  cent. ; and  fra<.xments  of  various  rich- 
ness, averaging  from  1 to  40  per  cent.  The  sub- 
classes of  No.  2 consist  of — fragments  from  the 
mine,  yielding  from  10  to  12  per  cent. ; particles 
separated  on  the  sieve,  yielding  about  32  per  cent. ; 
and  lastly,  the  .icldich  obtained  from  the  washings, 
containing  8 parts  of  the  metal  in  100. 

There  are  .at  present  three  kinds  of  furnace  in  use 
— the  Alm.aden  furnace,  the  distilling  .apparatus  .about 
to  be  next  described,  .and  the  “ flamofen  ’’  (rever- 
beratory furnace). 

Figs.  5 .and  6 are  a plan  and  elevated  section  of 
the  great  distill.atory  furnace  erected  at  Idria.  In 
the  hitter  figure  only  one  of  the  furnaces  is  seen, 
.although  there  are  two  in  the  same  block,  with  a 
double  row  of  condensing  chambers,  as  represented 
in  the  plan.  Fig.  7 is  a .section  of  the  roaster,  a a 
are  the  fire  doors:  5,  the  hearth  where  the  fuel  is 
consumed,  and  above  whicii  is  the  body,  d,  of  the 
furn,ace,  divided  by  perforated  arches  into  three 
compartments,  the  top  one  being  in  communication 
with  the  first  condensing  chamber  on  either  side  by 
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flues,  e.  There  are  six  chambers  at  each  side  of  the 
furnace,  F,  G,  H,  i,  K,  L,  the  connection  of  one  with 
another  being  placed  alternately  near  the  top  and 


bottom,  witli  the  view  of  bringing  the  vapour  over 
as  much  space  as  possible.  Each  of  these  chambers 
has  a curved  bottom  leading  to  the  outlet,  s,  by 


Fig.  6. 


Fig.  6. 


which  the  condense  1 metal  flows  out  into  a receiver, 
JIM,  when  it  is  conducted  by  a conduit,  NN,  into 
the  main  tank.  They  have  likewise  an  aperature  at 
the  top,  which  is  closed,  as  also  that  at  the  base, 
during  the  period  that  the  furnace  is  working.  The 
last  chamber  in  the  series  is  usually  furnished  with 
a number  of  flanges,  or  inclined  boards,  wliicli  reach 
in  a slanting  direction  almost  to  the  opposite  wall, 
upon  which  a stream  of  water  is  continually  falling 
from  the  top,  so  that  the  vajiour,  as  it  ascends 
through  it,  follows  a sinuous  course,  and  deposits 


the  last  trace  of  metal  as  it  meets  the  flanges,  p,  q 
are  arches  wliich  conduct  air  to  the  fire  and 
interior  of  the  furnace,  for  the  oxidation  or  burning 
of  the  sulphur.  By  side  doors,  opening  into  the 
several  compartments  of  the  furnace,  the  ore  is 
introduced ; tliese  are  closed  whilst  the  charge  is 
being  fired.  The  largest  and  poorest  pieces  of  ore 
are  placed  on  tlie  first  arch,  and  the  smaller  ones  in 
overlying  beds  till  this  part  is  full;  in  the  next  the 
smaller  fragments,  and  the  upper  compartment  re- 
ceives a number  of  earthen  trays  fille  I with  the  fine  i 
powder  or  sdilich.  All  the  spaces  being  thus  filled,  I 


and  the  doors  and  other  apertures  secured  and  luted, 
a bri.sk  fire  of  beech  or  fir  wood  is  made  on  the 
hearth,  l>,  and  maintained  till  the  furnace  acquires 
gradually  a cherry-red  heat ; it  is  kept  at  this  degree 
for  ten  to  twelve  hours,  during  which  the  distilla- 
tion lasts.  The  high  temperature  of  the  developed 
vapours,  coupled  with  the  great  height  of  the 
furnace  (about  30  feet)  and  the  number  of  chambeis 
that  are  in  connection  with  it,  create  from  the  first 
a quick  draught,  which  is  sustained  while  the  dis- 
tillation continues.  The  furnace  is  allowed  five  or 
six  days  to  cool  and  condense  the  metal,  at  the  end 
of  which  time  the  upper  apertures  are  opened,  the 
portion  condensed  on  the  bottom  drawn  off,  the 
walls  brushed  ilown,  the  separated  mercury  collected 
with  the  rest,  and  the  grey  powder  and  cinnab.ar 
gathered  and  put  to  one  side,  to  be  worked  up  in 
the  next  charge.  'J'l.is  done,  preparation  is  made  to 
recharge  and  repeat  the  same  process  just  described. 
One  charge  a week  is  the  mo.st  that  can  be  worked. 
A gang  of  forty  men  are  employed  in  the  charging, 
and  the  work  lasts  three  hours. 

The  yield  of  each  charge  averages  80  to  90  quintals 
of  metal  (a  quintal  is  108  lbs.). 

Lastly,  the  mercury  is  filtered  through  ticking 
cloth,  and  is  then  packed  in  cast-iron  bottles  for 
exportation.  E.ch  bottle  contains  60  lbs.  'J'he 
furnace  is  180  feet  long  and  30  feet  high. 

The  “flamofen”  present  the  advantage  of  being 
continuous  in  their  operation  (thus  saving  the  lo.«s 
of  five  to  six  days  while  cooling  is  going  on),  .and  of 
permitting  the  use  of  very  poor  ore.  '1  hey  besides 
entail  less  labour  and  consume  less  fuel. 

The  he.arth  of  the  furn.ace,  E E (Figs  8 and  9)  slopes 
from  back  to  front;  above  it,  at  B,  is  a hopper  for 
i feeding  in  the  ore,  whilst  below,  at  A A,  is  an  open- 
I ing  through  which  the  burnt  ore  can  be  raked  out. 
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At  the  end  of  the  furnace  is  the  first  condensing 
chamber,  D ; from  hence  the  vapours  pass  by  two 
cast-iron  tubes,  J J (which  are  parallel  and  slightly 


inclined),  into  the  chambers,  L,  M,  and  finally  into  N. 
Here  they  meet  a third  tube,  J,  exactly  like  the 
lower  ones,  and  inclined  parallel  with  them,  an 


arrangement  which  insures  that  all  the  mercury 
deposited  within  it  shall  flow  back  into  the  chamber, 
N.  The  third  condensing  tube  opens  into  the 
chamber,  c,  at  the  base  of  the  chimney  shaft,  H.  The 
condensation  of  the  mercury  is  hastened  by  streams 
of  water  which  trickle  on  the  outside  of  the  conden- 
sers from  the  troughs,  I i. 

In  the  Almaden  and  Idria  works  the  principle  of 
the  changes  is  the  removal  of  the  sulphur  by  its 
combustion  into  sulphurous  and  sulphuric  acids; 
and  with  this  view  the  furnaces  are  constructed  so 
that  the  air  is  freely  drawn  through  them  at  the 
temperature  necessary  to  cause  the  expulsion  of  the 
sulphur.  In  the  duchy  of  Ueux-Ponts  the  same 
ends  are  attained — not,  however,  by  roasting,  but 
by  the  addition  of  bodies  which  take  the  sulphur 
from  the  valuable  metal,  by  a process  of  chemical 
decomposition.  Lime  is  the  subsbince  always  used, 
it  being  the  most  i)lentiful  and  cheapest;  but  scales 
or  grains  of  iron  would  likewise  answer. 

In  the  duchy  of  Deux-Ponts  mercurial  ores, 
mixed  with  lime,  are  heated  in  earthenware  retorts 
furnished  with  receivers  of  the  same  material.  A 
vertical  section  of  the  furnace  gallery  of  tlie  Palati- 
nate is  shown  at  Fig.  10.  A A represent  earthen 
cucurbits  with  their  receivers,  B B.  Each  of  the 
former  is  filled  about  two-thirds  with  a charge  con- 
taining ore  and  quieklime  in  the  proportion  of 
CO  to  16,  and  the  receivers  are  at  the  same  time 
half  filled  with  water.  The  retorts  are  arranged  in 
a double  row,  one  above  the  other.  In  this  way 
from  30  to  52  cucurbits  are  included  in  one 


finllery.  The  fire,  which  is  from  pit-coal,  is 
placed  on  a grate  beneath  them,  and  a draft  is 
secured  by  means  of  apertures  in  the  arched  roof. 
When  the  mercurial  gangue  is  sufficiently  calcareous, 
it  is  only  necessary  to  moisten  and  distil  it.  As 
soon  as  the  mass  in  the  retorts  is  exhausted,  the  con- 
tents of  the  receivers  are  emptied  into  a wooden 
basin  standing  over  a bucket;  the  object  of  this 


Fig.  10. 


operation  being  to  draw  off,  along  with  the  water 
which  falls  over  the  sides  of  the  bowl,  all  the  black 
sulphide  with  which  the  metal  is  mixed  up.  This 
black  matter  is  afterwards  taken  up,  dried,  and 
again  distilled  with  excess  of  lime. 

Method  pursued  at  Laiisher;/. — One  other  metal- 
lurgic  apparatus  for  the  reduction  of  mercurial  ores 
remains  to  be  described.  It  is  in  use  at  Lansberg, 
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near  Obermoschel,  in  the  Bavarian  Rhein-Kreis.  It 
was  designed  by  Uhe.  Pig.  11  is  a section  parallel 
to  the  front  elevation  of  three  arched  benches  of  re- 
torts. Each  bench  contains  three  of  these  vessels, 
a a o,  constructed  of  cast  iron,  and  somewhat  like 
those  employed  in  the  manufacture  of  coal  gas;  the 


Fig.  11. 


whole  are  set  in  n^asonry,  the  bottom  of  the  upper- 
most retort  being  protected  from  the  direct  impinge- 
ment of  the  flame  by  fire  tiles.  The  dotted  lines 
leading  to  K K show  the  direction  of  the  chimneys. 
In  Fig.  12  is  represented  in  section  the  body  of  one 
of  these  retorts.  The  mouth  on  the  right  of  the 
figure  is  closed  with  an  iron  lid,  wliich  is  bolted, 
barred,  and  luted,  after  the  charge  has  been  intro- 


Fig.  12. 
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duced.  An  iron  pipe.  4 inches  in  diameter,  and 
having  a nozzle  hole  at  L,  dips  into  the  main 
condenser,  C,  and  the  same  arrangement  is  shown  at 
another  section  at  Fig.  13,  where  C C is  the  main 
condenser,  which  consists  of  a pipe  20  feet  long 
and  18  inches  in  diameter.  The  backs  of  the 
retorts  are  shown  at  a a,  and  the  eductioiu-tubes  in 
the  same  figure  at  h b,  dipping  a short  way  beneath 
the  surface  of  the  water.  At  z is  placed  h Water 
valve  to  obviate  the  risk  of  sudden  expansion  or 
condensation  from  inequalities  of  temjierature,  and 
at  i is  a water  trough,  or  outer  vessel  of  wood,  in 
which  the  condenser  is  placed.  The  inclination  of 
the  condenser  is  towards  the  left,  so  as  to  favour  the 
exit  of  the  mercury  by  the  vertical  delivery  tube,  D, 
into  the  lock-up  reservoir,  e.  The  end'  of  this  tube 


dips  from  the  first  into  a small  cistern  of  merbury, 
and  at  k is  shown  a floating  and'  graduated  gauge 


Fig  13. 


rod,  by  which  the  quantity  of  mercury  in  the  chest, 
e,  may  be  always  ascertained  without  the  trouble  of 
opening  it. 

Before  charging  the  retorts,  the  ore  is  reduced  to 
a coarse  powder,  then  mixed  with  quicklime,  and 
shovelled  in  : 6 or  7 cwts.  of  the  mixture,  a suffi- 
cient charge  for  each  retort,  can,  with  a proper 
amount  of  heat,  be  worked  off  in  about  three 
hours.  The  process  is  continuous. 

Purification. — Mercury  is  commonly  purified  by  dis- 
tillation. This  may  be  effected  in  a bent  iron  tube ; 

I or  in  an  iron  retort  provided  with  a bent  iron  tube 
and  connected  with  a receiver;  or  in  strong  glass 
retorts.  If  a glass  vessel  is  used,  the  retort  should 
rest  in  a deep  sand  bath,  as  much  inclination  as 
possible  being  given  to  its  neck,  which  shoul  1 be 
lengthened  with  a cylinder  of  stout  paper.  The  end 
of  the  paper  tulie  should  dip  into  a receiver  nearly 
full  of  water,  which  is  also  surrounded  by  water  in 
a larger  vessel.  As  soon  as  the  mercury  has  dis- 
tilled over  and  is  cold,  the  water  is  poured  off,  and 
any  trace  of  iron,  or  of  oxide  of  mercury,  which 
generally  appears  as  a thin  film,  is  readily  removed 
by  hydrochloric  acid.  The  mercury  is  then  well 
washed  in  water,  dried  at  a gentle  heat,  or  run 
through  bibulous  paper  till  it  ceases  to  damp  it; 
after  which  it  may  be  passed  through  a cone  of 
writing  paper,  having  a very  small  aperture,  which 
removes  all  traces  of  mechanical  impurity.  Or, 
instead  of  glass,  a wrought-iron  mercurial  bottle 
may  be  employed.  This  bottle  should  never  be 
more  than  half  full,  and  must  be  fitted  with  an  iron 
delivery  tube,  to  the  end  of  which  a canvas  pipe  is 
attached,  on  which  a jet  of  water  is  directed ; the 
condensed  mercury  falls  into  a vessel.  A second 
method  is  by  treatment  with  strong  sulphuric  acid. 
This  is  best  effected  by  covering  the  metid  with  its 
own  volume  of  concentrated  oil  of  vitriol  in  a flat 
glass  or  porcelain  dish,  stirring  repeatedly  with  a 
i gla.ss  rod,  and  leaving  the  metal  and  the  acid  in 
contact  for  six  or  seven  days.  Pure  mercury,  as  has 
been  alreaily  said,  is  not  attacked  by  this  acid,  and 
digestion  in  the  cold  has  merely  to  be  repeated  with  suc- 
cessive portions  of  oil  of  vitriol  as  long  as  sulphurous 
gas  is  given  off,  or  the  liquid  shows  any  symptoms 
of  turbidity.  It  is  certain  that  by  this  process  even 
lead  may  be  removed,  although,  under  ordinary 
circumstances,  that  metal  is  but  little  attacked  by 
strong  cold  sulphuric  acid.  But,  in  the  first  place,  the 
lead  in  this  case  is  in  the  form  of  amalgam,  which 
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implies  minute  subdivision  of  its  particles,  and  at 
the  same  time  the  tendency  of  the  acid  towards  the 
lead  appears  to  be  increased  hrj  the  presence  of  the 
mercuri/.  fcjuch  metals  as  gold,  silver,  and  platinum, 
which  are  not  acted  on  by  sulphuric  acid,  cannot 
of  course  be  separated  froni  mercury  except  by 
distillation. 

Millon  has  remarked  that  the  presence  of  lead, 
tin,  &c.,  hinders  the  [irocess  of  distillation  ; while, 
on  the  contrary,  the  presence  of  platinum  accelerates 
it.  Baihseswill  has  shown  that  this  effect  is  due, 
in  the  first  case,  to  a pellicle  of  oxide  from  the 
oxidisable  metal,  which,  covering  the  surface  of  the 
mercury,  prevents  its  Volatilization.  A layer  of  oil 
or  resin  acts  in  the  same  way. 

Mercury  in  a tube  or  narrow  glass  vessel  has  a 
convex  surface,  dwing  to  the  mutual  attraction  of 
glass  and  mercury  being  at  best  but  feeble;  if,  how- 
ever, the  metal  be  amalgamated  with  as  slight  a 
quantity  as  convexity  of 

the  pure  metal  is  destroyed,  and  the  surface  be- 
comes even. 

It  has  long  been  a matter  of  doubt  and  discussion 
whether  this  metal  exercises  any  physiological  effects 
upon  the  human  system,  analogous  to  those  of  its 
saline  compounds.  It  is  generally  admitted  that, 
when  tiiken  in  compact  masses,  the  metal  does  not 
exert  a poisonous  action,  although  it  may  occasion 
injury  mechaniciilly ; but  When  in  a finely  attenuated 
stitte,  or  in  vapour,  it  possesses  the  power  of  mani- 
festing all  the  symptoms  of  a mercurial  poison. 

All  the  effects  of  mercurial  poisoning  are  very 
frequently  observed  among  the  miners  and  Slnelters 
of  this  metal,  as  also  in  those  who  work  with  water- 
gilders,  looking-glass  and  barometer  makers.  For 
the  most  part  they  appear  as  a kind  of  palsy,  which 
first  manifests  itself  by  an  unsteadiness  in  the  arims, 
and  which  goes  on  till  the  movement  becomes  con- 
vulsive, and  Vertigo,  loss  of  memory,  and  other 
cerebral  disorders,  which  generally  terminate  fatally, 
follow. 

Mercurj'  is  capable  of  combining  with  most  of  the 
non-metallic  elements,  and  many  of  the  compounds 
thus  formed  are  capable  of  entering  into  further 
combinations;  it  has,  therefore,  a wide  range  of 
affinity,  but  in  a manufacturing  sense  few  of  these 
compounds  are  important,  although  in  a strictly 
scientific  point  of  view,  and  also  on  account  of  their 
medicinal  qualities,  they  sometimes  attract  a great 
deal  of  attention. 

Mercury  forms  compounds  which  are  bivalent,  I 
namely,  the  metcurie  compounds,  such  as  IlgO, 
HgSO^,  Hgl2,  «S:c.;  and  univalent  compounds, 
namely,  the  mercurous,  such  as  Ilg.^O,  Ilg.^Clj.  IIg2l2- 
&c.  The  mercurous  compounds  are  readily  con- 
verted into  the  mercuric  by  oxidising  agents. 

The  principal  compounds  of  mercury  to  be  con- 
sidered here  are  the  sulphide — •ciunahar,  vermilion — 
the  chlorides,  oxides,  iodidea,  fiilmimitine/  meirurij,  and 
the  ammonio-mercurial  chlorides,  known  as  fusible 
and  infusible  u-hite  pt^cipitcrle.  'I'he  oxides,  though 
not  the  most  important,  will  be  noticed  first. 

Oxides  of  MEiiCL’UY.-^There  are  two  oxides  of  i 


mercury,  monoxide,  or  mercuric  oxide;  IlgO,  commonly 
known  as  red  oxide  of  mercury,  or  red  precipitate ; 
and  suboxide,  mercurous  oxide,  IIg20,  the  grey  oxide 
of  mercury. 

Mercurous  oxide  was  first  scientifically  described 
in  1797 ; but  was  known  probably  long  before  that 
period  as  the  sethiops  per  se  of  the  pharmaceutists. 
There  are  several  methods  for  preparing  it;  the 
simplest  and  readiest  being  the  precipitation  of  a 
dilute  solution  of  a mercurous  nitrate  by  potassium 
hydrate;  or  it  may  be  formed  by  disseminating 
calomel  in  water,  and  adding  a proportionate  quan- 
tity of  a caustic  alkali  to  the  liquor,  when  mercurous 
oxide  falls. 

All  the  operations  connected  with  this  compound 
should  be  performed  out  of  diffused  daylight;  and 
care  must  also  be  taken  that  the  precipitation  be 
complete,  otherwise  the  substance  thrown  down  will 
consist  of  a mixture  of  mercurous  oxide,  mercuric 
oxide,  and  metallic  mercury. 

After  being  thoroughly  washed,  to  remove  alka- 
linity, and  dried  in  the  dark,  sulioxide  of  mercury  is 
a black  powder  having  a disagreeable  odour — Gmelin 
says  it  is  devoid  of  taste  and  smell ; it  is  insoluble 
in  water  and  alkalies,  soluble  in  nitric  and  acetic 
acids,  and  has  a specific  gravity  of  10  6,  Hekapath; 
8-95,  Karsten.  It  is  very  rapidly  decomposed  when 
exposed  to  the  light  of  the  sun,  into  mercuric  oxide 
and  metallic  mercury  ; but  the  same  change;  though 
slowly,  is  effected  in  the  darkness.  Heat  resolves 
it  into  oxygen  and  metal.  It  is  also  decomposed  by 
many  compounds,  the  mercury  being  taken  into 
other  states  of  combination,  and  sometimes  set  free. 
••  The  suboxide  of  mereury  is  converted  to  no  par- 
ticular use  in  the  arts. 

Meivuric  Oxide,  HgO. — This  is  the  precipifatuin  per 
.SC;  or  calx  of  mercury,  mentioned  in  old  writings; 
it  is  analogous  to  the  hydraryyri  oxidtem  ruhrum  of 
modern  pluirmacy.  Monoxide  of  mercury  has  an 
interest  attached  to  it  much  greater  than  its  applica- 
tion in  the  arts  would  merit,  owing  to  the  knowledge 
of  its  nature  and  composition  being  contemporary 
with  the  discovery  of  oxygen,  the  subversion  of  the 
old  phlogiston  theory,  and  the  introduction  and 
pursuit  of  a new  and  more  enlightened  system  of 
chemical  science.  It  was  formerly  prepared  by  sub- 
mitting mercury  to  a high  temperature  (about  315°  C.) 
in  a narrow-necked  flat-bottomed  matrass,  known 
as  Boyle’s'  hell,  when,  after  about  three  weeks,  the 
metal  Was  slowly  converted  into  oxide.  This  pro- 
I cess  is  now,  however,  quite  abandoned ; oxidation  of 
the  metal,  and  subsequent  precipitation  of  the  oxide, 
being  considered  more  effectual : 1 part  of  mercury 
is  treated  with  3 parts  of  nitric  acid,  specific  gravity 
l’)20,  in  a flask  on  the  sand  bath,  till  perfect  solution 
takes  place,  and  the  solution  evaponrted  to  dryness; 
the  Yesidue  mixed  up  with  another  part  of  the  metal, 
and  the  whole  heated  again  as  long  as  nitrous  fumes 
are  observ^ed  to  pass  off.  'Fhe  residue,  which  now 
appears  a dull  grey  mass,  is  removed  from  the  heat, 
miked  with  a tenth  of  its  weight  of  pure  crystallized 
sodium  carbonate;  and  the  whole  boiled  with  water 
1 for  a quarter  of  an  hour,  when  impure  monoxide  of 
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mercury  sett'es  to  the  bottom,  and  this  by  filtration  | 
and  washing  may  be  converted  into  pure  mercuric 
oxide — reil  oxide  of  incrcunj.  The  mercuric  nitrate 
alone  may  be  submitted  to  heat  in  this  operation, 
but  a loss  of  nitric  acid  would  take  place ; besides, 
the  degree  of  heat  is  critical,  so  that  it  is  more  pro- 
ductive and  less  troublesome  to  proceed  as  above 
stated. 

Oxide  of  mercury  prepared  by  the  action  of  heat 
upon  a mercuric  salt,  forms  a shining  brick-red 
crystalline  scaly  powder,  which,  on  being  pulverized, 
acquires  an  orange  tint.  By  the  action  of  a moderate 
heat  it  changes  to  a vermilion  colour,  which  passes  as 
the  temperature  rises  to  a darker  hue,  approaching  to 
black,  but  as  the  substance  cools  the  natural  shade 
is  regained.  The  si>ecific  gravity  of  the  red  powder 
has  been  variously  estimated,  the  number  arrived  at 
by  Playfair  and  Joule  being  11'136.  It  is  but 
slightly  soluble  in  water,  only  one  part  being  taken 
up  by  70U0  parts  of  this  liquid;  the  solution,  how- 
ever, has  a disagreeable  metallic  taste,  and  exhibits 
an  alkaline  reactioti  to  delicate  colour  'ests;  but 
alcohol  fails  to  dis.solve  it.  Wlien  strongly  heated 
(about  400°  C.)  it  is  resolved  into  its  elements. 
Oxide  of  mercury  obtained  by  precipitation  is  an 
amorphous  yellow  powder,  and  in  this  differs  from 
that  obtained  by  heat.  There  are  also  many  other 
reactions  wherein  they  behave  differently. 

Mercuric  oxide  is  readily  decomposed  by  several 
substances:  even  light  is  capable  of  resolving  it  into 
mercury  and  oxygen  gas;  hecat  and  all  organic  sub- 
stances produce  the  same  effect,  but  much  more 
quickly.  On  this  account  it  is  frequently  employed 
in  analysis  to  remove  the  last  traces  of  carbon  from 
a substance,  and  to  oxidise  sulphur  into  sulphuric 
acid.  Phosphorus,  sulphur,  sulphurous  acid,  the 
alkali  metals,  stannous  chloride,  and  several  other 
bodies,  decompose  it,  many  of  them  with  evolution 
of  light  and  heat.  The  monoxide  of  mercury  may 
be  di.stinguished  from  the  suboxide,  first  by  its 
colour,  and  secondly  by  its  solutions  not  giving  a 
white  flocculent  precipitate  with  hydrochloric  acid ; 
it  also  produces  with  solutions  of  hydriodic  acid,  or 
of  alkaline  iodides,  a beautiful  scarlet  precipitate  of 
mercuric  iodide,  and  which  is  characteristic  compared 
wi;h  the  dull  green  colour  of  the  subiodide,  or  mer- 
curous iodide,  Ug2l2-  Potiish  gives  a yellow,  and 
ammonia  a white  precipitate,  both  of  which  are 
sufficiently  distinct  from  the  black  deposit  that  they 
afford  in  solutions  of  the  suboxide  of  this  mtTal. 

It  is  stated  that  red  oxide  of  mercury  is  occasion- 
ally adulterated  with  minium  or  red  lead,  sesquioxide 
of  iron,  and  powdered  brick.  Such  substances  are 
readily  detected  by  heating  the  sub.stance  to  a dull 
heat ; the  mercuric  oxide  sublimes,  and  leaves  the 
non-volatile  matters  behind. 

Sulphides  of  Mercury.  — Mercnrom  sulphide. 
Hg2S.  the  ivthiop.'i  miiiercd  of  the  older  chemists,  was 
prepared  by  agitating  a little  water,  sulphur,  and  | 
mercury,  in  equal  ])ro[)ortions.  in  a mortar,  or  at  a ! 
slightly  increased  heat,  till  a black  jiowder  residted. 

It  can  also  be  obtained  by  transmitting  a stream  of  sul- 
j)huretted  hydrogen  gas  through  a dilute  solution  of 


mercurous  nitrate  in  the  cold,  when  a subsulphide 
of  a black  colour  falls.  Too  high  a temperature 
must  be  avoided,  since  it  would  resolve  the  mer- 
curous sulphide  into  mercuric  suljjhide  and  metiil. 

Prejiared  by  either  method,  this  compound  appears 
as  a black,  tasteless,  inodorous  powder,  which  is 
insoluble  in  water,  in  hydrochloric  and  dilute  nitric 
acids.  By  heat  it  is  resolved  into  mercury,  and  the 
red  sulphide  of  the  metal,  cinnabar,  HgS. 

This  compound  is  not  ]>repared  in  any  quantity, 
nor  has  it  any  apjilication,  exce[iting  among  veteri- 
nary surgeons,  and  even  these  are  abandoning  it  for 
more  appropriate  agents. 

Mercuric  Suljdnde,  HgS — Cinnabar,  Vermilion. — 
This  is  a much  more  important  compound,  though, 
like  the  former,  medicinally  inert.  The  character 
and  composition  of  the  native  ore  have  been  already 
explained.  Only  a small  quantity  of  that  mineral, 
however,  is  of  sufficiently  fine  quality  to  permit  of 
its  being  employed  as  a [ligment.  Chemically,  there 
is  no  difficulty  in  forming  it;  but  its  value  in  the 
arts  depends  upon  the  richness  of  its  colour,  the 
exact  conditions  to  insure  which  are  as  yet  far  from 
being  understood.  The  following  are  some  of  the 
processes  for  its  preparation  : — 

When  sulphuretted  hydrogen  gas  is  passed  to 
saturation  through  a solution  of  mercuric  oxide,  the 
white  compound  which  appears  at  an  early  stage  of 
the  operation  is  destroyed,  and  the  bl.ick  precipitate 
then  consists  solely  of  mercuric  sulphide,  which, 
when  collected,  dried,  and  heated  in  a retort,  yields 
a fine  crystalline  sublim.ate  of  cinnabar.  These  two 
bodies  therefore,  the  black  and  the  red,  are  allotropic 
modifications  of  one  substance.  HgS. 

The  process  of  Liebig  consists  in  forming  white 
precipitate,  mercurammonium  chloride.  HgNH,Cl, 
and  digesting  it  with  polysulphide  of  ammonium, 
obtained  by  saturating  the  common  alkaline  sul- 
phide with  sulphur.  The  colour  of  the  product  is 
afterwards  improved  by  boiling  with  caustic  potiish. 

Kirchoff  recommends  triturating  100  parts  of 
mercury  in  a porcelain  dish,  with  :^3  parts  of  flowers 
of  sulphur,  chemical  action  being  assisted  from  time 
to  time  by  moistening  the  mixture  with  solution 
of  caustic  potiish.  A potash  lie,  containing  53  parts 
of  solid  hydrate  in  53  of  water,  is  next  prepared,  and 
in  it  the  sulphurised  mercury  is  warmed,  and  further 
triturated.  The  water  must  be  replaced  as  it  evapo- 
rates, and  the  operation  continued  for  two  hours. 
After  this,  and  still  with  trituration,  the  red  mass  is 
evaporated  to  a thin  ])aste,  removing  the  heat  at  the 
moment  when  the  red  colour  has  attained  its  finest 
shade;  fora  few  seconds,  either  too  soon  or  too  late, 
deteriorates  the  quality  of  the  |>roduct.  Too  little 
heat  fails  to  bring  up  the  red  to  its  utmost  degree 
of  brightness;  and  a little  too  high,  or  even  too 
long  continuance  of  the  proper  temperature,  changes 
the  colour  to  brown,  and  it  can  never  be  restored. 
The  product,  when  cool,  is  first  washed  with  a solu- 
tion of  potash,  and  afterwards  with  water. 

It  appears  by  the  following  table  that  the  quantity 
of  vermilion  which  can  be  obtained  depends  on  the 
relative  proportion  of  the  substances  employed: — 
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Mercury.  Sulphur.  Potoab.  Vermilion. 

300  114  75 1 f330 

“ 11.5  75  331 

“ !•>()  120  1 1 321 

“ 150  152  ).  yield  382 

120  180  1 215 

“ 100  180  1 1 214 

“ 60  180  j (.H2 

Brl’nneu  directs  the  trituration  of  100  parts  of 
mercury  with  38  of  sulpliur.  The  aethiops  so  pro- 
duced is  next  heated  to  113°  Fahr.  with  25  parts  of 
l)Otash  in  133  to  150  parts  of  water,  and  more  liquid 
supplied  as  it  becomes  reduced  by  evaporation,  the 
mixture  being  kept  occasionally  stirred.  After  a 
few  hours  the  black  substance  begins  to  take  a brown 
tint;  and  if  the  heat  be  maintained  at  113°  to  118° 
Fahr.,  this  goes  on  brightening  till  it  becomes  a 
lively  red.  Whenever  the  mixture  becomes  gela- 
tinous, more  water  must  be  added;  for  it  is  absolutely 
necessary  for  the  success  of  the  process  that  it  be 
kept  in  as  pulverulent  a state  iis  possible,  and  also 
tliat  the  heat  rise  not  above  120°  to  122°  Fahr. 
When  the  product  has  attained  the  fine  red  required, 
and  which  hapjiens  in  the  course  of  eight  hours,  the 
fire  is  removed,  and  the  contents  of  the  vessel  are 
left  to  cool  slowly.  The  cinnabar  is  then  removed, 
wiished  with  water,  and  further  purified  by  leviga- 
tion  from  any  mercury  or  black  sul[)hide  which 
might  still  remain.  Brunner  states  that  100  [)arts 
of  mercury,  40. parts  of  sulphur,  and  40  of  potash, 
afford  107  parts  of  vermilion  little  inferior  to  the 
finest  native  substance,  and  much  superior  to  any 
obtained  by  sublimation. 

Dutch  Method  of  Mokini/  Vermilion.  — It  is  well 
known  that  tlie  monopoly  of  ]>reparing  this  pigment 
was  long  held  by  the  Dutch,  who  alone  at  one  time 
possessed  in  Europe  the  secret  of  giving  to  it  a ricli 
sciirlet  colour.  The  process  consisted  of  two  parts : 
first,  the  production  of  a mixture  of  cinnabar,  black 
sulphide,  uncotnbined  metal,  and  sulphur ; and, 
second,  the  conversion  of  this  into  the  pure  vermilion. 

The  first  [>art  of  the  operation  was  to  effect  the 
combination  in  a flat  polished  iron  [lOt,  2^  feet  in 
diiimeter,  and  1 deep.  Into  this  1080  lbs.  of  mer- 
cury and  150  lbs.  of  sulphur — equivalent  to  87’8 
of  mercury  and  12’2  of  sulphur  per  cent. — were 
introduced,  and  the  mixture  stirred  with  an  iron 
spatula  very  cautiously ; because  if  the  components 
were  too  briskly  mingled,  the  combination  would  be 
too  violent,  and  some  of  the  substances  would  be 
lost.  The  black  product  of  this  operation,  being 
reduced  to  jiowder,  was  next  placed  in  liand  jars 
capable  of  holding  IJ  lb.  of  water — thirty  to  forty 
of  them  being  consUintly  kept  full.  The  subliming 
l)Ots,  three  in  number,  which  were  made  of  |iure 
sand  and  cl.ay,  and  well  luted  outside,  were  each 
covered  witli  a smooth  iron  lid,  and  placed  in  a 
furnace  secured  with  hoops  of  iron,  the  position  of 
the  pots  being  such  that  the  flame  could  play  over 
two-thirds  of  their  height.  In  the  evening  the 
operation  of  heating  the  pots  was  begun;  and  as 
soon  as  they  attained  a red  heat  tlie  iron  covers  were 
removed,  and  a pipkinful  of  black  sulphide  thrown 
into  eacli.  and  there  left  to  crackle  and  burn.  This 
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emptying  of  the  smaller  pots  into  the  larger  was 
continued — sometimes  two  or  more  being  emptied 
into  the  subliming  pot  at  once — till,  in  the  course 
of  thirty-four  hours,  410  lbs.  had  been  emptied  into 
each  of  the  three.  As  e.ach  fresh  portion  of  black 
matter  was  thrown  in,  the  mixture  took  fire,  and 
the  flame  rose  from  3 to  C feet  above  the  edge  of 
the  pot.  During  this  period  the  cover  was  not  re- 
placed ; but  as  it  subsided  the  pot  was  again. covered 
with  the  iron  plate,  until  it  was  necessary  to  remove 
it  for  the  introduction  of  more  sulphide.  For  thirty- 
six  hours  after  the  last  portion  was  added  the  same 
steady  heat  was  continued,  and  the  contents  of  the 
pot  occasionally  stirred  by  means  of  an  iron  rod 
which  passed  through  the  top  of  the  lid.  During 
this  period  also  the  workman  tested  from  time  to  time 
the  security  of  the  process,  by  cautiously  removing 
the  pots,  and  observing  to  what  height  the  flame 
then  rose,  cand  with  what  vigour  it  burnt.  The 
proper  temperature  was  indicated  by  a vigorous 
combustion,  acconjpanied  by  a flame  which  did  not 
rise  more  than  3 or  4 inches  over  the  edge  of  the 
pot. 

When  the  thirty-six  hours  were  expired  the  whole 
was  allowed  to  cool,  after  which  the  pots  were 
removed  and  broken,  and  the  vermilion  which  was 
incrusted  within  them,  and  chiefly  in  their  upper 
parts,  collected,  ground  with  water  between  hori- 
zontal stones,  then  passed  through  sieves,  and 
thereafter  elutriated  and  dried.  The  usual  loss 
in  converting  the  black  sulphide  by  this  process 
into  vermilion  was  nearly  3 per  cent. 

Method  adopted  at  Idria.— At  Idria,  as  already 
stated,  large  quantities  of  the  sulpliide  of  mercury 
pigment  are  annually  prepared.  The  method  pur- 
sued is  to  introduce  into  a number  of  well-bound 
casks,  contrived  to  turn  on  their  axes,  8 lbs.  of  sul- 
phur and  42  of  mercury,  and  then  to  put  them  in 
motion  for  three  hours  or  more,  till  the  ingredients 
combine  to  form  a brownish  powder.  A number  of 
cast-iron  cylinders  placed  upright  in  a furnace,  and 
heated  to  dull  redness,  are  then  charged  with  this 
product,  100  lbs.  being  portioned  to  each,  the 
weighted  cast-iron  cover  being  immediately  fixed  on, 
and  retained  till  all  crackling  noise  subsides.  When 
this  happens  the  iron  top  is  removed,  and  another 
of  stoneware,  having  the  beak  connected  with  a tube 
and  receiver,  substituted ; at  the  same  time  the  fire 
is  increased  for  the  purpose  of  expelling  the  sulphide 
of  mercury  from  the  iron  cylinder.  After  the  sub- 
limation of  the  charge  the  capital  and  tube  are 
removed,  and  when  cold  the  cake  of  cinnabar  is 
separated.  That  which  has  the  brightest  tint  is 
found  caked  on  the  outside  of  the  cover;  the  por- 
tion collected  in  the  tube  and  receiver  is  generally 
mixed  with  an  excess  of  sulphur,  which  volatilizes 
with  it,  and  for  the  most  part  is  returned  with  a 
fresh  charge  of  mthiops  to  be  re-sublimed.  The 
cakes  of  cinnabar  are  broken,  and  ground  finely 
with  water;  then  boiled  with  a solution  of  pota.sh, 
washed  first  with  hot,  next  with  cold  water,  and 
finally  dried. 

Chinenc  Vermilion,  which  is  so  rich  in  colour  as  to 
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command  five  or  six  times  tlie  price  of  the  European 
jiroduct,  apy>ears  to  be  prepared  in  the  ordinary  way, 
leaving  nothing  to  account  for  the  superior  brilliancy 
of  shade  except  the  sunnier  climate.  By  careful 
selection  the  finest  portions  are  collected,  and,  if 
uecessaiy,  ground  and  waslied  several  times.  In 
making  the  artificial  product  1 part  of  sulphur  and 
4 of  mercury  are  introduced  into  an  earthen  pot, 
to  which  an  iron  cover  is  luted  and  bound  with  wire ; 
the  pot  with  its  contents  is  then  placed  in  a fire  of 
dried  camel’s  dung.  After  sublimation  the  cover  is 
removed  and  the  pot  broken,  and  the  purest  of  the 
sublimate  picked  out  from  the  less-coloured  product, 
ground  very  fine,  and  the  powder  sifted  into  a large 
vessel  of  water.  When  the  red  product  has  sub- 
sided the  supernatant  water  and  scum  are  drawn 
off,  and  fresh  liquid  supplied,  in  which  the  sediment 
is  stirred  up,  and  after  subsidence  the  substance  is 
collected  and  carefully  dried  in  the  sun. 

By  subliming  one  part  of  antimonious  sulphide, 
Sb2Sg,  with  mercuric  sulphide,  a greyish  cinnabar  is 
obtained.  On  boiling  this  with  a solution  of  Ucer  of 
sulphur — a compound  of  sulphur  and  potassium — 
and  afterwards  with  hydrochloric  acid,  and  washing 
thoroughly  with  water,  a product  is  obtained  which 
is  quite  as  brilliant  as  the  finest  Chinese  vermilion, 
and  retains  no  antimonial  sulphide. 

Ihoperties. — Sulphide  of  mercury,  prepared  by 
saturating  a solution  of  oxide  of  mercury,  is  a black 
substance ; but  when  prepared  by  the  other  processes 
mentioned  it  has  a red  colour,  more  of  less  lively. 
It  is  a soft,  heavy,  colourless,  and  tasteless  powder 
if  prepared  by  the  moist  method,  and  is  devoid  of 
crystalline  structure ; but  the  sublimed  product 
appears  in  masses  composed  of  hexahedral  needles. 
Exposed  to  the  light  of  the  sun  it  gradually  acquires 
on  the  surface  a grey  tint,  owing  to  a portion  being 
decomposed  into  mercury  and  sulphur. 

Y'  ater  or  alcohol  have  no  action  upon  cinnabar. 
Cold  hydrochloric  and  nitric  acid  singly  fail  to  dis- 
solve it;  but  nitro-hydrochloric  acid  readily  attacks 
it,  and  converts  it  into  chloride.  Nitric  acid  when 
heated  decomposes  it,  and  produces  mercuric  sul- 
phate. Caustic  potash,  or  soda  in  solution,  does  not 
decompose  cinnabar;  but  if  the  hydrate  of  the  alkali 
be  employed,  and  its  action  be  assisted  by  increased 
temperature,  decomposition  takes  phree,  which  results 
in  the  pnoduction  of  metallic  mercury,  sulphate  and 
sulprhide  of  the  alkali. 

A tenqrerature  a[)j)roaching  a red  heat  volatilizes 
mercuric  sulphide  without  decomposition ; if  air  be 
admitted  tlie  sulphide  burns,  the  sulpiliur  being  con- 
verted into  sulphurous  and  sulphuric  acids,  and  the 
metal  disseminated  in  the  vapour.  Charcoal  and 
other  carbonaceous  matters,  iron  filings,  lime,  or  any 
of  the  fixed  alkaline  bases,  also  abstract  the  sulphur 
and  set  the  metal  free. 

Cinnabar  or  vermilion  is  principally  employed  as 
a jiigment.  Its  high  price  exj)oscs  it  to  considerable 
sophistication  in  the  h.ands  of  unprineij'led  traders. 
The  adulterations  which  are  most  likely  to  be  con- 
tained in  it  are  minium  or  red  lead,  ferric  oxide,  red 
brick  dust,  and  arsenious  sulphide,  AsSj.  Red  lead. 


I. 

brickdust,  or  ferric  oxide,  may  be  readily  foutld  by 
sublimation  of  the  mercurial  sulphide  containing 
them  in  a clean  iron  s])Oon.  The  difference  of  weight 
before  and  after  treatment  indicates  the  amount  of 
adulteration.  Sulj>hide  of  arsenic  may  be  found  by 
treating  the  jiignient  repeatedly  with  strong  solution 
of  potash,  boiling,  filtering  off  the  liquid,  adding  to 
it  hydrochloric  acid,  with  a'  few  fragments  of  zinc 
or  iron,  and  subsequently  transmitting  sulj)huretted 
hydrogen  gas  through  the  solution,  then  boiling, 
filtering  off  the  liquid,  and  adding  hydrochloric  acid 
to  it  to  saturation.  After  some  time  suljdiide  of 
arsenic  of  a yellow  colour  falls. 

The  quantity  of  arsenic  may  be  ascertained  by  the 
following  j)rocess:  — Take  a given  weight  of  the 
vermilion  in  very  fine  jiowder,  put  it  into  a flask, 
and  treat  it  therein  with  aqua  regia  until  the  sulphur 
which  separates  has  agglomerated  into  yellow  lumj)S 
of  a periect  yellow  colour;  fresh  jiortions  of  aqua 
regia  being  added  from  time  to  time,  in  order  to 
insure  complete  decom[)osition.  The  solution  is 
filtered,  and  saturated  with  ammonia ; an  excess 
of  ammonium  sulphide  is  then  added,  the  flask  is 
loosely  corked  up,  and  the  whole  is  left  to  digest  in 
a warm  ]>lace  for  ten  to  twelve  hours.  The  flask 
is  then  allowed  to  cool,  and  the  insoluble  mercuric 
sidphide  sepiarated  by  filtration.  The  filtrate,  which 
contains  the  sulphide  of  arsenic,  should  be  diluted 
with  a large  quantity  of  water,  acidified  with  a little 
hydrochloric  or  acetic  acid  until  it  is  slightly  acid, 
and  the  whole  left  to  digest  at  a gentle  heat  until 
all  odour  of  suljdiuretted  hydrogen  has  disappeared. 
The  sulphide  of  arsenic  which  was  held  in  solution 
will  then  have  completely  precipitated ; it  should  be 
collected  on  a counter[)oised  filter,  and  weighed. 

The  presence  of  red  lead  may  be  detected  by  boiling 
the  suspected  vermilion  in  acetic  acid,  which  will 
dissolve  the  lead  if  present.  If,  on  passing  a current 
of  sulphuretted  hydrogen  through  a portion  of  the 
filtered  solution,  a black  precipitate  of  sulphide  of 
lead  is  obtained,  or  if,  on  testing  another  portion 
of  the  filtered  solution  with  iodide  of  potassium,  a 
yellow  precipitate  is  formed,  lead  is  present. 

In  order  to  determine  the  quantity  of  the  red 
lead,  the  black  precipitate  of  sulphide  of  lead  pro- 
duced in  the  .acetic  acid  solution  above-mentioned 
is  treated  with  hydrochloric  acid,  which  produces  an 
evolution  of  sulphuretted  hydrogen ; nitric  acid  is 
then  added,  and  the  whole  evaporated  to  dryness. 
Sulphuric  acid  is  ndw  poured  with  care  on  the  dry 
mass,  the  excess  of  sulphuric  acid  driven  off  by  heat, 
and  the  remaining  sulphate  of  lead  weighed. 

Chlorides  of  Mercury. — Of  all  the  compounds 
of  mercury,  none  are  of  greater  importance,  in  a 
medicinal  point  of  view,  than  the  two  compounds  pro- 
duced by  the  union  of  chlorine  and  mercury,  and 
which  are  well  known  by  the  title  of  calomel  (sub- 
chloride of  mercury,  mercurous  chloride,  lIg2Cl2) 
and  corrosice  suldimate  (mercuric  chloride,  IIgCl2). 

Calomel  (Merci&ons  Chlorhle,  IIg,Cl2). — As  slated 
under  the  ores  of  mercury,  this  combination  is  met 
with  in  several  mines  ih  the  form  of  incrustations — 
horn  quicksilver — on  other  ores,  or  disseminated  in 


MEllCUllY.— Calomel. 


41,1 


the  form  of  small  transparent  and  translucent 
cr^'stals.  Those  mines  where  it  is  particularly 
noticed  are  the  Almadcn,  Idria,  Moschellandsberg ; 
the  mines  of  the  Palatinate,  Deux  Fonts,  and 
Ilohemia.  The  quantity  so  found  is,  however,  un- 
important; and  the  native  substiince  is  never  applied 
in  medicine,  that  which  is  artificially  prepared  being 
preferred.  There  are  several  methods  by  which 
mercurous  chloride  may  be  obtained,  as  well  by  pre- 
cipitation as  by  the  dry  way.  When  a solution  of 
pure  subnitrate  of  mercury  is  precipitated  by  another 
of  a pure  alkaline  chloride,  such  as  sodium  chloride, 
or  with  dilute  hydrochloric  acid,  a white  flocculent 
mass  falls,  which  is  the  compound  in  question  ; and 
when  washed  well  and  dried,  it  is  chemically  pure. 
It  is  necessary,  however,  to  prolong  the  washings, 
otherwise  some  traces  of  the  alkaline  precipitant  are 
retained,  which  retict  as  a solvent  upon  a part  of  the 
precipitate  by  forming  a double  compound  with  it ; 
and  hence  it  is  that  calomel  prepared  in  this  way 
always  leaves  a mercurial  taste.  To  guard  against 
this,  recourse  is  usually  had  to  the  dry  method,  in 
which  the  mercurous  salt  and  chloride  of  sodium  are 
niixed  in  the  proper  juoportions,  and  then  submitted 
to  heat  in  a subliming  pot,  when  the  calomel  is 
obtained  in  the  form  of  a white  incrustation  on 
the  cover  of  tlie  vessel.  Prepared  in  either  way, 
mercurous  chloride  is  a yellowish-white  powder, 
which  under  the  influence  of  solar  light  turns  grey, 
being  transformed  into  mercuric  chloride  and  metallic 
mercury ; it  is  but  very  slightly  soluble,  1 part  of 
the  salt  requiring  12,00U  of  boiling  water  for  perfect 
solution.  Dilute  hydrochloric  acid  has  no  action 
upon  it;  but  when  concentrated,  it  changes  the  salt 
into  metal  and  mercuric  chloride. 

Concentrated  boiling  solutions  of  the  fixed  alkaline 
chlorides,  and  of  chloride  of  ammonium,  react  upon 
calomel  in  the  same  way.  Hot  strong  nitric  acid 
readily  dissolves  the  subchloride  of  mercury,  con- 
verting it  into  mercuric  nitrate  and  chlorida  It  is 
readily  sublimed,  and  forms  ciystals  on  condensing. 

Although  CilRiSTisoN  and  other  authorities  assert 
that  the  calomel  prepared  by  jirecipitating  ,a  dilute 
solution  of  a mercurous  salt  with  one  of  chloride  of 
sodium  in  the  manner  already  stated,  or  by  agitating 
a solution  of  ferric  chloride  with  metallic  mei-cuiy, 
does  not  differ  in  therapeutip  properties  from  that 
formed  by  sublinnation,  still  the  latter  method  is 
adopted  in  the  manufacture. 

Various  reci|iesare  known  for  obtaining  it;  thus, 
by  mixing  4 {>arts  of  corrosive  sublimate  (mercuric 
chloride)  with  3 parts  of  the  metal,  ami  subliming, 
calomel  is  obtained;  likewise  when  mercuric  sul- 
phate of  the  protoxiile  of  this  niet  d is  heated  with 
an  equivalent  jirojiortion  of  common  salt  and  mer- 
cury, corrosive  sublimate  is  produced.  In  the  first 
instance  the  reaction  may  be  symbolized  thus — 

Mercuric  chloride.  Mercury.  Mercurous  cliloride. 

HgCIg  + Ilg  = 

and  in  the  second, 

Mehiuric  sulphete.  Mercury.  8o<Uuin  chloride. 

IJgisO^  + Ilg  -4r  = 


Mercurona  chloride.  Sodium  sulphate. 

"t"  Na.^S04 

When  operating  according  to  the  first  equation,  it 
is  requisite  to  have  the  metal  in  slight  excess  in 
order  to  insure  the  complete  reduction  of  the  mer- 
curic chloride.  Mona  states  that  this  method  is 
frequently  adopted  in  the  (lerman  pharmaceutical 
laboratories.  The  materials  are  ground  up  with  a 
little  water  or  spirit,  to  prevent  the  escjvpe  of  dust 
or  powder,  ami  when  the  metal  is  deadened  the 
material  is  placed  in  glass  vials  and  heated ; after 
sublimation  the  product  is  collected  by  breaking  off 
tbe  neck  of  the  bottles,  and  detaching  the  crust  of 
salt. 

When  preparing  it  by  the  second  method,  which 
is  much  the  better  of  the  two,  '2  parts  of  mercury 
are  dis.solved  in  3 of  strong  sulphuric  acid ; or  better 
still,  4 ounces  of  the  metal  are  acted  upon  with  2 
ounces  2 drachms,  liquid  measure,  of  strong  sul- 
phuric acid,  to  which  half  a fluid  drachm  of  strong 
nitric  acid  is  added. 

When  sulphuric  acid  only  is  employed,  the  sulphate 
of  mercury  obtained  by  evaporation  is,  mixed  wdth 
2 parts  of  metal,  and  afterwards  with  Ij  part  of 
common  salt,  the  whole  being  triturated  in  a mortar 
tdl  the  metal  disappears.  The  mass  is  then  sub- 
limed in  the  usual  way.  In  this  operation  the  whole 
of  the  mercury  is,  however,  never  reduced  to  calo- 
mel, and  on  this  account  tlie  sublimed  mass  requires 
purification  from  corrosive  sublimate  by  repeated 
washings  with  boiling  water,  in  which  the  latter  is 
freely  soluble.  As  soon  as  the  washings  give  but 
faint  indications  of  precipitates  with  a solution  of 
nitrate  of  silver  or  hydrogen,  the  calomel  may  be 
considered  pure. 

Fig.  14  is  a drawing  of  a subliming  apparatus 
described  by  Mohr.  It  consists  of  an  earthenware 
tube,  ft,  1 foot  long  aiid  a little  more  than  2 inches 
wide.  This  tube  passes  through  a small  furnace, 
and  is  connected  on  the  left  with  a small  bellows, 


Fig.  14. 


and  on  the  right  with  the  wider  pipe,  c,  that  enters 
the  box  or  chamber,  d,  where  the  sublimed  calomel 
collects.  This  box  is  lined  inside  with  glazed  paper, 
the  top  being  secured  by  a cloth,  n>,  which  is  retained 
in  its  place  by  the  funnel-cap,  e,  terminating  in  the 
chimney,  ,'i  At  y is  shown  a small  iron  gallery  for 


412 


MERCURY.— Calomel. 


retaining  hot  charcoal,  by  which  means  a continuous 
draught  is  maintained. 

I'he  fire  is  laid  on  at  a and  y,  and  as  soon  as 
the  temperature  rises  to  the  subliming  degree, 
air  is  urged  through  the  apparatus  by  working 
the  bellows,  and  this  forces  the  calomel  vapour, 
as  fast  as  it  rises,  into  the  chamber,  d ; as  soon, 
however,  as  the  chimney  has  become  sufficiently  hot 
the  blowing  apparatus  may  be  detacheil,  as  there  will 
then  be  sufficient  draught  to  carry  the  sublimed 
vapour  into  the  receiver  without  mechanical  aid. 
As  the  charge  already  in  the  tube,  6,  becomes  ex- 
hausted, a further  quantity  may  be  introduced  at 
the  open  side,  and  as  long  as  the  fire  in  g remains, 
the  current  of  air  drawn  through  will  be  sufficient 
to  prevent  any  mercurial  vapour  escaping  by  the 
open  end. 

Under  ordinary  circumstances  the  incrusted  calo- 
mel requires  to  be  finely  ground  before  it  is  fit  for 
use.  This  operation  is  generally  performed  under 
lead  rollers,  unless  the  salt  be  minutely  subdivided 
at  the  moment  of  condensation.  Mr.  Jewell  pat- 
ented a process  for  effecting  this,  which  has  since 
been  improved  by  M.  O.  Henuy  and  Soubeiean. 
It  depends  on  the  fact  that  if  the  mercurial  vapour 
is  made  to  pass  into  a vessel  charged  with  steam, 
having  water  in  the  bottom  instead  of  the  air 
chamber,  the  substance  becomes  reduced  to  the  finest 
state  of  division  without  further  trouble. 

Propertks  of  Calomel. — The  form  in  which  calomel 
sublimes  is  modified  by  the  dimensions  of  the 
apparatus  employed,  and  the  temperature  at  which 
it  is  produced.  Prepared  in  small  vessels,  it  usually 
takes  the  shape  of  a fibro-crystalline  cake,  which 
when  powdered  is  yellow  or  buff;  whereas  if  the 
apjiaratus  is  large,  and  the  receiver 
Fig.  15.  cold,  it  falls  as  a white  impalpable 
powder.  The  crystals  of  calomel 
are  square  prisms  (Fig.  15),  with 
a specific  gravity  of  7‘150 ; 7T5G, 
Pelouze  and  Fremy;  6-9920, 
Karsten.  Calomel  is  not  volatile 
at  ordinary  temperatures.  Below 
a red  heat  it  sublimes  without 
fusing.  It  has  neither  taste  nor 
smell,  and  is  insoluble  in  pure 
water  at  15°‘5  C.  Boiling  muri- 
atic acid  quickly  changes  calomel 
into  corrosive  sublimate  and  metallic’  mercury. 
In  hot  nitric  acid  it  dissolves,  evolving  nitric 
oxide.  In  the  cold,  sulphuric  acid  neither  dis- 
solves nor  decomposes  it;  but  the  action  of  hot 
sulphuric  acid  is  to  produce — the  higher  chloride, 
a mercuric  sulphate,  and  sulphurous  acid  gas. 
Solutions  of  the  fixed  alkalies  convert  it  into 
black  oxide ; and  by  ammonia  gas,  dry  mercurous 
chloride  becomes  mercurosammonium  chloride, 
IlgNIIgCl,  which  is  also  black.  This  compound 
is  different  from  that  which  is  formed  when 
calomel  and  aqueous  ammonia  are  brought  in 
contact;  the  las:  has  the  formula,  IIg^NIl2Cl, 
dimercurosammonium  chloride.  The  equation  is 
as  follows 


Mercurous  Dimercurosammonium  Ammonium 

chloride.  Ammonia.  chloride.  chloride. 

HgjClj  + 2NHj  Hg2NH,,Cl  + NU^Ul. 

The  trade  adulterations  of  calomel  are  chalk, 
sulphate  of  baryta,  carbonate  of  lead,  common  salt, 
sal  ammoniac,  and  sometimes  a little  corrosive  sub- 
limate. For  the  detection  of  all  impurities,  the 
Edinburgh  College  directs  that  heat,  sulphuric  ether, 
and  solution  of  caustic  potash  should  be  employed. 
Calomel,  if  pure,  is  entirely  volatilized  by  heat;  all 
fixed  impurities  will  therefore  be  found  in  the 
residue,  whilst  the  sublimate  may  contain,  besides 
calomel,  the  mercuric  chloride  and  sal  ammoniac. 
These  inipurities  being  soluble  in  water,  a solution 
is  readily  obtained  containing  both  ; and  this  liquid, 
when  acted  on  by  potash  solution,  gives  a yellow 
precipitate  or  cloud,  alter  which,  if  gently  heated, 
fumes  of  ammonia  will  be  given  off,  producing,  in 
contact  with  muriatic  acid,  the  white  vapours  of 
ammonium  chloride.  Or  the  liquid  may  be  gently 
evaporated,  and  the  solid  residue  treated  with  solu- 
tion of  caustic  potash,  after  which  the  volatile 
ammonia  may  also  be  brought  in  contact  with  the 
hydrochloric  acid  vapour. 

The  fixed  residue,  supposed  to  contain  barium 
sulphate,  white  lead,  and  chalk,  may  now  be  treated 
with  pure  and  dilute  nitric  acid ; any  insoluble 
matter  still  remaining  is  set  aside  for  examination, 
and  the  solution  in  nitric  acid,  which,  if  it  was 
attended  with  effervescence,  showed  the  presence 
of  carbonic  acid,  may  be  if  necessary  diluted  with 
water.  Solution  of  sulphuretted  hydrogen  gas  is 
then  added,  and  a black  precipitate  obtained,  if  lead 
be  present.  The  clear  liquid  filtered  fiom  the 
plumbic  sulphide  is  next  neuthilized  by  ammonia, 
and  ammonium  oxalate  added.  A white  precipitate 
proves  the  presence  of  lime. 

Returning  now  to  the  insoluble  residue  from  the 
nitric  solution,  which  may  still  contain  plumbic 
sulphate  and  barium  sulphate,  the  solid  matter  may 
at  once  be  tested  with  a drop  of  sulphide  of  ammo- 
nium. It  lead  be  present,  it  will  be  immediately 
blackened.  If  otherwise,  then,  having  been  well 
washed  with  water,  it  may  be  boiled  with  pure 
potassium  carbonate,  the  solution  filtered,  excess 
of  alkaline  carbonate  in  the  liquid  expelled  by  pure 
hydrochloric  acid,  and  afterwards  barium  chloride 
added  to  detect  the  presence  of  sulphuric  acid.  If 
a white  precipitate  is  observed,  then  the  white 
matter  left  on  the  filter  is  carefully  washed  and  dis- 
solved in  a small  portion  of  pure  hydrochloric 
acid  ; to  this  liquid  dilute  sulphuric  acid  is  next 
added,  and  a precipitate  of  barium  sulphate  is 
obtained. 

It  is  well  known  that  calomel  boiled  with  water, 
very  slightly  acidulated  with  hydrochloric  acid,  and 
containing  a slip  of  clean  copper,  gives  a deposit  on 
that  metal  of  metallic  mercury.  In  the  case  of  a 
solution  of  corrosive  sublimate,  the  same  test  may 
bj  employed,  or  the  following  neat  arrangement 
may  be  adopted  : — A drop  of  the  liquid  is  placed  on 
a sovereign,  and  an  iron  key  is  placed  so  that  one 
part  is  immersed  in  the  liquid  whilst  another  touches 
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the  gold  of  the  coin.  At  the  former  point  a brilliant 
inercurial  stain  is  immediately  produced  by  the 
galvanic  current.  A copper  coin  may  take  the 
place  of  the  gold,  in  which  case  a strip  of  clean  zinc, 
slightly  arched,  must  be  substituted  for  the  iron  key. 

Finally,  it  being  established  that  the  solution 
contains  mercury,  the  identification  of  it,  as  the 
mercurous  chloride,  may  be  easily  effected  by  solu- 
tions of  nitrate  of  silver,  caustic  ammonia,  iodide  of 
potassium,  and  stannous  chloride. 

Medicinally,  calomel  is  the  mildest  and  most 
generally  employed  of  all  mercurials.  It  is  irritant, 
however,  in  large  doses,  and  to  some  constitutions 
violently  so.  Combined  with  digitalis  or  squills  it 
is  an  effective  diuretic:  and  its  diaphoretic,  like  its 
sedative  properties,  are  best  developed  in  combina- 
tion with  opium.  Its  alterative  properties  are 
most  generally  produced  by  the  use  of  small  doses 
daily,  or  it  may  be  given  along  with  the  golden 
sulphide  of  antimony,  as  Ptunmer'x  pill. 

The  Editor  trusts,  however,  that  before  many 
years  are  over  medical  men  will  have  abolished  the 
administration  of  all  hydrargic  compounds,  which  can 
only  have  a baneful  effect  upon  the  system. 

Corronive  Sublimate  (^Mercuric  Chloride,  HgCl2) — 
This  combination  of  mercury  has  been  known  from 
time  immemorial,  though  the  first  description  of  it 
was  given  by  Geber,  of  Thus,  in  Persia,  who  lived 
in  the  ninth  century ; and  it  has  occupied  ever  since 
a prominent  place  in  the  materia  medica  of  succeeding 
physicians.  It  may  be  prepared  by  acting  upon 
mercuric  sulphate  by  various  metallic  chlorides  in 
solution — chloride  of  barium,  for  instance — when  a 
mercuric  chloride  is  produced,  together  with  a sul- 
phate of  the  precipitant.  If  the  latter  be  insoluble, 
as  in  the  case  of  barium,  the  mercuric  chloride  may 
be  obtained  by  evaporating  the  filtered  liquor  to 
dryness.  Alkaline  chlorides,  magnesium  chloride, 
and  other  similar  salts,  effect  the  same  changes,  but 
slowly.  By  bringing  together  the  vapour  of  mercury 
and  chlorine  gas  in  the  equivalent  proportions,  the 
metal  takes  fire  and  burns,  forming  HgClg. 

None  of  these  methods  are,  however,  followed  in 
its  manufacture,  recourse  being  always  had  to  the 
dry  process  of  subliming  a mixture  of  chloride  of 
sodium  and  mercuric  sulphate,  when  a chloride  of 
the  latter  and  sulphate  of  sodium  are  fonned,  the 
mercuric  chloride  compound  being  expelled  by  the 
heat.  Thus : — 

Mercuric  Sodium  Mercuric  Sodium 

sulphate.  chloride.  chloride.  sulphate. 

HgSO^  + 2NaCl  = HgCl.2  + KaujS04 

Considerable  quantities  of  this  compound  were 

prepared  by  the  Dutch  manufacturers  before  the 
knowledge  of  its  formation  became  more  general. 
Their  mode  of  procedure  was  to  mix  equal  parts  of 
mercuric  nitrate,  chloride  of  sodium,  and  calcined 
ferrous  sulphate,  and  introduce  the  composition  into 
a matrass,  filling  only  one-third  its  capacity.  The 
vessel  was  then  imbedded  in  a sand  bath,  and  heat 
applied  till  its  bottom  assumed  a dull  red,  when  a 
series  of  decompositions  took  place,  by  which  a 
mercuric  chloride  was  produced  and  sublimed,  whilst 
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sodium  sulphate  and  ferric  oxide  remained  in  the 
matrass,  and  the  nitric  acid,  after  suffering  decom- 
position, was  evolved  together  with  oxygen.  An- 
other process  was  to  cause  metallic  mercury,  chloride 
of  sodium,  saltpetre,  potassium  nitrate,  and  calcined 
ferrous  sulphate  to  react  upon  one  another  in  the 
matrass  by  heat,  when  corrosive  sublimate  resulted. 

Kunkel  imf)roved  upon  the  process  by  producing 
first  mercuric  sulphate,  by  acting  on  the  metal  with 
oil  of  vitriol;  and  heating  in  a matrass  equal  parts 
of  this  and  common  salt.  Subsequently,  FouR- 
CROV,  in  order  to  dispense  with  the  first  operation, 
directed  to  employ  sulpihuric  acid,  mercury,  and 
common  salt,  to  submit  the  mass  to  heat,  and  finally 
to  sublime  it.  In  practice  the  proportions  taken 
were  10  parts  of  mercury,  8 of  common  salt,  11  of 
sulphuric  acid,  6 of  peroxide  of  manganese,  and  3 
of  water. 

The  London  College  directs  that  1 lb.  of  mercury 
be  boiled  with  31  fluid  ounces  of  sulphuric  acid,  and 
that  the  dry  sulphate  is  to  be  mixed  with  half  a lb. 
of  salt,  and  sublimed. 

In  the  receipt  of  the  Edinburgh  College  the  pro- 
cess for  preparing  calomel  and  corrosive  sublimate 
is  the  same,  with  the  exception  that  only  half  the 
quantity  of  mercury  is  taken  for  the  latter. 

The  Dublin  College  first  prepares  mercuric 
sulphate,  and  intimately  mixes  this  in  fine  powder 
with  dried  common  salt,  likewise  ground,  in  the 
proportion  of  2 of  the  former  to  1 of  the  latter, 
subjecting  the  mixture  to  heat  in  an  iron  pot  lined 
with  clay,  to  which  an  earthen  head  is  adapted.  In 
either  of  these  operations  the  temperature  at  which 
the  salt  is  sublimed  should  not  be  too  elevated,  as 
in  this  case  the  chloride  would  fuse  and  fall  back  into 
the  vessel,  and  thus  occasion  a loss. 

In  the  formation  of  the  mercuric  sulphate,  pre- 
paratory to  subliming  it  with  common  salt,  the 
materials  are  introduced  into  a cast-iron  boiler, 
placed  in  brickwork,  having  a fire  beneath  it,  and 
surmounted  by  a hood  to  cany  off  the  noxious  gas 
evolved  into  the  chimnej'.  The  heat  required  to 
effect  the  union  of  the  mercury  with  the  acid  is 
moderate.  The  mass  forms  a thick  magma,  and 
continues  to  evolve  sulphurous  acid  as  long  as  any 
metal  remains  unoxidised.  8ome  mercurous  sul- 
phate (HgjSO^)  is  apt  to  be  produced ; but  as  it  is 
necessary  for  the  purity  of  the  chloride  which  is 
intended  to  be  obtained  from  this,  to  h.ave  the  whole 
of  the  metal  in  the  state  of  mercuric  sulphate,  a 
quantity  of  acid  should  be  employed  at  the  end  of 
the  process,  before  the  drying  of  the  salt.  The  better 
to  insure  this,  tests  may  be  made  with  a portion  of 
the  sulphate  from  time  to  time,  by  suspending  it  in 
water  saturated  with  chloride  of  sodium ; when  the 
whole  dissolves,  it  is  evident  that  all  the  mercury  is 
in  the  form  of  mercuric  sulphate ; but  should  a white 
deposit  be  formed,  it  indicates  that  mercurous  sul- 
phate still  remains.  When  the  sulphate  is  prepared 
it  is  mixed  with  the  requisite  quantity  of  alkaline 
chloride,  and  a little  binoxide  of  manganese — 1 part 
to  10  of  the  mercuric  sulphate  operated  upon — and 
allowed  to  remain  during  two  or  three  days,  with  the 
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view  of  effecting  a thorough  decomposition.  At  the 
expiration  of  tliis  period  the  fire  is  lighted,  and  a 
gentle  heat  maintained  till  all  moisture  has  evapor- 
ated; after  which  the  mass  is  put  into  the  sublimers, 
which  may  be  of  green  glass,  resting  on  cast-iron 
plates,  and  imbedded  in  sand  up  to  the  neck.  In 
large  factories  the  subliming  furnace  is  usually  an 
oblong,  capable  of  holding  about  100  matrasses,  and 
heated  by  fires  symmetrically  disposed  along  the 
longer  side.  These  are  generally  covered  by 'a  pris- 
matic conical  hood,  from  which  a pipe  leads  into  the 
chimney  to  carry  off  any  escaping  vapour  of  the 
mtrcurial  compound.  The  most  important  part  of 
the  business  is  the  regulation  of  the  heat,  which,  in 
the  first  instance,  disengages  moisture,  and  after  this 
the  mercurial  salt.  At  this  stage  a small  glazed 
conical  vase  is  inverted  on  the  neck  of  each  matrass. 
When  white  vapours  are  observed  it  is  a certain  sign 
that  the  heat  is  too  strong,  in  which  ca.se  the  vessel 
must  be  cooled  by  removing  a portion  of  the  sand 
from  its  upper  part.  'I’owards  the  end  of  the  sub- 
limation the  blast  must  be  increased,  with  the  view 
of  bringing  the  sublimed  chloride  nearly  to  its  fusing 
point,  for  the  purpose  of  causing  it  to  adhere 
together  in  a compact  cake ; but,  for  reasons  already 
assigned,  the  temperature  must  not  be  carried  too 
far,  since  tliis  would  occasion  a loss.  After  the 
sublimation  the  fire  is  withdrawn,  and  as  soon  as  the 
s nd  has  sufficiently  cooled  the  matrasses  are  taken 
out.  and  broken  in  the  middle  as  gently  as  possible, 
so  as  not  to  detach  the  crust  of  salt  upon  the  upper 
part.  Finally,  the  fragments  of  glass,  &c.,  are 
removed,  and  the  pure  cakes  set  aside  to  be  ground 
and  packed. 

Any  mercurous  chloride  which  may  happen  to 
be  formed  during  the  sublimation,  owing  to  its 
not  being  so  volatile  as  corrosive  sublimate,  forms 
a whitish  ring  on  the  lower  part  of  the  sub- 
limed crust,  and  thus  admits  of  being  removed. 
Such  portions  may  be  added  in  the  succeeding 
charge  which  is  being  converted  into  sulphate,  and 
afterwards  re-sublimed. 

Propertied — Ordinary  sublimed  mercuric  chloride 
is  a white  satiny  suljstanCe  having  a crystalline 
.appearance,  although  often  no  distinct  order  can 
be  distinguished.  If,  however,  the  sublimation  be 
effected  at  a low  heat,  and  as  slowly  as  possible, 
crystals  appear  having  the  shape 
Fig.  16.  of  flattened  tetrahedral  prisms, 

Fig.  16,  with  a specific  gravity  of 
5T.  The  sublimed  salt  appears 
m j I |j!||  1 more  or  less  translucent,  and  when 

Mill  tl'in  fragments  often  trans- 

H|  1 parent.  In  the  heat  it  is  -very 

H volatile,  entering  first  into'  fusion 

H / before  it  is  disseminated.  It  melts 
at  265°  C.,  boils  at  295°  C.,  and, 
according  to  FaI;.vdav,  volatilizes  at  ordinary 
temperatures.  AV'ater  dissolves  it  very  readily; 
16  parts  are  required  in  the  cold,  • but  3 parts 
at  100°  C.  are  sufficient  to  dissolve  1 part  of  it, 
and  the  liquid  reacts  acid  to  test-paper.  A hot, 
concentrated,  aqueous  solution  of  mercurial  chloride 

deposits  crystals  on  cooling,  which  slightly  differ  in 
appearance  from  those  obtained  by  sublimation; 
they  are  anhydrous.  Alcohol  and  ether  also  take  it 
up  very  freely;  7 parte  of  cold  alcohol  dissolve  3 of 
corrosive  sublimate,  but  the  same  quantity  at  a boil- 
ing temperature  takes  up  6 parts  of  the  salt.  When 
sulphuric  ether  is  added  to  a solution  of  corrosive 
sublimate  in  water  the  mobile  liquid  abstracts  the 
salt,  and  an  ethereal  solution  of  chloride  of  mercury 
floats  on  the  water,  which  is  more  or  less  reduced 
of  its  saline  constituent.  Acids  aid  in  the  solution 
of  this  body  in  water,  without,  however,  causing  any 
decomposition  or  alteration  of  it.  By  exposure  to 
sunlight  an  aqueous  solution  of  the  salt  suffers  decom- 
position into  calomel,  hydrochloric  acid,  and  oxygen, 
thus: — 

MercUvic  MercUroiis  Hydrochloric  

chloride.  chloride.  »cid.  Oxygen. 

2HgC\  -1-  H^O  = -(-  2HC1  + 0. 

It  is  likewise  decomposed  by  various  substances, 
metallic,  non-raetallic,  and  organic ; the  latter  usually 
converting  it  to  the  state  of  niercurous  chloride.  It 
forms  insoluble,  or  at  least  but  very  partially  soluble, 
precipitates  with  albumen  and  fibrin. 

On  all  animals  the  effects  of  chloride  of  mercury 
are,  as  its  technical  name  implies,  those  of  a cor- 
rosive poison,  and  it  has  proved  fatal  to  man  by 
even  its  external  application.  When  swallowed  in  any 
quantity,  the  symptoms  come  on  almost  immediately. 
Indeed,  the  rapidity  of  their  aj)pearance  and  the 
strong  metallic  taste  which  is  experienced,  are  among 
the  phenomena  which  strongly  distinguish  cases  of 
poisoning  by  this  agent  from  those  occasioned  by 
arsenic.  The  best  antidote  against  its  poisonous 
action  is  the  white  of  egg  suspended  in  water  and 
milk — one  egg  is  said  to  be  require  ! for  every  four 
(jrains  of  the  poison ; hydrated  sesquioxide  of  iron  has 
also  been  recommended,  and  likewise,  on  account  of 
the  gluten  it  contains,  wheat-flour  and  water. 

This  salt  has  been  extensively  employed  for  the 
preservation  of  subjects  of  natural  history,  and 
likewise  for  preserving  wood  against  the  dry  rot. 

Mercuro-diommonium  Chloride. — Fusible  White  Pre- 
cipitate, HgNoUgCl2.— This  compound  is  obtained  by 
dropping  a solution  of  mercuric  chloride  into  a boiling 
solution  of  sal-ammoniac  containing  free  ammonia, 
as  long  as  the  precipitate  which  forms  is  redissolved 
on  shaking.  On  cooling  the  liquid,  the  salt  separates 
in  regular  dodecahedrons. 

It  is  also  produced  by  adding  potash  to  ammonio- 
mercuric  chloride  ((NII^Cl),2lIgCl2)  in  solution. 

Merc ur ammonium  Chloride,  Infusible  White  Ib'cci- 
pitate,  is  formed  by  adding  ammonia  to  a solution  of 
mercuric  chloride  in  a large  quantity  of  water. 

For  a long  time  this  body  was  thought  to  be  iden- 
tical with  calomel,  till  Rasijiei.sberg  showed  it  to  be 
different,  and  Kane  demonstrated  its  true  composi- 
tion in  his  re.searches  on  the  Amides. 

Mercurammonium  chloride  is  a snovv-white  salt 
without  odour,  but  possessing  a nauseous  metallic 
taste.  It  requires  for  solution  about  600  parts  of 
water,  but  the  mineral  acids  readily  dissolve  it. 
When  heated  it  volatilizes  without  fusing. 

MOLYBDENUM. 
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When  the  precipitate  is  boiled  in  water,  chloride  of 
ammonium  is  produced,  and  a heavy  yellow  powder 
falls.  Potash  likewise  changes  it  into  oxide  and 
cldoride  of  the  metal,  ammonia  being  evolved. 
Caustic  ammonia  has  no  apparent  action,  and  hence 
this  alkali  serves  to  distinguish  it  from  calomel, 
which  is  turned  grey  or  blackish  by  it. 

In  cases  of  poisoning  with  white  precipitate,  albu- 
'minous  antidotes,  such  as  are  given  to  reduce  the 
action  of  corrosive  sublimate,  serve  best. 

It  is  said  that  white  precipitate  is  much  adulter- 
ated with  sulphate  of  lime,  carbonate  of  lime,  and 
carbonate  of  lead.  The  extent  of  thei  adulter.ation 
may  readily  be  found  by  heating  a w'eighed  quantity, 
and  weighing  the  residue,  should  any  be  left. 

Mercuric  Fulmiuute-;  FulmiiKitiiii/  Mercunj.-^Mercure 
fulmiiiante,  French;  KuallqidckdUier,  German,  For- 
mula, IIg2C.2N20,2. 

'Phis  very  explosive  compound  was  first  described 
by  Howard  in  the  Pliilosppliical  Transactions  for 
lt<00.  It  is  a compound  of  ' mercury  With  fulminic 
acid  (C.,N2ll202),  a body  polynn  ric  with  cyanic  acid 
(CNHO)  and  cyanuric  acid  (C^Ngll^Oj).  Fulminic 
acid  is  formed  in  a. peculiar  reaction  of  nitric  acid  and 
alcohol  in  the  presence  of  a silver  or  mercury  salt. 

Mercuric  fulminate  should  be.  made  in  successive 
small  quantities;  100  grains  of  .mercury  are  treated 
with  ounce  by  measure  of  nitrfc  acid,  aided  by  heat 
in  a porcelain  basin,  till  the  whole  is  dissolved.  As 
soon  as--  the  liquid  is  cold,  2 ounces  ,by  measure  of 
alcohol,  specific  gravity  ‘85,  are  added,  and  a gentle 
heat  applied.  Brisk  action  takes  place,  carbonic 
acid,  nitrogen,  and  red  vapours  being  copiously 
evolved,  and  a yellow-grey  precipitate  deposited, 
which  is  the  compound  in  question.  If  the  effer- 
vescence be  too  brisk,  the  vessel  should  be  with- 
drawn from  the  heat,  and  its  contents  cooled  by  the 
addition  of  more  alqohol,  As  soon  as  the  precipiute 
has  formed,  it  is  to  be  well  wiished  by  decantation 
and  filtration,  only  a small  quantity  of  distilled  water 
being  used  in  the  latter  process.  The  temperature 
at  which  the  compound  is  dried  should  not  exceed 
100°  Fahr.,  and  only  small  quantities  should  be  oper- 
ated upon  at  a time  to  guard,  against  an  explosion  : 
120  grains. of  the  fulminate  are  obtained  from  the 
above  quantity  of  mercury  when  the  operations  are 
successfully  conducted.  , It  happens  that  on  the 
addition  of  the  alcohol,  a portion  of  the  mercuric 
salt  is  reduced  to  the  state  of  metal,  but  this  can  be 
separated  from  the  yellowish  salt  after  tee  spirit  is 
decanted  by  treating  with  boiling  water,  in  which 
the  fulminate  is  soluble;  and  bj'  filtering  off  the 
liquor  and  setting  it  aside  to.  cool,  the  salt  separates 
in  silky  acicular  crystals.  When  it  is  required  to 
prepare  it  in  large  quantiti  s,  the  course  followed  is 
to  di.s.solve  1 part  of  mercury  in  12  of  nitric  acid  of 
1'3()  specific  gravity,  and  to  add  11  parts  of  alcohol, 
specific  gravity  'SoO,  when  the  solution  is  cold.  On 
slightly  heating  the  vessel,  brisk  action  takes  place 
ns  above  stated,  and  similar  effects  arc  produced. 
The  separated  metal  is  removed, from  the  explosive 
compound  by  boiling  water,  from  which  the  fulmin- 
ate is  deposited  on  cooling  in  silky  crysuils.  CuE- 


MASCOLi  directs,  as  the  safest  method,  to  treat  half 
an  ounce  of  the  metal  with  6 ounces  of  nitric  acid  of 
I'oO  in  a flask,  which  should  be  held  in  boiling  water 
for  a minute  or  so,  and  as  soon  as  solution  takes 
place,  and  the  temperature  is  reduced  to  55°  Fahr., 
to  pour  in  4 ounces  of  alcohol  of  'SSS  specific  gravity, 
and  again  to  immerse  the  flask  in  boiling  water  for 
two  or  three  minutes,  till  dense  white  fumes  begin 
to  fill  the  upper  part  of  the  vessel,  at  which  period 
it  should  be  removed  from  the  heat.  The  reaction 
is  said  to  be  very  moderate  in  this  instance,  and  the 
whole  of  the  fulminate  falls  down  in  the  course  of  a 
few  hours,  when  it  may  be  purified  by  decantation 
and  washing. 

- Fulminate  of  mercury  is  an  extremely  dangerous 
substance  to  operate  upon,  owing  to  the  readiness 
with  which  it  explodes;  the  violence  of  its  explosion 
has  repeatedly  been  the  cause  of  serious  injury, 
and  even  of  loss  of  life.  It  detonates  strongly 
when  struek  with  a hard  body ; but  sometimes 
trifling  friction  may  serve  .to  produce  this  effect, 
even  when  in  a moist  state.  Heated  to  300°  Fahr. 
it  explddes,  and  at  the  same  time  evolves  a bright 
flame;  the  electric  spark,  and  contact  with  strong 
nitric  and  sulphuric  acids,  also  induce  its  decom- 
position, which  is  invariably  accompanied  with  ex- 
plosion. The  products  resulting  from  it,  when 
detonated,  are  carbonic  acid,  nitrogen,  and  vapour 
of  mercury. 

Fulminating  mercury  is  principally  used  for  the 
manufacture  of  percussion  caps.  To  fill  the  caps 
it  .may  be  moistened  with  a little  resinous  tincture, 
and  dropped  into  the  little  capsule,  but  the  almost 
universal  practice  is  to  mix  it  wdth  about  6 per  cent, 
of  nitrate  of  potash  and  water,  sufficient  to  reduce 
the  whole  to  a thin  paste.  A small  quantity  of  this 
is  dropped  into  each  cap,  and  carefully  dried  at  a 
low;  heat. 

MOLYBDENUM.—  Moli/bik'ne,  French  ; Moli/Man, 
Gerinan.  Symbol,  Mo.  Atomic  weight,  96. — This 
metal  occurs  only  in  small  quantities,  and  has  not 
as  yet  been  made  use  of  in  the  arts.  It  is  found  as 
a sulphide  (moi’i/h/Ieiiile,  niolybdiinglanz,  wasserblei, 
M0S2),  as  lead  molybdate  {wuljeinte),  and  as  a tri- 
oxide (MoO^,  tnohjlulic  och/-e,  or  mobjbdut'). 

Molybdenum  forms  three  oxides — molybdous  oxide, 
MoO  ; molybdic  oxide,  MoO., : trioxide,  or  molybdic 
anhydride  (molybdic  acid),  M0O3. 

The  first  two  oxides  are  formed  by  reduction  of 
the  trioxide.  Molybdic  anhydride  is.  produced  by 
roasting  .the  sulphide,  with  constant  stirring,  in  an 
open  crucible,  or  by  fusing  the  sulphide  with  nitre. 

Native  lead  molybdate  is  digested  in  dilute  hydro- 
chloric acid  to  remove  the  zinc,  iron,  and  cadmium  ; 
and  is  then  heated  with  ^ part  .of  strong  sulphuric 
•acid,  with  constiint  stirring,., The  solution  is  allowed 
to  cool,  abundance  of  water  added,  and  the  insoluble 
lead  sulphate  filtered  off.  The  filtrate  is  then  treated 
with  nitric  acid,  and  evaporated,  with  constant 
stirring,  in  a,  porcelajn  vessel  till  the  acid  begins 
to  be  volatilized  ; the  trioxide  of  molybdenum  then 
separates  as  a white  powder. 

Mvljjhdenwn  Jihte  is  formed  by  reduction  of  the 
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trioxirle  by  a quantity  of  sulphuretted  hydrogen 
insutScIeiit  to  produce  sulpliide,  in  presence  of  water, 
followed  by  heating  to  precipitate  the  sulphur.  On 
boiling  the  trioxide  with  hydrochloric  acid,  chlorine 
is  evolved,  and  the  blue  oxide  of  molybdenum 
formed.  Treatment  with  stannous  chloride  also 
produces  the  colour,  with  formation  of  stannic 
chloride. 

Molybdenum  sulphide  w:is  discovered  by  Sciteele 
in  1778.  The  metal  was  first  isolated  by  Hjelm  in 
1782.  Metallic  molybdenum  is  prepared  by  heating 
a mixture  of  the  trioxide  with  1^  part  of  potassium 
cyanide  to  a white  heat  in  a luted  porcelain  crucible, 
inclosed  in  a larger  crucible  filled  with  charcoal  (J. 
E.  Loughlin).  The  reduction  of  any  of  the  oxides 
of  molybdenum  may  be  effected  by  heating  them 
to  a full  white  heat  in  a charcoal-lined  crucible,  or 
with  carbonate  of  soda  on  charcoal  before  the  blow- 
pipe (Beuzelius).  Molybdic  anhydride  or  the 
lower  oxides  are  also  reduced  to  the  metallic  state 
if  heated  to  w’hiteness  in  a current  of  dry  hydrogen 
gas  (Berzelius). 

Molybdenum  is  a white  silvery  metal,  harder  than 
topaz,  and  requiring  an  extremely  high  temperature 
for  its  fusion  ; its  specific  gravity  is  8'6.  The  pul- 
verulent metal  obtained  by  reduction  with  hydrogen 
oxidises  in  the  air  and  takes  fire  xvhen  heated  ; 
but  the  buttons  of  metal  obtained  by  fusing  it  in 
Deville’s  blast  furnace  do  not  oxidise  at  common 
tempenitures. 

The  native  sulphide  (molybdenite)  is  very  widely 
distributed,  and  if  sought  for  W'ould  probably  be 
found  in  sufficient  quantity  to  be  used  for  manu- 
facturing purposes.  It  closely  resembles  plumbago 
in  appearance,  and  W'as  long  mistaken  for  it.  The 
mineral  has  a pure  lead-grey  colour,  and  gives  a grey 
streak  on  paper.  It  is  found  in  Cornwall,  Cumber- 
land, Saxony,  Bohemia,  Sweden,  Greenland,  the 
United  States,  &c. 

IUCKEL. — English,  French,  German.  Symbol,  Ni. 
Atomic  weight,  58'70. — This  metal  was  discovered 
by  Cronstedt  in  1761.  Its  principal  ore  is  an 
arsenide,  NiAs,  a copper-coloured  mineral,  called  j 
by  the  German  miners  kupjer- nickel,  or  dirty  co[>per,  [ 
because  they  were  unable  to  extract  copper  from  it.  j 
This  ore  was  analyzed  by  Cisonstedt,  and  having 
isolated  the  metal,  he  gave  it  the  name  by  which 
the  miners  liad  stigmatized  the  ore. 

Nickel  may  be  obtained  pure  on  a small  scale  by 
several  processes.  The  kupfer-nickel  is  roasted  to 
remove  the  arsenic  and  oxidise  the  nickel,  at  first 
alone,  and  subsequently  together  with  charcoal  dust; 
and  this  roasting  must  be  continued  till  no  vapours 
of  arsenic  are  given  off. 

The  roasted  ore  is  then  dissolved  in  nitric  acid  or 
aqua  regia,  and  the  solution  evaporated  to  expel 
excess  of  acid.  A large  quantity  of  water  is  now 
added,  and  sulphuretted  hydrogen  passed  through 
the  liquid  till  all  the  arsenic,  copper,  bismuth,  and 
antimony  are  precipitated.  The  iron,  cobalt,  and 
nickel  are  precipitated  from  the  filtrate  with  car- 
bonate of  soda;  and  the  precipitate,  after  being  well 
washed,  is  treated  first  with  oxalic  acid,  and  then 


with  ammonia,  the  solution  of  the  nickel  oxalate  in 
aqueous  ammonia  being  repeated  till  the  liquid  no 
longer  contains  cobalt.  Potash  solution  is  then  added, 
when  a pmle  green  precipitate  falls,  consisting  of 
hydrate  of  nickel,  NillO.  After  washing  and  drying, 
this  precipitate  is  introduced,  either  alone  or  made 
up  into  a paste  with  oil,  into  a charcoal-lined  cru- 
cible, and  subjected  to  the  heat  of  a blast  furnace, 
when  a well-fused  button  of  the  metal  is  soon' 
formed. 

The  metal  may  also  be  obtained  by  heating  the 
nickel  oxalate  in  a crucible  with  a luted  cover,  with- 
out any  other  reducing  agent  than  the  carbonic 
oxide  iurnislied  by  the  decomposition  of  the  acid. 

Pure  nickel  is  a brilliant,  silver  white,  ductile 
metal,  little  more  fusible  than  iron.  At  ordinary 
temperatures  it  is  susceptible  of  magnetism,  but  it 
loses  this  property  almost  entirely  if  heated,  though 
it  recovers  its  magnetic  power  on  cooling.  Nickel 
becomes  oxidised  by  exposure  to  a current  of  air 
at  an  elevated  heat.  The  metal  is  easily  attacked  by 
nitric  acid  and  aqua  regia,  and  is  dissolved  slowly 
with  evolution  of  hydrogen  in  sulphuric  or  in  hydro- 
chloric acid.  Its  specific  gravity  is  8'82. 

Sources. — Native  nickel  occurs  at  Westerwald  in 
the  Erzgebirge,  in  Bohemia,  combined  with  arsenic, 
under  the  significant  name  of  kupfer-nickel ; with 
arsenic,  cobalt,  iron,  and  copper,  as  arsenic-nickel,  in 
the  Ilartz  ; at  Riechelsdorf  in  Ilessia,  as  an  oxide,  in 
nickelschicartze ; as  a sulphide  in  haarkies ; as  a sul- 
phide and  arseniate  of  nickel  in  nickelglanz ; and  with 
sulphur  and  antimony  in  nickelspeisglanzerz,  at  Siegen, 
and  near  Freu.ssberg,  in  the  principality  of  Nassau. 
Nickel  is  always  present  in  meteoric  stones.  Kup- 
fer-nickel occurs  in  numerous  external  shapes,  as 
uniform,  globular,  botryoidal,  arborescent,  massive, 
and  disseminated;  fracture,  coarse  or  fine  grey;  in 
silver  and  cobalt  veins,  in  gneiss,  sienite,  mica-.slate, 
kupferschiefer,  accompanied  by  speiss  cobalt,  native 
silver,  quartz,  &c.  It  is  found  in  Westphalia 
near  Ospe,  in  Ilessia  at  Riechelsdorf,  and  Biber  in 
Baden  ; in  the  Saxon  Erzgebirge,  near  Schneeberg 
and  Freiberg;  in  Bohemia,  at  Joachimsthal ; in 
Thuringia,  at  Saalfehl;  in  Steyermark,  near  Schlad- 
ming;  in  Hungary,  France,  and  England. 

Subjoined  are  the  analyses  and  characteristic  pro- 
perties of  a few  of  the  more  important  of  these 
minerals : — 

Kupfer-nickel. — The  composition  of  this  mineral, 
as  stated  by  Stromeyer  and  Rfaff,  is  as  follows: — 


Nickel, 

Ars'.Miic, 

.‘i4-70  

o*;^3  

Riechelftdorf. 

48'70 

0-44 

Lced, ;. 

o-a2  . . . . 

0-96 

Sul|iliiir, 

0 15  .... 

0-10 

lOO-UO 

100-00 

It  is  of  a copper  or  yellowish -red  hue,  but  acquires 
a grey  or  blackish  tarnish  by  exposure.  The  specific 
graviiy  is  G'C  to  7'6.  It  occurs  reticulated,  dendritic, 
and  botryoidal,  but  more  commonly  massive;  never 
crystallized ; streak,  pale  brownish-black.  The  frac- 
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ture  is  imperfectly  conchoidal,  or  fine-grained  and 
uneven,  with  a glistening  or  shining  metallic  lustre  ; 
it  yields  to  the  knife  with  difficulty,  and  is  brittle. 
Before  the  blowpipe  it  gives  out  an  arsenical  vapour, 
and  tlien  fuses,  though  not  very  easily,  into  a white 
metallic  globule.  After  roasting  it  usually  tinges 
blue  a bead  of  borax,  indicating  the  presence  of  a 
certain  quantity  of  cobalt.  In  nitric  acid  it  assumes 
a green  coating,  and  in  aqua  regia  is  dissolved. 

Ilam-kiat — Sulphide  of  Nickel. — The  following  is 
Aukedson’s  analysis: — 

Nickel, 64-76  6,'i-74 

Sulphur, 35-24  34-26 

100-00  100-00 

With  traces  of  cobalt  and  arsenic.  Its  specific 
gravity  is  6'4.o. 

It  occurs  in  capillary  and  sometimes  diverging 
filaments  of  a yellowish  colour,  inclining  to  steel 
grey.  Primary  form  the  cube;  flexible;  opaque, 
with  a metallic  lustre ; not  magnetic.  Before  the 
blowpipe  on  charcoal,  with  a good  heat,  it  fuses  into 
a globule  which  is  metallic,  malleable,  and  magnetic, 
and  consists  wholly  of  nickel ; but  in  the  open  tube 
it  exhales  the  smell  of  sulphurous  acid.  With  nitric 
acid  it  forms  a greenish  solution. 

Nickelxpeisfilniizerz. — This  mineral  is  generally  a 
combination  of  nickel,  sulphur,  and  antimony,  in 
the  following  proportions: — 

Nickel, 27-36 

bulphur, 16-98 

Aiitituony, 5,0  66 

100-00 

Its  specific  gravity  is  C-4.5  to  6-5,  and  its  primary 
form  a cube.  It  occurs  in  masses  which  have  a 
granular  composition,  and  possess  a steel- grey  or 
silver-white  colour;  lustre,  metallic;  cleavage,  per- 
fect parallel  to  the  faces  of  the  cube;  brittle.  Before 
the  blow-pipe  it  is  partly  volatilized,  disengaging 
vapours  of  antimony  and  sometimes  of  arsenic,  and 
ultimately  melts  into  a metallic  globule,  which  com- 
municates a blue  tinge  to  glass  of  borax.  It  is 
acted  upon  by  nitric  acid,  forming  an  immediate 
precipitate,  and  imparting  to  the  solution  a greenish 
tinge. 

llorhacliite. — The  nickel  ores  of  Ilorbach,  near 
St.  Blasieu  in  the  Black  Forest,  have  been  analyzed 
by  E.  Knop.  These  ores  are  imbedded  in  the  ser- 
pentized  gneiss  of  the  locality,  inclosing  here  and 
tliere  granular  aggregations  of  iron  glance.  They 
consist  of  nickeliferous  magnetic  pyrites,  having  a 
tnagnetic  action,  a metallic  aspect,  a pinchbeck- 
brow-n  colour,  inclining  to  steel-grey,  darker  than 
that  of  true  magnetic  pyrites,  and  giving  a black 
streak.  Hardness  between  4 and  5;  specific  gravity 
4-43.  Cleavage  imperfect,  and  in  one  direction  only. 

Analysis  of  the  ore,  w-hen  freed  from  the  accom- 
panying copper  pyrites  and  iron  glance,  gave  as  a 
mean : — 

Per  Cent. 

Sulphur, ; . . 4.5-87 

Iron 41-96 

Nickel, 11-98 

VOI,.  TT. 

This  composition  agrees  very  nearly  with  the 
formula,  Fe^NiSj^.  The  ore  may  be  regarded  as 
an  isomorphous  mixture  of  the  trisulphide  of  iron 
and  nickel,  4FeS3  -b  NiSg. 

This  composition  has  not  hitherto  been  obser-ved 
among  native  sulphides,  all  those  previously  known 
being  either  bisulphides,  sulphides  of  lower  degree, 
or  compounds  of  these  with  bioxides.  On  the  other 
hand,  the  composition  of  the  Ilorbach  ore  is  by  no 
means  constant,  a specimen  having  been  found  of 
specific  gravity  4-7,  which  contained  40-03  per  cent, 
sulphur,  55-96  per  cent,  iron,  and  3‘86  nickel. 

Ilorbachite,  when  subjected  to  lixiviation  in  con- 
tact with  the  air,  becomes  oxidised  and  partly  con- 
verted into  the  sulphates  of  iron  and  nickel,  which 
dissolve  out.  Knop  suggests  that  this  fact  should 
be  tiiken  as  a basis  for  a new  mode  of  extracting 
nickel  from  the  Ilorbach  ores,  in  place  of  the  pre- 
sent barbarous  treatment  in  the  dry  way  hitherto 
adopted,  whereby  enormous  quantities  of  sulphur- 
ous acid  are  thrown  off,  causing  great  injury  to  the 
neighbouring  forests. 

Nickel  Silicates. — Nickel  has  lately  been  found  in 
New  Caledonia,  and  the  ores  have  very  great  value 
on  aceount  of  the  ease  with  whieh  the  pure  metal 
can  be  obtained  from  them. 

The  nickeliferous  ores  of  New  Caledonia  are  free 
from  sul|)hur  and  arsenic.  They  are  hydrosilicates 
of  magnesia  and  nickel.  The  iron  found  in  them  is 
not  in  combination,  and  appears  to  occur  only  in 
small  veins  and  nodules.  The  average  composition 
of  the  ores  is  stated  by  P.  CHP.is-fOFLE  and  H. 
Bouilhet  (-'  Comptes  Rendus,”  Ixxxiii.)  to  be  as 
follows : — 

Per  Cent. 

Water, 22 

Silica, 38 

Fenic  oxide 7 

Nickel  monoxide, 18 

Magnesia, 15 

100 

The  metal  extracted  from  these  ores,  whether  by 
the  dry  or  wet  process,  is  of  excellent  quality. 
That  obtained  by  the  wet  process  flattens  under  the 
hammer  without  breaking. 

When  the  ore  was  reduced  by  the  wet  process 
and  melted,  the  metal  contained — 

Per  Cent. 

Nickel, ’. 97-75 

Silicon, 0 54 

Carlion 1-25 

Manganese, 0-36 

99-90 

Reduced  by  a mixed  wet  and  dry  process  and 
melted,  tlie  alloy  consisted  of — 

Per  Cent 

Nickel, 98-00 

Silicon, 0-13 

Copper, 0 .50 

Iron, 1-60 

100-23 

In  the  province  of  Malaga,  Spain,  a mineral  has 
also  been  discovered  in  which  the  nickel  occurs  in 
53 
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the  form  of  silicate,  as  in  the  ore  met  with  in  New 
Caledonia. 

The  absence  of  arsenic  and  antimony  in  these  ores 
allows  the  extraction  of  a very  malleable  and  easily- 
wrought  metal,  much  superior  to  the  products  of 
the  German  mines. 

The  working  of  this  new  ore  has  been  recently 
commenced.  The  mineral  contains  about  9 per  cent, 
of  nickel,  and  no  cobalt  (Meis^ONIER,  “ Comptes 
Rendus,”  Ixxxiii.). 

Manufacture. — The  nickel  of  commerce  is  chiefly 
obtained  from  kupfer-nickel,  nicki  liferous  pyrites, 
and  from  the  speiss  obtained  as  a secondary  product 
in  the  treatment  of  nickeliferous  ores  of  cobalt. 
The  preparation  of  pure  nickel  from  s[)eiss  is  con- 
ducted in  accordance  with  a method  first  proposed 
by  Wohler.  The  powdered  speiss  is  roasted,  first 
alone,  and  afterwards  with  the  addition  of  powdered 
charcoal,  to  effect  the  separation  of  its  arsenic.  Tlie 
residue  obtained  by  this  process  is  at  present  mixed 
with  3 parts  of  sulphur  and  1 part  of  carbonate  of 
potash,  and  then  fused  in  a large  earthen  crucible. 
This  product  is  next  treated  with  warm  water,  by 
which  the  arsenic  and  sulphur  associated  witli  potas- 
sium are  dissolved,  while  the  nickel,  in  the  form  of 
sulphide,  remains  at  the  bottom  of  the  vessel  in 
which  the  operation  has  been  conducted.  When,  as 
sometimes  happens,  from  the  employment  of  too  high 
a temperature  at  the  commencement  of  the  roasting, 
tlie  whole  of  its  arsenic  has  not  been  expelled,  the 
operation  must  be  repeated  on  the  residual  sulphide 
thus  obtained.  As  soon  as  entirely  freed  from  arsenic, 
the  sulphides  are  well  washed  with  warm  water,  and 
then  dissolved  in  sulphuric  acid,  to  which  a small 
quantity  of  nitric  has  been  added ; the  precipitation  of 
the  lead,  copper,. and  bismuth,  .which  may  be  present, 
is  determined  by  a current  of  sulphuretted  hydrogen 
gas,  and  the  metals  which  still  remain  in  solution 
are  afterwards  precipitated  by  an  alkaline  carbonate. 
This  deposit,  after  being  well  washed,  is  then  treated 
with  an  excess  of  oxalic  acid,  which  forms  an  insol- 
uble oxalate  of  iron,  and  leaves  behind  an  insoluble 
oxalate  of  the  oxides  of  cobalt  and  nickel.  These 
are  then  dissolved  in  ammonia,  and  treated  as  already 
described.  The  oxalate  of  nickel  deposited  from  this 
solution  is,  after  being  carefully  washed  to  remove 
any  traces  of  the  ammoniacal  liquor,  ignited  in  a close 
crucible,  having  an  aperture  in  the  lid  for  the  escape 
of  the  evolved  gases. 

As  the  metal  itself  is  now  extensively  used  in 
alloys,  of  which  German  silver  is  one  of  the  most 
important,  and  in  electro-plating,  great  pains  have 
been  taken  to  procure  it  in  a state  of  comparative 
purity,  and  several  processes  have  been  proposed. 
According  to  LouYET,  the  process  by  whicli  nickel  is 
extracted  from  speiss  at  Birmingham,  on  the  large 
scale,  is  as  follows: — The  sjumss  is  first  fused  with 
chalk  and  fluor  spar,  the  metallic  mass  obtained  is 
reduced  to  powder,  and  roasted  for  twelve  hours  to 
expel  the  arsenic ; the  residue  is  then  dissolved  in 
hydrochloric  acid ; the  solution  is  diluted,  and  the 
iron  sesquioxidised  by  the  cautious  addition  of 
bleaching  powder.  Alilk  of  lime  is  then  carefully 


added  so  long  as  sesquioxide  of  iron  falls,  which 
carries  down  with  it  the  last  portions  of  arsenic. 
This  precipitate  is  well  washed,  and  the  liquid,  which 
contains  all  the  cobalt  and  nickel,  is  treated  with  a 
current  of  sulphide  of  hydrogen  ; the  sulphides  of 
copper,  bismuth,  and  lead  are  thus  precipitated,  and 
are  thoroughly  washed.  The  whol.e  of  the  nickel 
and  cobalt  still  remain  in  the  liquid,  which  is  again 
treated  with  bleaching  powder:  the  cobalt  is  thus 
thrown  down  as  sesquioxide ; after  which  the  total 
quantity  of  the  nickel  is  separated  from  the  solution 
in  the  form  of  hydrated  oxide,  by  adding  milk  of 
lime  as  long  as  any  precipitate  is  produced. 

The  precipitated  nickel  is  reduced  by  charcoal  by 
a cementation  process.  Cylindrical  crucibles  of  fire- 
clay are  set  vertically  in  a furnace,  so  that  the  flames 
may  have  free  access  to  every  part  of  their  exterior. 
The  crucibles  are  open  at  the  top ; below  the  fire 
bars  they  terminate  in  funnel-shaped  ends  provided 
with  openings  for  the  withdrawal  of  the  charge. 
The  dried  oxide  is  mixed  with  oil  and  made  into 
small  lumps : these  are  mixed  with  powdered  char- 
coal, and  thrown  in  at  the  top  of  the  crucible.  The 
carbonic  oxide  reduces  the  nickel  oxide.  The  metal, 
in  pulverulent  condition,  but  retaining  the  forms  of 
the  lumps  in  which  the  oxide  was  introduced  into 
the  crucible,  is  withdrawn  at  the  bottom  of  the 
vessel  from  time  to  time,  a fresh  charge  being  at  the 
same  time  added  at  the  top,  so  that  the  process  is 
thus  made  continuous. 

The  metal  is  obtained  in  ingots  by  fusing  the 
lumps  in  fire-clay  crucibles  in  a blast-furnace. 

Cdst  Nick'd  Plates. — Owing  to  the  great  increase 
of  late  years  in  the  manufacture  of  nickel-plated 
goods,  large  plates  of  metallic  nickel  have  been 
much  V,  anted  for  the  anodes  of  the  galvanizing 
nickel-salt  baths  ; but  the  extraordinar)'  refractory 
nature  of  (mre  metallic  nickel  has  been  till  lately  a 
great  hindrance  to  the  making  of  large  castings. 

Borchert  has,  however,  lately  succeeded  in  casting 
nickel  plates  18  inches  long,  14  inches  broad,  and  1^ 
inch  tliick.  The  nickel  used  was  Saxon  wiirfel-nickel, 
of  98  to  99  per  cent,  strength,  and  was  fused  in 
crucibles  in  a simple  brazier’s  furnace  by  a coke  fire. 
The  secret  of  success  ajipears  to  lie  in  maintaining 
a continually  increasing  temperature.  The  fusion 
requires  laborious  attention,  the  metal  not  becoming 
liquid  till  after  at  least  six  hours’  firing.  As  soon  as 
it  becomes  fluid  it  must  be  cast  without  delay  into 
the  sand  moulds,  for  as  soon  as  the  fire  drops  a 
little  the  nickel  is  liable  to  solidify  again  into  a solid 
mass,  in  which  case  a renew'ed  fusion  in  the  same 
furnace  is  impossible. 

Analysis. — For  the  separation  of  nickel  and  cobalt, 
the  method  recommended  by  Liebig  is  the  best.  The 
cobalt  and  nickel  having  been  freed  from  all  other 
substances  except  salts  of  potassium  or  sodium,  are 
precipitated  in  the  form  of  hydrated  oxides,  which, 
after  partial  washing  from  the  adhering  alkaline 
salts,  are  mixed  with  caustic  potassium  hydrate  and 
a decided  excess  of  hydrocyanic  acid ; the  mixture 
is  then  boiled  for  ten  minutes  in  order  to  expel  the 
greater  part  of  the  excess  of  hydrocyanic  acid,  and 
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to  convert  the  oxides  into  double  cyanides  of  cobalt 
and  nickel.  If  the  solution  be  now  boiled  with  very 
finely  levigated  mercuric  oxide,  the  nickel  salt  is 
decomposed,  hydrated  oxide  of  nickel  is  precipitated, 
and  mercuric  cyanide  is  produced. 

The  cobalticyanide  of  potassium  remains  in  solu- 
tion. and  may  be  filtered  from  the  oxide  of  nickel, 
which  requires  to  be  carefully  ignited  in  a platinum 
crucible  till  it  ceases  to  lose  weight.  The  cobalt 
may  then  be  precipitated  from  the  filtrate  as  a white 
mercurous  cobalticyanide,  by  the  addition  of  solution 
of  mercurous  nitrate;  the  precipitate  is  collected, 
dried,  and  ignited,  when  pure  oxide  of  cobalt  is  left, 
which  may  be  reduced  to  the  metallic  state  in  a 
current  of  hydrogen. 

The  solution  of  the  oxides,  which  must  be  free 
from  nitric  acid,  is,  after  previous  neutralization  of 
the  free  iicid  which  may  be  present  by  ammonia, 
precipitated  with  sulphide  of  ammonium,  and  highly 
dilute  hydrochloric  acid,  according  to  Kose,  or 
acetic  acid — Wackenp.Oder — is  then  added.  This 
serves  to  dissolve  the  sulphide  of  manganese  and 
the  sulphide  of  iron,  whilst  the  sulphide  of  cobalt 
and  the  sulphide  of  nickel  remain  undissolved, 
though  the  latter  less  completely.  'I'he  sulphides  of 
the  metals  are  reprecipitated  from  the  filtrate  by 
the  adtlition  of  ammonia  and  sulphide  of  ammonium, 
and  the  precipitate  is  treated  once  more  with  dilute 
hydrochloric  acid.  The  results  are  nearly  accurate. 

Analysis  of  Kupfkr-uicktL — The  purified  mineral 
is  treated  with  aqua  rcyia.  The  sulphuric  acid  is 
precipitated  by  barium  chloride,  and  the  excess  of 
barium  being  removed  by  sulphuric  acid,  the  arsenic 
acid  is  converted  into  arsenious  acid  by  boiling  with 
sulphurous  acid,  and  then  jirecipitated  by  sulphur- 
etted hydrogen.  The  sulphide  of  arsenic  obtained 
is,  after  drying  and  weighing,  decomposed  by  aq>ia 
rcyia  to  obtain  the  sulphur.  The  liquor  freed  from 
sulphide  of  arsenic  is  concentrated  with  the  addition 
of  nitric  acid,  and  is  precij)itated  by  excess  of 
ammonia;  an  abundant  precipitate  of  ferric  oxide  is 
formed,  which  generally  retains  a little  nickel.  It  is 
redis.solved  on  the  filter  by  hydrochloric  aci  1,  and 
the  liquor  treated  cold  with  barium  carbonate.  The 
ferric  oxide  alone  is  precipitated;  the  barium  car- 
bonate, with  which  it  was  mixed,  is  readily  separated. 
The  liquor  containing  the  nickel  is  treated  with 
sulphuric  acid,  and  after  filtration  is  added  to  the 
ammoniacal  solution  of  the  rest  of  the  nickel : this 
is  precipitated  by  excess  of  potash,  and  after  drying 
and  calcining,  is  weighed  ; its  quantity  indicates  that 
of  the  metallic  nickel.  The  ammoniacal  liquor, 
afterwards  treated  with  ammonium  sulphide,  some- 
times yields  a black  jirecipitate,  which,  collected, 
calcined,  and  weighed,  gives  with  borax  the  reaction 
of  cobalt. 

Nickel  is  separated  from  manganese  and  zinc  by 
the  annexed  process  of  Eueemen.  Put  the  weighed 
mixture  of  the  oxides  in  a small  platinum  vessel,  insert 
this  into  a tube,  heat  the  mixture  to  dull  redness,  con- 
ducting all  the  time  sulphuretted  hydrogen  gas  over  it. 
Let  the  sulphides  formed  cool  in  the  gaseous  stream, 
and  then  digest  them  for  several  hours  with  cold 
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dilute  hydrochloric  acid,  which  dissolves  only  the 
sulphides  of  manganese  and  zinc.  The  sulphides  of 
cobalt  and  nickel  are  left  behind  in  a perfectly  pure 
state,  and  may  be  separated,  if  desired,  as  above, 
by  dissolving  in  aqua  regia,  &c. 

R.  Fresenius  points  out  that,  in  analyzing  nickel 
ores,  it  is  essential  to  guard  against  imperfect  separ- 
ation from  alumina,  iron,  and  magnesia,  &c.,  which 
sometimes  greatly  increase  the  apparent  amount  of 
nickel  present. 

Ilis  method  of  working  contains  no  new  process 
of  separation.  The  ore  is  dissolved  in  aqua  regia, 
precipitated  with  sulphuretted  hydrogen,  the  precipi- 
tate filtered  off,  and  the  filtrate  oxidised  with  nitric 
acid,  excess  of  ammonia  being  then  added  to  throw 
down  the  iron.  Care  must  be  taken  to  see  that 
the  iron  precipitate  contains  no  nickel.  The  filtrate 
is  acidified  with  acetic  acid,  and  after  addition  of 
sodium  acetate  treated  with  sulphuretted  hydrogen, 
by  which  means  the  nickel  and  cobalt  are  obtained 
as  sulphides.  These  sulphides  are  dissolved  and 
precipitated  with  caustic  potash,  the  oxides  obtained 
are  reduced  in  a stream  of  hydrogen,  and  the  metals 
weighed.  The  metals  are  redissolved,  and  the  solu- 
tion treated  with  ammoni  i and  ammonium  carbonate, 
by  which  means  generally  a little  precipitate  of  iron 
and  alumina  is  obtained,  while  the  silicic  acid  is  left 
undissolved.  This  process  is  repeated  with  the  pre- 
cipitate, and  the  necessary  subtraction  made  from 
the  weight  of  the  metals  previously  obtained. 

If  the  ores  contain  zinc,  it  will  be  precipitated  with 
the  nickel  and  cobalt.  In  this  case  the  solution  of 
the  sulphides  is  evaporated  to  a small  bulk,  and 
pure,  finely  crystallized  sal-ammoniac  added  (about 
5 grams,  of  sal-ammoniac  to  0'2  gram,  of  zinc 
oxide);  the  mass  is  then  dried  on  the  water -bath 
and  carefully  treated,  till  all  the  sal-ammoniac,  and 
with  it  the  zinc,  is  removed. 

When  nickel  or  cobalt  chloride  is  heated  with  sal- 
ammoniac  not  the  slightest  loss  is  occasioned,  while 
zinc  is  totally  expelled. 

To  separate  nickel  from  cobalt: — If  the  nickel  is 
in  excess,  the  cobalt  is  removed  as  nitrite  of  potas- 
sium and  cobalt ; if  the  cobalt  is  in  excess,  the 
solution  of  the  chlorides  is  treated  with  potassium 
cyanide  in  excess,  ]>ure  caustic  potash  added,  and 
the  nickel  precipitated  by  bromine. 

For  the  analysis  of  nickel-glance  R.  Fresenius 
advocates  the  following  method  : — 

An  accurately-weighed  sample  of  the  ore  is  fused 
with  eight  times  its  amount  of  a mixture  of  equal 
]>artspf  sulphur  and  sodium  carbonate ; the  fused  mass 
is  treated  with  hot  water;  and  the  finely  ci-ystalline 
residue  of  metallic  sulphides  is  filtered  off  and  well 
washed,  by  which  operation  arsenic  and'antimony 
pass  into  solution. 

After  igniting  the  filter  the  residue  is  treated  with 
fuming  nitric  acid,  and  evaporated  to  dryness.  The 
small  amount  of  lead  sulphate  remaining  undissolved 
is  not  filtered  off,  but  sulphuretted  hydrogen  is 
passed  through  the  acid  liquor  until  the  latter  is 
completely  saturated  with  it.  The  filtrate  from  the 
sulphides  of  copper  and  lead  is  evaporated  to  dry- 
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ness ; the  ferrous  oxide  is  oxidised  with  potassium 
chlorate ; a little  hydrochloric  acid  is  added ; and 
the  solution  is  then  largely  diluted,  and  carbonate 
of  soda  added  till  the  reaction  is  nearly  neutral ; 
then  acetic  acid  is  poured  in  drop  by  drop,  till  a 
clear  brown  solution  of  acetate  of  iron  and  nickel 
is  formed.  This  done,  the  solution  is  heated  to  boil- 
ing, and  ■when  it  is  in  that  state  the  basic  salt  of 
iron  must  at  once  be  filtered  off  and  washed.  After 
this  precipitate  is  redissolved,  and  again  precipitated 
in  the  basic  state  as  before,  a little  of  the  precii)itate 
must  be  tested  to  ascertain  whether  it  is  free  from 
nickel ; if  not,  the  above  operation  must  be  repeated 
till  all  the  nickel  is  removed.  The  filtrates  from  the 
precipitate  must  be  brought  together  and  evaporated 
to  a moderately  small  bulk.  The  solution  is  heated 
to  boiling,  and  caustic  potash  is  then  added  in  slight 
excess.  The  hydrated  nickel  oxide  is  wa.shed  and 
ignited,  and  then  reduced  in  a stream  of  hydrogen 
gas.  The  resulting  metal  is  now  brought  on  a small 
filter,  and  treated  with  boiling  water  to  remove  any 
traces  of  caustic  potash  ; after  ignition  of  the  filter 
it  is  again  heated  in  a stream  of  hydrogen  and  weighed. 
The  small  amount  of  silica  it  contains  is  separated 
by  dissolving  the  metal,  evaporating  the  silica  to 
dryness,  and  estimating  the  amount  which  is  to  be 
subtracted  from  the  total  quantity. 

Ekctrn-Dcjiosifioii.  — Nickel  is  largely  used  in 
electro-plating  (see  Electro-IMetallurgy).  The 
following  process  is  said  to  work  well : — 1250  grams, 
of  citric  acid,  500  grams,  of  ammonium  chloride  or 
sulphate,  and  500  grams,  of  ammonium  nitrate  are 
dissolved  in  15  litres  of  water;  the  solution  heated 
to  80°  C.,  and  fre-hly-precipitated  nickel  hydrate 
added  to  saturation.  The  solution  is  then  removed 
from  the  heat,  2’5  litres  of  ammonia  solution  added, 
and  the  whole  diluted  to  25  litres ; 500  grams,  of 
ammonium  carbonate  are  dissolved  in  the  liquid, 
which  is  then  filtered.  On  passing  an  electric  cur- 
rent through  this  solution,  nickel  is  separated  as  a 
white  metallic  deposit.  During  the  deposition  the 
temperature  must  not  be  allowed  to  sink  below 
50°  C.  It  is  essential  that  the  nickel  sulphate  be 
tolerably  pure. 

The  nickel  of  commerce  is  seldom  pure,  the  per- 
centage of  metal  often  falling  as  low  as  56  per  cent., 
and  seldom  exceeding  88  per  cent. 

A.  Terreil  prepares  juire  nickel  sulphate  from* 
commercial  nickel  containing  40  to  90  per  cent,  of 
the  metal — the  impurities  being  copper,  iron,  and 
small  quantities  of  arsenic — by  the  following  method ; 
— I’he  alloy  is  dissolved  in  aqua  regia,  and  the  solu- 
tion evaporated  almost  to  dryness.  On  treatment 
of  the  residue  with  water,  some  iron  arsenate  re- 
mains undissolved,  and  is  separated  by  filtration. 
The  copper  is  precipitated  from  the  solution  by 
introducing  some  iron  tacks,  and  the  iron  in  the 
solution  is  peroxidised;  then  a quantity  of  sul]ihuric 
acid  is  added  sufficient  to  convert  all  the  iron  and 
nickel  present  into  sulphates;  the  solution  is  evapo- 
rated to  dryness,  and  the  residue  is  treated  with 
water,  yielding  a solution  from  which  the  iron  is 
precipitated  by  barium  carbonate,  dlie  filtrate. 


on  evaporation,  depo.sits  crystals  of  pure  nickel 
sulphate. 

J.  M.  Merrick  adopts  a very  ready  method  of 
determining  the  amount  of  nickel  available  for 
electrotyping  in  a given  solution. 

A platinum  crucible,  holding  the  solution  to  be 
decomposed,  is  made  the  negative  pole  of  a two  or 
three-cell  Grove’s  battery,  by  placing  it  in  the 
coiled-up  end  of  the  wire  from  the  zinc  plate,  and 
the  circuit  is  completed  by  dipping  into  the  solution, 
through  a perforated  porcelain  cover,  a platinum  wire 
from  the  other  pole.  The  results  obtained  very 
accurately  represent  the  percentage  of  nickel  in 
solution,  if  no  other  metal  is  present  capable  of 
being  precipitated  by  the  current. 

Alloys  of  Nickel. — Farad.vy  states  that  meteoric 
iren  can  be  imitated  by  fusing  iron  with  nickel.  Ihe 
alloy  of  90  iron  with  10  nickel  is  of  a whitish-yellow 
cast,  and  not  so  malleable  as  pure  iron.  The  alloy 
with  3 per  cent,  of  nickel  is  perfectly  malleable  and 
whiter  than  iron.  These  alloys  are  less  dispofsed  to 
rust  than  pure  iron,  but  nickel  alloyed  with  steel 
increases  the  tendency  to  rust. 

With  copper  nickel  forms  a hard  white  alloy.  The 
icMte  copper  oi  the  Chinese,  or pakforiy,  consists,  accor- 
ding to  the  analysis  of  Dr.  Fyfk,  of  40'4  parts  of 
copper,  ol'G  of  nickel,  25'4  of  zinc,  and  2'6  of  iron. 

German  SVrer  (See  Copper  Alloys). — A similar 
alloy  is  largely  used  as  a substitute  for  silver  or  for 
plated  articles,  under  the  name  of  German  silver.  It 
should  consist  of  1 part  of  nickel,  1 of  zinc,  and 
2 of  copper ; or,  when  intended  for  rolling,  of  25 
parts  of  nickel,  20  of  zinc,  and  60  of  copper;  to 
which,  if  for  castiny,  3 of  lead  may  be  addeil.  The 
follow'ing  details  respecting  the  alloys  of  nickel  are 
by  Messrs.  Topping.  The  metals  referred  to  should 
be  as  pure  as  possible. 

Common  German  Silver. — Copper  8,  nickel  2,  zinc 
3'5.  This  is  the  commonest  that  can  be  made  with 
regard  to  the  quality  of  the  article  produced,  and 
may  be  used  for  ware  for  ordinary  pur[)oses.  If  the 
quantity  of  the  nickel  be  reduced  much  below  this 
the  alloy  will  be  little  better  than  pale  brass,  and 
tarnish  rapidly. 

Good  German  Silver. — Copper  8,  nickel  3,  zinc  3-5. 
This  is  a very  beautiful  compound.  It  has  the 
appearance  of  silver  a little  below  standard;  by  some 
persons  it  is  even  preferred  to  the  more  expensive 
compounds. 

Eiectrum. — Copper  8,  nickel  4,  zinc  3‘5.  This 
compound  is  superior  to  cany  of  the  other.s.  It  has 
a shade  of  blue  like  very  highly  polished  silver; 
it  tarnishes  less  easily  than  silver. — Copper  8,  nickel 
6,  zinc  3-5.  This  is  the  richest  in  nickel  that  can  be 
made,  without  injuring  the  mechanical  properties  of 
the  metal.  It  is  a very  beautiful  compound;  but 
requires  a higher  heat  for  fusion  than  the  preceding, 
and  will  be  found  rather  more  difficult  to  work. 

I'nlenay.— Copper  8,  nickel  3,  zinc  6'5.  The  pro- 
portions were  originally  obtained  by  analyzing  a 
piece  of  Chinese  tutenag  of  the  best  ordinary  quality ; 
but  some  rare  specimens  of  Chinese  tutenag,  equal 
to  electrum,  have  been  seen.  This  alloy  is  very 
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fusible;  but  very  hard,  and  not  easily  rolled.  It  is 
best  adaj)ted  for  casting. 

Cerinan  silver  containing  15  per  cent,  of  nickel  is 
remarkable  for  its  malleability,  homogeneity,  and 
wliitene.ss.  It  may  be  drawn  into  wires,  or  rolled 
into  sheets  of  any  thickness,  and  is  well  adapted  for 
ornamental  work  of  every  description. 

OxiDKS. — Nickel  forms  two  oxides:  a monoxide, 
NiO,  and  a sescjuioxide,  Nij,Oj. 

Momncide  of  Nickel  may  be  procured  in  the  anhy- 
drous form  by  igniting  the  carbonate  in  a covered 
crucible,  when  it  is  left  of  an  olive-green  colour.  It 
may  be  precipitated  from  its  salts  by  potassium  as 
a bulky  light  green  hydrate  (NillO),  and  may  be 
obtiiined  crystallized  by  boiling  carbonate  of  nickel  in 
ammonia.  Oxide  of  nickel  forms  insoluble  compounds 
with  potash  or  soda,  which,  however,  may  be  decom- 
posed by  frequent  washing  with  boiling  water.  Am- 
monia dissolves  it,  forming  a deep  blue  solution. 
When  fu.sed  with  borax  the  oxide  tinges  the  glass 
of  a hyacinth  yellow,  which  becomes  less  intense  on 
cooling. 

ISesfiuioride,  Ni,,Og,  is  a black  powder,  which  may  be 
procured  by  passing  chlorine  through  hydrated  mon- 
oxide suspended  in  water,  or  by  treating  a nickel  salt 
with  bleaching  powder.  It  is  singular  that  it  does 
not  cond)ine  with  acids,  but  gives  off  a portion  of  its 
oxygen  by  ignition,  or  by  heating  with  nitric  or  sul- 
phuric acids,  which  form  with  it  salts  of  the  protoxide. 

Siil/ihide  of  Alckel,  NiS,  occurs  native  in  greyish 
or  j’ellowish  capillary  crystals ; it  may  be  produced 
artificially  by  fusion,  and  can  be  obtained  as  a black 
hydrate,  when  a salt  of  nickel  is  precipitated  by  sul- 
phide of  ammonium. 

Chloride  of  N’ickel,  NiCl.„  is  formed  by  dissolving 
the  oxide  in  hydrochloric  acid. 

' Sulphite  of  Nickel.  Ni.SO^  + 7II.,0,  which  results 
from  the  action  of  sulphuric  acid  on  the  metal,  or 
its  oxide,  crj'stallizes  in  green  rhombic  prisms ; 
these,  when  exposed  to  light,  are  converted,  without 
loss  of  water,  into  small  regular  octohedra,  aggre- 
gated together  in  the  form  of  the  original  crystal, 
which  becomes  opaque. 

'I'he  salts  of  this  metal  are  of  a delicate  green  hue, 
both  when  in  the  solid  state  and  in  solution.  They 
have  a sweetish  astringent  metallic  biste. 

Hefore  the  blowpipe  salts  of  nickel  gfve,  in  the 
oxidating  flame,  with  bihorate  of  soda,  a reddish- 
yellow  glass,  which  becomes  much  paler  as  it  cools. 
In  the  reducing  flame,  greyish  particles  of  reduced 
nickel  are  disseminated  through  the  bead. 

In  solution  sulphide  of  hi/drogeii  gives  no  precipi- 
tate if  the  liquid  be  .acidulated  with  sul[)huric  acid. 
Sulphide  ofummouium  gives  a black  sulphide.  Ammouia 
gives  a pale  green  depo.sit,  soluble  in  excess  of  am- 
monia, forming  a bright  blue  solution.  Potash  .and 
soda  throw  down  a pale  green  bulky  hydrated  oxide 
of  nickel.  The  carhouates  of  the  alkalies  give  a pale 
apple-green  precipitate  of  basic  carbon.ate  of  nickel, 
which  is  readily  soluble  in  c.arbonate  of  ammonia. 
Ferroci/aiiide  of  polas.sium  affords  a greeni.sh-white, 
and  fetTidcyanide  of  potassium  a yellowish-green 
precipitate. 
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In  .analysis  monoxide  of  nickel  is  always  ■weighed 
as  such.  Mix  the  acid  solution  of  the  oxide  in  a 
beaker  glass  with  pure  pot.ash  or  soda  in  excess, 
heat  for  some  time  to  ne.ar  boiling,  filter,  wash  the 
precipitate  thoroughly  with  hot  water,  dry,  and 
ignite.  The  presence  of  ammoniac.al  salts,  or  of  free 
ammonia,  does  not  interfere  with  the  precipitation. 
This  method,  if  carefully  executed,  gives  exceedingly 
accurate  results,  which  tlie  editor  has  often  confirmed. 

The  nickel  obfiiined  in  this  country  is  chiefly 
employed  for  the  manufacture  of  Argent.ane  or 
Gernnan  silver,  which,  as  stated  above,  is  an  alloy 
of  this  metol  with  zinc  and  copper.  Nickel  likewise 
forms  one  of  the  constituents  of  the  tutenag  of 
China,  and  the  pakfong  of  the  East  Indies.  Being 
exclusively  used  as  .an  alloy,  the  nickel  of  commerce 
comes  into  the  market  in  the  form  of  finely-divided 
grains,  or  granulations,  of  the  size  of  small  beans. 

NITRIC  ACID.  — A^itric  Monohijilrate,  Hydropeu 
Nitrate;  Acid  Nitrhpie,  French;  Snlpetersuure.  Ger- 
man. Symbol,  IINOg. — Nitric  acid  is  a monohydrate 
of  nitrogen  pentoxide;  it  is  constituted  of — 

Nitric  anhydritie  or  an- 
hydrous nitric  aci<l,  1 eq.  = 108  N.,05 

Water, 1 tq.  = 18  H2  0 

12t)  HjKA  = 2HNO3. 

It  is  a colourless  transparent  liquid,  specific  gravity 
T52  ; boiling  at  80°,  and  leaving  a weaker  acid,  which 
is  held  to  be  a sesquihydrate,  2HNO3  + oH^O,  .and 
has  the  specific  gravity  1’42. 

Liquid  nitric  acid  was  known  as  far  back  as  the 
seventh  century  by  Gebeu,  who  called  it  “solutive 
water.”  It  has  sometimes  been  called  azotic  acid, 
and  in  the  time  of  the  alchemists  it  was  known  as 
aquafortis — a name  still  retained.  This  acid  was 
distilled  from  saltpetre  as  long  ago  as  the  thirteenth 
century  by  igniting  the  s.altpetre  with  clay,  or  with 
copperas,  in  a retort.  In  fact,  it  is  now  well  known 
that  before  the  m.anufacture  of  sulphuric  acid  on  an 
extensive  scale,  copperas  played  a most  important 
part  in  the  sep.aration  of  nitric  acid  and  muriatic 
acid  from  their  alkaline  bases. 

The  nature  of  its  constituents  was  shown  by 
C.^VENDiSH  in  178.0,  and  their  more  exact  propor- 
tions were  subsequently  determined  by  Davy,  Gay- 
Lussac,  and  Tho.mpsok.  Cavemdish  made  the 
accidental  discovery  in  the  course  of  his  experiments 
on  the  formation  of  water  by  the  combustion  of 
hydrogen  in  the  presence  of  common  air,  and  he 
detected  nitric  acid  in  the  water  so  formed.  Still 
more  recently  these  experiments  have  been  verified 
by  Fakaday,  who  has  gone  into  many,  interesting 
experiments  in  reference  to  the  presence  of  nitrate 
of  ammonia  in  the  rain  water  of  thunderstorms.  In 
warm  climates,  especially  where  there  is  an  abundance 
of  decaying  organic  matters,  and  where  its  rapid 
decomposition  spreads  a supply  of  .ammonia  into  the 
atmosphere,  the  formation,  first  of  nitric  .acid,  and 
then  of  nitrate  of  .ammonia,  jwoceeds  most  actively. 
On  the  Continent,  both  in  France  and  Germany, 
artiflci.al  nitre  beds  .are  sometimes  formed,  from 
which  considerable  quantities  of  nitrates  .are  ob- 
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taiiied.  From  the  floors  and  outhouses  of  old 
stables  and  cow  byres  nitrates  were  obtained  in 
1789,  during  the  French  Revolution,  when  all  other 
supplies  were  cut  off  from  France  by  the  allied 
armies.  The  short  supply  of  this  article  at  that  time 
led  to  urgent  a]>peals  from  the  then  government  to 
encourage  the  adoption  of  new  methods  for  produc- 
ing nitrate  of  potash  for  the  manulacture  of  gun- 
powder ; and  these  appeals  led  to  the  establishment 
of  chemical  works  near  Paris  by  Le  Rlanc  and 
others  for  the  manufacture  of  carbonate  of  soda. 
Nitrate  of  lime  is  sometimes  formed  in  warm  weather 
in  this  country  in  the  lime  of  old  walls,  from  which 
the  efflorescence  can  be  collected. 

In  the  PhUoKophicat  Mu/iazine  (1827)  Graham 
gives  an  account  of  Longcha.mp's  theory  on  nitrifi- 
cation, read  before  the  Academy  of  Sciences,  in 
which  he  has  developed  a theory  of  the  natural  pro- 
duction of  nitre  in  various  soils,  and  superficially 
upon  certain  rocks. 

Persons  employed  in  the  production  of  nitre  know 
well  that  eartlis  taken  iroin  caves  furnish  nitrates 
by  li.xiviation  ; and  that  earths  replaced  in  the  same 
places  yield  again,  after  eight  or  ten  years,  new 
quantities  of  saltpetre  ; and  the  nitrifaction  is  per- 
petual, without  limit,  provided  that  the  returned 
earth  possesses  a sufficient  portion  of  the  base,  which 
commonly  solicits  the  formation  of  the  nitric  acid, 
and  absorbs  that  acid  as  it  is  produced. 

Lavoisier  took  from  a quarry  a number  of  speci- 
mens of  chalk  at  Roche  Guyon  and  ^lousseaux  ; and 
all,  when  washed,  gave  a small  quantity  of  nitrate 
of  potash,  mixed  with  much  nitrate  of  lime.  These 
specimens  were  taken  at  a spot  many  miles  away 
from  any  human  habitation  ; and  he  draws  the  con- 
clusion that  nitric  acid  does  not  pre-exist  in  the 
chalk  of  Roche  Guyon,  but  is  formed  by  the  action 
of  the  air.  Thouvenel  also  concludes  that  it  is 
demonstrated  by  his  experiments  that  atmospheric 
air  possesses  all  that  is  necessary  to  serve  for  nitri- 
fication, as  well  as  the  air  which  emanates  from 
putrescent  bodies,  provided  that  it  finds  matter 
capable  of  absorbing  the  materials. 

It  is  universally  admitted  that  nitric  acid  is  not 
formed  in  sheltered  places,  unless  a certain  degree 
of  humidity  prevails,  and  the  air  circulates  through 
all  the  parts,  for  in  places  where  the  air  cannot  be 
renewed  there  is  no  formation  of  acid ; and  it  is 
necessary  that  the  rock  or  earth  should  be  porous, 
such  as  light  soils,  tufa,  chalk,  and  porous  limestones. 
ISIarble  or  hard  mountain  limestone  have  no  property 
in  the  formation  of  nitrates.  These  porous  sub- 
stances contain  moisture,  and  the  water  contains 
oxygen  and  nitrogen,  and  also  free  carbonic  acid. 
This  free  carbonic  acid  renders  a portion  of  the 
carbonate  of  lime  soluble  in  the  water  or  moisture, 
which  must  be  present,  and  thereby  enables  the 
carbonate  of  lime  to  act  more  effectually  upon  the 
oxygen  and  nitrogen  which  the  water  has  absorbed. 
The  oxygen,  nitrogen,  and  carbonate  of  lime  are  all 
liquid,  and  in  solution  in  the  water ; they  are  there- 
fore in  circumstances  most  favourable  to  their 
mutual  action. 


Dr.  Palmer,  on  the  “North-western  Provinces  of 
India”  (^Chemical  Sockty''!i  Jotn-nal,  1868),  gives  an 
1 account  of  the  formation  of  nitrate  of  potash  in  the 
plains  of  India,  from  whence  the  chief  supply  is  ob- 
tained. He  says  its  production  is  most  abundant 
in  the  [>arts  most  distant  from  the  mountain  ranges, 
d'he  soil  in  these  parts  is  composed  of  a very  uniform 
alluvium,  or  river  sand,  for  a de[ith  of  more  than 
200  feet,  the  uniformity  of  this  is  only  broken  by 
occasional  layers  of  clay;  but  where  the  depth  of 
soil  is  shallow,  and  water  is  within  a few  feet  of  the 
surface,  no  nitrate  is  formed.  For  eight  months  of 
the  year  no  rain  falls  in  these  nitro-producing  parts 
of  India;  the  soil  is  exposed  to  the  continuous  in- 
fluence of  dry  wind  and  a burning  sun.  Tlie 
villages  situated  in  these  districts  are  large  and  very 
thickly  populated,  and  the  houses  are  mostly  built 
of  mud  walls,  and  each  family  has  at  least  a pair  of 
[ilough  oxen.  The  only  drains  from  the  houses  and 
the  cow  byres  are  small  surface  drains,  and  the  only 
fluids  which  ;iass  by  these  drains  are  urine  and  the 
small  quantity  of  refuse  water  used  in  cooking.  The 
drains  usually  open  on  a small  open  plot  of  ground, 
where  the  drainage  diffuses  itself,  and  is  ra[pidly 
dried  in  the  sun.  The  wood  ashes  used  for  the 
cooking  fires  are  also  thrown  out  on  this  same  plot 
of  ground,  and  we  have  then  all  the  elements  w'hich, 
after  decomposition,  are  necessary  for  producing 
nitrate  of  [lotash.  As  soon  as  it  is  seen  that  a white 
efllorescence  ap|iears,  a thin  layer  is  scraped  from 
the  ground,  and  is  removed  for  lixiviation  and 
crystallization.  A continuous  production  of  nitrates 
is  thus  going  on  in  these  villages  from  generation  to 
generation,  and  from  this  production  the  wants  of 
Europe  are  supplied. 

An  interesting  [japer  has  been  published,  by 
Thornton  J.  Herap.ath,  to  show  that  this  acid 
was  known  to  the  ancient  Egyptians.  In  his 
hrochnre  Herapath  gave  a short  account  of  some 
experiments  he  had  made  on  certain  hieroglyphical 
marks  or  letters  that  had  been  discovered  on  the 
wrappers  of  a mummy  which  was  unrolled  by  Nash 
at  the  Bristol  Microscopical  Society;  and  as  the 
result  of  these  he  stated  his  belief  that  the  ancient 
Egyptians  were  acquainted  wdth  a marking  fluid 
containing  nitrate  of  silver  for  its  basis,  and  were 
also  familiar  with  the  use  of  nitric  acid.  A short 
time  afterwards,  Denham  S.mith,  in  replying  to  this 
paper,  took  exception  to  these  views;  and  whilst 
admitting  the  interesting  nature  of  the  discovery 
that  had  been  made  of  an  argentine  solution  having 
been  employed  some  three  thousand  years  ago,  as 
iiiarkiiif/  ink,  totally  dissented  from  the  conclusions 
that  had  been  founded  on  it,  inasmuch,  he  said,  as 
there  was  no  evidence  to  prove  that  the  Egyptians 
were  even  versed  in  the  art  of  distillation.  He  also 
hazarded  the  opinion,  unsupjiorted,  however,  by 
direct  evidence,  that  the  marking  fluid  in  question 
was  prepared  by  dissolving  either  the  chloride  or 
oxide  of  silver  in  an  ammoniacal  solution,  and  con- 
sequently without  the  intervention  of  any  acid 
whatever.  As  the  question  in  dispute  is  one  of  great 
interest  in  a scientific  point  of  view,  Herapath 
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pui'sned  the  subject,  ami  submitted  the  Quarks  to  a I 
fresh  examination.  After  making  several  preliminary 
ox|ieriment3,  he  found  that  no  results  of  any  value  ; 
could  be  obtained  by  tlie  ordinary  modes  of  analysis, 
and  was  therefore  compelled,  as  a last  resource,  to 
call  in  the  aid  of  the  microscope. 

On  examining  with  this  instrument  some  of  the 
fibres  of  the  bandages  that  were  stained  by  the 
argentine  ink,  he  found  them  to  present  a very 
singular  appearance.  The  ends  near  the  corroded 
parts  of  the  fabric  were  stained  of  a deep  brown 
or  black ; but  for  some  little  distance  beyond  the 
blackened  portion  the  fabric  had  a pale  yellow  hue, 
as  if,  during  the  decomposition  of  the  silver  salt 
that  had  been  employed  as  marking  ink,  the  nitro- 
genous constituents  of  the  tissue  had  been  partially 
acted  upon,  and  converted  into  xanthoproteic  acid. 

Between  several  of  the  fibres,  and  in  many  places 
adhering  to  their  external  surfaces,  were  found  small 
particles  of  some  organic  tissue,  which  were  tinged 
of  a still  deeper  yellow  than  the  fibres  themselves. 
On  subjecting  some  of  the  latter  to  the  action  of 
strong  liquor  ammonia,  the  yellow  portions,  ]>ar- 
ticularly  the  altered  intercellular  suhsbince,  acquired 
a still  darker  hue,  wdiilst  those,  on  the  contrary, 
which  were  stained  by  the  reduced  silver  became 
slightly  paler,  as  if  a part  of  the  argentine  film  was 
soluble  in  that  liquid  ; though  it  should  be  observed 
that  no  further  effect  was  produced  on  the  stain, 
even  by  a lengthened  digestion  in  ammonia.  Now, 
upon  making  conq)arative  experiments  with  a jiiece 
of  the  linen  wrapper  that  had  been  previously  marked 
iu  the  ordinary  manner  with  solution  of  nitrate  of 
silver,  the  fibres  were  found  to  present  an  appear- 
ance very  similar  to  that  above  described,  the  only 
difference  being  that  the  yellow  coloration  was  not 
quite  so  palpable,  and  more  of  the  .silver  stain  was 
eradicated  by  the  solution  of  ammonia j whereas, 
on  the  other  hand,  fibres  that  had  been  stained  by 
solutions  of  chloride  and  oxide  of  silver  in  ammonia, 
were  uniforndy  coloured  of  a dark  brown  or  black, 
and  exhibited  no  remnant  of  the  yellow  coloration. 

On  the  whole,  the  results  of  IIerapath’s  micro- 
scopic ex.ainination  appear  to  justify  the  conclusion 
that  the  ancient  Egyptians  were  really  familiar  with 
nitric  acid  and  its  uses,  and  actually  emjjloyed  the 
nitrate  of  silver  as  a marking  fluid.  In  what  way, 
however,  they  prepared  the  acid — whether  by  dis- 
tillation of  the  sodium  nitrate  or  of  potassium  nitrate 
with  sulphuric  acid — may  for  ever  remain  a mystery. 

Nitric  acid  can  also  be  formed  when  nitrogen- 
dioxide  (formerly  termed  nitric  oxide)  is  mixed  with 
oxygen  over  water:  4 volumes  of  nitric  oxi  !e  con- 
dense 3 volumes  of  oxygen ; but  nitric  oxide  and 
oxygen  never  combine  in  these  proportions  without 
the  [iresence  of  water  or  a solution  of  an  alkali. 

Devii.i.e  has  tried  several  interesting  experiments 
in  attempting  to  make  anhydrous  nitric  acid,  and  the 
following  is  the  description  given  by  Miu.er,  who 
says  that  nitric  acid  may  be  obtained  anhydrous 
by  Deville’s  method,  in  which  state  it  forms  per- 
fectly transparent,  brilliant,  colourless  crystals,  de- 
rivetl  from  the  right  rhombic  prism;  they  melt  at  30°, 
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I and  boil  at  45°  to  50°  C. ; at  about  this  temperature  the 
I com[iound  begins  to  be  metamorphosed.  Sometimes 
; the  crystals,  even  if  kept  in  sealed  tubes,  undergo 
decomposition  at  the  ordinary  temperatu'.e,  and  the 
tube  bursts  with  a dangerous  exqilosion,  from  tlie 
pressure  exerted  by  the  liberated  gases.  The  crystals 
dissolve  rapidly  in  water,  emitting  much  heat,  and 
producing  ordinary  nitric  acid.  The  jirocess  consists 
in  passing  a uniform  current  of  i>erfectly  dry  chlorine 
gas  very  slowly  over  crystals  of  well-dried  nitrate 
of  silver;  the  salt  is  heated  to  about  93°  C.  at  first,  till 
the  decomposition  has  commenced,  and  the  tem;iera- 
ture  is  then  lowered  to  about  65°  C.  The  operation 
is  one  of  considerable  delicacy,  and  requires  atten- 
tion to  a number  of  minute  precautions.  The 
apparatus  required  is  shown  in  Fig.  1.  a is  a vessel 
of  concentrated  sulphuric  acid;  the  acid  is  drawn  off 
from  it  by  the  siphon,  and  allowed  to  flow  into  the 
vessel,  B,  in  a very  slender  stream,  which  can  be 
regulated  by  the  glass  stopcock;  u has  also  been 
filled  with  sulphuric  acid,  and  subsequently  charged 
with  pure  dry  chlorine,  by  me.ans  of  the  bent  tube, 
H.  C is  a tube  filled  with  dry  chloride  of  calcium ; 
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D,  a tube  filled  with  pumice,  moistened  with  sul- 
phuric acid  ; E,  a tube  filled  with  nitrate  of  silver  in 
crystals,  immersed  in  a bath  of  oil ; F,  the  receiver 
for  the  anhydrous  nitric  acid,  which  is  kept  cool  by 
a mixture  of  ice  and  salt.  The  tubes  e and  F are 
made  of  one  continuous  piece  of  glass,  as  the  acid 
immediately  attacks  and  destroys  coi  k or  caoutchouc 
joints ; a portion  of  one  of  the  lower  oxides  of 
nitrogen  is  liquefied  and  collected  in  the  tube  in  F, 
and  is  then  se|iarated.  The  chlorine  displaces  the 
nitric  acid  and  oxygen  from  the  nitrate  of  silver; 
chloride  of  silver  is  formed,  and  the  nitric  acid  and 
oxygen  escape.  By  surrounding  the  receiver,  F, 
with  a freezing  mixture,  the  nitric  acid  is  condensed 
in  crystals.  The  decomposition  is  of  the  following 
simple  character: — 

Nitrate  of  silver.  Chlorine.  Chloride  of  silver.  Oxygen.  Nitricanhydride. 

+ ^Cl  give  AgCl  -f  U 

The  composition  of  anhydrous  nitric  acid  was 
determined  by  1)e;ville,  by  estimating  the  quantity 
of  nitrogen  which  a given  weight  of  the  acid  fur- 
nished after  the  oxygen  had  been  removed  from  it 
by  heating  it  in  contiict  with  eopper,  which  rapidly 
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combines  with  oxygen  at  a higher  temperature. 
Deville  found  in  one  of  his  experiments,  that  547 
milligrammes  of  acid  gave  116  cubic  centimetres  of 
nitrogen  at  a tem]ierature  of  5°  C.  whilst  moist,  and 
under  a barometric  pressure  of  757  millimetres. 
This,  when  corrected,  gives  in  100  parts  of  the  acid 
by  weight  25‘9  of  nitrogen  ; the  deficiency,  74-1,  is 
oxygen,  or  14  parts  of  nitrogen  are  united  with  40 
of  oxygen. 

According  to  Dr.  Ure,  who  examined  the  pro- 
perties of  nitric  acid  very  fully  about  the  year  1818, 
we  find  that  nitric  acid  of  specific  gravity  T50  boils 
at  210°  Fahr.,  at  1-45  it  boils  ,at  240°  Fahr.,  at  1'42 
it  boils  at  253°  Fahr.,  and  at  1'40  it  boils  at  246° 
Fahr.  If  an  acid  stronger  than  specific  gravity  1-420 
is  distilled  in  a retort,  it  gradually  becomes  weaker; 
and  if  weaker  than  1-42  it  gradually  becomes  stronger 
till  it  assumes  that  standard  of  density.  Acid  of 
specific  gravity  T485  has  no  more  action  u|)OU  tin 
than  water  has,  though  when  it  is  either  stronger  or 
weaker  it  oxidises  it  rapidly,  and  evolves  fumes  of 
nitrous  acid  gas  with  explosive  violence.  In  two 
papers  upon  nitric  acid,  published  by  Dr.  Ure  in  the 
Journal  of  Science,  1818  and  1819,  he  investigated 
the  chemical  relations  of  these  phenomena:  acid 
specific  gravity  1-42  consists  of  1 atom  of  dry  acid 
and  4 atoms  of  water;  acid  of  1-485,  of  1 atom  of 
dry  acid  and  2 atoms  of  water ; the  latter  com[iound 
possesses  a stable  equilibrium  as  to  chemical  agency, 
the  former  as  to  calorific.  Nitric  acid  of  specific 
gravity  1-334,  consisting  of  7 atoms  of  water  and  1 
atom  of  dry  acid,  resists  deconqrosition  by  light. 
Nitric  acid  acts  with  great  energy  upon  most  com- 
bustible substances,  giving  off  oxygen  to  them,  and 
resolving  itself  into  nitrous  gas,  or  even  nitrogen. 
Such,  for  instance,  is  its  action  upon  hydrogen, 
phosphorus,  sulphur,  charcoal,  sugar,  gum,  starch, 
silver,  mercury,  copper,  iron,  tin  and  other  metals. 
M'hen  nitric  acid  is  mixed  with  snow,  the  latter  is 
liquefied,  and  intense  cold  is  produced.  Nitric  acid 
of  specific  gravity  1-5U  mixed  with  half  its  bulk  of 
water  occasions  an  elevation  of  temperature  in  the 
mixture  equal  to  112°  Fahr.,  and  58  parts  of  acid  with 
42  parts  of  water,  both  at  60°  Fahr.,  give  when 
mixed  a temperature  of  140°  Falir.  (Ure,  Quart. 
J.  of  Science).  On  diluting  the  red  fuming  acid,  or 
the  strong  nitro-sulphuric  acid  produced  from  a 
G.\y-Li'SSAc  tower,  it  assumes  various  tints  of  bluish 
green,  depending  upon  the  quantity  of  water  added. 

Dr.  Turner  says,  that  when  nitric  dioxide  is  passed 
through  concentrated  nitric  acid  it  is  deconqiosed, 
and  nitrous  acid  is  formed,  partly  by  the  acquisition 
of  oxygen  by  the  oxide,  and  partly  by  its  loss  by  the 
acid.  The  nitrous  acid  thus  derived  from  two  sources 
gives  a colour  to  the  nitric  acid,  the  depth  and  kind 
of  which  depends  upon  the  quantity  of  the  deutoxide 
of  nitrogen  which  has  been  employed.  The  first 
portion  communicates  a pale  straw  colour,  which 
gradually  deepens  <as  the  absor[ition  by  the  deut- 
oxide continues,  till  the  nitric  acid  has  acquired  a 
deep  orange  colour,  together  with  all  the  character- 
istics of  fuming  nitrous  acid.  By  applying  heat  to 
the  blue  liquid,  the  dioxide  of  nitrogen  is  evolved. 


and  in  proportion  as  it  escapes  the  colour  of  the 
solution  changes  to  green,  olive,  orange,  and  yellow; 
at  length  becoming  pale  as  at  first. 

Nitrous  acid  vapours  are  likewise  disengaged  as  well 
as  dioxide.  These  phenomena  are  very  favourable 
to  the  view  that  the  conversion  of  the  orange  colour 
into  olive-green  and  blue  is  owing  to  the  formation 
of  hyponitrous  acid.  Some  of  the  metals,  such  as 
copper,  tin,  and  silver,  are  at  first  without  action  on 
concentrated  nitric  acid,  but  become  violently  active 
upon  the  addition  of  a little  water.  Poured  upon 
hot  iron  filings,  or  melted  bismuth,  zinc,  or  tin, 
nitric  acid  causes  a combustion  of  the  metals.  In 
its  action  upon  metals  which  decompose  water,  nitric 
acid  gives  rise  to  the  formation  of  ammonia  and 
nitrate  of  ammonia,  a fact  long  known  to  Paver 
and  other  French  chemists.  The  facility  with  which 
nitric  acid  imparts  oxygen  renders  it  a valuable 
oxidising  agent.  Phosphorus  decomposes  it  at  com- 
mon temperatures,  and  sulphur  and  carbon  when 
aided  by  heat.  A piece  of  glowing  charcoal  thrown 
upon  the  surface  of  concentrated  acid  burns  with 
evolution  of  red  fumes  (Berzelius).  It  acts  on  a 
large  number  of  organic  bodies,  and  mutual  decom- 
position ensues.  A drachm  of  oil  of  turpentine 
mixed  with  half  a drachm  of  sulphuric  acid  instantly 
bursts  into  flames  upon  the  addition  of  a drachm  of 
nitric  acid.  Malic,  oxalic,  and  carbonic  acids  are 
the  common  products  of  the  action  of  dilute  nitric 
acid  upon  many  vegetable  substances;  ammonia  and 
hydrocyanic  acid  are  also  sometimes  formed.  It 
tinges  many  animal  substances  a yellow  colour,  and 
permanently  stains  the  fingers  and  nails,  as  most 
young  chemists  soon  find  out. 

It  is  used  for  etching  on  copper,  and  as  a solvent 
for  tin  in  the  preparation  of  valuable  mordants  used 
by  dyers  and  calico  printers.  In  medicine  it  is  pre- 
scribed as  a tonic,  and  occasionally  in  hepatic  and 
eruptive  diseases,  and  in  surgery  as  an  energetic 
caustic. 

Exposure  to  the  light  of  the  sun  produces  its 
partial  decomposition,  and,  as  has  already  been 
remarked,  mere  distillation  of  the  compound  has 
invariably  the  same  effect. 

Nitric  acid  is  an  important  agent  in  an.alysis.  It  is 
used — 1.  To  oxidise  and  dissolve  the  metals,  and  to 
separate  them  from  the  few  which  are  not  acted 
upon  by  it,  especially  gold  and  platinum,  and  it  is  in 
constant  use  in  assaying  for  separation  of  silver  and 
gold.  2.  To  separate  certain  metals  in  the  form  of 
insoluble  jieroxides — such  as  antimony  and  tin — 
from  those  which  yield  soluble  oxides,  as  in  the 
se|>aration  of  tin  from  mercury.  It  is  also  useful  in 
the  peroxidising  of  iron  and  manganese,  by  which 
those  metals  are  rendered  insoluble  in  nitric  acid, 
and  thus  easily  sej'arated  from  soluble  earths,  &c. 
3.  Dilute  nitric  acid  separates  sulphur  from  the 
metals  and  some  of  the  earths  in  the  form  of  an 
insoluble  m.agma,  as  in  the  analysis  of  sulphuret  of 
cof)per,  of  lead,  or  of  silver;  but  if  concentrated,  it 
acidifies  sul|ihur  and  arsenic.  4.  The  concentrated 
acid  detects  sulphuretted  hydrogen  by  the  produc- 
tion of  a white  cloud,  and  the  destruction  of  its 
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fetid  odour.  5.  It  is  used  as  a solvent  to  determine 
the  nature  of  certain  precipitates,  aud  to  separate 
the  soluble  from  the  insoluble.  6.  Nitric  acid  is  a 
test  for  certain  organic  substances,  and  it  generally 
tinges  those  containing  nitrogen  a yellow  colour;  it 
detects  strychnia  by  rendering  it  a red  colour ; it 
distinguishes  gum  from  stiirch  by  converting  the 
former  into  mucus,  and  cork  is  converted  into 
suberic  acid.  7.  Nitric  acid,  as  well  as  many  of  the 
nitrates  and  nitro-hydrochloric  acid,  are  used  as 
valuable  chemical  reagents. 

'Tcstx  fur  Nitric  Acid. — No  ready  method  is  known 
of  precipitating  nitric  acid  from  its  solutions,  since 
all  its  compounds  dissolve  more  or  less  freely  in 
water.  Various  indirect  methods  have  been  re- 
commended for  discovering  its  presence.  One  of 
the  best  consists  in  neutralizing  the  solution,  if  acid, 
with  potassium  hydrate,  and  evaporating  nearly  to  dry- 
ness; then  adding  a few  copper  filings,  and  heating 
the  mixture  with  a little  sulphuric  acid.  The  cojjper 
combines  with  a portion  of  the  oxygen  of  the  nitric 
acid,  and  decom[)Oses  it,  while  characteristic  red 
fumes  due  to  nitrogen  dioxide  show  themselves  if 
nitric  acid  be  present.  A still  smaller  quantity  of 
the  acid  may  be  detected  by  substituting  a crystal 
of  ferrous  oxide  for  the  copper,  before  adding  the 
sulpliuric  acid ; on  the  application  of  a gentle  heat 
in  this  case,  the  characteristic  action  consists  in  the 
formation  of  an  olive-gieen  solution,  the  colour  of 
which  disappears  on  boiling.  The  nitrous  acid  gas, 
formed  by  the  deoxidising  action  of  one  portion  of 
the  iron  salt,  dissolves,  with  the  distinctive  green 
colour,  in  the  solution  of  the  unoxidised  part  of  the 
salt.  If  a few  drops  of  hydrocliloric  acid  be  added 
to  a solution  which  contains  free  nitric  acid,  or  a 
nitrate  dissolved,  the  liquid  acquires  the  power  of 
dissolving  gold  leaf.  This  effect,  however,  is  pro- 
duced by  hydrochloric  acid  in  solutions  of  the 
iodates,  chlorates,  and  bromates.  but  the  presence 
of  these  salts  maj’  be  detected  by  other  chiiracters. 
IM'.ice's  test  for  the  detection  of  iodine  is  equally 
ai)iilicable  for  the  detection  of  nitric  acid. 

Liebig  has  suggested  the  following  tests: — The 
liquid  to  be  examined  must  be  mixed  with  a suffi- 
ciency of  sulpliuric  solution  of  indigo  to  acquire  a 
distinct  blue  colour.  A few  drojis  of  concentrated 
sidphuric  acid  are  then  added,  and  the  whole  boiled  ; 
if  the  liquid  contains  a nitrate,  it  will  either  be 
bleached  or  rendered  yellow.  By  adding  a little 
common  salt  to  the  liquid  before  a]>plying  heat  a 
15  00^^'  part  of  nitric  acid  may  be  discovered.  M. 
Kl'NGE  has  suggested  to  detect  nitric  acid  and  its 
combinations  as  follows : — Pour  a solution  of  proto- 
chloride of  iron  upon  the  surface  of  an  amalgam  of 
zinc,  and  then  place  a crystal  of  nitre  on  the  latter 
in  the  fluid;  a dark  b.‘.nd  immediately  forms  around 
the  crystal,  sometimes  e.xtending  over  the  whole  sur- 
face of  the  amalgam.  All  the  nitrates,  as  well  as 
nitric  acid,  act  in  tliis  manner;  but  other  salts,  such, 
for  instance,  as  the  chlorates,  jiroduce  no  such  effect, 
so  that  a sensible  test  of  the  presence  of  nitric  acid 
is  given.  It  is  necessary  that  the  solution  employed 
be  a protosalt  of  iron.  If  nitric  acid  is  supposed  to 
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be  in  the  liquid,  it  should  be  saturated  with  potassa, 
evaporated  to  dryness,  and  the  dry  mass  tried.  Salts 
of  copper  and  silver  must  not  be  present  (Grah.\jie, 
1827). 

Kane  says  that  the  detection  of  nitric  acid  is  not 
difficult ; it  cannot  be  recognized  by  forming  pre- 
cipitates, as  all  its  neutral  salts  are  soluble,  but  its 
properties  are  very  marked.  1.  The  production  of 
red  fumes  of  nitric  dioxide  when  it  is  brought  into 
contact  with  a metal  is  characteristic  of  it.  2.  1111611 
a drop  of  nitric  acid  is  added  to  water  tinged  blue 
by  sulphate  of  indigo,  and  the  mixture  boiled,  it  is 
bleached  by  the  oxidisation  of  the  indigo  by  the  acid. 
3.  When  a small  crystal  of  protosulphate  of  iron  is 
placed  in  contact  with  water  containing  nitric  acid, 
a ring  of  deep  olive  coloured  liquid  forms  round  it, 
according  as  it  dissolves.  4.  Nitric  acid  confers  upon 
muriatic  acid  the  power  of  dissolving  gold  leaf ; but 
this  test  is  not  of  such  distinctness  as  the  others.  5. 
Nitric  acid  may  also  be  distinguished  by  the  deep  red 
colour  it  produces  with  a crystal  of  morphia  (Kane). 

The  usual  impurities  in  nitric  acid  are  hydrochloric 
acid  (arising  from  the  nitrate  of  soda,  frorii  which  it  is 
manufactured,  containing  common  salt  and  sulphuric 
acid,  owing  to  the  manufacture  having  been  carried 
on  at  too  great  a heat),  and  iron  obtained  from  the 
metal  cylinders  used  in  the  decom[iosition.  These 
impurities  are  easily  detected  ; the  first  with  nitrate 
of  silver,  which  causes  a white  precijiitate  of  chloride 
of  silver;  the  second,  by  chloride  of  barium,  which 
gives  a precipitate  of  sulphate  of  baryta ; and  the 
last,  by  prussiate  of  potash,  which  gives  a blue  pre- 
cipitiite  of  prussiate  of  iron  (R.  C.  Clapham). 

In  the  laboratories  of  the  extensive  chemical 
works  on  the  Tyne  and  in  Lancashire,  different 
methods  of  treating  the  nitrous  and  nitric  acid  in  the 
“nitrous  vitriol”  run  from  the  Gay-Lussac  absorb- 
ing columns  have  been  carried  out  for  many  years. 
It  is  necessary  that  the  test  in  daily  use  should  not 
only  be  practically  accurate,  but  also  sufficiently 
rapid  in  its  action,  so  as  not  to  delay  the  chemist  in 
his  work.  The  old  plan  adopted  by  foremen  of  works 
for  many  years,  aud  which  to  some  extent  gave 
practical  results,  was  to  rapidly  pour  equal  measures 
of  water  and  nitrous  vitriol  together,  and  then  judge 
of  the  extent  of  the  saturation  of  nitrous  acid  by  the 
red  fumes  given  off.  The  more  accurate  methods, 
however,  in  daily  use,  are  the  application  of  the  tests 
of  bichromate  of  potash,  permanganate  of  potiish, 
nitrate  of  urea,  and  bleaching  powder.  Standard 
solutions  of  these  salts  are  prepared  and  kept  ready 
for  use,  and  in  all  cases  it  is  found  best  to  pour  the 
nitrous  vitriol  into  the  measured  quantity  of  the 
test  liquor,  rather  than  pour  the  test  liquor  into 
the  acid. 

Of  these  tests  the  permanganate  and  bichromate 
give  the  most  reliable  results.  The  nitrate  of  urea 
is  very  variable  and  unsatisfactory  ; and  the  bleach- 
ing  powder  test,  although  still  adopted  by  some 
firms  as  sufficiently  practical  for  their  wants,  is  not 
iUways  reliable  in  its  results. 

Very  recently  a paper  on  this  subject  was  read 
before  the  members  of  the  Newcastle-on-'J’yne 
54  
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Chemical  Society  by  Dr.  Lunge  of  Zurich,  which 

tion  of  pure  ferrous  sulphate  (100  grams,  per  litre). 

describes  very  fully  the  best  methods  of  testing  nitric 

acidulated  with  5 per  cent,  of  sulphuric  acid.  Of 

€and  nitrous  acids,  and  from  which  we  give  the 

this  solution  a certain  volume,  more  th.an  sufficient 

following  extracts  (R.  C.  Clapham): — 

! for  the  nitric  acid  contained  in  the  test  liquid,  was 

Estimation  of  Nitric  Acid. — One  of  the  oldest,  and 

employed,  and  a similar  volume  was  te.sted  .at  the 

probably  the  most  widely-used  method  of  estimating 

same  time  by  a standard  solution  of  potassium  per- 

nitric  acid,  is  that  first  proposed  by  PixorzE,  but 

manganate;  one  such  stand.ardizing  of  the  iron  solu- 

considerably  modified  by  Fresenius,  viz.,  dissolving 

tion  is  sufficient  for  a whole  day,  as  the  free  .acid 

metallic  iron  in  hydrochloric  acid,  and  adding  the 

jirevents  its  too  rapid  oxidation.  The  |iotassium 

compound  containing  nitric  acid,  or  one  of  its  salts. 

perm.ang.anate  solution  itself  was  made  from  pure 

heating  till  the  action  of  NOgll  on  the  ferrous  salt 

crystals,  and  standardized  once  a week  with  piano- 

is  comi>lete,  and  all  NO  is  given  off;  and  estimating 

forte  wire  in  the  same  apparatus  (taking  100  wire  to 

the  unoxidised  portion  in  the  ferrous  salt  by  means 

contain  99-6  Fe)  ; it  was  found  to  be  unchanged 

of  potassium  bichromate  or  permanganate.  In  the 

after  a month’s  . tending. 

latter  case  sulphuric  acid  must  be  employed  for  dis- 

The  time  consumed  by  each  test  till  the  NO  was 

solving  the  iron.  If  the  air  has  access  to  the  liquids 

completely  driven  off  was  very  inconveniently  long. 

during  these  operations,  there  may  be  some  oxidation 

uidess  a large  quantity  of  free  acid  was  present,  s«ay 

of  ferrous  to  ferric  sulphate  at  the  expense  of  atmo- 

20  parts  of  SO^Il2  to  each  100  parts  of  liquid.  If 

spheric  oxygen  ; but  a more  serious  source  of  error 

there  is  less  .acid  present,  the  reaction,  as  shown  by 

is  the  regeneration  of  nitrogen  acids  from  the  evolved 

the  colour  of  NO  dissolved  in  the  solution  of  the 

NO,  which  act  again  upon  ferrous  sulphate,  and  thus 

ferrous  salt,  goes  on  extremely  slowly,  or,  with  great 

too  high  a, proportion  of  nitric  acid  is  indicated  by 

dilution,  not  at  all,  until  by  prolonged  boiling  the 

the  process.  The  process,  as  originally  proposed 

.above  concentration  has  been  reached.  It  is  there- 

by  Felo[;ze,  is  certahily  altogether  faulty;  but  it 

fore  convenient  to  add  a sufficiently  large  quantity 

became  most  accurate  when  Fhesenil'S  proposed  to 

of  pure  strong  sulphuric  acid  at  once,  in  order  to 

conduct  the  operation  with  a number  of  precautions. 

hasten  the  process.  A pinch  of  sodium  bic.arbon.ate 

the  most  important  of  which  is  the  carrying  on  of 

may  be  thrown  in  as  well  to  fill  the  vessel  with 

the  whole  process  in  an  atmosphere  of  carbon  dioxide. 

CO.„  but  my  results  were  as  accurate  without  as 

The  process  of  Fresenius  is,  however,  somewhat 

with  this  modific.ation. 

lengthy  and  complicated,  and  entails  the  use  of 

With  proper  precautions,  especially  if  the  con- 

cumbrous  apparatus,  and  this  would  militate  against 

centration  and  temperature  of  the  liquids  are  not 

its  use  in  many,  especially  in  all  works’,  laboratories. 

sucli  .as  to  cause  an  instanteneous  reaction  before 

A modification  is  therefore  adojited  by  very  many 

the  air  has  been  expelled  from  the  apparatus  by 

chemists,  consisting  in  disjiensing  with  the  current 

aqueous  vapour,  the  results  obtained  in  all  the  nine 

of  CO^;  but  conducting  the  operation  of  dissolving 

experiments  made  by  this  process  are  as  accurate  as 

the  metallic  iron,  and  pjartly  oxidi.sing  the  solution 

it  can  be  expected  by  any  method ; and  it  can  be 

by  nitric  acid  or  its  salts  in  a flask  fitted  with  a 

recommended  to  chemists  even  in  its  simplified  form, 

Bunsen’s  india-rubber  valve  ; that  is  to  say,  a cork. 

as  described  above. 

through  which  passes  a short  glass  tube  open  at  both 

The  estimation  of  nitrous  and  nitric  .acid  in  the 

ends,  but  closed  at  the  outer  end  by  means  of  a 

same  sample  can  be  effected  in  the  most  s.atisfactory 

small  piece  of  india-rubber  tubing,  and  a bit  of  glass 

way  by  first  oxidising  the  nitrous  acid  by  me.ans  of 

rod  stopping  the  latter  again.  The  india-rubber 

standard  potassium  permangan.ate,  then  adding  a 

tubing  is  provided  with  a sharp  longitudinal  incision 

measured  volume  of  a solution  of  ferrous  sulphate 

of  about  1 centimetre’s  length,  which  allows  any  gas 

of  known  relation  to  the  permangan.ate,  and  finishing 

or  vapour  to  pass  out,  but  none  to  enter  into  the 

the  process  as  prescribed  for  the  estimation  of  nitric 

tube,  and  thence  into  the  flask.  In  this  apparatus 

acid.  From  the  totel  quantity  of  nitric  acid  thus 

the  steam  arising  from  the  boiling  liquid  soon  expels 

found  a deduction  is  made  for  that  corresponding  to 

the  air,  and  prevents  its  injurious  action  upon  the 

the  NgOg,  the  difference  corresponding  to  the  nitric 

accuracy  of  the  process;  nor  can  the  air  enter  again 

acid  originally  present.  It  is  only  necessary  to  de- 

on  cooling,  as  the  valve  prevents  it  from  doing  so. 

duct  one  and  a half  times  the  number  of  c.c.  first 

so  that  a vacuum  is  formed  in  the  flask,  which  ought 

consumed  for  oxidising  N,,Og  into  N.^Og  from  the 

to  be  of  strong  glass  to  resist  the  atmospheric  pres- 

number  .afterwards  found  (in  the  shape  of  ferrous 

sure.  This  apparatus  is  so  very  simple  that  even  the 

sulphate)  consumed  for  reducing  N.,0,^  to  N.^O., ; 

smallest  laboratory  can  use  it;  but  doubts  have  arisen 

the  remainder  will  show  how  much  NgOg  (or  rather 

whether  the  results  obtained  by  it  are  reall}^  trust- 

NOgll)  was  present.  The  whole  operation  is  carried 

worthy.  I have  therefore  made  with  this  apparatus 

on  from  beginning  to  end  in  the  same  flask,  fitted 

a number  of  experiments  (nine),  in  which  I worked 

with  a Bunsen’s  india-rubber  valve,  as  above  de- 

with  every  possible  precaution  against  error,  .and  in 

scribed.  This  I proved  to  be  altogether  correct  by 

wliich  I employed  exactly  known  quantities  of  nitric 

dissolving  some  pure  potessium  nitrate  in  my  arti- 

acid  or  potassic  nitriite.  In  order  to  save  the  time 

ficial  nitrous  acid  prepared  with  silver.  On  testing. 

consumed  by  cleaning,  accurately  weighing,  and  dis- 

.as  by  the  plan  just  described,  I found — 1.  Employed 

solving  the  iron  wire,  I em]iloyed  in  this  series  of 

0'20in  KNOg,  found  0'2012 ; 2.  Employed  0T950 

experiments,  as  well  as  in  all  those  following,  a solu- 

KNOg,  found  0T936. 
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A tiiird  blank  e.xperiment  was  made  with  the 
nitrons  acid  without  adding  any  potassium  nitrate. 
Originally  used  10-2  c.c.  permanganate;  found  to 
require  for  reduction,  ferrous  sulphate  equal  to 
15T.0  c.c.  permanganate  instead  of  15'3;  the  0'15 
c.c.  of  permanganate  used  in  excess  of  the  theoretical 
quantity  in  re-titrating  the  iron  solution  would  be 
required  for  stiiining  tlie  large  volume  of  liquid 
obtained  at  the  end,  so  that  the  blank  experiment 
may  be  declared  to  be  (juite  satisfactory. 

It  seemed  to  be  desirable  to  apply  the  just- 
described  proce.ss  to  the  analysis  of  nitrous  acid 
obtained  on  a large  scale  from  the  absorbing  column 
of  a sulphuric  acid  works.  I j>rocured  such  from  a 
factory  on  the  borders  of  the  lake  of  Zurich.  It 
had  a specific  gravity  of  TG91,  and  was  evidently 
almost  saturated  with  N2O3.  Eleven  experiments 
proved  it  to  contain  4'13  grams.  N.jOj  in  100  c.c. 
of  acid  (=  2‘44  per  cent,  by  weight).  Now',  the 
))ublished  analyses  of  nitrous  vitriol  generally 
mention  the  presence  of  NOjII  in  the  same  as  well. 
For  instance,  AI'inkleii  found  0'256  per  cent.,  Kolb 
even  0-9  and  1-14  per  cent.,  calculated  as  N^O^.  It 
is  not,  on  the  face  of  it,  clear  how  nitric  acid  can 
get  into  nitrous  vitriol,  since  it  cannot  very  well 
bodily  traverse  the  chambers  without  being  reduced 
to  lower  nitrogen  oxides;  and  since  it  is  not  re- 
generated either  from  the  latter  in  the  presence  of 
sul|)huric  acid,  the  oxidation  in  this  case  never  going 
beyond  NgO^,  as  proved  by  Winkler  himself. 
Experiment  has  proved  in  my  special  case  that  the 
nitrous  vitriol  really  cojitained  no  NOjII  whatever. 
The  additional  permanganate,  over  and  above  that 
corresponding  to  N,!)^,  amounted  in  two  experi- 
ments to  0'05  and  U'l  c.c.,  which  is  just  sufficient 
to  stain  the  liquid;  and  I am  inclined  to  believe 
that  nitrous  vitriol  really  does  not  contain  any  nitric 


acid,  except  perhaps  traces,  in  any  case ; for  I was 
able  to  show  by  experiment,  jierforined  ])urposcly 
by  the  faulty  method  generally  in  use,  that  nitric 
acid  was  generated  during  the  testing  process  where 
it  did  not  exist  before.  My  artificial  nitrous  acid, 
prepared  from  j)ure  AgNO^,  and  thus  absolutely  free 
from  NOgll,  required,  as  mentioned  above,  for  its 
reduction,  after  oxidation  to  NO3II  by  means  of 
permanganate,  as  nearly  as  possible  exactly  the 
theoretical  quantity  of  ferrous  sulphate — viz.,  that 
corresponding  to  one  and  a half  times  the  quantity 
of  [lermanganate  first  used.  But  this  was  only  the 
case  when  the  oxidation  had  taken  jdace  in  the  way 
described  by  me  as  the  only  accurate  one — viz.,  by 
dropping  the  nitrous  acid  into  the  peraianganate. 
M'hen  purp)Osely  the  opposite  way  had  been  em- 
ployed— viz.,  diluting  the  nitrous  vitriol  with  very 
much  water,  then  oxidising  by  permanganate,  and 
reducing  again — the  following  results  were  obtained : 
— 1.  Real  percentage  in  100  volumes  of  acid,  0'235 
NgOg,  O'OOO  NjOg.  Found  by  the  above  faulty 
method,  0'180  N^Og,  0-045  NgOg ; the  latter  cor- 
responding to  0'0:^7  N,,Og,  leaves  0-028  for  absolute 
loss  (probably  as  NO).  2.  Found  0-199  N^Og. 
0-036  N.^Oj,  tlie  latter  corresponding  to  0-021  NgOg, 
leaving  0-015  for  absolute  loss. 

It  was  thus  positively  jn-oved  that,  by  the  more 
usual  plan  of  testing  nitrous  vitriol,  nitric  acid  is 
generated  in  the  process  of  dilution,  according  to 
the  equation — 

3NU0H  = 2X0  -t-  NOgOH  + HjO. 

— (Lunge.) 

The  follow-ing  table,  drawn  up  by  Ure,  and  given 
in  his  “ Dictionary  of  Arts,”  shows  the  specific 
gravity  of  the  nitric  acid — the  liquid  acid  in  100 
parts,  and  the  dry  acid  in  100  parts : — 


Specific 
Om\  ity. 

Liquid 
Ac.d  m 
IW  Pails. 

Dry  Acid 
in 

100  Parts. 

Specific 

Gravity. 

Liquid 
Acid  in 
UK)  Pai-ts. 

Dry  Acid 
in 

100  Parts. 

Specific 

Gi-avity. 

Liquid 
Acid  m 
lUU  Pai-ts. 

Dry  Acid 
in 

100  Parts. 

Speci  fic 
Gravity. 

Liquid 
Acid  in 
JOU  Parts. 

Dry  Acid 
in 

1(K>  1 arts. 

1-51)00 

100 

79-700 

1-4189 

75 

59  775 

1-2947 

50 

39-8.50 

1-1403 

25 

19-925 

1-4'JSO 

99 

78-903 

1-4147 

74 

.58-978 

1-28-27 

49 

39-053 

1-1345 

24 

19-1-28 

1 -4960 

98 

78-106 

1-4107 

73 

.58-181 

1-2826 

48 

38-256 

1 -1-/86 

23 

18-331 

1-4940 

97 

77-309 

1-4005 

7-2 

57-384 

1-2705 

47 

37  459 

1-12-27 

22 

17 -.534 

1-4910 

96 

76-51-2 

1 -40-23 

71 

.56  .557 

1-2705 

40 

36-06-2 

1-1168 

21 

16  737 

1 -4880 

95 

75-715 

1-3978 

70 

55-790 

1--644 

45 

35  805 

1-1109 

20 

15-940 

1-4850 

94 

74-918 

1-3945 

69 

54-993 

1-2583 

44 

35  068 

1-1051 

19 

15-143 

1 48-20 

93 

74-1-21 

1-388-2 

68 

54-196 

1-25-23 

43 

34-271 

1-0993 

18 

14  346 

1-4790 

92 

73  3-24 

1-3833 

67 

53  399 

1-2462 

42 

33-474 

1-0935 

17 

13 -.549 

1-4700 

91 

7-2-.5-27 

1-3783 

66 

52  602 

1-2402 

41 

32-677 

1-0878 

16 

12-7.52 

1-4730 

90 

71-7.10 

1 3732 

65 

51-805 

1-2.341 

40 

31-880 

1-0821 

15 

11-9.55 

1 -4700 

89 

70  933 

1-3681 

04 

51-008 

1 -2277 

39 

31-083 

1-0704 

14 

11-158 

1-4670 

88 

70-136 

1 -3030 

63 

.50--- 11 

1-221-2 

38 

30-280 

1 -0708 

13 

10-368 

l'4G4l) 

87 

09  339 

1-3579 

62 

49  414 

1-2148 

37 

29-489 

!-00;'l 

12 

9-564 

1-JGOO 

86 

68  54-2 

1-35-29 

61 

48-017 

1--2084 

3G 

28  092 

1 -0595 

11 

8 767 

1 -4.570 

feo 

67-745 

1-3477 

60 

47-8-20 

1-2019 

35 

27-895 

1 -0.540 

10 

7 970 

1 -4.5.-10 

84 

60-948 

1-34-27 

59 

47-0-23 

1-19.58 

34 

27-098 

l-0i85 

9 

7-173 

1 -4.500 

83 

GO -I. 55 

1-3376 

58 

46-226 

1-1895 

33 

20-301 

1-0430 

8 

6*37l5 

1-4400 

82 

05-3.54 

1 -33-23 

57 

45-4-29 

1-1833 

3-2 

-25-504 

1-0375 

7 

5 .579 

1-44-24 

81 

64-557 

1 -3270 

50 

44-63-2 

1-1770 

31 

24-707 

1 03-.0 

6 

4-78-2 

1 -4;i85 

80 

63-700 

1-3-216 

5.5 

43  836 

1-1709 

30 

23  91  0 

1 0-267 

5 

3 985 

1 -4340 

79 

6-2-903 

1-3163 

54 

43-038 

1-1048 

29 

23  113 

1-021-2 

4 

3-138 

1-4300 

78 

6-2-106 

1-3110 

53 

42-241 

1 1587 

28 

22-316 

1-0159 

3 

2-391 

1-4-209 

77 

61-369 

1 30.' 6 

52 

41-444 

1 1515 

27 

21  517 

1-0106 

2 

1-.594 

1 -4-2-28 

76 

60  572 

1-3001 

51 

40-647 

1-1467 

26 

20-7-2-2 

l-U'53 

1 

0-797 

Nitric  acid  is  now  always  manufactured  from  from  Peru  and  Bolivia,  through  the  ports  of  Chili; 
nitrate  of  soda,  w-hich  is  imported  into  this  country  and  is  used  not  only  in  the  production  of  nitric  acid 
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for  sale,  but  still  more  extensively  in  alkali  works 
and  in  manure  works.  The  writer  has  obtained 
from  R.  Hunt,  F.R.S.,  of  the  Jermyn  Street 
Museum,  the  following  information  as  to  its  im- 
portation into  this  country  : — 

1874.  1873.  1878. 

Cwta.  Cwts.  Cwts. 

Nitrate  of  soda  imported,  2,117,170  3,3b2.636  3.208,277 

Do.  in  value,  £1,270,673  £2,029,123  £1,890,827 

In  nearly  all  published  works  upon  chemistry,  the 
description  given  of  the  formation  and  natural 
deposits  of  nitrate  of  soda  are  very  vague  and  mis- 
leading. It  is  therefore  interesting  to  refer  to  Dr. 
Forbes’  report  on  the  “Geology  of  Bolivia  and 
Southern  Peru  ” (see  Journal  of  Geohxficul  Society, 
18G0,  and  Philosophical  Mayazine,  1866),  in  whieh  he 
gives  a very  clear  and  complete  account  of  these 
important  deposits.  He  concludes  that  nitrate  of 
soda  has  been  formed  at  the  margin  or  fringe  slopes 
of  the  ancient  ocean  tidal  lagoons  by  the  decompo- 
sition of  sea  salt,  which  was  gradually  deposited 
there  on  the  upheaval  of  the  coast,  and  which  was 
effected  by  the  agency  of  carbonate  of  lime  and 
organic  matters  of  all  kinds- — both  terrestrial  and 
marine  vegetation,  particularly  the  latter.  These 
lagoons  or  swamps  would  be  surrounded  by  a lu.xu- 
riant  growth  of  marine  plants,  of  semi-aquatic  habits; 
and  although  the  country  in  the  immediate  vicinity 
is  now  a dry  and  arid  plain,  and  without  a drop  of 
surface  water,  tliere  arc  everywhere  traces  of  the 
former  vegetation  discovered,  in  the  enormous 
quantities  of  wood  and  trees  of  great  size  buried  in 
the  plains,  as  well  as  reeds,  rushes,  and  other  veget- 
able matter,  and  also  sea-shells.  He  states  that 
nitrate  of  soda  does  not  represent  any  regular  bed 
or  deposit,  but  is  onlj'  the  out-crop  of  a bed  of  salt 
(with  which  all  nitrate  of  soda  is  contaminated) ; 
or,  in  other  words,  it  is  the  bed  of  salt  left  on  the 
bottom  and  sides  of  the  ancient  lagoons  after  their 
complete  desiccation,  and  at  the  edge  of  the  sloping 
shore  or  bank,  of  which  the  salt  has  been  more  or 
less  converted  into  nitrate  of  soda  by  chemical 
action.  In  the  centre  or  lower  parts  of  the  salt 
bed  nitrate  is  never  found,  but  at  the  out-crop  it  is 
nearly  always  found  in  less  or  more  quantity. — 
(Forbes.) 

Tlie  following  is  an  analysis  of  crude  nitrate  of 
soda  from  the  ordinary  virgin  workings : — 


Nitrate  of  8oda, 21‘0l 

Sulphate  of  soda, 4 7-t 

Chloride  of  sodium, 55-27 

Chloride  of  calcium, 0-33 

Insoluble  silica. 2-Ot 

Sulphate  of  alumina, 9 81 

Suliihate  of  mafrnesia, 5 93 

Iodide  of  potassium, 0-87 


100-00 

The  quality  of  the  nitrate  of  soda  imported  into 
this  country,  and  which  has  been  produced  from  the 
above  crude  native  salt  after  lixiviation  and  crystal- 
lization, varies  to  some  extent,  its  commercial  value 
depending  upon  the  amount  of  “ refraction.”  The 
more  impure  cargoes  are  used  for  manure,  whilst 


the  others  are  employed  in  making  nitric  acid  for 
sale,  and  in  the  extensive  and  important  manufac- 
ture of  sulphuric  acid  in  chemical  works.  The 
following  are  analyses  made  by  the  writer  from 
many  hundred  cargoes  : — 

Sulphate  of  poda 0 81  ....  0-46  ....  0-25  ....  1-40 

Chloride  of  sodium,..  1-21  ....  O'oO  ....  0-32  ....  0-76 

Sulphate  of  lime 0-71  ....  0-12  ....  0-52  ....  012 

Chloride  of  maftnesiumO-sO  ....  — ....  0'3l  ....  0-12 

Sand  and  insoluble,..  0 92  ....  0-40  ....  0-42  ....  1-OU 

Water MO O GO  1-20  3-.50 

Nitrate  of  soda, 94-15  ....97-92  96-98  ....  93-10 

100-00  lUO-00  100  00  lOO-UO 

— (R.  C.  Clapiiam.) 

Nitrie  acid  manufactured  for  sale  on  the  large 
scale  is  produced  in  metal  retorts  set  in  brickwork, 
and  heated  from  below  by  a fire.  Fire-clay  retorts, 
if  practicable,  would  be  better  than  iron ; but  are 
more  difficult  to  heat  equally,  and  are  more  liable  to 
be  broken  by  change  of  temperature.  The  retorts 
are  usually  5 feet  6 inches  to  6 feet  3 inches  long, 
and  from  20  to  24  inches  diameter,  with  lids  or  doors 
at  each  end  for  charging  and  discharging  the  mate- 
rial. About  cwt.  to  2 cwts.  of  nitrate  of  soda 
are  used  as  a charge,  and  strong  sulphuric  acid 
standing  about  140°  Twad.  is  run  into  the  retort, 
care  being  taken  that  an  excess  of  acid  is  always 
u.sed,  as  a leas  produce  of  nitrie  acid  is  obtained  if 
the  charge  of  sulphuric  acid  is  too  small,  owing  to 
part  of  the  nitric  acid  being  liable  to  be  decomposed 
by  tlie  heat  into  nitrous  acid,  part  of  which  escapes, 
and  the  rest  p>roduces  a red  discoloration  of  the 
nitric  acid. 

Fig.  2 is  a plan  of  the  apparatus  generally 
employed : — - 

A is  the  gauge  acid  cistern,  with  pipe  leading  to 
retort.  B is  the  retort,  containing  a charge  of 
nitrate,  with  moving  doors  at  eaeh  end  to  receive 
and  discliarge  the  material,  and  for  receiving  a 
supply  of  sul[)huric  acid,  and  to  allow  esca[>e  of 
nitric  acid.  C is  the  fireplace.  To  produce  a pure 
nitric  acid  a moderate  heat  should  be  applied  to  the 
retort,  and  a heat  of  about  2G0°  Fahr.  is  sufficient 
for  the  purpose ; but  as  this  heat  leaves  a soft  [>asty 
mass  of  sulphate  of  soda  in  the  retort,  it  is  better  to 
gradually  carry  the  he.at  up  to  about  450°  Fahr., 
which  completes  the  operation,  and  produces  a com- 
paratively dry  and  commercial  sulphate,  called  “nitre 
cake,”  which  is  disposed  off  to  alkali  inakei-s,  and 
brings  a price  varying  from  3bs.  to  50.s-.  per  ton. 

The  nitric  acid  produced  from  the  retorts  is  not 
all  chemically  pure.  The  chief  impurities  are  hydro- 
chloric acid  and  chlorides  of  iron,  which  come  off  at 
an  early  stage  of  the  oiieration,  and  are  condensed 
in  the  first  condensing  bottle,  B,  as  shown  in  Fig. 
3: — The  middle  bottles,  CCCC,  are  found  to  con- 
tain the  commercial  nitric  acid,  and  the  last  bottles, 
D D,  which  had  been  filled  with  water,  contain  the 
weak  acid,  and  may  in  the  next  operation  be  sub- 
stituted for  the  centre  bottles,  C,  and  is  in  this 
manner  brought  up  to  strength,  a is  the  entrance- 
pipe  from  the  retort,  and  e is  the  exit-pipe  to  chim- 
ney. As  soon  as  the  first  half  of  the  nitric  acid  has 
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])assed  off  the  temperature  is  allowed  to  rise,  and  the 
bisulphate  reacts  on  the  undecomposed  nitrate,  and 
the  second  half  of  the  nitric  acid  is  liberated. — (R.  C. 
C'LAPIIAM.) 

'I'he  commercial  nitric  acids  manufactured  are  as 
under : — 


Dyer’s  nitric  acid,  standiii; 
liiicraver’s  acid  “ 


at  G6°  to  CS’  Tvvad. 
80’  TwaJ. 


The  highest  strength  at  which  it  can  be  obtained 
is  about  100°  Twad.,  or  T50  specific  gravity;  but 
this  is  not  reached  in  the  ordinary  manufacture. 

The  wholesale  price  varies,  according  to  quality, 
from  2\d.  to  per  lb. 


Fig.  2. 


The  crude  sulphate,  called  “ nitre  cake,”  left  in  the 
retort,  gives  the  following  analysis,  taken  from  a 
large  number  of  samples: — 


Siili'hnte  of  soda,..  7H-80 

...  7.V09  81-37  .. 

..  71-08 

l ift’ sulphuric  acid,  14  7S 

...  lG-61  12-22  .. 

..  21-20 

Wilier 3‘2*2  . 

...  610  4-11  .. 

..  .G-Sl 

Sand  and  insoluble,  3'20 

...  1-20  ....  2-30  .. 

..  2-41 

100  00 

90-00  100-00 

UO-20 

— (R.  C.  Clapiiam.) 

But  by  far  the  largest  quantity  of  nitric  acid  is 


produced  in  this  country  during  the  manufacture 
of  sulphuric  acid  in  alkali  and  manure  works. 

In  this  operation  the  nitre  pot,  F (Fig.  4),  in  which 
the  mixture  of  nitrate  of  soda  and  sulphuric  acid  takes 
place,  is  fixed  at  the  end  of  a range  of  pyrites  burners, 
so  that  the  heat  of  the  burners  can  be  utilized  in 
heating  the  pot.  A charge  of  from  1 cwt.  to  2 cwts. 
is  put  in  the  pot,  in  accordance  to  the  number  of 
burners  at  work.  The  heat  is  regulated  and  must  be 
kept  moderate,  so  that  the  decomposition  is  gradual 


Fig.  3. 


and  spread  over  a certain  number  of  hours.  The  heat 
at  which  the  mixed  gases  of  nitric  and  sulphurous 
acids  pass  into  the  leaden  tower,  called  a “ Glover 

tower,”  may  be 
Fig-  i-  said  to  be  about 

250°  Fahr.,  de- 
pending on  the 
number  of  bur- 
ners. At  one 
time  the  whole 
of  the  nitrous  acid  ga-s.  after  performing  its  chemical 
functions  in  the  chambers,  was  allowed  to  pass  out 
into  the  atmosphere,  and  was  wasted ; ancl  it  also 
proved  very  destructive  to  animal  and  vegetable  life. 
But  since  the  nearly  universal  adoption  of  the  Gay- 
Ll’SSAc  towers,  by  which  the  escaj)ing  nitrous  acid 
gas  is  absorbed  by  strong  sulphuric  acid,  and  by 
such  means  made  available  again  for  use  in  the 


chambers,  a saving  has  been  effected  in  the  making 
of  sulphuric  acid  of  more  than  one-half  of  the  nitrate 
formerly  used.  The  further  description  of  this  pro- 
cess, however,  may  be  considered  to  belong  more 
properly  to  sulphuric  acid,  and  will  be  found  under 
that  head.— (R.  C.  Ci.apham.) 

KITRO-GLYCERINE. — Nitro  - glycerine  was  dis- 
covered in  1847  by  Sobreuo  in  Paris,  who  obtained 
it  by  acting  with  nitric  acid  on  glycerine,  and  called 
it,  on  account  of  its  explosiveness  when  the  tem- 
perature is  suddenly  raised,  pyro-(/lyccrine.  At  first 
it  was  put  to  no  pr,actical  use ; later  it  found  phar- 
maceutical application,  chiefly  in  America,  under  the 
name  of  (jlimdin.  Its  value  as  an  explosive  was 
demonstrated  by  Alfred  Nobel  in  1863. 

Nitro-glycerine  is,  according  to  Williamson,  a 
compound  ether  of  glycerine,  a glyceride  of  nitric 
acid,  or  a glycerine  trinitrin ; the  hydrogen  atoms 
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of  tl;e  three  hydroxyls  of  glycerine  being  replaced 
by  the  radical  of  nitric  acid.  Its  formula,  CglljN^Og, 
CH,.O.X(X,) 

resolves  itself  into  CIl  .O.NOg>  But  the  nitro- 
Clig-O-XO') 

glycerine  of  commerce  is  rarely,  if  ever,  pure 
glycerine  trinitrin ; it  contains,  according  to  Hess, 
more  or  less  quantities  of  glycerine  mononitrin  and 
glycerine  dinitrin.  Hess  found  18'7'  to  lfi'6  per 
cent,  of  nitrogen  in  commercial  samples,  whilst  pure 
glycerine  trinitrin  requires  18-5  per  cent,  of  nitrogen. 

Xitro-glycerine  is  formed,  as  already  stated, 
through  the  action  of  concentrated  nitric  acid  on 


glycerine.  The  process  is  represented  by  the 
equation — 

Glycerine.  Nitric  Acid.  Nitro-glycorine.  Water. 

03115(011)3  + 3NUO3  = 03113(0. NUJ3  + 3112O. 

By  using  a mixture  of  nitric  and  sulphuric  acids, 
the  latter  binds  the  water  eliminated  in  the  reaction; 
and  by  thus  preventing  a dilution  of  the  glycerine, 
aids  the  formation  of  the  nitro-glycerine. 

According  to  Sobrero,  2 volumes  of  sulphuric 
acid,  of  T831  specific  gravity,  and  1 volume  of  nitric 
acid,  of  1‘62.5  .specific  gravity,  are  mixed,  permitted 
to  cool,  and  into  this  mixture  half  a volume  of 


glycerine,  of  a syrupy  consistency,  is  introduced 
with  constant  stirring.  The  mixture  is  again 
cooled,  not  necessarily  below  0°  C. ; and,  after  having 
become  turbid  and  been  separated  into  two  layers, 
poured  into  fifteen  to  twenty  times  its  bulk  of  cold 
water.  The  oily  nitro-compound  sinks  quickly  to 
the  bottom,  is  free  ! of  unchanged  acid  and  glycerine 
through  repeated  washing  with  water,  and,  lastly, 
dried  m racun. 

Praeger  and  Bertram  add  1 part  by  weight  of 
glycerine  to  8 parts  of  a mixture  of  1 part  of  con- 
centrated nitric  acid  and  2 parts  fuming  sulphuric 


acid.  Liebe  recommends  to  pour  1 part  by  weight 
of  glycerine  into  a mixture  of  2 parts  of  nitric  acid, 
of  1-525  specific  gravity,  and  4 parts  of  concentrated 
sulphuric  acid,  to  keep  the  mixture  below  25°  C.,  and 
to  dry  the  washed  nitro-glycerine  in  the  steam  bath. 
Various  other  methods  have  been  proposed. 

In  preparing  nitro-glycerine  on  a large  scale,  the 
glycerine  is  obtained  from  some  candle  factory,  the 
sulphuric  acid,  likewise,  from  some  outside  works, 
but  the  nitric  acid  is  produced  on  the  spot.  The 
nitro-glycerine  works  must  be  so  placed  that,  in  case 
of  an  accident,  the  destruction  should  be  limited 
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to  the  factory.  The  nitric  acid  is  distilled  in  a 
compartment  by  itself.  The  manufacture  of  the 
nitro-glycerine  usually  takes  place  in  three  wooden 
sheds  of  light  stiuctu’-e,  separated  from  one  another 
by  strong  earth  banks,  of  '2o  to  30  feet  in  thickness 
,at  their  base ; the  walls  and  roofs  are  lined  with 
straw,  and  the  temperature,  by  means  of  hot  water 
pipes,  is  kept  day  and  night  at  15°. 

In  the  one  shed  the  glycerine  is  brought  together 
witli  the  mixture  of  acids ; in  the  second  shed  the 
nitro-glycerine  is  poured  into  the  water,  and  other- 
wise washed ; in  the  third  shed  the  complete  elimi- 
nation" of  acid  from  the  oily  compound  is  effected, 
and  eventually  the  nitro-glycerine  is  worked  up  to 
dynamite.  The  sheds  are  sunk  into  the  ground,  so 
that  their  flat  roofs  are  barely  above  the  level  of  the 
ground ; they  are  lit  up  by  reflecting  lamps  placed 
outside  on  the  roofs;  the  floor  is  covered  with  fine 
sand.  At  some  distance  from  these  sheds  are  the 
huts  in  which  the  cartridges  are  made.  'I’hey.  too, 
are  sepanated  from  one  another  through  earth  banks,  ' 
and  so  is  another  shed  in  which  the  packing  takes 
place.  Quite  away  from  all  these  buildings  are  the 
store  houses,  sunk  into  the  ground.  There  are 
usually  also  cellars  for  the  keeping  of  ice,  which 
latter  serves  for  cooling  the  wash  water.  The 
storing  of  the  raw  glycerine  and  the  sulphuric  acid 
requires  no  special  precaution. 

As  a rule  all  nitro-glycerine  factories  keep  the 
details  of  their  processes  secret,  and  it  is  almost 
impossible  to  gain  admitfiince  into  the  works.  Very 
little  is  known  of  the  exact  method  followed  in  the 
factory  of  A.  Nouel  & Co.,  in  Hamburg.  Nobei. 
states  that  he  pours  3'5  parts  of  sulphuric  acid,  of 
1'83  specific  gravity,  on  1 
part  of  potassic  nitrate, 
cools  the  mixture  to  0°  C., 
separates  the  hydro-potas-  m 

sic  sulphate,  which  crystal- 
lizes out  from  the  mixture 
of  acids,  and  introduces 
drop  by  drop  into  this  latter 
the  glyceritie.  After  a short 
time  the  nitro  - glycerine 
has  been  formed ; the 
mixture  is  then  transferred 
into  cold  water,  and  the 
process  continued  as  men- 
tioned before. 

A continuous  process,  and  one  said  to  be  free  from 
danger,  was  recommended  in  1808  by  Redbeiig, 
in  Stockholm.  Figs.  1 and  2 show,  respectiv'ely, 
vertical  sections  of  front  and  side  views  of  the 
apparatus  employed.  Vessel  1 contains  the  acid 
mixture  which  had  previously  been  cooled  in  a vat 
lined  with  lead ; ves.sel  2 contains  the  glycerine, 
and  3,  cold  water.  All  these  have  outlet  tubes 
which  are  provided  with  taps.  The  contents  of 
1 and  2 arc  permitted  to  flow,  on  oj>ening  the 
taps  n and  />,  through  the  tubes  a and  it,  into  the 
ve.ssel  provided  with  the  funnel,  C;  this  latter 
Vessel  is  suspended  over  the  channel,  i),  which  is 
fitted  with  stair-like  shelves,  and  surrounded  by 


a water-tight  wooden  trough.  According  to  the 
arrangement  represented  in  Fig.  1,  the  vessel  reoeiv- 
ing  the  contents  of  1 and  2 is  not  susjtended,  but  is 
provided  with  wheels,  so  that  it  can  be  caused  to 
move  continuously  to  and  fro  on  the  rails,  c,  as  may 
be  g.athered  from  the  dotted  lines.  The  lower  ends 
of  the  outlet  tubes,  A and  B,  are  slightly  bent,  and 
are  situated  at  the  opposite  side  of  the  bulb  of  a 
thermometer,  T,  placed  between  them.  In  this  way 
the  glycerine  and  the  acid  mixture  meet  just  below 
the  thermometer,  and  the  rise  of  temperature  caused 
by  the  chemical  reaction  can  thus  be  accurately 
measured.  For  greater  caution  sake,  there  is  a 


second  thermometer  fixed  in  the  tube  of  the  funnel,  C. 
The  water  from  3 enters  through  tube  //  by  tap  m, 
the  space  between  the  channel,  D,  and  the  surround- 
ing trough,  and  finally  leaves  through  tube  n. 

The  working  of  the  apparatus  is  easily  understood. 
The  channel,  D,  is  surrounde  1 with  cold  water  from 
3,  through  p and  ?«,  and  now  the  acid  mixture  is 
allowed  to  flow  slowly  into  the  funnel,  C,  which 
is  set  into  oscillating  motion,  so  that  the  tube  of  the 
funnel  should  alternately  be  over  the  different  com- 
partments of  the  channel,  D.  As  soon  as  the  acid 
begins  to  run  simultaneously  from  all  the  compart- 
ments, the  glycerine  is  turned  on  and  allowed  to  mix 
with  the  acid.  The  reaction  between  the  two  takes 
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place  iniinediately  ; it  is  completed  as  soon  as  tlie 
mixture  has  passed  through  the  channel,  D,  which 
is  caiefully  to  be  kept  cool  by  constant  supply  of 
cold  water.  From  D the  mixture  flows  into  the 
large  vat,  4,  where  the  nitro-glycerine  separates  as 
an  oily  layer.  It  is  drawn  off,  washed  first  with 
solution  of  sodium  carbonate,  then  with  water. 

Tl)e  remaining  diluted  acid  can  be  concentrated 
with  very  little  expense,  and  used  again  for  nitrify- 
ing  glycerine.  If  no  such  re-application  of  the  acid 
mixture  is  intended,  the  vessel,  4,  is  filled  rvith 
water,  whereupon  the  nitro-glycerine  sinks  to  the 
bottom,  and  can  easily  be  separated  from  this  super- 
natant acid  liquid.  'Washing  with  sodium  carbonate 
solution  and  with  water  conclude  the  process,  as 
before. 

Pellet  and  CHAiinoN  noticed  in  1871,  that  if 
the  whole  quantity  of  glycerine  required  in  one 
operation  be  suddenly  poured  into  the  acids,  and 
the  mi.xture  stirred  with  a glass  rod  for  ten  seconds, 
the  formation  of  the  nitro-glycerine  will  have  been 
conqileted,  and  yet  there  has  been  no  time  for  a rise 
of  temperature  to  take  place ; on  throwing,  there- 
fore, the  mixture  into  a large  mass  of  water,  the 
nitro-glycerine  will  separate.  But  the  syrupy 
condition  of  glycerine  makes  it  difficidt  to  let  a 
qixantity  of  it  flow  quickly  into  the  acid  ; Ciiamimox 
recommends,  therefore,  to  allow  the  glycerine  to  run 
dovMi  the  sides  of  the  mixing  vat,  so  as  to  accumu- 
late on  the  surface  of  the  acids,  and  when  the  desired 
quantity  is  floating  above  the  acids,  to  mix  the  two 
quickly  with  a glass  rod  for  ten  minutes,  and  then 
to  pour  the  mixture  into  fifteen  to  twenty  times  its 
bulk  of  cold  water.  Washing  with  soda  and  water, 
and  drying  by  means  of  calcium  chloride,  or  by 
heating  to  30°  to  40°  C.,  conclude.  The  quantity  of 
nitro-glycerine  thus  obtained  is  double  that  of  the 
glycerine  used. 

In  a dynamite  factory  on  the  Continent,  in  which 
the  daily  production  surpasses  2 tons,  the  nitro- 
glycerine is,  according  to  h'.  Caimtaine,  prepared  in 
the  following  manner; — The  glycerine  used  comes 
from  Marseilles,  is  of  1'25  to  1‘26  specific  gravity, 
green  - brown,  contains  undecomposed  fats,  and 
freezes  occasionally  in  winter.  The  nitric  aciil  is 
obtained  by  distilling  a mixture  of  equal  parts  of 
Chili  saltpetre  and  sulphuric  acid  in  cast-iron  retorts 
of  about  180  cubic  feet  contents;  it  is  red  from 
nitrous  acid,  and  contains  also  chlorine,  derived  j 
from  chlorides  in  the  saltpetre ; but  it  can,  never-  [ 
theless,  be  employed  without  further  purification 
for  the  nitrification  of  the  glycerine.  The  nitric 
acid  is  brought  to  the  specific  gravity  1-48,  and  1300 
lbs.  of  this  acid  are  mixed  in  four  cast-iron  pans 
with  twice  that  weight  of  sulphuric  acid ; this  mix- 
ture, which  is  left  to  cool  for  a day,  serves  for  the 
treatment  of  630  lbs.  of  glycerine.  The  ,acid  is 
drawn  from  the  pans  into  a wooden  cylindrical  vat, 
of  about  6 feet  height  and  3J  feet  diameter,  lined 
inside  with  thick  lead,  and  containing  along  its 
lining  tw’o  spiral  lead  pipes,  of  about  1 inch  diame- 
ter, which  reach  from  the  bottom  to  the  top.  Each 
of  these  spirals,  or  worms,  forms  a system  by  itself, 


[ through  which  cold  water  circulates,  and  one  may 
■ serve  as  substitute  for  the  other,  in  case  of  accident. 
The  mixture  of  acids  is  stirred  first  by  itself  in  this 
vat;  the  stirring  is  effected  by  two  iron  discs, 
covered  w'ith  lead,  disc  and  covering  being  perfor- 
ated, which  glide  up  and  down  on  a vertical  iron 
shaft,  the  gliding  motion  being  effected  by  pidling 
the  rope  attached  to  the  discs  over  a pulley;  the 
tw'o  or  three  workmen  w'ho  perform  this  task  stand 
at  a distance  of  30  to  40  feet  from  the  vat  behind  a 
strong  earth  bank.  AVhen  the  acids  have  been 
introduced  into  the  vessel,  and  the  agitation  has 
commenced,  w'ater  of  6°  to  8°  C.  is  let  into  the  worms ; 
the  temperature  of  the  acid  can  in  this  way  be 
maintained  at  14°  to  16°  C.,  as  may  be  ascertained 
from  a thermometer  which  reaches  through  the  lead 
cover  of  the  vessel  into  the  acid.  The  glycerine, 
w’hich  is  kept  in  a zinc  tank  on  the  roof  of  the  shed 
in  -which  the  mixing  vat  is,  is  now  allowed  to  run 
into  the  latter  vessel.  The  flow  is  regulated  by 
means  of  a tap,  and  also  by  letting  the  glycerine 
first  run  into  perforated  zinc  boxes,  placed  on  the 
lid  of  the  mixing  vat,  and  corking  up,  if  occasion 
requires,  some  of  the  perforations.  As  soon  as  the 
glycerine  falls  into  the  acid  the  temperature  rises 
at  once ; but  by  carefully  regulating  the  supply  of 
glycerine  it  may  be  kept  at  18°  C.,  or  lower.  It  is 
advisable  not  to  allow'  the  temperature  to  rise  above 
that  degree,  though  experience  shows  that  a higher 
temperatureyieldsalarger  quantity  of  nitro-glycerine. 
It  requires,  according  to  the  season  and  the  temper- 
ature of  the  cooling  water,  one  half  hour  to  two  and 
a half  hours  for  63U  lbs.  of  glycerine  to  pass  into  the 
mixing  vat;  the  stirring  must  not  be  stopped  fora 
moment  during  the  process.  AVhen  all  the  glycerine 
has  been  added  to  the  acids  the  mixture  is  at  once 
drawn  off  through  a leaden  pipe  to  the  so-called 
wash  shed,  where  it  passes  into  a tank  about  8 feet 
high  and  12  feet  diameter,  which  is  half  filled  with 
cold  water.  The  inlet  tube  carries  a sieve,  to  retain 
lead  sulphate  that  may  have  been  brought  from  the 
mixing  vat.  AVhilst  the  nitro-glycerine  flows  in, 
stirring  with  wooden  poles  is  begun,  and  continued 
until  the  nitro-compound  has  settled  below  the  dilute 
acid.  'Ihe  bottom  of  the  wash  vessel  is  slightly 
inclined,  so  as  to  allow  a complete  drawing  off  of 
the  nitro-glycerine.  The  outlet  taps  are  of  stone- 
ware. The  nitro-glycerine  is  now  twice  washed  with 
water,  freed  from  acid  and  lead  sulphate,  and  finally 
washed  with  water  to  which  some  sodium  carbonate 
has  been  added. 

But  even  after  this  purifying  process  there  remain 
traces  of  acid  ; to  eliminate  these  the  nitro-glycerine 
is  transferred  to  a third  shed,  where  it  is  agitated 
for  about  an  hour  in  a rotating  vessel  called  the 
hiitler-mavlibie,  with  about  50  lbs.  of  a concentrated 
solution  of  sodium  carbonate;  after  this  time  it  will 
no  more  redden  litmus  paper.  It  is  now  separated 
from  the  alkaline  solution,  filtered  through  felt,  and 
collected  for  further  use  in  leaden  reservoirs. 

The  yield  by  this  method  is  from  950  to  1200  lbs., 
according  to  the  condition  of  the  raw  glycerine,  the 
concentration  of  the  acids,  and  the  temperature. 
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It  is  considerably  below  the  theoretically  calcu- 
lated quantity.  This  shortcoming  is  due  to  the 
formation  of  glycerides,  which  dissolve  in  the  wash 
waters.  As  a rule,  the  yield  in  winter  is  greater 
than  thiit  in  summer.  I 

At  G.  !M.  MowitRAY’s  factory  near  North  Adams  [ 
in  Mas.sachusetts,  United  States,  the  nitric  acid  is 
distilled  from  five  retorts,  each  of  about  100  cubic 
feet  contents,  which  are  [)laced  in  a well  ventilated  ^ 
building;  each  retort  receives  300  lbs.  of  Chili  salt- 


pass  through  stoneware  pijjes  into  a series  of  four 
receivers,  likewise  of  stoneware,  and  placed  on  a 
bank  about  1 foot  above  the  ground ; the  first  two 
receivers  contain  each  150  lbs.  of  sulphuric  acid, 
the  third  100  lbs.,  the  fourth  nothing.  The  sul- 
phuric acid  in  the  receivers  facilitates  the  conden- 
sation of  the  nitric  acid  vapours,  and  the  mixture  of 
acids  required  for  the  nitrification  of  the  glycerine 
is  obtained  at  once.  The  distillation  is  finished 
after  twenty-four  hours;  the  mixture  of  acids,  alto- 
gether about  600  Ib.s.,  is  then  drawn  off  into  carboys, 
and  from  these  emptied  into  a stone  trough,  which 
is  capable  of  holding  the  contents  of  18  carbon’s. 
In  order  to  effect  a uniform  mixing  of  the  acids, 
and  also  to  remove  nitrous  gas,  a current  of  air  is 
passed  for  five  minutes  through  the  liquor  in  the 
trough. 

The  nitrification  of  the  glycerine  takes  place  in 
.stoneware  Jars;  116  of  these  are  distributed  over 
nine  wooden  troughs,  which  latter  are  filled  to  j 
within  a few  inches  from  the  top  of  the  jars  with 
ice-cold  water,  or  a mixture  of  ice  and  salt.  Each 
jar  receives  17  lbs.  of  acid  mixture,  and  into  this  1 
lb.  of  glycerine  is  introduced  drop  by  drop  from 
glass  vessels,  which  are  placed  on  a shelf  just  above 
the  acid  jars.  Ilelow  this  shelf  runs  an  iron  tube, 
fibout  1^  inch  wide,  through  which  cold  dry  air  is 
conducted;  from  this  tube  glass  pijies  branch  off 
(joined  by  means  of  india-rubber  tubes)  into  each 
jar,  which  thus  receives  during  the  dropping-in  of 
the  glycerine  a constant  current  of  cold  air,  acting 
both  as  cooler  and  as  stirrer.  Very  beneficial  influ- 
ence is  ascribed  to  this  air  current,  which  oxidises 
also  nitrous  acid  vapours. 

The  introduction  of  the  glycerine  into  the  acid 
must  be  finished  within  one  and  a half  hour;  there 
should  be  no  rise  in  temperature,  and  certainly 
no  appearance  of  red  vapours.  After  the  transfor- 
mation of  the  glycerine,  the  jars  are  emptied  into 
troughs  containing  water  of  :11°  C.;  the  nitro-glyce- 
rine  sinks  to  the  bottom  and  remains  covered  with 
about  6 feet  of  water,  for  a quarter  of  an  hour, 
when  first  the  water  is  dr.awn  off  from  above,  then 
the  nitro-glyoerine  from  below.  'I’he  latter  is  trans- 
ferred to  oscillating  casks,  in  which  it  is  washed  j 
three  times  with  water,  and  twice  with  soda  solution, 
a current  of  air  piis.sing  through  the  liquid  all  the 
time.  The  wash-w.-iters  pass  into  a tub,  from  thence 
into  two  casks,  sunk  into  the  ground,  where  such 
nitro-glycerine  as  had  been  carried  away  by  the 
water  is  retained. 

The  nitro-glycerine  is  carried  in  copper  vessels 
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to  a shed,  about  100  yards  distant,  and  poured 
into  stoneware  jars,  of  60  lbs.  contents,  and  the 
jars  placed  into  reservoirs  filled  with  w'ater  of  21° 
C.,  and  left  here  three  days.  Impuiities  rise  to  the 
surface,  and  are  skimmed  off. 

The  nitro-glycerine  is  now  ready  for  commerce. 
It  is  filled  in  canisters  of  galvanized  sheet  iron, 
coated  inside  with  paraffin,  and  ca[)able  of  holding 
56  lbs. ; the  floor  of  the  shed  where  the  filling  takes 
place  is  covered  with  a thick  layer  of  calcined  plaster 
of  Paris,  in  order  that  any  spilt  nitro-glycerine  be 
absorbed  at  once.  The  canisters  are  then  exposed 
to  the  cold  of  ice  and  salt  for  the  sake  of  freezing 
their  contents;  in  this  state  they  are  stored,  thirty 
to  forty  to  a batch,  in  m.agazines  at  least  100  yards 
from  all  the  other  buildings  of  the  factory.  The 
transport  of  this  nitro-glycerine  takes  place  also 
whilst  it  is  frozen. 

The  average  yield  in  Mowbray’s  factory  amounts 
to  223  per  cent  of  the  glycerine  employed. 

Properties. — Nitro-glycerine  is  at  ordinary  tem- 
peratures an  oily  liquid,  clear,  colourless,  or  yellowish, 
refracting  light,  of  sweetish  and  burning  taste,  without 
odour,  of  1'6  specific  gravity;  at  lower  temperatures 
it  becomes  solid,  the  degree  at  which  it  solidifies 
greatly  varying.  Champion's  was  at  — 15°  C.  syrupy, 
but  becomes  solid  after  continued  keeping  at  • — 20° 
C.;  Mowbray’s  solidified  at  7'20  C.,  and  contracted 
by  jij^th  of  ita  bulk;  Nobel’s  nitro-glycerine  became 
solid  at  12‘8°  C.,  and  expanded.  In  water  it  is 
insoluble,  but  dissolves  easily  in  ether,  wood  spirit, 
benzol,  chloroform,  and  hot  alcohol. 

It  produces  serious  consequences  when  taken  into 
the  system — vertigo,  weakening  of  sight,  stupor, 
pains  in  the  cardial  region  ; in  larger  doses  it  acts 
like  strychnine,  being  fatal  w’hen  more  than  10 
grams,  are  swallowed.  Even  mere  contact  with  the 
skin  produces  serious  symptoms,  though  workmen 
get  used  to  it  after  a time. 

Pure  nitro-glycerine  does  not  decompose  spon- 
taneously at  ordinary  temperatures,  but  at  higher 
temperatures  nitrous  acid  vapours  are  disengaged. 
It  may  be  heated  to  10t)°  C.  without  danger  ; it  may 
even,  aceording  to  E.  Kopp,  be  evaporated  by  being 
dropped  upon  a moderately  hot  plate ; but  if  the 
plate  is  hot  enough  to  bring  the  nitro-glycerine  to 
boiling,  it  explodes,  according  to  Gorup-Besanez. 
Experiments  of  Champion  have  shown  that  it  eva- 
porates at  185°  C.,  boiling  and  evolving  red  fumes, 
burns  briskly  at  217°  C.,  and  detonates  with  violence 
at  257°  C. 

The  decomposition  of  exploding  nitro-glycerine 
takes  place,  as  Berthelot’s  researches  show,  accord- 
ing to  the  equation — 

2C,Hb(0NO2)3  = 6C0.2  + -f  Ng  4-  0. 

Nobel  calculates  that  1 volume  of  nitro-glycerine 
disengages  1298  volumes  of  gases  of  100°  C.  at  a baro- 
I metric  pressure  of  760  m.m.,  which  consist  of  5.54 
I water  vapour,  469  carbonic  acid,  236  nitrogen,  and 
39  oxygen.  List  estimates  the  bulk  of  the  liberated 
I gases  at  1504-9  volumes.  Nitro-glycerine  evolves 
therefore,  at  the  lowest  estimate,  nearly  six  times 
55 
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as  much  gas  as  gunpowder,  computed  for  a tem- 
perature of  100°  C. ; but  a far  higher  degree 
of  heat  is  produced  by  the  instantaneous  combus- 
tion of  n it ro -glycerine,  which,  according  to  Nobel, 
expands  the  bulk  of  the  freed  gases  to  eight  times 
of  the  original  1298  volumes,  whilst  the  gases 
of  gunpowder  would  not  be  trebled  at  a like  tem- 
perature ; the  explosive  force  of  nitro-glycerine 
therefore  stands  to  that  of  gunpowder  as  13  to  1, 
according  to  volume. 

Putting  a light  directly  to  nitro-glycerine  does 
not  lead  to  detonation.  Poured  out  in  a thin  layer, 
the  liquid  burns  away  like  gunpowder.  A red-hot 
iron  rod,  applied  by  Nobel  to  nitro-glycerine,  had 
no  effect  whatever ; a burning  wooden  splinter 
kindled  it  to  a quiet  flame  ; but  on  removing  the 
match,  the  flame  of  the  nitro-glycerine  went  out 
immediately.  There  is  no  danger,  therefore,  if  any 
amount  of  nitro-glycerine  is  set  on  fire  ; it  will  burn 
away  quietly  long  before  it  is  heated  to  the  degree 
at  which  it  explodes.  It  is  only  on  being  heated  in 
a closed  space  that  its  entire  mass  explodes,  when  the 
temperature  reaches  257°.  Such  a heating  can  be 
effected  by  the  electric  spark.  Professor  Abel  placed 
two  poles,  connected  with  a Ruhmkorff  coil,  into 
some  nitro-glycerine,  and  allowed  a number  of  sparks 
to  pass  between  them:  the  surface  of  the  nitro- 
glycerine became  agitated,  turned  black,  and  after 
half  a minute  exploded. 

Gradually  increasing  pressure  is  unable  to  explode 
liquid  nitro-glycerine ; but  a sudden  blow  will  do 
it,  though  it  detonates  only  that  portion  with  which 
it  came  in  direct  contact.  The  explosion  produced 
in  the  part  that  had  been  directly  exposed  to  the 
blow  will  not  propagate  itself  to  the  rest  of  the 
nitro-glycerine.  If,  however,  nitro-glycerine  is  in 
a solid  condition — frozen,  for  instance — a blow 
given  to  a portion  will  be  transmitted  at  once  to 
the  entire  mass.  Several  accidents  are  on  record 
where  the  explosion  could  be  traced  to  some 
mechanical  force  having  acted  on  frozen  nitro- 
glycerine. One  kind  of  mechanical  force — shaking — 
seems  to  form  an  exception  to  this  observation ; for, 
as  already  mentioned,  Mowbray’s  nitro-glycerine  is 
safer  to  move  in  a frozen  than  a liquid  state,  and 
Nobel  also  maintains  that  liquid  nitro-glycerine  is 
extremely  sensitive  to  vibration. 

The  detonation  of  gunpowder,  gun-cotton,  or 
fulminate,  causes  nitro-glycerine  to  explode,  whether 
it  is  loose  or  shut  up. 

Exposure  to  the  solar  rays  transforms  nitro- 
glycerine into  a very  unstable,  easily  explodable 
substance;  and  Jol'GLET  observed  spontaneous  ex- 
plosion of  nitro-glycerine  in  air  charged  with  ozone. 

Application. — The  earliest  application  of  nitro- 
glycerine was  in  conjunction  with  gunpowder;  the 
latter  was  exploded  by  any  of  the  usual  methods, 
and  through  its  explosion  the  nitro-glycerine.  A 
tin  cartridge  was  filled  first  with  gunpowder,  then 
with  nitro-glycerine,  clo.sod  by  a cork,  and  placed 
into  the  bore-hole,  which  had  to  be  about  one-quarter 
of  an  inch  wider  than  the  cartridge ; the  space 
between  was  filled  up  with  coarse-grained  gun- 


pow'der,  which  covered  the  cartridge  about  1 inch 
high,  a fuse  was  inserted,  and  the  bore-hole  tamped 
with  sand. 

Later  a special  detonating  capsule  was  used  by 
Nobel,  consisting  of  a wooden  box  filled  with 
fine  powder,  and  provided  with  a fuse.  The  nitro- 
glycerine was  poured  directly  into  the  bore-hole, 
which  had  to  be  lined  with  plastic  clay. 

In  March,  1865,  blastings  on  a large  scale  were 
carried  out  in  the  granite  quarries  near  Stockholm 
A bore-hole  of  about  10  feet  in  depth  was  charged 
with  5 lbs.  of  nitro-glycerine ; after  explosion  about 
200  cubic  yards  of  granite,  weighing  something  like 
350  tons,  had  been  found  torn  away,  and  the  main 
rock  was  traversed  by  long  fissures.  This  result 
created  much  sensation,  and  caused  a great  demand 
for  the  new  explosive.  The  application  of  nitro- 
glycerine increased  in  the  next  following  years,  and 
It  was,  amongst  others,  soon  used  for  breaking  up 
large  masses  of  old  iron,  such  as  anvils,  cylin- 
ders, &c. 

The  efficacy  of  nitro-glycerine  in  water  was  shown 
by  experiments  which  Nobel  performed  in  1866  in 
a pond  near  Hamburg.  A canister,  containing  about 
2.J  lbs.  of  nitro-glycerine,  was  lowered  under  the 
surface  of  the  water  and  fired ; the  explosion  sent 
up  a column  of  water  of  about  9 feet  in  diameter  to 
a height  of  above  300  feet.  A like  quantity  of  gun- 
powder in  a similar  canister  lifted,  on  firing,  the 
water  to  not  more  than  a few  feet. 

The  following  directions  were  given  by  Nobel 
for  the  best  way  of  applying  nitro-glycerine : — 

It  is  best  to  use  narrow  bore-holes ; their  depth 
and  number  varies  according  to  requirements.  The 
nitro-glycerine  may  be  poured  into  the  bore-hole 
itself  if  the  surrounding  material  is  not  absorbent 
or  leaking ; but,  on  the  whole,  it  is  most  advisable 
to  introduce  the  nitro-glycerine  in  cartridges.  These 
cartridges  are  of  paper,  and  can  be  obtained  in 
different  sizes,  or  they  may  be  made  at  the  place 
where  the  nitro-glycerine  is  to  be  used.  The 
annexed  Fig.  3 explains  the  mode  of  filling  and 
tying  them. 


Fig.  3. 


Deep  bore-holes  may  receive  two  or  more  car- 
tridges. If  the  bore-hole  is  vertically  descending. 


NITRO-  GLYCERIXE.— Fl-ses. 


the  cartridge  is  introduced  by  gently  pushing  it 
Tlie  firing  is  effected  by 
nieans  of  a second  cart- 
ridge, only  2 or  3 inches 
long,  which  is  partly  filled 
with  powder,  d ; the 
fuse  is  placed  into  the 
powder,  and  the  remain- 
ing space  of  the  cartridge 
is  filled  up  by  paper,  c, 
and  soft  clay,  b,  in  order 
thtit  the  explosion  of  the 
gunpowder  should  pro- 
duce a blow  upon  the 
nitro  - glycerine,  which 
would  not  detonate 
through  the  flash  of  the  powder  alone.  Thus  pre- 
pared, the  powder  cartridge  is  placed  on  the  nitro- 
glycerine (Figs.  4 and  6).  Where  the  bore-hole 
runs  upward  the  cartridge  is  introduced  with  its 
tied  end  uppermost,  and  it  is  then  fixed  in  its 


Fig.  6. 


position  by  a clay  or  other  soft  plug,  which  spreads 
out  in  the  bore-hole,  and  thus  supports  the  cartridge 
(Ffg.  6). 

After  the  introduction  of  the  cartridge  the  bore- 
hole must  be  filled  up  loosely  with  dry  sand,  or,  if 
the  1 ore-liole  proceeds  from  below  upwards,  with 
soft  clay  plugs,  which  had  been  rolled  in  dry  sand. 
A hard  plug  is  to  be  avoided,  except  above  the 
powder  cartridge,  where  the  sand  or  clay  may  be 
tightened  by  gentle  pressure;  a loose  plugging  above 
the  powder  would  prevent  the  gases  evolved  in  the 
firing  of  the  powder  acting  upon  the  nitro-glycerine. 
In  watery  bore-holes  the  paper  cartridge,  filled  with 
nitro-glycerine,  is  placed  with  its  end  open,  into 
which  a wire  covered  with  gutta-percha  and  provided 
with  a patent  cap  is  introduced,  so  that  the  latter 
reaches  only  1 inch  into  the  nitro-glycerine.  The 
connection  between  wire  and  cap  must  be  well 
covered  with  billow  or  pitch  ; the  hole  is  then  filled 
up  with  water. 

Rcdberg  fires  the  nitro-glycerine  in  a bore-hole 
by  a blow,  which  raises  the  temperature  and  thus 
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produces  detonation.  To  effect  this  he  closes  the 
mouth  of  the  bore-hole,  which  had  been  partially 
filled  with  nitro-glycerine,  with  a wooden  plug,  on 
which  he  places  a second  one,  the  upper  end  of  which 
is  above  the  mouth  of  the  hole,  and  to  which  a power- 
ful concussion  is  ajiplied  by  means  of  a vertically 
falling  ram,  or  a beam  which  can  be  deprived  of  its 
equilibrium  by  pulling  a cord  attached  to  it  properly. 
According  to  another  method  of  the  same  inventor, 
the  bore-hole  (Fig.  7),  after  being  filled  to  a certain 


Fig.  7. 


height  with  nitro-glycerine,  is  closed  with  a tube,  the 
lower  end  of  which  is  surrounded  with  hemp  and  fits 
thus  hermetically,  whilst  the  upper  end,  c,  standing 
out  from  the  hole,  is  closed  and  filled  with  gunpowder, 
and  below  this  a plug,  B ; on  firing  the  powder  by 
means  of  the  sulphur  fuse  through  the  spundholc,  L, 
the  plug,  B,  is  violently  pushed  down  upon  the 
nitro-glycerine  and  explodes  it.  For  the  sake  of 
better  clo.sing,  a sort  of  cap,  c (Fig.  8),  is  placed  on 
the  bore-hole ; into  the  cap  fits  the  loaded  tube,  C. 
The  nitro-glycerine  may  also  be  first  filled  into 
narrow  zinc  cylinders,  closed  with  plugs,  and  thus  be 
placed  into  the  bore-holes ; they  are  let  down  by 
means  of  an  attached  string,  which  is  withdrawn 
before  firing. 

The  highly  favourable  reports  on  the  explosive 
value  of  nitro-glycerine  were  soon  followed  by 
statements  of  its  being  one  of  the  most  dangerous 
of  known  blasting  agents.  ■ In  1866  a West  India 
mail  packet  was  blown  up,  a wharf  torn  down,  a 
number  of  adjacent  ships  were  injured,  and  many 
lives  lost  at  Colon,  through  an  explosion  of  nitro- 
glycerine. Not  long  after  that  a fearful  accident 
occurred  in  San  Francisco  by  the  dropping  of  a box 
containing  the  same  material.  Later  on,  a Newcastle 
magistrate  and  several  other  persons  fell  victims 
to  an  accident  with  this  explosive  body.  In  1868  a 
factory  at  Stockholm  where  nitro-glycerine  is  manu- 
factured was  blown  up  and  a number  of  men  killed, 
and  not  long  after  that  an  explosion  attended  with 
fearful  loss  of  life  occurred  in  Belgium.  This  last- 
named  accident  led  to  the  authorities  altogether 
prohibiting  the  use  of  this  explosive  compound  in 
that  kingdom. 

The  exact  cause  of  these  fatal  explosions  was  never 
ascertained,  but  general  opinion  ascribed  tliem  to 


down  with  a wooden  rod. 


Fig.  4.  Fig.  5. 
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violent  concussion  of  the  liquid  nitro-glycerine,  and 
to  a spontaneous  decomposition  of  the  latter.  Mr. 
Yobel  thinks  that  the  manufacturers  ^yere  not 
aware  at  the  time  of  the  immense  influence  which 
the  metallic  packing  then  used  (tin  canisters)  exer- 
cises, even  when  inclosed  in  wooden  boxes,  on  the 
liability  of  nitro-glycerine  to  explode  by  concussion. 

It  was  then  proposed,  and  adopted  as  a temporary 
measure,  to  render  nitro-glycerine  inexplosive,  or 
rather  much  less  sensitive,  by  adding  methylic  alco- 
hol, which  it  readily  dissolves.  On  shaking  it  with 
water,  which  takes  up  the  alcohol,  the  explosive  pro- 
perties are  fully  restored,  and  the  same  detonator- 
cap,  w'hich  has  not  the  slightest  effect  on  the  mixture 
of  nitro-glycerine  and  -wood  naphtha,  explodes  it 
after  a moment’s  washing  with  water. 

The  separation  of  the  nitro-glycerine 
Fig-  9-  from  its  solvent  is  effected  in  glass 
bottles  of  a construction  represented 
in  Fig.  9.  It  is  filled  with  the  solution 
up  to  C,  then  with  water  to  B,  allowing 
a space  of  a to  remain  free.  The  top 
is  then  closed,  and  the  bottle  several 
times  shaken ; when  after  this  the 
nitro  - glycerine  has  been  separated, 
the  bottle  is  turned  upside  down,  the 
tap  is  opened  for  the  inflow  of  air,  and 
the  nitro  - glycerine  issues  from  the 
small  side  tube  in  the  cork.  These 
bottles  are  from  designs  by  Nobel  & 
Co.,  and  may  be  had  in  Hamburg  at 
two  shillings  each. 

That  method  of  protection,  although 
much  patronized  by  chemists,  had  many 
drawbacks,  and  was  troublesome  for 
miners  to  adopt.  It  was  in  June, 
1867,  superseiled  by  the  invention  of 
dynamite. 

Dynamite  consists  of  nitro-glycerine  absorbed  in 
porous  substances,  particularly  a siliceous  infusorial 
earth,  occurring  in  Hanover,  called  “ Kieselguhr.” 
It  is  erroneously  believed  that  it  was  discovered  acci- 
dentally through  a leakage  of  nitro-glycerine  wdiich 
had  run  into  porous  silica,  known  under  the  name 
of  ‘•kieselguhr.”  Tlie  first  dynamite  made  contained 
no  silica;  it  consisted  of  porous  charcoal  and  nitro- 
glycerine, and  numerous  experiments  were  made 
with  various  absorbents,  such  as  porous  terra-cotta, 
sawdust,  ordinary  paper  and  nitrated  paper  soaked 
in  the  liquid  explosive  and  rolled  into  cartridges, 
before  porous  silica  was  finally  adopted.  Kiesel- 
guhr absorbs  from  three  to  four  times  its  own 
weight  of  nitro-glycerine,  and  possesses  the  ad- 
vantage over  other  absorbents  of  resisting  a greater 
degree  of  pressure  without  parting  with  any  of 
the  nitro-glycerine  which  it  holds.  At  first  the 
new  blasting  agent  made  but  slow  progress,  owing 
in  a great  measure  to  the  strong  prejudice  exist- 
ing against  its  chief  ingredient.  But  gradually 
it  has  grown  into  favour,  and  numerous  dynamite 
factories  have  sprung  up,  of  which  no  less  than 
fourteen  are  under  the  inventor’s  control. 

The  cost  of  the  raw  materials  (1'15  ton  of  highly 


concentrated  nitric  acid,  2 tons  of  extra  strong  sul- 
phuric acid,  9 cwts.  of  glycerine,  and  5 cwts.  of  dried 
kieselguhr  for  every  ton  of  dynamite),  together  with 
the  packing,  represented  at  the  opening  of  the  dyna- 
mite trade  one-half,  and  represent  now  three-fourths 
of  the  nett  price  charged  by  the  German  factories. 
In  Great  Britain  a considerably  higher  selling  price 
leaves  less  profit  to  the  manufacturers,  owing  to  the 
great  stringency  of  the  law  and  the  extraordinary 
difficulties  and  expenses  connected  with  the  transit 
and  storing  of  nitro-glycerine  compounds. 

The  infusorial  earth,  to  be  employed  as  an  ab- 
sorbent, must  be  freed  from  organic  admixtures, 
water,  and  coarse  siliceous  grains.  The  first  two  are 
eliminated  by  calcination,  which  is  carried  out  in 
furnaces  situated  one  above  another,  usually  four 
of  them;  the  kieselguhr  is  pushed  from  the  upper- 
most to  the  lowest.  The  calcined  mass  is  then 
crushed  between  cylinders  and  passed  through 
wire  sieves. 

The  saturation  of  the  infusorial  earth  with  the 
nitro-glycerine  takes  place  in  the  same  building  in 
which  the  liquid  is  finally  washed.  According  to 
F.  Capitaine,  .50  lbs.  of  kieselguhr  are  put  with 
treble  the  weight  of  nitro-glycerine  into  flat  wooden 
trays  and  well  mixed  by  hand;  the  workmen  ought 
to  have  gutta-percha  gloves,  but  they  mostlj'  neglect 
this  precaution.  In  about  half  an  hour  the  mix- 
ing is  accomplished ; the  mass  is  now  pressed  by 
hand  through  sieves,  and  is  ready  for  being  filled  in 
cartridges.  The  cartridges  are,  like  those  for  liquid 
nitro-glycerine,  of  cardboard  paper  or  of  vegetable 
parcliment;  their  mode  of  filling  is  like  that  de- 
scribed in  the  case  of  nitro-glycerine.  For  larger 
cliarges  of  dynamite  zinc  canisters  are  used. 

Tlie  detonator,  or  ex- 
ploder, contains  a charge 
of  fulminate  of  mercury. 

Nobel’s  detonator  is  re- 
presented in  Fig.  10 ; and 
Fig.  11  shows  the  mode  of 
insertion  in  the  dynamite 
cartridges. 

The  firing  of  a cartridge 
is  now  generally  accom- 
plished by  the  electric 
spark.  Before  procee.ling 
to  describe  this  mode,  a 
method  which  had  been 
recominendeil  by  TraUZL 
may  be  mentioned.  It 

rests  on  the  fact  that  the  explosion  of  dynamite 
proceeds  with  great  rapidity,  even  if  the  charge  is 
of  a small  diameter.  In  Fig.  12  /j  .and  I.2  .are  bore- 
holes in  a tree  stuni|i,  charged  partially  with  dyna- 
mite ; and  are  p.aper  cylinders  filled  with 
dynamite,  which  are  sunk  into  the  holes  with  their 
upper  ends  protruding.  The  bore-holes  are  now 
plugged  up  in  the  usual  w.ay.  A third  thin  p.aper 
cylinder,  filled  with  dynamite  is  now  laid 

across  the  two  others,  and  tied  to  them  with  string 
at  the  cro.ssing  places.  On  placing  now  the  deton- 
ating c.ap  in  any  end  of  these  cylinders,  and  firing  it. 


Pig.  10. 


Fig.  u. 
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both  charges  will  explode  simultaneously.  Thus  the 
dynamite  in  the  pajier  tubes  serves  as  a fuse. 

Fig.  12. 


It  is  even  possible  to  fire  one  charge  of  dynamite 
by  means  of  the  violent  vibration  produced  by  the 
explosion  of  another.  Thus,  if  two  charges  are 
connected  by  a metal  tube,  such  as  an  ordinary 
gas-pipe,  and  the  one  is  exploded,  the  second  will 
go  off  simultaneously. 

Rut  the  most  rational  means  of  exploding  dyna- 
mite is  by  electricity.  Among  the  electrical  machines 
in  use  for  this  purpose,  the  one  constructed  by 
Rounhakdt,  in  Brunswick,  and  represented  in  Figs. 


13,  14,  15,  and  16,  receives  special  attention  from 
TiiAL'ZL  and  other  authorities  on  blasting  operations. 
The  electricity  is  produced  by  the  friction  of  the 
ebonite  discs,  F F,  between  the  fur  padding,  rr; 
the  discs  are  moved  in  the  direction  of  the  hand  of 
a clock  by  means  of  the  handle,  </,  which  is  attached 
to  the  axle  of  the  discs.  The  electricity  thus  gener- 
ated is  collected  by  means  of  the  four  collecting  rings, 
1 1 1 1,  which  are  studded  with  points,  and  at  once 
conducted  to  the  Leyden  jars,  L l,  that  is  to  say,  the 
jars  are  charged.  The  ring,  u, 
is  in  metallic  connection  with 
the  exterior  coating  of  the  jars ; 
the  ring,  C,  with  the  lever,  G. 
On  pressing  the  knob,  k,  the 
lever,  G,  turns  round  its  fulcrum 
(as  indicated  by  the  dotted  lines 
in  Fig.  13),  and  the  point,  G, 
touches  the  common  knob  of  the  jars,  coming  thus 
in  contact  with  the  interior  coating  of  the  jars.  If, 
therefore,  C and  D are  in  a closed  circuit,  pressing 
of  the  knob,  K,  into  contact  with  the  Leyden  jars 
discharges  the  latter.  If  now  a scries  of  explosive 
charges  are  by  means  of  metallic  wires  inserted  in 
the  circuit  between  C and  D,  and  the  jars  are  charged 
by  turning  the  handle,  d,  10  to  25  times,  according 
to  requirement,  these  explosives  can  be  fired  simul- 
taneously by  pressing  the  knob,  ic,  in  the  direction 


Fig  13. 


mentioned  before.  It  is  obvious  that  this  arrange- 
ment allows  of  tho  firing  of  the  charges  at  consider- 
able distances  from  the  sources  of  electricity. 

To  preserve  these  machines  effective  they  must 
be  kept  carefully  dry;  for  this  purpose  they  are 
encased  in  a tin  box,  into  which  some  hygroscopic 
substance  (calcium  chloride)  is  placed.  'I'he  box  is 
covered  with  a glass  plate,  //,  and  tightly  encased 
in  a wooden  box.  to  which  the  isolated  metid  eyes, 
C and  ii,  are  attached,  and  which  contains  the  bear- 
ings for  the  axle,  M,  and  the  knob,  K.  The  boxes 


are  not  to  be  exposed  for  any  lengthened  time  to 
the  rays  of  the  sun. 

As  soon  as  an  explosion  has  been  effected,  the 
circuit  wires  must  be  detached  from  the  box,  and 
the  handle  of  the  disc  taken  away  by  the  superin- 
tendent of  the  works.  Before  connecting  the  handle 
all  persons  employed  on  the  ground  should  go  out 
of  reach  of  any  possible  accident. 

The  fuse  (Fig.  17)  to  be  employed  in  connec- 
tion with  electricity  should  consist  of  two  wires, 
a c and  h c,  whose  ends,  c,  are  kept  at  an  unalterable 
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distance  from  one  another  by  some  insulating  mass  ; 
of  an  inflammable  mass,  z,  which  ignites  through 
the  electric  spark ; of  a fulminate,  k,  which  is  de- 
tonated through  the  mass,  2,  and  thus  explodes  the 
dynamite  charge,  into  which  the  fuse  is  placed ; 
and  of  an  appropriate  water-tight  w’rapper  for  the 
inflammable  mass  and  the  fulminate ; for  this 


last-mentioned  purpose  cylinders  of  sheet  copper, 
such  as  used  for  ordinary  percussion  caps,  serve 
very  well. 

Dynamite  is  chiefly  used  for  blasting  in  mines 
and  quarries.  The  boring  of  the  rocks,  the  charging 
of  tlie  bore-holes,  the  firing,  &c.,  is  quite  similar  to 
that  followed  in  the  case  of  nitro-glycerine.  An 


Fis.  15. 


arrangement  for  firing  several  charges  simultaneously 
is  shown  in  Fig.  18.  The  fuses,  inserted  in  the  bore- 
holes, d d,  are  connected  with  the  electrical  machine, 
e,  by  means  of  the  circuit,  e a a a h d,  dh  a a e,  and 
the  fuses  are  united  among  themselves  and  to  the 
conducting  wires  by  the  junctions,  c c. 


Rocks  under  water  can  be  destroyed  by  applying 
the  dynamite  superficially ; thus  the  expense  and 


Fig.  16, 
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trouble  of  boring  is  saved.  In  this  way  several 
blocks  in  the  harbour  of  Trieste  were  removed  in 
1871.  The  dynamite  was  contained  in  metal  canis- 
ters, shown  in  Figs.  19,  20,  and  21  ; the  last  two 
are  sections,  one  when  empty,  the  other  when  charged 
with  the  dynamite. 

For  breaking  up  heavy  ice  dynamite  seems  parti- 


cularly well  adapted.  During  the  siege  of  Paris  in 
1870,  a canal  of  more  than  a mile  length  was  cut 
into  the  ice  which  covered  the  Seine,  for  the  purpose 
of  allowing  free  movement  to  a gunboat  that  had 
been  frozen  in  at  a spot  which  was  much  exposed 
to  the  enemy’s  fire. 

On  the  Continent  dynamite  is  largely  used  for 
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rooting  out  stumps  of  trees,  for  removing  stakes  the  latter  case,  as  described  by  Trauzl,  is  repre- 
from  river  beds,  &c.  The  mode  of  proceeding  in  seated  in  Figs.  22,  23,  and  24.  The  stakes,  tvveuty- 


Fig.  17. 


Fig.  18. 
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a 

four  in  number,  which  had  to  be  removed,  were 
imbedded  in  a branch  of  the  Danube  near  Vienna. 

Fig.  19.  Fig.  20.  Fig  21. 


The  stakes  were  cut  off  with  the  saw  just  above  the 
level  of  the  water,  bored  to  a depth  of  about  12  feet. 


with  about  one-eighth  of  an  inch  in  diameter,  and 
each  hole  charged  with  1 lb.  of  dynamite.  The 
dynamite  charges  were  in  tin  cylinders,  and  pro- 
vided with  detonators  having  electric  fuses  (Fig.  24). 
The  bore-holes  were  tamped  with  water,  and  the 
charges  were  fired  by  electricity.  The  explosion 
brought  all  the  twenty-four  stakes  simultaneously  to 
the  surface,  and  each  stake  was  completely  torn  to 
about  18  inches  height  from  the  bottom  of  the  charge. 
The  costs  were  about  one-fifth  of  what  the  usual 
mode  of  extricating  would  have  been. 

A very  interesting  example  of  applying  dynamite 


Fig.  22. 


Fig.  23. 


Fig.  24. 


to  a stump  is  represented  in  Fig.  25.  It  was 
removed  in  January,  1874,  from  the  new  arm  of  the 
Danube  neiir  Vienna.  The  stump  measured  about 
3 feet  in  diameter  at  the  top,  which  reached  about  20 
inches  above  the  water,  and  was  very  much  rotten. 
Three  holes  were  bored  vertically  downwards  to 
depths  of  4^  feet,  8 feet,  and  8^  feet  respectively, 
with  about  1^  inch  in  diameter.  The  boring 
of  each  of  the  deeper  holes  lasted  four  and  a half 
hours,  of  the  third  three  hours.  Each  hole  received 
a charge  of  1 lb.  of  dynamite,  packed  in  water-tight 
tin  cases.  The  result  of  the  explosion  was  a com- 
plete loosening  of  tlie  ground  in  which  the  stump 
was  embedded,  so  that  its  removal  by  mechanical 
means  was  perfectly  easy. 

Where  there  is  no  necessity  of  removing  a stake 
from  below  the  ground,  where  it  is  suflBcient  to  get 


rid  only  of  such  portion  as  stands  in  the  water,  no 
bore-hole  is  required;  the  external  application  of  a 
dvnamite  cartridge  is  enough  to  effect  the  removal. 
The  method  represented  in  Fig.  26  was  applied  in 
a case  where  the  current  of  the  water  was  so  power- 
ful as  to  prevent  the  simple  laying  on  of  the 
cartridge.  The  latter,  c,  was  fastened  to  a wooden 
hoop,  b,  of  somewhat  larger  dimensions  than  the 
stake,  a ; the  hoop  was  then  attached  to  two  strong 
wooden  poles,  d,  d,  and  then  pushed  over  the  stake 
down  to  the  bottom  of  the  river.  A cartridge  con- 
taining 1 lb.  of  dynamite  employed  in  this  manner, 
broke  off  stakes  of  an  average  diameter  of  1 foot. 

One  of  the  most  recent  applications  dynamite 
received  is  that  of  breaking  up  the  undersoil  for 
the  purpose  of  enabling  the  roots  of  plants  of  cul- 
tivation to  draw  their  nourishment  from  greater 
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depths  than  it  would  be  possible  to  reach  by  the 
aid  of  the  mo.st  powerful  agricultural  machines. 
The  first  trials  of  this  kind  were  made  by  Dr.  Von 
Hamm,  councillor  in  the  Austrian  Ministry  of  Agri- 

Fig.  25.  Fig.  26. 


culture,  at  Kloster-Neuburg.  A certain  extent  of 
arable  land  was  provided  with  a number  of  small 
bore-holes,  which  were  charged  with  dynamite  and 
exploded.  The  ground,  which  had  been  so  hard 

Fig.  27.  Fig.  28. 


that  a stick  could  not  be  pushed  deeper  than  G inches, 
was  cut  up  and  loosened  to  such  a degree,  that  the 
stick  could  be  easily  pushed  down  to  a depth  of  4 
feet  at  a spot  of  more  than  a yard  from  a bore-hole. 
To  produce  these  holes  a “ dibble  ” and  mallet,  as 
shown  in  Figs.  27  and  28,  were  used. 

Gelatinized  Nilro-(jli/cerine. — Nobel  has  patented 
a process  for  solidifying  nitro-glycerine  by  means  I 
of  gun-cotton  collodion.  The  explosive  compound  i 
becomes  more  and  more  gelatinous  in  proportion  I 
to  the  quantity  of  nitrated  cellulose  which  is  dissolved  [ 
therein  ; and  it  forms  (when  7 to  8 per  cent,  of  the  I 
nitrated  cellulose  have  been  incorporated)  a solid  j 


jelly,  which  is  very  safe  and  highly  suitable  for  every 
purpose  to  which  very  powerful  explosives  can  be 
applied. 

In  some  explosive  liquids  (such  as  nitrate  of 
methyl)  collodion  cotton  readily  dissolves  at  the 
ordinary  temperature,  and  forms  a thick  explosive 
gum  or  jelly.  In  the  case  of  nitro-glycerine,  how- 
ever, the  incorporation  of  the  above-named  gela- 
tinizing substance  is  facilitated  by  adding  a small 
quantity  of  a substance  which  promotes  the  solubility 
upon  which  the  gelatinization  depends.  Such  sub- 
stances are  the  acetic  ethers  of  glycerine,  ethyl,  methyl, 
acetic  acid,  a mixture  of  alcohol  and  ether,  acetone, 
nitro-benzol,  dinitro-benzol,  the  nitrates  of  methyl, 
ethyl,  and  other  analogous  substances.  The  quantity 
of  the  solvent  which  has  to  be  added  depends  upon 
the  nature  of  the  substance  chosen ; but,  as  a rule, 
about  10  per  cent,  of  the  weight  of  tlie  nitro-glyce- 
rine which  has  to  be  gelatinized  will  be  found  in 
practice  to  be  amply  sufficient.  Moreover,  by  gently 
heating  nitro-glycerine  (in  a water  bath  or  other- 
wise), it  acquires  the  property  of  dissolving  nitrated 
collodion  cellulose  without  the  addition  of  tlie  pro- 
moting solvent,  as  above  described.  That  property 
admits  of  dispensing  entirely  with  the  addition  of 
the  promoting  solvent ; or  when  it  is  found  advan- 
tageous to  use  the  promoting  solvent,  the  application 
of  heat  will  enable  the  quantity  used  to  be  reduced 
to  2 per  cent.,  or  even  less,  of  the  weight  of  the 
nitro-glycerine.  Since  nitrated  cellulose  is  rarely, 
if  at  all,  of  a homogeneous  composition,  and  there- 
fore its  solubility  in  nitro-glycerine  will  be  found 
to  vary,  the  necessity  for  adding  a promoting  solvent 
must  be  ascertained  by  experiment. 

The  above-described  process  of  gelatinization 
necessitates  (1)  that  the  explosive  liquid  shall  con- 
tain no  impurity  or  foreign  matter  capable  of 
counteracting  its  power  of  dissolving  nitrated  cel- 
lulose, or  other  substance  possessed  of  the  same 
property,  as  hereinbefore  described;  (2)  that  only 
such  nitrated  cellulose  or  other  analogous  substance 
is  to  be  used  which  readily  dissolves  in  and  gela- 
tinizes the  explosive  liquid;  (3)  that  the  solution 
of  the  nitrated  cellulose  or  other  analogous  substance 
(especially  if  that  substance  is  twisted  or  compressed) 
shall  be  facilitated  by  mechanical  stirring  or  knead- 
ing, so  as  to  allow  of  the  necessary  access  to  all  the 
parts  of  the  nitrated  cotton  intended  to  be  dissolved. 

The  explosive  jelly  obtained  by  the  above-described 
process  can  be  easily  pressed  into  cartridges,  or  any 
other  forms  convenient  for  use.  For  certain  pur- 
poses, and  especially  for  military  use,  it  is  of  impor- 
tance to  be  able  to  dilute  or  modify  the  explosive 
sensitiveness  of  gelatinized  nitro-glycerine  in  a 
measure  exactly  suited  to  the  purpose  in  view. 
This  is  done  by  adding  more  or  less  of  a non- 
explosive or  sluggishly-explosive  substance,  possessed 
of  the  property  of  dissolving  both  nitro-glycerine 
and  the  substance  which  serves  to  gelatinize  it.  Such 
are  the  acetic  ethers  of  glycerine,  methyl,  ethyl, 
and  acetone,  acetic  acid,  nitio-benzol,  dinitro-benzol, 
the  nitrates  of  methyl  and  ethyl,  or  other  solvents 
of  an  analogous  character.  An  addition  of  the 


NITRO-GLYCERINE. — Litiiofracteur.  441 


above-named,  or  of  any  analogous  substance,  serves 
not  only  the  [)urpose  of  rendering  the  gelatinized 
nitro-glycerine  less  sensitive  to  concussion,  but  also 
reduces  its  quickness  of  explosion,  facilitates,  as 
above  described,  the  process  of  gelatin ization,  and 
lowers  the  temperature  at  which  nitro-glycerine 
becomes  hardened  or  congealed.  The  least  volatile 
substances,  such  as  the  acetic  ethers  of  glycerine, 
nitro-benzol,  dinitro  - benzol,  deserve  preference, 
iniismuch  as  they  cannot  become  inactive  through 
evaporation. 

Gelatinized  nitro-glycerine,  when  properly  con- 
fined, can  be  exploded  by  a common  fuse  ; but,  as  a 
rule,  detonators,  contiuning  a strong  charge  of  ful- 
minate, are  used,  and  also  for  firing  dynamite.  When 
hardened  in  cold  weather,  gelatinized  nitro-glycerine 
explodes  more  readily  than  frozen  dytiamite  ; still 
it  is  a good  precaution  always  to  head  the  charge 
with  a primer,  consisting  of  a small  cartridge  of  gun- 
powder or  gun-cotton,  or  dynamite,  or  uncongealed 
gelatinized  nitro-glycerine,  or  analogous  substance. 

The  great  success  of  dynamite  has  given  rise  to 
numerous  other  nitro-glycerine  compounds,  of  which 
the  most  known  are  litiiofracteur,  the  ammonia, 
Colonia,  and  Hercules  powders,  Horsley’s  powder, 
dualine,  seranine,  and  dynamite  No.  2. 

Colonia  and  Hercules  poialers  are  mealed  gun- 
powder mixed  with  nitro-glycerine,  resembling  the 
first  nitro-glycerine  pre|iaration  brought  out  in  18G3. 

Seranine  and  Horsley's  powder  are  chlorate  of 
potash  preparations  mixed  wdth  nitro-glycerine. 
The  substitution  of  a chlorate  for  a nitrate  is  said 
not  to  add  to  the  power,  while  it  adds  to  the  expense 
of  the  compound,  and  also  somewhat  increases  its 
danger. 

Dualine  was  brought  out  by  Dittmar  in  Germany. 
It  consists  of  sawdust,  nitrate  of  potash,  and  nitro- 
glycerine. 

Litliojractenr. — The  ingredients  as  now  published 
by  the  manufacturers  are: — Nitro-glycerine,  5.5  per 
cent.;  kieselguhr,  21  percent.;  charcoal,  6 percent.; 
barium  nitrate  and  bicarbonate  of  soda,  or  either  of 
them,  15  per  cent. ; sulphur  and  manganese  oxide, 
or  either  of  them,  3 per  cent. 

The  first  descrijition  of  “ litiiofracteur,”  as  given 
by  the  inventor.  J.  A.  Froitzheim,  in  his  patent 
specification  of  1872,  was  a very  extraordinary  one. 
After  stilting  that  he  substitutes  the  “small  scales 
of  fresh  water  fish  mixed  with  carbonate  of  soda 
and  nitrate  of  potiish  ” for  kieselguhr,  the  patentee 
continues: — “Nitrate  of  baryta,  manganese,  double 
carbonate  of  soda,  and  jirepared  sawdust  are  mixed 
in  a solution  of  resin  and  spirits  of  wine  in  about 
the  following  proportions — 70  parts  nitrate,  and 
the  rest  of  the  above-named  materials.  This  mixture 
is  mixed  in  a damp  state  with  the  preiiared  infusorial  j 
earth.  After  this  second  mixture  is  carefully  prepared, 
a third  mixture  is  made  by  sprinkling  that  already  ' 
obtained  with  a solution  of  suli»hur  or  bicarbonate  j 
of  sulphur,  and  then  by  adding  finely  ground  burnt 
bones  or  coal. 

“This  mixture  is  then  further  manijiulated  in 
other  rooms  as  follows: — Firstly,  it  is  mixed  with 
VOI>.  II. 


I bran  and  prepared  sawdust,  which  are  saturated 
I with  nitro-glycerine ; this  is  repeated  most  carefully 
with  the  hand  until  the  requisite  quantity  of  nitro- 
glycerine is  absorbed.  This  explo.sive  is  then  formed 
into  cartridges  of  any  required  size  in  separate 
I rooms,  and  then  carefully  packed.  The  quantity  of 
nitro-glycerine  which  is  requisite  for  the  perfecting 
of  good  ‘ litiiofracteur  ’ is  from  45  to  50  or  55  per 
cent.;  but  I do  not  bind  myself  to  this  quantity,  as 
the  amount  of  the  nitro-glycerine  will  depend  upon 
the  nature  and  tenacity  of  the  material  to  be  blasted. 

“ The  following  example  is  sufficient  to  explain 
the  proportional  parts  of  the  ingredients  used,  and 
the  method  of  manufacturing  ‘litiiofracteur’  or 
‘ Krel  s’  explosive,’  but  I reserve  to  myself  the  right 
to  vary  those  proportions,  also  the  suppression  of 
any  one  or  more  of  the  ingredients  in  the  manufac- 
ture of  explosives,  as  circumstances  may  dictate : — 
20  parts  of  a mixture  composed  of  70  parts  of  ground 
nitrate  of  baryta,  10  parts  manganese,  10  parts 
bicarbonate  of  soda,  and  9 parts  prepared  sawdust, 
with  a solution  of  1 part  resin  in  5 parts  spirit.  This 
mixture  is  mixed  with  a second  composition  prepared 
of  silica.  To  prepare  the  same,  100  parts  thereof 
are  mixed  with  2^  parts  carbonate  of  soda,  and  2^ 
parts  nitrate  of  baryta,  which  after  being  mixed  is 
heated  dry,  ground,  and  sifted  if  required. 
parts  after  the  above  have  been  thoroughly  mixed 
make  a preparation  of  7 parts  of  sulphur  dissolved 
in  bisulphuret  of  carbon,  which  contains  2 parts 
solution  of  sulphur  added  to  3 parts  finely  ground 
and  sifted  charcoal.  To  this  mixture  are  then  added 
1 part  prepared  sawdust,  and  1 part  bran  previously 
saturated  with  nitro-glycerine,  adding  the  rest  of  the 
nitro-glycerine  in  small  quantities  to  the  whole  com- 
position, until  55|  parts  nitro-glycerine  have  been 
added.” 

Some  time  ago  the  dynamite  and  lithofracteur 
of  Messrs.  Krebs  & Co.,  of  Cologne,  were  analyzed 
by  Ulex,  sworn  chemist  in  Hamburg,  'i’he  dyna- 
mite contained  66  per  cent,  of  nitro-glycerine,  6y 
per  cent,  nitrate  of  barium,  and  27  per  cent,  of 
infusorial  earth.  The  lithofracteur  contained  70 
per  cent  of  nitro-glycerine,  5 per  cent,  of  nitrate  of 
barium,  2 per  cent,  of  coal-dust,  and  23  per  cent, 
of  infusorial  earth. 

Ammonia  powder,  invented  by  OuLSONand  Norrbin, 
though  comparatively  unknown,  is  far  stronger  than 
I lithofracteur,  and  surpasses  even  dynamite  in  point 
I of  power.  Its  only  drawback  is  the  hygroscopic 
nature  of  its  chief  ingredient,  which  is  ammonium 
nitrate.  But  in  every  other  respect  it  is  a very 
superior  blasting  agent.  It  consists  of  80  parts  by 
weight  of  nitrate  of  ammonium,  6 parts  of  charcoal, 
and  14  to  20  of  nitro-gl3’cerine. 

Dynamite.  No.  2 contains  subsfcintially  the  ingred- 
ients of  gunpowder,  less  sulphur,  phut  nitro-glycerine, 
and  :s  used  for  blasting  soft  rocks. 

Sehastin,  patented  by  G.  Fahnejelns  of  Stock- 
holm, contains  charcoal  as  the  absorbing  material. 

In  order  to  produce  a charcoal  having  the  required 
qualities,  the  carbonization  or  coking  must  be  done 
in  such  a manner  as  to  completely  destroy  the  organic 
56 
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substances,  and  to  produce  as  porous  a charcoal  as 

sound,  the  blasting  often  brings  to  light  veins. 

possible.  For  this  purpose  young  trees  or  striplings, 

shakes,  or  fissures,  which  render  a comparison  of 

or  branches  of  poplar,  liazelwood,  or  alder  tree  are 

work  done  in  two  contiguous  portions  impossible. 

selected  and  burned  in  an  open  fire. 

Explosive  power  may  be  estimated  in  two  waj’S, 

When  the  wood  has  been  consumed  the  fire  is  not 

viz.,  indirectly  by  theoretical  induction,  and  directly 

put  out  by  means  of  water,  but  left  to  go  out  of 

by  measuring  the  maximal  tension  of  the  gas  at  the 

itself.  In  this  way  a very  inflammable  and  very 

moment  of  the  explosion,  or  the  mechanical  work 

porous  charcoal  is  obtained,  which  can  absorb  more 

which  it  is  capable  of  performing.  For  gunpowder 

than  five  and  approaching  to  six  times  its  weight  of 

both  methods  have  been  applied  without  showing 

nitro-glycerine.  The  charcoal  is  pulverized  in  a 

much  discrepancy  in  the  final  result.  Captain  Noble 

wooden  mortar;  but  should  not  be  reduced  to  too 

and  Professor  Abel’s  recent  experiments  show  that 

fij;e  a powder,  else  it  will  not  so  completely  absorb 

the  maximal  pressure  exercised  by  gunpowder,  when 

the  nitro-glycerine. 

the  density  of  the  products  of  the  explosion  is  equal 

The  charcoal  produced  in  the  ordinary  way  is  quite 

to  100,  or,  in  other  words,  when  1 kilo,  of  exploded 

different  as  regards  absorbing  power.  Charcoal  of 

powder  occupies  the  volume  of  1 litre,  is  equal  to 

fir  tree  may.  however,  be  used,  if  charred  a second 

6400  atmospheres,  or  about  42  tons  per  square  inch  ; 

time  in  a special  oven. 

that  its  explosion  produces  about  705  units  of  heat. 

By  mixing  different  kinds  of  charcoal  a material 

which,  multiplied  by  its  mechanical  equivalent,  re- 

may  be  obtained  posse.ssing  the  required  absorb- 

present  a theoretic  work  of  486  foot-tons  per  pound 

ing  qualities,  and  an  explosive  compound  may  then 

of  powder. 

be  obtained  of  the  required  power  without  loss  of 

But  highly  satisfactory  as  are  those  figures,  derived 

the  necessary  consistency;  that  is,  without  being 

from  actual  measurements,  they  give  no  clue  to  find 

too  dry,  which  is  not  desirable.  The  charcoal  not 

the  absolute  or  rehitive  power  of  gun-cotton,  nitro- 

only  serves  as  a good  absorbent  for  the  nitro- 

glycerine,  and  other  violent  fulminates  of  modern 

gl}'cerine,  but  it  plays  also  an  inq)ortant  part  in  the 

ajiplication.  These  have  been  considered  too  power- 

combustion.  The  nitro-gl3'cerine  in  exploding  de- 

ful  and  too  quick  of  explosion  for  even  the  strongest 

corn)  OSes  into  steam,  carbonic  acid,  nitrogen,  and 

steel  receptacle  to  resist  their  action,  and  hence,  as 

oxj-gen.  In  the  exjdosion  of  dynamite  with  inert 

far  as  we  know,  no  attempt  has  hitherto  been  made 

base,  tl’.e  oxygen  goes  away  without  being  utilized  ; 

to  measure  their  explosive  pressure  by  an  instru- 

but  in  the  explosion  of  this  new  compound  a part 

ment  similar  to  those  emjdoyed  by  Captain  Noble 

of  the  absorbent  charcoal  is  burnt  by  means  of  the 

and  others  to  estimate  the  tension  produced  by 

liberated  oxygen  ; the  quantity  of  gas  is  thus  aug- 

exploding  gunpowder. 

mented,  and  also  the  development  of  heat,  whereby 

By  aid  of  repeated  calorimetric  tests  made  at 

again  the  tension  of  the  gas  is  augmented.  As, 

the  Depot  Central  des  Poudres,  Paris,  Roux 

however,  the  quantity  of  charcoal  necessary  for  the 

and  Saruau  have  sought  to  determine  how  much 

complete  absorption  of  the  nitro-glycerine  is  in  all 

heat  the  explossion,  or  rather  detonation,  of  various 

cases  much  larger  than  that  which  can  reduce  the 

fulminates  produces.  They  have  thus  found  for 

excess  of  oxygen  produced  at  the  explosion,  nitrate 

nitro-glycerine  1784,  for  gun-cotton  1123,  and  for 

of  potash  is  added. 

picrate  of  potash  840  units  of  heat,  which,  multiplied 

Braiii'ii  powder  contains  chlorate,  in  the  place  of 

by  the  mechanical  cqui-value  per  unit,  gives  778, 

nitrate  of  potash;  and  as  ab.-^orbent,  coal-dust,  or 

489,  and  366  metre-tons  per  kilo,  of  the  substance. 

sugar,  or  starch,  or  any  carbonaceous  material. 

as  against  378  for  the  best  sporting  powder,  and 

The  Rhenish  Dynamite  Company  manufacture  a 

267  for  the  ordinary  trench-mining  powder,  which  is 

dynamite  which  is  composed  of  70  parts  of  a 

of  a very  inferior  quality.  Comparing  those  figures 

solution  of  2 to  3 per  cent,  of  najihthaline  in  nitro- 

with  the  heat  produced  by  the  combustion  of 

glycerine,  3 parts  of  chalk,  7 parts  of  heavy  spar. 

gunpowder,  as  found  by  Abel  (704  units),  and 

and  20  parts  of  purified  infusorial  earth. 

taking  it  as  POO,  the  mechanical  power  which 

'I  he  most  vital  question  which  concerns  explosives 

nitro-glycerine  is  capable  of  performing  would  rank 

is  the  evolution,  or  rather  concentration,  of  their 

as  2'53,  that  of  gun-cotton  as  1‘59,  and  picrate  of 

power,  absolute  and  relative.  This  is  a subject  to 

potash  P19. 

which  serious  attention  has  long  been  given,  without 

Berthelot,  following  a different  method,  purely 

leading  as  yet  to  a satisfactory  result. 

theoretical,  arrives  at  much  lower  figures  for  the 

It  is  not  only  from  a theoretical  point  of  view 

heat  produced  by  the  combustion  of  the  same  sub- 

that  such  knowledge  is  of  imjiortance.  The  manu- 

stances,  and  consequently  also  for  the  amount  of 

facturers  of  explosives  are  frequently  themselves 

work  it  represents.  He  admits  that  at  the  very 

unable  to  estimate  the  relative  value  of  other 

high  temperature  which  is  a very  general  feature  of 

powders  and  their  own. 

explosive  combustion,  no  complex  chemical  com- 

The  Government  commission  appointed  in  1864, 

bination  can  exist,  and  that  only  elementary  com- 

to  report  on  the  application  of  gun-cotton  to  mining 

pounds,  such  as  water  vapour,  carbonic  oxide,  and 

and  quarrying  operations,  also  “ became  strongly 

carbonic  acid  will  be  formed ; so  that  when  tlie 

inqiressed  with  the  great  difficulty  of  instituting 

chemical  compo.sitiou  of  such  explosive  substances  is 

really  comparative  blasting  and  quarrying  ojiera- 

known,  which  are  entirely  converted  into  gas,  it 

tions.  In  rock  which  appears  uniform  and  quite 

is  easy  to  determine,  without  recourse  to  experi- 
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nients,  the  nature  of  the  gaseous  products  formed  at  1 
the  iiionient  of  their  explosion.  Hence,  for  instance, 
nitrate  of  ammonium,  of  which  the  formula  is 
NIl^.NOj,  would  split  up  into  N2  + O2  + (IIoO)2.  | 
Starting  from  this  point  of  view,  the  correctness 
of  which  certainly  does  not  appear  to  admit  of  the 
slightest  doubt,  Berthelot  computes,  from  well 
known  tjibles,  the  heat  produced  by  the  formation 
of  the  gaseous  products  from  their  elements.  He 
further  evacuates  the  units  of  caloric  developed  in 
the  formation  of  the  explosive  substance  to  be  dealt 
with  from  its  elements,  and  takes  it  for  granted,  of 
course,  that  as  much  heat  must  be  absorbed  in  dis- 
uniting the  chemical  tie  as  was  freed  in  forming  it. 
The  heat  lost  in  that  operation  he  deducts  from  the 
sum  of  heat  produced  by  the  reunion  of  the  discon- 
nected elements,  the  balance  representing  the  heat 
really  developed  in  the  explosive  combustion.  Thus, 
for  each  221  grams,  of  nitro-glycerine,  which  the 
explosion  transforms  entirely  into  carbonic  acid, 
water,  nitrogen,  and  oxygen,  Berthelot  calculates 
the  heat  produced  by  the  formation  of  the  carbonic 
acid  and  water  from  the  elements  at  430,500  units, 
and  the  heat  produced  by  the  formation  of  the 
nitro-glycerine  itself  from  its  prime  elements  at 
130,500  units,  which,  deducted  from  the  total  of 


430,.500,  leaves  300,000  units  of  caloric  freed,  or 
1320  units  per  gram,  of  nitro-glycerine  exploded. 

Nocel  has  for  the  last  six  years  made  regular  use 
I of  a method  based  on  measurement  of  the  ballistic 
power  of  explosives;  and  though  certainly  open  to 
some  objections,  it  h.as  the  advantage  of  being  ex- 
tremely handy  and  sufficiently  accurate  for  the  object 
in  view. 

A mortar  test  is  indeed  more  reliable  for  com- 
paring detonating  explosions  than  or  slower  com- 
pounds ; for,  in  the  latter  case,  the  projectile  may 
have  left  the  mortar  before  the  combustion  is 
completed,  while,  in  the  case  of  fulminates,  their 
explosive  conversion  is  so  rapid  that  in  all  proba- 
bility it  is  completed  before  the  projectile  has  begun 
to  move  at  all,  thus  acting  i.pon  it  with  the  whole 
force  of  its  initial  tension.  This  is  further  con- 
firmed by  the  fact  that  the  bore  of  the  mortar  can 
be  made  far  shorter  than  for  testing  gunpowder, 
without  any  considerable  falling  off  of  the  range  of 
projection. 

I'he  table  here  annexed  shows  the  results  obtained 
in  testing  the  ballistic  power  of  detonating  gun- 
cotton, nitro-glycerine,  dynamite,  and  various  Other 
compounds.  From  the  figures  therein  contained 
some  important  conclusions  may  be  drawn. 


No.  of 
Exi>eri- 
lueiits. 

Farts  by 
weight. 

Weight  of 
charge 
in  grams. 

Distance  thrown  fshot  = 32  lbs. 
wciglit)  in  links. 

Average  in 
links. 

1st  charge. 

2nd  charge. 

3rd  charge. 

1 

Nitro-glvcerine,  pure, 

— 

5 

308 

2o7 

295 

300 

Nitro-g’lvceriiie 

3 

2 

1 

Compressed  gun-cotton, 

3 

6 

290 

302 

305 

299 

Potassium  chlorate, 

122  ) 

3 

Charcoal, 

20  L 

7 

250 

241 

243 

245 

Nitro-glycerine, 

:io  ) 

Potassium  nitrate, 

101  ) 

4 

Charcoal, 

17  f- 

10 

279 

2G3 

281 

274 

Nitro-glycerine, 

25  j 

Ammonium  nitrate, 

80  » 

5 

-< 

Charcoal, 

G-5  V 

6 

299 

300 

302 

300 

Nitro-glvcerine, 

20  ) 

6 

Gun-cotton  compressed, 

7 

295 

315 

290 

300 

7 

Patent  gun  coltoii  powder, 

— 

8 

291 

305 

288 

294 

8 

Fulminate  of  mercury 

— 

10 

185 

— 

— 

183 

' Fulminate  of  niercnrv, 

80  \ 

10 

219 

219 

9 

[Chlorate  of  potassium, 

20  ]■ 

220 

219 

10 

Gunpowder  mealed 

[ Nitro-glvcerine, 

80  ) 
20  ; 

10 

305 

298 

295 

299 

11 

Curtis  and  Harvey’s  extra  strong  blasting 

powder  exploded  with  detonator, 

— 

20 

341 

340 

330 

337 

Picrate  of  potassium 

GO  ) 

12 

•< 

Nitrate  do.  

30  y 

7 

222 

237 

229 

229 

Nitro  glvcerine, 

10  1 
8.5  1 

Sodium  nitrate, 

13 

Charcoal, 

17 

10 

307 

Sttl|>hur, 

Nitro-glvcerine, 

' Lithofracteur  • as  per  government  license  : — 

IG  \ 
30  J 

282 

313 

301 

Charcoal, 

6 1 

14 

■ 

Kieselguhr, 

Barium  nitrate 

Sulphur 

Nitro-glvcerine, 

21  1 
15  ). 

3 1 

55  J 

7 

218 

211 

205 

211 

Dvnamite  No.  1,  consisting  of; — 

15 

-< 

Kieselguhr, 

25} 

7 

290 

318 

307 

304 

’ This  is  the  strongest  nii.\tiire  of  lithofracteur  ingredients  as  | ublishe(l  by  tlie  inamilaclnrers.  The  sliglitest  addition  of 
sodium  bicarbonate  or  manganese  dioxide  indicates  a decrease  of  power,  as  shown  by  numerous  mortar  tests. 


If  the  ballistic  power  of  detonating  nitro-glycerine  I for  weight,  compressed  gun-cotton  ranks  as  71 ; dyna- 
is  expressed  by  100,  then  in  their  comparison,  weight  | mite,  consisting  of  28  per  cent,  of  guhr  and  75  per 
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cent,  of  nitro-glycerine,  as  72;  ammonia  powder,  as 
83 ; gunpowder  mixed  with  20  per  cent,  of  nitro- 
glycerine, as  60;  gun-cotton  mixed  with  its  own 
weight  of  nitro-glycerine,  as  83;  Curtis  and  Har- 
vey’s strongest  blasting  powder,  ignited  with  a 
detonator-cap,  as  28 ; fulminate  of  mercury,  as  80 ; 
and  lithofracteur  of  the  strongest  kind  (made  of  the 
ingredients  as  specified  in  the  Government  licenses 
for  that  material),  as  50-5. 

In  this  estimate  no  deduction  has  been  made  for 
the  power  exercised  by  the  fulminate  of  the  deton- 
ator-caps, it  being  the  same  for  all  preparations, 
except  gun-cotton,  for  which  0'16  additional  weight 
of  fulminate  was  used. 

Interesting  as  it  may  be  to  compare  the  relative 
power  of  explosive  substances,  weight  for  weight, 
the  power  which  tliey  are  capable  of  exercising, 
bulk  for  bulk,  is  of  far  greater  importance  in  their 
application  to  blasting.  It  is  easily  computed  when 
their  specific  gravity  is  known,  which  has  been  found 
for  nitro-glycerine,  I'G;  for  gun-cotton,  1-00;  for 
dynamite  No.  1,  1'65;  for  ammonia  powder,  1'55; 
for  gunpowder,  l-fiO;  and  for  lithofracteur,  1‘20, 
which  is  also  the  specific  weight  of  dynamite  No. 
2,  and  of  most  nitro-glycerine  preparations  con- 
taining large  quantities  of  metallic  salts. 

IVhen  their  |)Ower  is  compared,  bulk  for  bulk, 
the  various  explosives  range  as  follows: — 


Nitro-Klycerine, 100 

Ammonia  powder, 80 

Dynamite  No.  I, 74 

LithotVacteur b'i 

Guncotton, 45 

Curtis  and  Harvey's  bla^ting  powder  fired 
by  detonator, 17-5 


Blastiitfi. — There  should  be  no  air-chamber  round 
the  charge,  for  the  expansion  which  it  causes  not 
only  lessens  the  power  in  proportion  to  its  dilu- 
tion, but  actually  decreases  the  tension  of  the 
gas  in  a much  greater  measure.  In  the  case  of 
blasting  powder  such  air  space  cannot  be  avoided, 
in  consequence  of  its  influence  on  the  quickness 
of  combustion.  But  with  nitro-glycerine  it  seems 
as  if  its  liquid  state  would  specially  favour  the 
exclusion  of  all  empty  space,  and  so  it  does  when 
it  can  be  poured  direct  into  a blast-chamber.  But 
apart  from  the  impossibility  of  pouring  a liquid  into 
horizontal  bore-holes,  or  such  as  incline  upwards, 
experience  has  shown  that  there  is  very  great  danger 
connected  with  that  practice  under  anycircunistances. 
An  almost  imperceptible  seam  or  fissure  in  the  rock 
— and  they  scarcely  ever  fail — will  cause  a part  or 
the  whole  of  the  liquid  charge  to  leak  into  the  small- 
est cavities,  and  remain  there  until  the  miner,  in 
drilling  a new  bore-hole,  strikes  it,  or  strikes  the 
rock  in  its  proximity,  when  it  goes  off,  causing  a 
fearful  accident.  Hence  nitro-glycerine  cannot  be 
safely  used  without  cartridges.  These,  to  hold  a 
liquid,  must  be  strong,  which  makes  them  rigid. 
They  cannot  be  introduced  into  a bore-hole  without 
leaving  a considerable  air-chamber  round  the  charge, 
particularly  as  bore-holes  generally  deviate  a great 
deal  from  the  circular  shape.  It  is  difficult  to  calcu- 


late even  approximately  the  relative  proportions  of 
the  unoccupied  space  and  the  charge,  but  certainly 
with  such  small  size  diameter  of  bore-holes  as  are 
generally  adopted  for  blasting  with  nitro-glycerine,  the 
loss  is  at  least  equal  to  one-third  of  the  whole  space, 
so  that  3 cubic  inches  of  the  chamber  will  hold  on 
an  average  only  2 cubic  inches  of  the  explosive  liquid. 
Dynamite  has  here  all  the  advantages  on  its  side, 
and  it  is  very  much  to  be  regretted  that  miners  very 
frequently  neglect  to  make  use  of  it.  Being  highly 
plastic,  the  slightest  pressure  with  a wooden  rod 
compresses  the  charge  in  the  bore-hole,  so  as  to 
exclude  all  empty  space.  It  is  true  that  the  small 
primei'  cartridge  cannot  be  treated  in  the  same  man- 
ner, lest  the  detonator-cap  affixed  to  it  should  be 
dislodged.  But  it  forms  only  the  upper  part,  and  a 
very  small  portion  of  the  charge,  and  the  air-charn- 
ber  which  surrounds  it  is  therefore  of  no  practical 
importance.  The  increased  effect  derived  from  this 
mode  of  applying  plastic  explosives  is  far  greater 
than  is  generally  believed.  All  nitro-glycerine  pre- 
parations possess  the  same  advantage,  but  none  are 
quite  as  plastic  as  dynamite.  Nearest  to  it  is  litho- 
fracteur. Gun-cotton,  like  nitro-glycerine,  leaves  a 
considerable  air-chamber,  owing  to  its  rigidity,  as 
made  into  cartridges. 

Practically  the  advantage  of  being  able  to  fill  up 
the  blast-chamber  in  a bore-hole  amounts  to  the 
same  as  if  the  specific  gravity  of  the  same  explosive 
could  be  increased  so  much  as  to  make  up  by  weight 
for  the  want  of  bulk.  In  other  words,  what  has  to 
be  considered  is  not  the  specific  gravity  of  the  ex- 
plosive itself,  but  of  its  gaseous  products  at  their 
moment  of  initial  tension,  when  they  strike  the  rock 
or  other  resisting  medium. 

Since  nitro-glycerine  cannot  with  any  degree  of 
safety  be  used  without  cartridges,  and  since  the 
unavoidable  air  chamber  represents  an  average  of 
one-fourth,  at  the  very  lowest  estimate,  of  the  blast 
chamber,  a proportionate  reduction  should  be  made 
in  computing  its  useful  effect  for  blasting  purposes. 
Dynamite  thus  rises  nearly  to  its  level,  and  ammonia 
powder  becomes  somewhat  superior. 

From  the  mortar  experiments  already  referred  to 
an  approximate  estimation  may  be  formed,  not  only 
of  the  power  of  nitro-glycerine  preparations  contain- 
ing an  explosive  base  or  absorbent,  but  also  of  the 
power  whereby  that  explosive  contributes  itself,  and 
when  it  detonates  under  the  influence  of  detonating 
nitro-glycerine.  For  that  purpose  it  suffices  to  make 
out  the  quantity  of  nitro-glycerine  contained  in  a 
compound,  and  compute  the  distance  of  projection 
to  which  it  would  carry  the  projectile  of  the  testing 
mortar.  The  balance  of  projections  is  due  to  the 
other  ingredients,  and  permits  of  a tolerably  near 
elevation  of  their  relative  power.  It  is  true  that  the 
gaseous  products  of  the  exploded  nitro-glycerine 
and  those  of  its  explosive  partner  may  react  on  each 
other,  and  cause  a slight  loss  or  gain  of  power,  but  it 
cannot  materially  alt^-'r  the  relative  value  of  the  two. 

The  result  of  such  a calculation  shows  that  weight 
for  weight,  when  nitro-glycerine  figures  as  100, 
chlorate  of  potassium  powders  rank  as  29  to  30, 
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nitrate  of  potassium  powders  as  20  to  22,  and  nitrate 
of  sodium  powders  as  22  to  23. 

Under  certain  conditions  otherwise  similar  a quick 
explosion  is  preferable  to  a slow  one  for  blasting. 
The  same  amount  of  expansion  is  produced  in 
eitlier  case,  but  the  maximal  tension  of  the  gas 
developed  may  be  vastly  different,  and  on  that 
tension  depends  the  blasting  power.  For  instance, 
mealed  gunpowder  under  certain  conditions  burns 
with  a tension  scarcely  sufficient  to  burst  a straw, 
yet  tlie  same  substance  becomes  under  other  con- 
ditions capable  of  tearing  the  hardest  rock.  The 
difference  in  action  is  due  only  to  a difference  in 
the  rapidity  of  combustion. 

It  is  therefore  clear  that  of  two  explosives  the 
more  powerful  one  may,  for  want  of  quickness  of 
combustion,  be  the  less  efficacious  for  blasting,  and 
it  becomes  a matter  of  considerable  importance  to 
possess  a ready  means  of  overcoming  the  drawback 
of  the  slow  action.  This  difficulty  has  been  over- 
come by  adopting  a special  mode  of  firing  explosions, 
known  as  the  detonating  ignition.  It  consists  in 
applying  a strong  local  explosion  inste.ad  of  a spark 
or  flame,  .and  it  modifies  in  a remarkable  degree  the 
natural  quickness  of  combustion  exhibited  by  explo- 
sive substances. 

It  is  especially  in  connection  with  nitro-glyccrine 
that  this  mode  of  ignition  has  led  to  rem.arkable 
results,  and  it  was  to  suit  the  peculiar  n.ature  of  that 
substance  th.at  it  was  invented.  Nitro-glycerine 
indeed,  without  that  special  firing,  though  it  is  an 
explosive,  is  no  blasting  agent,  as  it  c.annot  be 
applied  with  any  degree  of  certainty  th.at  it  will  go 
off.  Not  so  when  fired  by  a loc.al  explosive.  It 
not  only  deton.ates  without  any  confinement,  but 
it  affords  an  extraordin.ary  facility  for  setting  off 
substances  which  without  its  aid  are  absolutely 
inexplosive.  If,  for  instance,  ch.arco.al  .and  nitrate 
of  j)Ot(»ssium  are  mixed  without  sulphur,  they  form 
no  explosive  compound  within  the  ordinary  meaning 
of  that  term  ; but  if  from  10  to  15  per  cent,  of  nitro- 
glycerine are  added,  a local  explosion,  produced  by 
a strong  deton.ator  or  fulminate  c.ap,  will  c.ause  the 
almost  inert  mixture  to  detoiiiite  with  ne.arly  the 
same  rapi<lity  .as  the  n tro-glycerine  itself.  Nitr.ate 
of  ammonium  and  charco.al,  with  or  without  sulphur, 
form  a mixture  so  sluggish  at  the  ordin.ary  tempera- 
ture, that  when  tried  in  a shell  along  with  6 ozs.  of 
gunpowder,  the  explosion  of  the  latter  failed  to  set 
it  off,  or  even  to  inflame  it ; yet  mixed  with  15  per 
cent,  of  nitro-glycerine,  it  deton.ates  with  an  extra- 
ordinary violence.  Sawdust,  bark,  rosin,  starch, 
sugar,  glucose,  flour,  dextrine,  gum,  &c.,  mixed 
with  any  nitrate,  become,  if  a small  portion  of  nitro- 
glycerine is  added,  most  violent  deton.ating  fulmi- 
nates. Nor  is  that  all.  Substances  considered  as 
ab.solutely  incombustible  will  form  explosives.  For 
instance,  chloride  of  .ammonium,  mixed  with  nitrsite 
of  potash  .and  nitro-glycerine,  will  decompose  ex- 
plosively under  form.ation  of  chloride  of  potassium, 
and  the  freed  hydrogen  unites  with  oxygen  of  the 
nitrate.  Sulphates  are  very  much  more  sluggish  ; 
but  if  very  finely  divided  and  mixed  with  charco.al. 


they  .also  indic.ate  a decided  reaction,  although  too 
slow  to  be  completed  in  the  extremely  short  time 
which  .an  expkision  occupies.  Chlorate  of  pot.ash 
mixed  with  nitro-glycerine  detonates  even  without 
the  presence  of  charcoal  or  any  other  combustible. 
The  number  of  organic  compounds,  soluble  or  even 
insoluble  in  nitro-glycerine,  which  c.an  thus  be 
brought  to  detonate  is  almost  unlimited. 

This  extraordinary  influence  which  the  presence 
of  nitro-glycerine  exercises  on  slow  explosives,  and 
even  seemingly  inert  substances,  is  easily  accounted 
for.  Being  a liquid,  it  comes  in  very  close  contact 
with  the  mixtures,  and  when  the  detonation  ensues 
the  fine  layer  of  nitro-glycerine  which  adheres  to 
every  grain  is  install t.aneously  converted  into  an 
extremely  dense  .atmosphere  of  gas,  having  a tem- 
perature of  at  least  3000°  to  4000°  C.  Such  a bath 
must  quicken  even  the  slowest  combustion. 

It  is  ex.actly  the  same  cause  which  makes  gun- 
powder burn  with  extreme  quickness  in  a gun,  while 
its  combustion  in  the  open  air  is  comparatively  slow. 
When  confined  the  hot  gas  accumulates  in  proportion 
as  it  is  being  generated,  and  the  denser  it  grows  the 
more  heat  it  brings  to  bear  on  the  reaction,  which 
thus  becomes  almost  instantaneous. 

The  action  of  the  detonator-c.ap  in  setting  off 
nitro-glycerine  and  other  explosives  is  far  more 
complicated,  and  not  so  easily  explained.  Some 
attribute  it  only  to  the  heat  produced  by  compres- 
sion, some  only  to  the  heat  of  the  gas  given  off  by 
the  fulminate  of  the  cap,  and  others,  again,  to  the 
dissociating  power  of  a strong  vibration.  It  is  not 
unlikely,  at  le.ast  in  some  instances,  that  all  those 
influences  are  brought  to  bear  on  the  explosion,  but 
it  would  be  very  difficult,  indeed,  to  compute  the 
part  contributed  by  each.  There  can  be  no  doubt 
as  to  the  dislocation  of  certain  unstable  compounds 
by  vibr.ation  alone,  since  the  slight  shock  which 
sets  off  chloride  and  iodide  of  nitrogen,  per- 
chlor.ate  of  ethyl,  &c.,  cannot  possibly  raise  their 
temper.ature,  even  locally,  to  the  degree  at  which 
they  explode.  Even  in  the  case  of  nitro-glycerine, 
w'hich  exhibits  no  such  extreme  sensitiveness,  direct 
experiments  h.ave  shown  that  very  violent  vibration 
c.nn  cause  it  to  explode.  But  if  vibration  alone 
suffices  to  set  off  nitro-glycerine,  it  is  still  less 
doubtful  th.at  heat  alone  will  do  it.  Not  only  does 
it  detonate  by  being  raised  to  the  temperature  at 
which  its  constituent  elements  dissoci.ate,  but  a 
minute  ch.arge  of  gunpowder,  so  slightly  confined 
that  the  g.as  which  it  produces  has  a very  feeble 
tension,  never  fails  to  make  it  detonate.  It  suffices, 
indeed,  to  apply  heat  in  any  shape,  so  th.at  it  acts 
upon  a very  large  surface  of  nitro-glycerine,  for 
then  the  g.as  evolved  can  no  longer  escape  as  quickly 
as  it  is  produced,  and  the  pressure,  .accumulating 
with  immense  rapidity,  brings  on  the  explosion. 

Nitro-glycerine  prep.ar.ations  and  gun-cotton  can- 
not be  brought  to  detonate  by  such  means,  but  go 
off  easily  under  the  influence  of  a sharp  loc.al  ex- 
plosion, such  as  produced  by  a fulminate.  Two 
opposite  tendencies  are  here  at  work,  with  one  to 
set  off  the  explosive  acting  on  it  by  heat,  vibr.ation. 
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or  whatever  cause  it  may  be,  and  the  other  to  throw 
it  away  by  the  propelling  impulse  due  to  the  ex- 
jianding  gas.  Both  must  be  extremely  quick  in 
operating,  and  it  is  therefore  easy  to  see  how  a 
slight,  apparently  insignificant,  difference  may  turn 
the  scale  and  cause  an  explosion  or  a miss-fire.  For 
instance,  in  grinding  chlorate  of  potassium  and 
sulphur  with  care  in  a mortar,  a series  of  small 
detonations  take  place,  which  do  not  spread,  but  a 
somewhat  stronger  blow  or  friction  will  set  off  the 
whole.  Evidently  in  one  case  the  propelling  power 
is  preponder.ant  over  the  igniting  tendency,  in  the 
other  it  is  not.  Even  the  quickest  substance  requires 
time  to  got  heated,  and  uide.ss  the  velocity  implanted 
allows  that  time  combustion  cannot  take  place. 

Professor  Abel  found  by  repeated  experiments  that 
a charge  of  fulminate  amply  sufficient  to  set  off 
compressed  gun-cotton  failed  to  explode  the  same 
material  in  a loose  form ; but  by  twisting  loose, 
uncompressed  gun-cotton  round  the  cap,  and  secur- 
ing it  well  with  a string,  so  as  to  increase  its  density 
and  resistance  to  projection,  it  is  brought  to  detonate 
v/ith  great  facility  without  increased  charge  of  ful- 
minate. It  has  also  been  found  that  loose  gun-cotton 
detonates  more  readily  if  impregnated  with  quite 
inert  substances  than  in  its  isolated  state,  evidently 
because  the  additional  weight  opposes  additional 
resistance  to  motion,  thus  allowing  time. 

The  reasoning  which  led  to  firing  slow  explosives 
by  local  detonation  was  this: — When  a hammer  strikes 
a very  thin  layer  of  nitro-glycerine  on  an  anvil  the 
blow  produces  a strong  compression  of  the  liquid, 
which  liberates  heat,  and  raises  its  temperature  to 
tlie  point  at  which  it  detonates.  But  only  tliat  part 
which  actually  receives  the  blow  explodes.  If,  how- 
ever, the  hammer  is  very  heavy,  and  the  blow  strong, 
the  explosion  is  not  confined  to  the  part  w'hich 
receives  the  direct  shock,  and  the  whole  goes  off. 
A local  detonation,  owing  to  the  immense  tension  of 
its  gas,  must  be  very  similar  in  action  to  a strong 
blow,  and  will  thus  compress  the  explosive  liquid 
which  surrounds  it,  causing  it  to  detonate  at  will, 
and  to  propagate  the  explosion  throughout  the  whole 
mass  by  the  same  means. 

The  dangers  arising  from  the  use  of  explosives 
are  due  to  four  causes,  viz.,  the  contact  with  fire  or 
heated  surfaces,  concussion  or  percussion,  want  of 
chemical  stability,  and  the  poisonous  character  of  the 
fumes  produced  by  their  explosion. 

Danger  from  fire  in  connection  with  gunpowder 
has  been  illustrated  by  so  many  accidents  of  more 
or  less  magnitude,  even  recently,  that  a comparative 
immunity  from  that  danger  cannot  be  too  much 
w'elcomed  in  a new  power.  Modern  explosives  offer 
that  immunity  to  a remarkable  degree,  which  is  the 
more  valuable  since  it  in  no  way  interferes  with  their 
quickness  of  explosion  when  called  for.  Both  gun- 
cotton and  dynamite  have  been  burned  over  fire  in 
large  quantities,  as  much  as  1 cwt.  or  more  at  a 
time,  without  giving  rise  to  the  slighte.st  explosion 
or  loud  report.  Such  a behaviour  certainly  is  a 
great  safeguard  against  accidental  firing,  but  it  is 
very  apt  to  produce  over  confidence,  and  lead 


uneducated  people  to  mistake  relative  for  absolute 
safety. 

What  is  needed  for  the  safety  of  a blasting  powder 
is  not  that  one  should  be  able  to  fire  it  in  large 
j quantities  with  impunity,  but  only  that  it  should  not 
be  fired  by  a spark ; and  if  accidentally  fired  by  a 
flame,  should  allow  reasonable  chances  for  escape. 
In  that  respect  both  dry  compressed  gun-cotton  and 
ordinary  dynamite  possess  many  advantages  over 
gunpowder;  and  as  for  wet  gun-cotton  and  some 
j kinds  of  dynamite,  for  instance  ammonia  pow'der, 

I they  are  absolutely  more  difficult  to  get  to  burn 
than  most  inert  combustibles  are.  A gun-cotton 
factory  might  be  burned  down,  all  but  the  drying- 
house,  where  the  quantities  may  be  very  small  at 
a time,  without  danger  of  an  explosion.  A nitro- 
glycerine factory  is  practically  almost  as  safe  with 
regard  to  mere  firing,  for  the  liquid  explosive  is 
kept  confined  in  receptacles  wherein  no  fire  can  come 
at  it,  and  besides,  a mere  spark  does  not  set  it  off. 
Dynamite  is  slow  to  catch  fire,  but  burns  rather 
fiercely  when  fired,  and  if  the  quantities  are  large  or 
under  confinement  an  ex[)losiou  may  finally  ensue  ; 
but  it  cannot  be  ignited  by  a spark,  and  if  fired  by  a 
flame  it  leaves  time  to  the  workers  to  save  themselves 
before  an  exjdosion  sets  in. 

There  is  a kind  of  danger  speci.il  to  nitro-glycerine 
preparations,  against  w'hich  miners  cannot  be  too 
much  or  too  frequently  warned.  Owing  to  the 
property  of  the  nitro-glycerine  contained  therein 
crystallizing  at  a low  temjserature,  it  becomes 
hardened,  and  must  be  frequently  thawed  in  winter 
to  refit  the  cartridge  for  use.  In  spite  of  warning 
instructions  contained  in  every  5 lb.  paokage  of 
dynamite,  and  of  very  suitable  wanning  pans, 
wherein  the  operation  is  easily  and  safely  per- 
fonued,  miners  will  insist  on  doing  it  in  their  own 
way;  and  it  is  almost  impossible  to  make  them 
understand  how  a cartridge,  which  firing  does  not 
set  off,  cannot  be  slowly  heated  with  the  same 
impunity.  Thus  they  will  roast  nitro-glycerine 
preparations  near  a fire  or  on  hot  cinders,  or  wher- 
ever there  is  real  danger  to  put  them,  and  only  too 
frequently  accidents  are  due  to  that  cause. 

Danger  from  concussion,  which  has  proved  so 
disastrous  with  nitro-glycerine,  has  never,  as  far 
as  known,  been  the  cause  of  any  accident  either 
from  gun-cotton  or  dynamite.  But  this  immunity  is 
only  in  a very  small  degree  due  to  the  cause  to  which 
it  is  almost  univer-sally  ascribed.  There  is  a notion 
abroad  that  dynamite  is  quite  insensible  to  a blow  ; 
that  the  porous  material  called  kieselguhr  cushions  the 
nitro-glycerine  particles  so  as  to  change  completely 
the  exjilosive  properties;  that  the  liquid  explosive, 
when  absorbed  in  porous  silica,  becomes  endowed 
with  much  greater  chemical  stability.  For  this 
opinion  there  is  scarcely  any  foundation.  The 
main  danger  to  nitro-glycerine  arose  from  the 
sensitiveness  to  concussion  which  it  acquires  through 
contact  with  a hard  metallic,  strongly  vibrating 
substance,  such  as  the  tin  canisters  in  which  it  was 
contained.  The  main  safety  of  dynamite  is  derived 
from  the  absence  of  any  hard  vibrating  material  in 
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immediate  contact  with  the  nitro-glycerine  which  it 
contains. 

A tin  cartridge  filled  with  nitro-glycerine  is  not 
exploded  if  it  drops  from  a height  of  several  hun- 
dred feet  on  to  soft  ground  ; yet  that  same  tin 
cartridge,  falling  only  3 feet  high  on  an  anvil, 
bottom  foremost,  is  sure  to  set  the  charge  off, 
though  there  is  not  a particle  of  the  explosive  on 
the  outside. 

I tshoiild  be  borne  in  mind  that  water  has  the 
property  of  displacing  the  nitro-glycerine  in  dyna- 
mite ; the  cartridges  must  therefore  be  kept  drJ^  and 
the  packing  made  water-tight  as  far  as  practicable. 

Gun-cotton  requires  no  such  precautions,  and 
ranks,  ,as  regards  safety  from  concussion  in  manu- 
facture and  transit,  first  amongst  modern  explosives. 
However,  the  danger  most  dieaded  in  modem  ex- 
plosives is  not  from  concussion,  but  from  their 
liability  to  chemical  decomposition,  productive  of 
heat,  which  sometimes  leads  to  ignition  andex[)losion. 
This  is  a matter  of  weighty  consideration,  and  those 
who  carry  or  store  exjilosive  substances  are  fairly 
entitled  to  require  that  they  should  not  go  off  with- 
out external  cause. 

It  is  only  recently  tluit  the  true  cause  of  chemical 
instability,  which  belongs  to  the  whole  class  of 
nitrated  organic  compounds,  has  been  clearly  defined. 

After  their  nitration  a certain  portion  of  acid, 
sulphuric,  nitric,  and  hypo-nitric,  always  adheres  to 
those  compounds,  more  or  less,  according  to  their 
form  and  structure.  From  a liquid  explosive  sub- 
stance the  acids  are  easily  washed  out.  by  churning 
it  with  Witter  first  and  then  with  alkaline  solution. 
But  a granular,  flocky,  or  fibrous  materiiil  retains 
the  acids  with  far  greater  tenacity,  particularly  the 
nitrous  and  hypo-nitric  acids,  which  ev'ery  nitrated 
organic  compound  has  a strong  tendency  to  retain. 

It  is  quite  clear  that  if  there  is  hypo-nitric  acid 
present,  that  highly  corrosive  material,  which  attacks 
almost  every  organic  compound,  even  at  the  ordinary 
temperature,  must  be  removed;  if  not  it  will  slowly, 
but  surely,  lead  to  an  incipient  decomposition, 
which,  acting  on  a nitrated  substance,  sets  fri'e  por- 
tions of  dioxide  of  nitrogen  or  hypo-nitric  acid. 

From  nitro-glycerine  the  corrosive  .acid  is  washed 
out  with  the  utmost  facility,  and  from  the  moment 
when  the  importance  of  that  operation  became 
fully  appreciated  it  has  never  been  neglected. 
Hence  the  chemical  stability  exhibited  by  dynamite 
under  all  conditions  of  climate.  It  sometimes 
indicates  an  acid  reaction ; but  that  is  due  to  the 
absorbent,  and  not  to  the  slightest  tr.ace  of  hypo- 
nitric  acid  present. 

The  great  influence  of  even  the  minutest  quan- 
tity of  hypo-nitric  acid  in  starting  a decomposition 
is  not  very  ea.sy  to  demonstrate  by  actual  experi- 
ments on  gun-cotton,  or  any  analogous  substance; 
but  it  is  rendered  very  plausible  by  mixing  together 
certain  substances,  such  as  spirits  of  wine,  or  gly- 
cerine and  nitric  acid,  with  or  without  addition  of 
nitrate  of  urea,  which  frees  it  from  hypo-nitric 
acid.  The  pure  nitric  acid  produces  no  decomposi- 
tion even  at  a high  temperature,  while  the  slightest 


quantity  of  hypo-nitric  acid  will  bring  about,  more 
or  less  quickly,  even  at  0°  Centigrade,  a violent 
decomposition.  A similar  use  of  nitrate  of  urea  for 
neutralizing  hypo-nitric  acid  in  dried  gun-cotton 
would  not  have  the  same  effect,  for  alkali  or 
amide  must  be  in  solution,  so  that  atom  touches 
atom ; if  not,  the  reaction  is  localized,  and  cannot  be 
depended  on. 

Ur.  Spuengel  has  started  the  ingenious  idea  of 
adding  for  the  same  purpose  a soluble  organic  base  to 
nitro-glycerine,  but  when  the  nitro-glycerine  crx’stal- 
'lized  it  would  separate  from  the  b.ase,  and  on  being 
thawed  a uniform  solvency  might  not  readily  take 
place. 

Undoubtedly  the  chemical  stability  of  organic 
nitrated  compounds  is  to  a certiiin  degree  imper- 
fect, and  it  is  very  desirable  that  they  should  be  so 
far  improved  as  to  stand  for  any  length  of  time  ex- 
posure to  the  temperature  of  boiling  water.  This 
is  not  as  yet  the  case  with  either  gun-cotton  or 
nitro-glycerine,  even  when  both  are  thoroughly 
washed. 

Although  nitro-glycerine  has  exhibited  upon  the 
whole  greater  chemical  stability  than  gun-cotton, 
yet  it  acquires  that  superiority  only  after  being 
tlioroughly  purified  from  acid  at  the  factory. 
AVhen  it  contains  free  hypo-nitric  acid  it  cannot 
be  stored  at  all  in  hot  weather,  and  even  during 
the  course  of  its  manufacture  it  has  several  times 
given  rise  to  a decomposition,  ending  with  explosion 
and  loss  of  lives.  The  instability  of  the  crude  article 
contrasts  so  strongly  with  the  stability  of  the  pure 
nitro-glycerine  in  dynamite,  as  to  remove  every  trace 
of  doubt  regarding  the  decomposing  influences  of  the 
adhering  acids. 

Local  accidents  from  modern  explosives  are  almost 
exclusively  to  be  attributed  to  injudicious  thawing  of 
nitro-glycerine  preparations,  to  reckless  removal  of 
the  tamping  in  bore-holes  after  a miss-fire,  to  forcing 
in  gun-cotton  cartridges  too  wide  for  the  bore-hole 
to  receive  them,  and  to  playing  with  the  detonator- 
caps. 

Amongst  the  most  grievous  complaints  of  miners 
about  modern  explosives  is  the  poisonous  nature  of 
the  fumes  emitted,  which  exposes  them  to  most 
serious  inconvenience. 

Slight  attention  was  paid  at  the  beginning  to 
those  compliiints.  partly  because  if  fumes  are  in- 
jurious miners  must  allow  them  time  to  draw  off, 
or  the  proprietor  must  increase  ventilation  ; partly 
also  beciiuse  it  is  almost  impossil  le  to  accord  the 
notions  of  modern  chemistry  with  the  existence  of 
poisonous  fumes.  The  gre.at  power  of  a detonating 
substance,  like  gun-cotton  or  nitro-glycerine,  c.an 
only  be  explained  by  the  high  temperature  of  the 
gaseous  products  produced,  and  theory  tells  and 
practice  proves  that  at  very  high  temperatures  no 
complex  chemic.al  combinations  can  exist.  Hence 
nitro-glycerine,  when  it  deton.ates,  must  split  up 
into  c.arbonic  acid,  carbonic  oxide,  water,  and 
nitrogen.  Under  such  circumstances  it  seemed 
difficult  to  explain  the  reiterated  complaints  of  pois- 
onous fumes  coming  from  the  mines.  About  their 
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existence  there  can  no  longer  be  any  doubt,  and 
the  poisonous  element  consists  of  hypo-nitric  acid, 
against  which  ammonia  would  prove  a very  effective 
remedy.  But  such  fumes  are  never  tl;e  products  of 
a rational  use  of  the  explosive  substance,  and  it  is 
quite  evident  that  hypo-nitric  acid  can  never  escape 
decomposition  in  an  atmosphere  of  3000°  C.  or 
more  with  combustible  elements  in  presence. 

It  does  not.  But  when  a dynamite  cartridge 
burns  instead  of  exploding,  the  combustion  takes 
place  at  a much  lower  temperature,  and  the  nitric 
acid  contained  in  the  nitro-glycerine  gives  off  only 
part  of  its  oxygen,  forming  dioxide  of  nitrogen, 
which  escapes,  and  in  contact  with  the  atmosphere 
gets  converted  into  hypo-nitric  fumes.  It  is  easy 
to  become  convinced  by  actual  experiment  of  the 
different  atmosphere  produced  by  a cartridge  when 
burning  or  exploding.  In  the  worst  ventilated 
tunnel  twenty  cartridges  may  be  detonated  with- 
out as  much  molestation  as  is  caused  by  the  burning 
of  one. 

The  frequent  occurrence  of  bad  fumes  in  mines 
proceeds  from  the  general  mistake  of  not  securing 
tlie  detonator-cap  to  the  luse,  and  the  fuse  to  the 
cartridge.  In  charging,  the  miner  under  such  cir- 
cumstances easily  draws  fuse  and  cap  out  of  the 
cartridge,  leaving  them  separated,  so  that  the  cap 
cannot  possibly  exercise  its  detonating  influence. 
IV hat  then  takes  place  is  this.  Part  of  the  dynamite 
burns,  emitting  hypo-nitric  fumes,  and  part  generally 
explodes  under  the  influence  of  accumulating  heat 
and  pressure.  Thus  the  charge  gois  off.  but  with 
a far  inferior  effect  to  that  of  a projier  detonation, 
and  with  emission  of  a great  deal  of  red  fumes  of 
hypo-nitric  acid. 

The  poisonous  character  of  nitro-glycerine  has 
been  referred  to  above.  Should  in  some  cases  the 
death  of  a person  be  suspected  to  be  due  to  this 
substance,  the  following  method  will  serve  to  give 
evidence  for  the  existence  of  nitro-glycerine  in  the 
body.  Parts  of  the  body,  liver,  intestines,  &c.,  are 
- extracted  with  ether  or  chloroform ; a few  drops  of 
the  extract  are  placed  in  a watch-glass,  mixed  with 
two  or  three  drops  of  aniline,  evaporated  until  ether 
(or  chloroform)  and  water  have  gone  off,  and  to  the 
residue  a drop  of  concentrated  sulphuric  acid  is 
added.  If  nitro-glycerine  is  present  the  contents 
of  the  watch-glass  will  assume  a crimson  colour,  due 
to  the  reaction  between  atdline  sulphate  and  nitric 
acid,  the  latter  having  been  liberated  from  the  nitro- 
glycerine. 

OIL. — //((iVc,  French  ; Oe/,  German;  Latin. 

— Oily  bodies  are  generally  divided  into  two  classes, 
fixed  or  fat  oils,  and  essential  or  volatile  oils.  The 
two  are,  however,  entirely  dissimilar,  both  in  proper- 
ties and  composition ; indeed,  except  in  the  one 
common  property  of  greasiness,  they  are  not  at  all 
allied  to  each  other.  The  essential  oils  emit  at  ordi- 
nary temperatures  a distinctive,  odorous,  and  pene- 
trating vapour,  and  when  dropped  on  paper  do  not 
produce  a permanent  greasy  spot;  while  the  stain  of 
a fixed  fatty  oil  does  not  disappear  by  exposure,  nor 
even  when  the  paper  is  subjected  to  a gentle  heat. 

Fats  and  fixed  oils  contain  a very  large  propor- 
tion of  carbon,  as  compared  with  that  of  the  other 
constituents  — a character  that  distinguishes  this 
class  of  substances  from  the  greater  number  of 
compounds  of  organic  origin.  In  many  instances 
the  amount  of  carbon  is  from  70  to  80  per  cent., 
and  upon  this  property  depends  their  great  value  as 
food,  and  as  sources  of  light. 

Sources. — Oils  are  found  abundantly  in  the  vege- 
table and  animal  kingdoms.  They  occur  in  various 
parts  of  plants,  but  principally  in  the  cellular  struc- 
ture of  seeds,  and  in  the  fleshy  pulp  which  surrounds 
them.  That  part  of  the  seed  which  gives  birth  to 
the  cotyledon  contains  most.  The  seeds  richest  in 
oil  are  those  belonging  to  the  genus  CrRci/cr a;,  and  next 
to  that  are  the  Driipacex,  Aomentacex,  and  Solancx. 
Linseed  contains  20  per  cent,  of  oil,  rape  from  3.5  to 
40,  castor  seed  GO  per  cent.,  and  nuts  about  half  their 
weight.  The  quantity  of  oil  furnished  by  seeds  varies, 
not  only  with  the  species,  but  in  the  same  seed,  with 
climate  and  method  of  cultivation.  The  seeds  should 
be  ripe,  fresh,  and  of  good  quality.  The  yield  of  oil 
is  always  less  than  that  actually  contained  in  the  seed, 
and  the  quantity  remaining  in  the  marc  or  pressed 
cake  is  greater  in  proportion  as  the  starchy,  ligneous, 
and  albuminous  principles  predominate. 

Ertimutioii  0/  Oil  Seeds. — The  exact  quantity  of  oil 
contained  in  seeds  is  estimated  bj'  taking  a given 
quantity  of  seed,  bruising  it,  and  treating  it  repeatedly 
with  ether,  until  the  oil  is  completely  extracted. 
The  solution  is  then  evaporated  by  means  of  a water 
bath,  and  the  oily  residue 
remaining  is  washed  with  *’'S-  !• 

water  to  remove  soluble 
matters,  then  dried  and 
weighed,  and  the  result  fl 

is  the  proportion  of  oil  jl 

present  in  the  seed.  ^ 

Dr.  Voul’s  apparatus 
(Fig.  1)  consists  of  an  ex-  | A® 

tractor  and  boiler  made  m 

of  glass,  and  connected 
with  a condensing  appar-  ^ 

atus.  The  ether  or  other 
solvent  is  poured  on  the 
seed  in  the  extractor,  a,  ||  j|l 

through  which  it  descends  | i:  / ;jM  i 

to  the  boiler,  B.  The 

oily  solution  obtained  _ 

is  then  heated,  and  the 
vap  our  ascends  through 
the  centre  to  the  top  of 

the  extractor,  where  it  is  condensed  by  the  head  and 
cooler,  and  may  be  used  over  again. 

I'he  average  of  oil  in  ten  samples  of  the  follow- 
ing seeds  was  with  this  apparatus; — 

100  Parts.  Olt 

binseed, 271.') 

Heinp, 25'87 

Popjiy, 49‘4 

Walnuts, .'iO'06 

Ainu  nds, ,t2'41 

Seeds  of  grapes, 17’95 

The  part  of  the  plant  in  which  fats  and  oils  are 

i 
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originally  produced  is,  according  to  Ditmas,  the  green 
leaves  only,  whence  they  are  removed  by  a process  of 
circulation,  and  deposited  in  the  seeds  and  fruits. 

In  animals,  fats  are  contained  chielly  in  the  cel- 
lular membrane,  and  for  the  most  pai  t immediately 
beneath  the  skin ; also  interiorly,  particularly  in  the 
omentum,  and  in  the  region  of  the  kidneys.  This 
substance  exists  in  the  form  of  globules  or  small 
drops,  and  swims  in  the  ,animal  fluid  with  which  the 
cells  are  filled.  In  the  species  of  whale,  the  bony 
cavity  of  the  head  is  the  depository  of  the  secreted 
spermaceti;  and  in  the  case  of  butter,  the  fat  is  mi.\ed 
in  a liquid  state  in  milk.  Oils  and  fats,  both  in  plants 
and  animals,  are  always  associated  with  an  albumin- 
ous principle,  which,  from  its  peculiar  liability  to 
change,  exercises  an  important  influence  upon  the 
oils  when  kept  for  any  length  of  time.  The  non- 
drying oils,  on  account  of  their  contiuning  a larger 
quantity  of  these  matters,  are  liable  to  become  rancid, 
acijuire  an  ticrid  taste,  nauseous  odour,  and  redden 
litmus.  By  exhausting  rancid  oils  with  boiling  water 
and  treating  them  in  the  cold  with  a we.ak  alkaline 
solution,  they  may  be  freed  from  the  products  of 
decomposition  and  restored  to  their  natural  state, 
'rurned  butter  may  thus  be  made  equal  to  fresh. 

I’uopERTiES. — ^"rhe  consistence  of  fatty  matters  at 
ordinary  temperatures  is  very  variable — from  that  of 
extreme  fluidity,  as  in  the  oil  of  almonds,  to  that  of 
solid  masses,  as  suet  or  butter.  Those  obtained 
from  warm-blooded  animals  are  usually  soliii  at  ordi- 
nary temperatures,  whilst  fish  oils,  and  those  pro- 
cured from  Cold  - blooded  animals,  remain  liquid  ; 


Kame  of  Oil. 

Oil  of  the  Seeds  of 

Secomla  of  time  re- 
quired to  flow  through 
a given  ai>erture, 

+7-5°C. 

Fluidity 
Water  = lOO'O 

+ 15°  + 7-5® 

Castor  oil, 

Ricinus  communis  L 

idccxilUsi. 

)8.U 

tjecuiids. 

4-9 

2-6 

Olive  oil 

Olea  europaea  L 

J95 

284 

46-1 

31-1 

Gourd  seed  oil, 

Cucurbita  pepo  L 

18.5 

240 

48-6 

37-5 

Hazel-nut  oil, 

Corylus  avellana  L 

166 

218 

.54-2 

41-2 

Colza  oil, 

Brassica  campestris  oleifera  Dec 

162 

222 

.55 -5 

40-5 

Itape  seed  oil  (winter), 

Brassica  napus  oleifera  Dec 

159 

204 

56-6 

44-1 

Beech  oil, 

Fagus  sylvatica  L 

1.58 

237 

.56 -9 

37-9 

Mustard  oil  (from  white  seed), 

Sinapis  aloa  L 

1.57 

216 

57-3 

41-7 

Almond  oil, 

Amygdalus  communis  L 

1.50 

209 

60-0 

43-0 

Kape  seed  oil  (summer) 

Brassica  prajcox  Dec 

148 

205 

60-8 

43-9 

iSpindle-tree  oil, 

Evonymus  europaeus  L 

143 

210 

62-9 

42-8 

Kadish  seed  oil, 

Raphaniis  sativus  L 

143 

197 

62-9 

45'0 

Itape  oil 

Brassica  napobrassica  Mill 

14-2 

200 

63-3 

4.5-0 

Mustard  oil  (from  black  seed), 

Sinapis  nigra  L 

141 

175 

63  8 

51-4 

I’oppv  oil, 

Papaver  somniferum  L 

1-23 

165 

73-1 

54-5 

Oil  of  deadly  nightshade, 

Atropa  belladonna  L 

118 

157 

76-2 

57-3 

Sunflower  oil, 

Helianlhus  annuiis  L 

114 

148 

78-9 

60-8 

Oil  of  Scotch  fir  seed, 

Pinus  silvesiris  L 

107 

151 

84-1 

.59-6 

Cress  seed  oil, 

Lepidium  sativum  L 

103 

130 

87-3 

69-2 

Grape  seed  oil, 

Vitis  vinifera  L 

99 

128 

90-9 

70-3 

Plum  kernel  oil, 

Prunus  domestica  L 

93 

132 

96-7 

68-1 

Tobacco  oil, 

Nicotiana  tabacum  L 

90 

122 

100-0 

73-7 

Oil  of  honesty, 

Hesperis  niatronalis  L 

89 

11-2 

101-1 

80-3 

Walnut,  or  nut  oil, 

1. inseed  oil, 

.luglans  regia  L 

88 

106 

102-2 

84-9 

Linum  usitatissimum 

88 

104 

102-2 

86-5 

Hemp  seed  oil, 

Cannabis  sativa  L 

87 

107 

103-4 

84"2 

Weld  seed  oil 

Reseda  luteola  D 

73 

96 

103-7 

93-7 

sometimes,  however,  the  same  plant,  as  well  as  ani- 
mal, yields  both  varieties. 

Oils  are  neutral  bodii  s,  have  a more  or  less  viscid 
consistence,  are  almost  entirely  insoluble  in  water, 
but  dissolve  in  alcohol  and  ether;  they  take  fire 
when  heated  in  the  air,  an  i burn  with  a more  or  less 
smoky  flame.  They  are  readily  oxidised  by  any  of 
the  usual  oxidising  reagents. 

The  value  of  oils  as  combustibles  is  greatly  affected 
by  their  degree  of  fluidity.  This  is  determined  by 
the  period  required  for  a given  quantity  to  flow 


Fig-  2- 


through  a funnel  of  known  dimensions.  With  an 
apparatus  similar  to  that  represented  in  Fig.  2,  the 
following  results  have  been  obtained.  The  outlet 
for  the  oil  was  an  aperture  of  1‘6  m.m.  diameter. 


The  specific  gravity  of  oils  and  fats  is  always  below 
that  of  water,  and  varies  from  0-91  to  0‘94  at  60° 
Fahr.  (15°‘5  C.).  The  oils,  of  all  fluids,  expand  the 
most  by  heat,  and,  indeed,  in  some  cases  to  such 
a degree  as  to  render  it  necessary,  for  the  purposes 
of  commerce,  to  know'  exactly  the  extent  of  this 
expansion.  The  following  tiible,  given  by  Sacs- 

VOI,.  IT. 


SURE,  shows  the  density  of  several  oils  at  different 
temperatures : — 

At  53“  Fahr.  At70»Fahr.  At  122“  Fahr.  At  200“  Fahr. 

Nut  oil 0-928  0-9)9 — 0-871 

Almond  oil 0-920  ....  — ....  — ....  0-863 

I.inseed  oil, 0-939  0-930  0-921 0-881 

Castor  oil, 0-970  0-957  — 0-908 

Olive  oil, 0-919 0-911 0-893  0-862 


.57 
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OIL. — Specific  Gravity. 


For  every  degree  of  Celsius  the  volume  of  olive 
oil  incre:ises,  according  to  Preisser,  -r^’o^yth,  of 
rape  oil  xtVo**’’  train  oil 

measures  of  train  oil  at  32°  Fahr.  will  become  in 
summer  at  68°  Fahr.  102  measures. 

Common  hog’s  lard  at  60°  Fahr.  (15‘5  C.)  has  a 
specific  gravity  of  0‘938  in  its  fluid  state;  at  122°  it 
is  0‘8!)2;  at  1.55°  it  is  0’881 ; and  at  200°,  0-863.  The 
specific  gravity  of  oil  increases  also  with  its  age ; 


indeed,  it  may  be  remarked,  that  no  accurate  deter^ 
mination  of  the  degree  of  purity  of  an  oil  can  be 
deduced  from  its  density,  as  there  are  frequent  dis- 
crepancies in  the  same  kind  of  oil,  according  to  the 
locality  where  the  plant  was  cultivated,  and  the 
varied  modes  of  extracting  the  oil. 

The  annexed  table,  from  Watt’s  “Diet,  of 
Chemistry,”  gives  the  specific  gravities  and  points 
of  solidification  of  the  oils  in  common  use. 


Name  of  OiL 

Plant. 

Specific  Gravity. 

Solidifying  Point. 

DKYING  OILS. 

Cress  seed, 

0 924 

Degrees  C. 

— 15 

Deadly  nightsh.-ide, 

Gold  of  pleasure, 

Atropa  belladonna, 

Camelina  sativa, 

0-9-25 

0-93075 

— 27-5 

— 19 

Gourd  seed, 

Cuciirhita  pepo, 

0-9231 

— 15 

Grape  seed, 

Viiis  viuifera, 

0-9202 

— 11 

Hemp  seed, 

Cannabis  ^ativa, 

0-93075 

— 27-5 

Oil  of  honesty, 

Hesperis  matronalis, 

0-9-232 

Below  — 15 

Linseed, 

Linum  usitatissimum, 

0-93515 

Below  — 20 

Oil  of  madi, 

Madia  sativa, 

0-92«6 

Below  — 10 

0-92702 

— 18 

0-92504 

— 16 

Finns  sylvestris, 

0-9312 

— 30 

Silver  fir  cones, 

Abies  picea, 

0-926 

0*9283 

0-9232 

— 15 

0 92878 

— 18 

0-9358 

NON-DRYlNa  OILS, 

0-91844 

— 21 

Beech  nut, 

Fagus  sylvatica, 

0-923 

— 17-5 

Seed  of 

Butea  frondosa, 

0-917 

+ 10 

it 

0-942 

Castor  oil, 

0-9639 

— 18 

Cotton  seed, 

Gossypium  barbadense 

0 9306 

Colza, 

Brassica  campestris  oleifera 

0 9136 

— — 6-25 

0 94263 



Cyperus  grass, 

Cyperus  esculentus, 

0-918 

0-914 

— 

Earth  nut, 

0-918 



Ergot, 

Secale  cornutum, 

0-922 

— 37 

Hazel  nut, 

Corylus  avellana, 

0-91987 

— 19 

Henbane, 

Hyoscyamus  nigra, 

0-913 

— 

Horse  chestnut, 

.®sculus  hippocastanum, 

0-915 

+ 8 

Mesua  seed, 

Mesua  I'errea, 

0-954 

+ 5 

0 92102 

Below  0 

White  mustard, 

Sinapis  alba, 

0-93383 

Does  not  solidify 

0-92 

+ 2 

Root  and  seed  of 

Piiius  quadrifolia, 

0-935 

Parsley, 

Petroselinum  sativum, 

1-078 

Does  not  solidify  at  — 12 

Plum  kernel, 

Prunus  domestica, 

0-9127 

— 8-7 

Seed  of 

Pongamia  glabra, 

0-915 

+ 8 



0 91648 

Below  0 

Sesame 

Sesainum  orientale 

0 92415 

— 5 

9])in<lle  tree, 

0-95717 

— 12 

Spurj^e 

0-9-2613 

— 11-25 

Fats  and  oils  may  be  exposed  to  a considerably 
high  temperature  without  suffering  any  important 
change ; but  at  a heat  of  between  50U°  and  600° 
Fahr.  they  are  rapidly  decomposed,  and,  therefore, 
will  not  admit  of  distillation.  This  property  espe- 
cially distinguishes  the  fixed  from  the  essential  or 
volatile  oils,  which  can  be  distilled  without  altera- 
tion. The  continued  action  of  heat  upon  fat  oils 
has  a ver}"-  remarkable  effect.  A little  above  500° 
Fahr.  they  assume  a darker  colour,  and  evolve  acrid 
and  offensive  vapours;  and  when  furthbr  heated  to 
about  600°  give  off  carbonic  acid  and  carburetted 
hydro  ’:en  gases,  accompanied  by  a peculiarly  irritat- 
ing .substance  termed  acrolein  (Cgll^O),  various  vola- 


tile organic  acids,  and  solid  and  liquid  hydrocarbons. 
The  result  of  the  action  of  heat,  however,  is  not 
always  the  same,  but  varies  with  the  nature  of  the 
oil.  The  period  at  which  these  alterations  occur 
has  been  improperly  called  the  boiling  point,  the 
phenomena  of  apparent  ebullition  arising  from  the 
escape  of  the  gases  produced  by  the  decomposition 
of  the  oil.  When  introduced  in  small  portions  into 
red-hot  vessels,  or  what  is  the  same  thing,  when  the 
vapour  of  oils  is  made  to  pass  slowly  through  a red- 
hot  tube,  they  are  almost  entirely  converted  into 
volatile  products,  consisting  principally  of  carbonic 
oxide,  and  gaseous,  liquid,  and  vaporous  hydro- 
carbons. This  mixture  constitutes  oil  f/as,  which  in 


/ 


OIL. — Non-drying. 


illuminatin?  power  is  far  superior  to  tliat  of  the  best 
coal  gas,  and  exceeds  in  this  property  three  and  a 
half  times  that  of  ordinary  coal  gas. 

Excluded  from  air,  oils  may  be  preserved  un- 
changed for  a lengthened  period  ; but  when  exposed 
to  the  air  some  oils,  through  the  absorption  of 
oxygen,  become  converted  into  a thi-^-k  and  viscid 
mass ; others  are  changed  into  a tr.ansparcnt  resinous 
body  or  varnish,  especially  when  they  are  in  thin 
strata.  This  reaction  constitutes  another  well-marked 
distinction  of  the  oils  into  the  two  classes,  nou-dnjing 
or  greasy  oils,  and  siccative  or  drying.  The  former 
class,  though  they  may  acquire  more  colour  and 
solidity,  never  lose  their  property  of  communicat- 
ing a greasy  stain ; and  the  latter  do  not  solidify 
when  mixed  with  nitrous  acid  or  mercuric  nitrate. 
Oleic  acid,  as  obtained  from  drying  oils  by  absoip- 
tion  of  oxygen,  dries  to  a resinous  mass,  like  the  oil 
from  which  it  is  derived,  and  appears  to  be  a distinct 
substance  from  the  oleic  acid  of  non-drying  or  greasy 
oils.  The  most  important  drying  oils  are  those  of 
linseed,  poppy  seed,  grape  seed,  and  nuts ; and  all 
are  much  more  susceptible  of  the  change  after  having 
been  heated  with  the  addition  of  a small  quantity  of 
oxide  of  lead.  The  principal  non-drying  oils  are 
those  of  olive,  colza,  sweet  almonds,  rape  seed,  and 
palm  oil.  These,  when  heated  with  plumbic  oxide, 
turn  rancid,  become  thick  and  less  combustible,  and 
acquire  an  offensive  smell,  more  especially  when 
they  contain  much  impurity,  such  as  albumen  or 
mucilage. 

Saussure,  w’ho  particularly  investigated  this  action 
of  air  or  oxygen  on  oils,  found  that  recently- 
expressed  fixed  oils  are  scarcely  affected  by  the 
oxygen  of  the  atmosphere,  but  that  after  a variable 
period,  sometimes  of  .several  months,  but  dependent 
upon  temperature  and  exposure  to  light,  they  begin 
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rapidly  to  absoi'b  oxygen,  and  evolve  hydrogen  and 
carbonic  acid  gases.  Sal'SSURe’s  experiment  to  prove 
the  absorption  of  oxygen  by  oil  was  the  following: — 
A layer  of  nut  oil,  one  quarter  of  an  inch  thick,  and 

inches  in  diameter,  was  inclosed  in  oxygen  gas 
standing  over  quicksilver.  During  eight  months, 
from  December  to  August,  the  oil  absorbed  only 
three  times  its  bulk  of  gas,  but  in  the  course  of  ten 
days  in  the  latter  month  it  absorbed  sixty  additional 
volumes.  This  absorption  of  oxygen  diminished  pro- 
gressively, and  at  the  end  of  three  months  entirely 
ceased,  and  the  oil  had  taken  up  155  times  its  bulk 
of  the  gas.  No  water  was  generated,  but  twenty-two 
volumes  of  carbonic  acid  were  disengaged,  and  the 
result  was  a tran.sparent  jelly,  which  did  not  produce 
a stain  on  paper. 

Linseed  oil,  in  undergoing  this  metamorphosis, 
does  not  evolve  any  gas. 

Under  certain  circumstances  the  alteration  by  the 
action  of  oxygen  becomes  so  energetic  as  to  lead  to 
a considerable  elevation  of  temperature,  and  ultimate 
inflammation  ; and  particularly  if  the  surface  of  the 
oil  is  greatly  extended,  as  in  the  case  of  oily  wool  or 
hemp,  or  greasy  cloth,  which,  when  left  in  a heap, 
has  frequently  taken  fire  spontaneously,  and  caused 
the  destruction  of  mills,  warehouses,  and  ships.  In 
illustration  of  these  occurrences,  it  may  be  proved 
experimentally  that  if  paper,  linen,  tow,  wool,  cotton, 
or  bodies  of  a like  nature,  be  slightly  imbued  with 
linseed  or  hempseed  oil,  and  placed  in  contact  with 
sun  and  air,  especially  when  in  heaps  or  piles,  they 
will  quickly  inflame. 

Vegetable  Non-drying  Oils. — The  subjoined  is  a list 
of  the  principal  greasy  oils  of  commerce,  with  the 
plants  that  yield  them,  their  specific  gravity,  and  the 
percentage  amount  of  oil  that  may  be  extracted  from 
some  of  the  seeds  mentioned  : — 


Niini«  of  OiL 

Flauts. 

Specific  Gravity. 

Yield  of  Oil  Per  Ceut. 

Olive  oil, 

Olea  europsea, 

0-917C 

From  Olives — 

30  lo  30 

Rape  seed  oil, 

Brassica  campestris  et  najnis, 

0-9136 

From  Seeds — 

30  to  36 

Colza  oil, 

Brassica  campestris  oleifera, 

0-9136 

36  to  40 

0-9390 

36  to  40 

Almond  oil, 

Amygdalus  communis, 

0-91fc0 

28  to  64 

Cocoa-imt  oil, 

Cocos  nucifera, 

Palm  oil 

Cocus  butyracea  vel  avoira  elais, 

0-9680 

— 

Teel  oil, 

Sesamum  orientale, 

— 

40 

Oil  of  behen  or  ben, 

Gnilandina  mohringa, 

— 

— 

Beech  oil, 

Fagus  sylvatica 

0-9225 

15  to  17 

Oil  of  mustard 

Sinapis  nigra  et  arvensis 

0-9160 

15  to  38 

Plum  kernel  oil 

Pruiiis  domestica, 

0-9 127 

33-3 

Butter  of  cacao, 

Theobroma  cacao, 

0-8920 

— 

Laurel  oil, 

Laurus  nobilis, 

Arachis  hypogoea, 

— 

— 

Ground  nut  oil, 

0-9242 

60 

Pincy  tallow, 

Valeria  indica, 

0-9260 

— 

0-9 !b7 

10 

Cherry-stone  oil, 

Prunus  cerastus, 

0-9239 

Apple  seed  oil 

Pyrus  malus 

— 

— 

Evonymus  europnsus, 

0-9380 

Cvperus  esciilentA, 

0-9180 

Henbane  seed  oil, 

Hyoscyamiis  niger, 

.iEsculus  hippocastanus, 

0 9130 



Horse-chestnut  oil 

0-9270 

2 to  8 

Characters  of  the  Drying  Oils. — 'fhe  drying  oils  vary 
from  those  just  enumerated  by  becoming  gradually 
converted  into  solid  masses  by  exposure  to  the 


atmosphere,  and  also  by  not  being  solidified  by  con- 
tact with  nitrous  acid  or  mercuric  nitrate.  Their 
principal  use  is  in  the  preparation  of  varnishes  and 


452 


OIL. — Drying.  Extraction. 


painters’  colours,  and  the  more  quickly  they  become 
hard  by  exposure,  the  more  valuable  are  they  for 
these  purposes.  Their  siccative  properties  are  much 
increased  by  heating  them  with  various  substances, 
(such  for  instance  as  litharoe),  which  promote  their 
absorption  of  oxygen.  Oxide  of  manganese,  oxide 
and  sulphate  of  zinc,  and  magnesia  are  also  used  to 
produce  a similar  effect;  what  is  technically  known  as 
hoikd  oil  being  linseed  oil  which  has  been  thus  treated. 
Dcmas  and  others  consider  the  effect  to  be  due,  in 
a great  measure,  to  the  presence  of  oleate  and  stearate 
of  lead  dissolved  in  the  oil. 

According  to  Chevreul,  the  common  practice  of 
heating  the  oil  to  a very  high  degree,  and  for  a con- 
siderable length  of  time,  is  not  essential  to  the  pro- 
duction of  a good  drying  oil;  linseed  oil  heated  to 
140°  Fahr.,  with  the  addition  of  10  per  cent,  of  its 
weight  of  oxide  of  manganese,  drying  very  rapidly. 

Liebig  is  of  opinion  that  the  increased  rapidity 
with  which  oil  thus  treated  becomes  hard  on  ex- 
posure, is  owing  to  the  separation  of  the  mucilaginous 
and  other  matters  by  the  oxide  of  lead,  and  that  the 
atmospheric  oxygen  is  thus  brought  more  closely 
into  contact  with  each  particle  of  oil.  The  formation 
of  varnish  is  thus  reduced  to  a simple  purification  of 
the  oil,  by  removing  all  those  substances  which  pre- 
vent the  immediate  contact  of  the  oil  with  atmosirheric 
oxygen. 

Adopting  this  assumption,  Liebig  devised  a method 
for  removing  the  mucilaginous  impurities  by  precipi- 
tation at  the  ordinary  temperature.  He  recommends 
that  the  oil  be  agitated  for  some  time  with  a mixture 


of  water,  litharge,  and  subacetate  of  lead,  without 
the  application  of  heat.  In  prosecuting  his  process 
the  basic  acetate  of  lead  is  first  prepared  as  follows: 
— 1 part  of  neutral  acetate  of  lead  is  dissolved  in 
5 parts  of  water,  and  to  the  solution  is  added  1 part 
of  finely  reduced  litharge.  The  whole  is  allowed  to 
digest  until  the  red  of  the  litharge  has  been  replaced 
by  a white  colour.  The  clear  solution  of  basic 
acetate  is  then  decanted,  and  mixed  with  an  equal 
quantity  of  water,  and  added  to  20  parts  of  linseed 
oil,  which  has  previously  been  tritur.ated  with  one 
part  of  finely  powdered  litharge.  The  mixture  now 
requires  to  be  shaken  at  intervals,  and  subsequently 
allowed  to  remain  at  rest  for  some  hours,  when  the 
impurities  subside  with  the  water,  and  the  super- 
natant oil  is  so  pure  that  it  dries  into  a varnish  in 
twenty-four  hours.  In  this  case  a small  quantity — 
4 to  5 per  cent. — of  oxide  of  lead  is  retained  in 
solution  by  the  oil ; but  contrary  to  its  effect  after 
being  boiled  with  the  oil,  it  improves,  rather  than 
deteriorates,  the  varnish  produced.  Should  it,  how- 
ever, in  any  way  interfere  with  the  uses  to  which  the 
oil  is  to  be  applied,  it  may  easily  be  removed  by 
agitation  with  dilute  sulphuric  acid.  The  solution 
of  acetate  of  lead  employed  in  the  above  method  of 
purification,  and  which  collects  below  the  stratum 
of  oil,  may  be  again  used  in  the  preparation  of  the 
sub-acetate,  by  the  addition  of  litharge  as  before. 

EiniinerutiOH  of  Dn/hif/  Oils. — The  following  is  a 
list  of  the  principal  drying  oils,  with  their  sources, 
specific  gravity,  and  the  percentage  yield  of  some  of 
the  seeds: — 


Name  of  Oil. 


Jjinseed  oil, 

Nut  oil, 

I’ojipy  oil, 

Ilem])peed  oil, 

( astor  oil 

Grape  seed  oil, 

Cucumber  oil, 

Sunflower  oil, 

Tobacco  seed  oil, 

Oil  of  julienne, 

Oil  o.'  camelina, 

Oil  of  weld  seed, 

Oil  of  cress  seed 

Oil  of  deadly  nightshade. 

Oil  of  cotton  seed, 

Pinetop  oil, 


Plants. 

Specific  Gravity. 

PeveentAge  Yield. 

Limim  usitatissiiimm  et  perenne 

0-9347 

11  to  22 

Coryliis  avellana  et  jnglans  regia, 

0-9-260 

60 

Papaver  soinniferum, 

0-9243 

to  ii'i 

Cannabis  sativa, 

0-9276 

14  to  -25 

Kicimis  conmuinis, 

0-9611 

25 

Vitis  vinifera, 

0-9-202 

— 

('iicurbita  pepo  et  melapepo, 

0-9231 

— 

Ileliantlius  annims  et  pereniiis, 

0-926-2 

15 

N'icotiana  tabaciim  et  rustica, 

0-9232 

— 

Hesperis  matronalis, 

0-9281 

18 

Myagrum  sativa, 

0-9-252 

28 

Reseda  luteola, 

0-9358 

— 

Lepidium  sativum, 

0-9240 

66  to  58 

Atropa  belladonna, 

0-950 

— 

Gossypiiim  barbadense, 

— 

— 

Pinns  aides, 

0-9-285 

— 

Extraction  of  Oil  from  Seed.s. — Most  seeds 
containing  oil  yield  it  readily  w'hen  they  are  sub- 
mitted to  strong  pressure;  to  facilitate  the  operation 
they  are,  however,  generally  first  bruised  or  crushed. 
Others  require  to  be  first  heated,  in  order  to  co- 
agulate the  mucilaginous  matters  they  contain  ; so 
that  the  oil,  which  is  much  less  viscous,  may  be  able 
to  separate  more  easily.  'I'he  oils  from  seeds  which 
have  not  been  previously  heated  are  known  as 
“ virgin  oils.”  They  generally  possess  a more 
pleasant  taste  and  smell  than  those  which  are  de- 
rived from  heated  seeds. 

Until  very  recently  the  mode  of  treatment  was 
to  pound  the  seeds  in  wooden  mortars  with  pestles 
shod  by  iron.  The  bruised  seed  was  then  put  into 


woollen  bags,  which  were  wrapped  in  horse-hair 
cloth,  and  squeezed  between  upright  wedges  in 
press  boxes.  This  process  has,  however,  of  late 
years  been  almost  entirely  superseded  by  the  hy- 
draulic oil  mill  and  press. 

Before  considering  the  comparative  advantages  of 
the  several  appliances  now  used  for  expressing  oil 
from  seeds  and  nuts,  it  may  be  interesting  to  refer 
briefly  to  the  methods  previously  adopted  before  the 
present  high  state  of  perfection  in  the  manufacture 
of  machinery  had  been  arrived  at.  These  are  lucidly 
stated  in  a paper  by  Alexander  Samuel.son  of  Hull,* 
who  describes  historically  the  growth  of  the  oil  mill. 

* “ Proceedings  of  the  lust,  of  Mechanical  Engineers,’' 
vol.  iv.  p.  27. 
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The  means  adopted  for  extracting  oil  in  the  last 
century  originated  with  the  natives  of  Ceylon,  where 
cocoa-nuts  and  other  seeds  abound;  they  were  of  the 
most  primitive  description.  The 
apparatus  (Fig.  3)  consisted  of  a 
few  posts  stuck  into  the  ground, 
supporting  two  parallel  horizon- 
tal bars,  A A,  between  which  was 
placed  a bag,  B,  conteining  the 
seed  or  pulp  of  the  cocoa-nut,  from 
which  the  oil  was  to  be  expressed; 
levers,  CC,  w'ere  then  brought  to 
bear  against  the  horizontal  bars  for 
the  purpose  .of  bringing  them  together,  and  thereby 
causing  the  required  pressure  upon  the  seed.  This 
rude  apparatus  was  one  of  the  most  approved  oil 
mills  of  that  period. 

The  pestle  and  mortar  press  for  previously  crush- 
ing the  seed  (Fig.  4)  w^as  also  in  use  about  the  same 
time,  d’he  seeds  were  placed  in  the  mortar,  and 


Fig-  4. 


were  powdered  and  broken  up  by  a heavy  pestle, 
w’hich  was  carried  round  by  the  rotation  of  a long 
arm  to  which  it  was  attached. 

This  rude  mill  was  improved  upon  by  Hebert, 
who  constructed  what  was  considered  at  that  time  a 
powerful  and  effective  machine,  combining  simplicity 
and  cheapness  with  economy  of  labour. 

It  consisted  of  an  upright  post,  a (Fig.  5),  fixed 
firmly  into  the  ground,  the  stumps  of  a tree  bejng 
often  used,  upon  the  lower  and  upright  ends 


Fig.  5. 


of  which  were  projecting  pieces,  the  upper  one 
forming  the  joint  of  the  long  horizontal  lever,  B, 
and  the  lower  one  the  joint  of  the  short  vertical 
lever,  C,  at  the  top  of  which  was  fixed  a roller  bear- 
ing against  the  under-side  of  the  horizontal  lever,  B, 
for  the  purpose  of  diminishing  the  friction  when 
pressure  was  exerted  upon  the  seed.  The  fixed 
upright  post,  a,  and  the  vertical  lever,  C,  in  this 


instance  formed  the  compressing  portion  of  the 
machine.  The  pressure  was  obtained  by  the  weight 
of  a man  suspended  from  the  end  of  the  horizontal 
lever,  b,  or  by  loading  up  a scale  pan  fastened  to 
the  same  point. 

A double  machine  was  also  constructed  on  the 
same  principle,  and  is  shown  in  Fig.  6.  The  pressure 
was  obtained  either  by  weights  or  by  a bucket  full 


. Fig.  6. 


of  water,  which  was  made  self-acting,  in  so  far  that 
as  soon  as  the  bucket  touched  the  ground  a valve 
was  opened  and  the  water  escaped,  thereby  relieving 
the  seed  from  any  further  pressure.  The  same  letters 
apply  as  in  Fig.  5. 

The  advantage  of  the  double  machine  was  that  it 
could  be  made  portable,  so  as  to  be  moved  about  at 
pleasure,  one  half  of  the  press  counterbalancing 
the  other  when  both  sides  were  in  action,  and  thus 
rendering  it  independent  of  the  ground. 

Another  appliance  of  a similar  description  is  shown 


in  Fig.  7,  the  only  difference  being  that  in  this 
instance  there  is  only  one  lever,  b,  and  the  seed 


Fig.  8. 


bags,  instead  of  being  placed  vertically,  were  j>laced 
horizontally  in  a box,  C,  upon  tlie  loose  head  of 


Fig  3. 
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which  the  action  of  the  lever  was  brouglit  to  bear 
by  the  same  means  of  animate  or  inanimate  weights. 

There  is  al.«o  another  press  worthy  of  notice  which 
is  shown  in  Fig.  8,  the  lever  and  cam  press.  The 

Fig.  9. 


Fig.  10. 


pressure  is  here  gained  by  levers  and  weights,  B B, 
as  in  most  of  the  foregoing  examples ; but  with  this 
modification,  that  cams,  c C,  and  wedges,  D,  are 
introduced. 

Fig.  11. 


Fig.  12. 

A modification  of  this  combined  lever  and  cam 
machine  was  invented  by  John  Hall,  of  Deptford 
(Figs.  9 and  10);  in  this  the  pressure  is  applied  at 
the  ends  of  the  lever,  B,  by  means  of  a piston  moving 


in  the  steam  cylinder,  A.  This  apparatus  is  double, 
consisting  of  two  pairs  of  boxes,  the  cams  being 
placed  opposite  to  each  other,  so  that  the  operation 
of  compi’essing  the  seed  and  refilling  the  bags  may 
be  carried  on  simultaneously.  Fig.  10  shows  the 
set  of  the  cams  when  the  pressure  is  at  its  height. 

The  lever  presses  having  been  briefly  examined, 
tlie  more  approved  and  modern  presses  for  extracting 
oil  have  now  to  be  considered. 

The  first  operation  consists  in  passing  the  seed 
through  a flat  “ screen  ” or  “ shaker,”  which  is  kept 
in  a constant  state  of  agitation. 

In  the  second  operation  the  seed  is  passed  through 
a pair  of  crushing  rollers,  which  have  the  effect  of 
bruising  or  crushing  it  so  as  to  crack  the  shells. 

A pair  of  these  rollers  of  the  most  approved  form 
is  shown  in  Figs.  11  and  12.  Fig.  11  is  a transverse 
section,  and  Fig  12  a plan,  of  the  rollers. 

The  two  rollers  are  of  unequal  diameters,  the 
larger  one,  a,  being  4 feet  in  diameter,  and  the 
smaller,  b,  1 foot  in  diameter,  the  breadth  of  both 
being  16  inches,  or  14^  inches  on  the  face.  The 
larger  roller  makes  56  revolutions  per  minute, 
driving  the  smaller  one  by  friction.  The  seed  is 
supplied  through  the  hopper,  c,  by  means  of  a small 
roller,  D,  very  slightly  grooved,  which  is  made  to 
revolve  for  the  purpose  of  feeding  the  main  rollers, 
being  driven  by  a strap  from  the 
larger  roller  passing  over  a pulley 
outside  the  hopper.  The  amount 
of  feed  is  regulated  by  the  regulating 
plate  and  screw,  E. 

Underneath  the  rollers  are  scrapers, 
F,  kept  in  contact  with  them  by 
weights,  for  the  purpose  of  scraping 
off  any  seed  adhering  to  the  surfaces 
after  crushing. 

These  rollers  for  a long  time  were 
made  of  equal  diameters,  but  it  was 
found  that  they  crushed  the  seed 
neither  so  w’ell  nor  so  expeditiously 
as  they  do  in  their  present  propor- 
tions. After  the  equal-sized  rollers 
were  found  to  be  inefficient,  the 
mill  known  as  the  “Ipswich”  was 
adopted,  in  which  the  larger  roller 
was  6 feet  diameter,  and  the  smaller 
1 foot  diameter ; but  experience 
proved  that  when  any  hard  substance 
got  between  the  rollers,  the  leverage 
over  the  journals  was  so  great  that 
it  caused  much  wear  and  tear  upon 
these  points.  Seed  crushers  have 
therefore  adopted  by  degrees  the 
medium-sized  rollers,  which  are  found 
exceedingly  effective,  and  not  liable 
to  derangement. 

A pair  of  rollers  such  as  are  shown 
in  Figs.  11  and  12  will  crush  upon 
an  average  about  44  tons  of  seed  in  eleven  hours,  a 
quantity  which  is  sufficient  for  two  sets  of  hydraulic 
presses. 

The  third  operation  consists  in  grinding  the  seed 


OIL. — Seed-Gkinding. 


455 


under  a pair  of  edge  stones,  such  as  are  depicted  in 
Figs.  13  and  14. 

Fig.  13  is  a vertical  section,  one  of  the  stones 
being  removed ; and  Fig.  14  is  a plan  with  one  of 


rig.  13, 


Fig.  15. 


Fig.  14. 

the  stones  in  section.  The  two  edge  stones,  A A,  are 
7 feet  G indies  diameter  and  IG  indies  thick,  bevelled 
to  ll.J  indies  broad  on  the  face,  weighing  together 
about  7 tons.  The  vertical  driving  shaft,  B,  makes 
about  17  revolutions  per  minute. 


The  seed  is  kept  under  the  stones  by  means  of 
the  sw'eeper,  D,  and  at  tlie  proper  period  is  collected 
and  swept  off  by  a second  sweeper,  E,  the  slide  or 
cover,  E,  being  withdrawn  for  its  discharge.  AVliile 
the  grinding  is  being  performed, 
the  sweeper,  e,  is  raised  from 
the  bed-jilate,  C,  by  the  hand- 
lever,  G,  as  shown  by  the  dotted 
line.  The  two  stones,  travelling 
round  their  circular  path,  grind 
the  seeds,  not  merely  by  their 
weiglit,  but  also  by  a rubbing 
motion  or  attrition  ; for  their 
periphery  being  not  conical,  but 
cylindrical,  they  cannot  roll  on 
a plane  surface  without  at  every 
instant  turning  round  with  a 
certain  amount  of  friction  upon 
their  resting  points.  Some 
manufacturers  employ  stones 
hooped  with  iron ; but  the 
rough  granite  surface  is  much 
the  best.  It  may  be  dressed 
from  time  to  time  with  hammers 
as  it  becomes  irregular. 

Tlie  edge  stones,  if  of  good 
quality  and  the  seed  not  impure, 
require  (if  of  granite)  to  be  refaced  about  every 
three  years,  and  will  last  from  fifteen  to  twenty 
years,  according  to  their  quality. 

One  pair  of  edge  stones  will  grind  sufficient 
seed  for  two  double  hydraulic  presses. 

The  process  of  grinding  lasts  for  twenty-five 
minutes  or  thereabouts;  the  seed  is  then  transferred 
to  the  next  operation. 

In  some  cases,  and  especially  when  operating 
upon  old  seeds,  a small  quantity  of  water  is  added 
previous  to  the  final  crushing,  which,  taking  the 
place  of  tlie  oil  in  the  seed,  renders  the  process 
of  extraction  much  more  easy  of  execution ; 
sometimes,  how'ever,  this  addition  would  be 
injurious.  Occasionally,  also,  the  seeds  are  sub- 
jected at  once  to  the  runners,  dispensing  entirely 
with  the  previous  crushing. 

When  the  seed  is  sufficiently  bruised  by  either 
or  both  of  these  operations,  the  pasty  mass  is 
generally  heated;  The  object  of  doing  so  is 
jirincipally  to  coagulate  the  albumen,  which 
otherwise  either  retains  a large  quantity  of  oil, 
or  itself  exudes  in  admixture  with  the  expressed 
od.  By  heating  the  bruised  seed,  the  oil  is  also 
rendered  more  limpid,  and  therefore  more  easily 
expressed. 

The  fourth  operation  consists  in  heating  the 
ground  seed  in  the  heating  kettle,  shown  in  Figs. 
16  and  17. 

Fig.  16  is  a vertical  section  of  the  heating  kettle, 
and  Fig.  17  a plan. 

The  kettle  is  heated  by  steam,  and  consists  of  two 
cylindrical  chambers,  A and  b,  one  above  the  other, 
each  of  which  is  composed  of  an  external  casing,  C,  and 
an  internal  casing  or  inside  kettle,  P,  with  a suffi- 
cient space  left  between  the  two  casings  round  the 
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sides  and  at  the  bottom,  to  allow  a free  circulation 
of  the  steam. 

The  steam  is  admitted  by  the  pipe,  E,  and  the 
condensed  water  passes  off  at  F from  the  bottom  of 
the  kettle. 

The  shaft,  g,  gives  motion  to  two  arms  or  stirrers, 
H II,  in  each  chamber,  revolving  at  the  rate  of  36 
revolutions  per  minute,  which  keep  the  seed  con- 
stantly agitated,  so  tliat  every  particle  of  it  may 
come  in  contact  with  the  heated  sides  and  bottom 
of  the  kettle. 

The  upper  chamber.  A,  is  closed  over  with  a sheet- 
iron  lid,  1,  through  which  the  kettle  is  charged. 


Fig.  16, 


In  heating  the  seed  the  upper  chamber,  A,  is  filled 
first,  and  the  seed  allowed  to  remain  in  it  from  ten 
to  fifteen  minutes  ; the  slide,  J,  is  then  withdrawn, 
and  the  seed  falls  through  the  opening,  K,  into  the 
lower  cliamber,  B,  where  it  remains  until  it  is  re- 
quired to  be  taken  to  the  press ; tlie  door,  L,  is  then 
opened,  and  the  whole  of  the  seed  is  discharged 
from  the  chamber,  B.  by  the  action  of  the  revolving 
stirrer,  ii.  The  seed  falls  through  a funnel,  M, 
under  which  is  placed  a bag  of  suitable  dimensions 
to  contain  a sufficient  quantity  of  seed  to  make  a 
cake  weighing  8 lbs.  after  the  oil  is  expressed  from 
it.  Each  of  the  chambers  of  the  heating  kettle  will 


contain  sufficient  seed  for  charging  one  single  press  ; 
the  heating  of  the  seed  is  therefore  a continuous 
operation  of  first  charging  the  upper  chamber,  a, 
and  then  allowing  the  seed  to  pass  into  the  lower 
one,  B,  in  wluch  it  is  heated  to  170°  Fahr.,  and  is 
then  withdrawn  and  placed  in  the  bags. 

Another  description  of  kettle,  of  a much  simpler 
though  less  effective  kind,  is  shown  in  Fig.  18. 

In  this  case  the  seed  is  heated  in  an  iron  pan  over 
an  open  fire,  with  constant  agitation,  a is  the  hot 
hearth,  whereon  the  seed  is  placed,  being  confined 
within  a loose  ring,  B;  a spindle,  C,  with  two  arms 
upon  it,  revolves  within  the  ring,  keeping  the  seed 
stirred  while  it  is  being  heated. 

When  the  seed  has  become  sufficiently  hot,  the 
spindle  and  stirrers  are  raised  high  enough  above 
the  top  of  the  ring  by  the  handle,  D ; and  the  ring 
being  loose  upon  the  hearth,  the  seed  is  drawn 
forward  by  it,  and  scraped  into  the  bag,  E. 


FiB.  18, 


By  this  proce.ss  the  seed  is  liable  to  become  over- 
heated and  spoileil ; and  as  it  is  exiiosed  to  the  air, 
much  heat  is  lost.  Upon  the  whole,  it  is  a costly 
and  troublesome  operation,  as  each  ring  only  holds 
enough  seed  for  one  bag. 

If  fine  cold-drawn  oil  is  required,  the  seed-flonr 
is  subjected  at  once  to  pressure,  without  previously 
heating ; but  the  method  most  commonly  pursued 
is  that  given  above. 

The  crushed  cake  is  inclosed  in  a press  cloth  or 
bag  previous  to  it's  introduction  into  the  case.  The 
bags  and  cloths  used  for  tliis  purpose  are  made  of 
different  materials,  the  object  being  to  have  them 
sufficiently  strong  to  bear  the  force  exerted  : while, 
at  the  same  time,  tliey  are  not  so  thick  or  porous 
as  to  retain  any  great  quantity  of  liquid.  Woollen 
cloth  and  canvis  are  especially  manufactured  with  a 
view  to  its  apiilication  to  this  process  of  expression. 

The  bags,  after  being  filled,  are  placed  separately 
between  what  are  called  the  “ hairs,”  which  are 
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bags  made  of  horse  hair,  with  an  external  covering 
of  leather.  The  same  description  of  bags  and  hairs 
are  used,  whether  the  oil  be  expressed  by  means  of 
the  stamper,  screw,  or  hydraulic  press. 

Several  different  kinds  of  presses  are  used  in  the 
extraction  of  oils,  as  the  screw  press,  the  wedge 
press,  and  the  hydraulic  press. 

The  final  operation  of  expressing  the  oil  by  the 
screw  press  is  shown  hi  Fig.  19,  where  by  means  of 
the  ordinary  square-threaded  screw.  A,  the  bag  of 
seed  is  compressed  between  the  bottom  of  the  box, 
B,  and  the  movable  i)late,  C.  The  power  is  applied 
by  means  of  a loose  lever  inserted  between  studs 
fixed  in  the  plates,  D,  which  are  attached  to  the  screw. 


Fig.  19. 


The  press  may  be  made  in  a vertical  form,  or  it 
may  be  made  to  lie  horizontally ; and  it  may  be 
worked  either  by  hand  or  by  steam  or  water  power. 

A very  large  amount  of  pressure  can  be  obtained 
with  one  of  these  presses,  but  the  wear  and  tear  find 
derangement  are  excessive  ; and,  besides,  there  are 
few  screw  presses  in  existence  at  the  present  day 
which  give  a correct  idea  of  the  exact  proportions 
of  oil  to  seed  and  pressure  ajiplied. 

The  stamper  press  is  shown  in  Fig.  20.  It  con- 
sists of  a long  rectangular  cast-iron  box,  A (shown 
in  section  in  half  the  engraving),  open  at  the  top, 
at  each  end  of  which  there  are  two  plates,  between 
which  one  bag  of  seed,  B,  is  placed,  yielding  a cake 
weighing  9 lbs. ; next  to  one  of  the  inner  plates  is 
VOL.  II. 


placed  a filling-up  piece ; then  an  inverted  wedge, 
C ; then  another  filling-up  piece,  after  which  is 
introduced  the  vertical  driving  wedge,  D ; and 
lastly,  another  filling-up  piece  is  inserted  between 
the  driving  wedge  and  the  inner  plate. 

As  soon  as  the  bags,  b,  have  been  placed  vertically 
in  the  press-box  in  the  usual  manner,  a stamper,  E, 
made  of  wood,  about  16  feet  long  and  8 inches 
square,  with  a fall  of  about  22  inches  in  the  final 
stroke,  is  allowed  to  fall  at  the  rate  of  15  strokes 
per  minute,  for  the  period  of  about  six  minutes,  upon 
the  head  of  the  driving  wedge,  D,  which  is  sufficient  to 
drive  it  down  level  with  the  top  of  the  press-box.  A, 
the  stamper  being  worked  by  tw'o  cams  or  wypers 
in  the  revolving  shaft,  F. 

Side  by  side  with  the  stamper,  E,  is  a second 
stamper,  G (immediately  above  the  inverted  wedge, 
c),  which  is-  held  suspended  at  a fixed  point  by 
means  of  the  lever,  H,  while  the  first  st.imper,  E,  is 


Fig.  20. 


in  action.  But  as  soon  as  it  is  time  to  remove  the 
bags,  the  stamper,  E,  is  raised  by  inefins  of  the  lever, 
H,  above  the  point  at  which  the  cams  come  in  con- 
tact with  it;  and  by  the  same  means  the  stamper,  G, 
which  was  previously  suspended,  is  allowed  to  fall 
upon  the  inverted  wedge,  C,  driving  it  downwards, 
and  thereby  releasing  the  working  wedge,  D,  so  that 
the  attendant  workman  may  remove  the  bags  find 
repeat  the  operation. 

The  plates  are  each  provided  with  three  side  ribs ; 
the  immovable  ones  press  against  the  sides  of  the 
case,  and  the  movable  against  the  intermediate 
wedges;  and  they  are  pierced  w'ith  numerous  aper- 
tures to  allow  the  oil  to  percolate  more  easily. 

A press  such  as  that  described  above  w'ill  not 
make  more  than  about  12  cwts.  of  cake  per  day. 

As  the  product  of  oil  is.  to  a certain  extent,  pro- 
portional to  the  intensity  of  the  pressure,  it  is  more 
economical  to  employ  that  kind  of  apparatus  which 
58 
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gives  the  most  power.  The  use  of  either  vertical  or 
horizontal  hydraulic  presses  is,  therefore,  to  be  pre- 
ferred to  the  form  of  press  above  described.  An 
important  improvement  in  this  press,  as  used  for  the 
expression  of  oil,  has  been  introduced  some  time, 
and  consists  in  the  employment  of  double-sided 
presses,  and  into  the  division  between  the  two  walls 
steam  is  introduced.  The  press  being  thus  heated 
renders  more  easy  the  extraction  of  the  oil. 

The  hydraulic  press  is  simply  Bramah’s  press 
arranged  specially  for  the  purpose  of  expressing  oil. 
It  has  now  been  in  use  for  this  purpose  about  fifty 


years,  although  the  earlier  presses  were  very  defec- 
tive, as  compared  with  those  in  use  at  the  present 
time. 


Fig.  22. 


Fig.  23. 


One  of  the  first  hydraulic  presses  that  was  con- 
structed contained  only  one  press  and  one  set  of 
small  pumps.  The  box  which  received  the  seed  was 
in  one  piece.  It  ran  upon  a small  tramway  for  the 
puri)ose  of  withdrawing  from  the  press  to  remove 
the  cakes  and  replenish  the  bags;  each  time  therefore 
that  the  press  was  put  to  work,  the  entire  box  had  to 
be  withdrawn,  in  order  to  empty  and  replenish  it.  It 
had  then  to  be  replaced  upon  the  ram  and  lifted 
bodily  upward,  to  bring  it  into  contact  with  the 


press  head.  Tlie  constant  withdrawal  and  lifting  of 
this  heavy  box  must  evidently  have  cost  much  time 
and  power. 

Blundell’s  hydraulic  press  is  given  in  Figs.  21, 
22,  23,  and  24. 

Fig.  21  is  an  elevation  of  the  pumps;  Fig.  22  is 
a vertical  section  of  the  press  ; Fig.  23  is  a sectional 
plan  of  the  press  with  a plan  of  the  pumps ; and 
Fig.  24  is  a longitudinal  section  through  the  press 
boxes. 
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The  double  hj’draulic  press  consists  of  two  distinct 
presses  supplied  by  two  pumps,  c,  D,  one  of  which 


Fig.  24. 


is  inches  diameter  and  the  other  1 inch  diameter; 
both  are  connected  to  each  distinct  press  cylinder 
by  means  of  the  two  hydraulic  tubes,  E. 

The  stroke  of  each  pump  is  5 inches,  and  they 
make  ilC  strokes  per  minute ; the  larger  pump,  C, 
is  weighted  to  740  lbs.  per  square  inch  pressure,  and 
the  smaller,  D,  to  5540  lbs  per  square  inch. 

The  diameter  of  the  press  rams,  F (Fig.  22),  is  12 
inches,  and  the  stroke  10  inches.  Each  press  is 
fitted  with  four  boxes,  G G,  and  receives  four  bags 
of  seed  in  the  spaces  n H,  producing  in  all  a weight 
of  G4  lbs.  of  cake  at  each  operation. 

After  the  heated  seed  has  been  removed  from  the 
heating  kettle  and  placed  in  the  canvas  and  hair 
bags,  which  is  done  as  speedily  as  possible,  so  that 


it  may  retain  its  heat,  the  attendant  first  fills  one 
press,  and  opens  the  communication  between  the 
large  pump,  c,  and  the  charged  press.  A,  by  means 
of  the  valves,  i,  the  safety  valve  of  the  pump,  C, 
having  been  replaced  in  its  original  position.  The 
ram  in  the  second  press  (not  shown  in  the  sketch) 
is  then  raised  to  a corresponding  position  with  that 
of  the  first  press,  when  the  safety  valve  of  the  pump, 
C,  rises  a second  time.  The  communication  between 
the  large  pump,  c,  and  the  second  press  is  then 
closed,  and  at  the  same  time  a communication  is 
opened  by  the  valves,  i,  between  the  small  pump,  D, 
and  the  [iresses ; and  the  extreme  pressure  exerted 
by  the  small  pump,  D,  amounting  to  about  301)  tons, 
is  allowed  to  remain  upon  the  rams  for  about  seven 
minutes  from  the  time  that  they  were  first  brought 
into  action.  This,  together  with  three  minutes  allowed 
for  emptying  and  charging  the  press,  is  the  full  time 
required  for  expressing  the  oil  in  a most  effectual 
manner. 

The  oil  in  leaving  the  seed  passes  through  the 
canvas  bag,  and  then  through  the  hair  bag,  when  it 
finds  a free  exit  at  the  edges ; thence  it  runs  into  a 
channel  or  groove,  K,  which  passes  round  the  upper 
portion  of  each  of  the  press  boxes,  G.  A com- 
munication is  made  from  one  box  to  another  by 
means  of  piping,  L,  so  that  the  oil  passes  from  the 
upper  boxes  through  the  lower  ones,  and  thence  into 
the  cistern,  which  is  called  the  “spell  tank,”  being 
just  large  enough  to  hold  the  produce  of  one  day’s 
work. 


Fig.  2.i. 


These  oil  presses  are  not  worked  with  water;  it 
has  been  found  that  fluid  oil  works  much  better,  and 
keej)S  both  pumps  and  presses  in  a better  condition. 

It  is  scarcely  po.ssible,  if  the  presses  are  properly 
constructed,  that  they  should  meet  witli  any  acci- 
dent; this  can  oidy  occur  when,  through  carelessness, 
an  excessive  weight  is  placed  upon  the  safety  valve 
levers,  or  when  the  valves  themselves  are  allowed  to 
stick  through  want  of  cleanliness,  from  the  workman 
not  tiiking  care  to  remove  the  oil  which  sometimes 
becomes  clotted  round  the  valves. 

Each  of  these  presses  is  capable  of  producing  36 
cwts.  of  cake  per  day  of  eleven  hours,  and  the  yield 
of  oil  is  about  14  cwts.  in  the  same  time ; thi.s,  of 
course,  depends  much  upon  the  nature  of  the  seed. 

The  cake  is  trimmed  or  pared  at  the  edges  by 


means  of  a small  paring  knife,  after  which  it  is  put 
into  a kind  of  rack  to  cool  and  dry,  so  that  it  may 
not  become  mouldy  when  stacked. 

The  oil  is  pumped  from  the  small  tanks  into 
larger  tanks  capable  of  holding  from  25  to  lUO  tons, 
where  it  is  allowed  to  remain  for  some  time  for  the 
purpose  of  settling,  previous  to  being  brought  into 
the  market. 

A direct -acting  horizontal  oil  press  is  shown  in 
Fig.  25. 

A is  the  press  cylinder ; B,  the  ram ; C,  the  press 
head ; the  expressed  oil  falls  into  the  funnel,  E,  and 
runs  through  the  opening,  i),  into  a cistern  at  F. 

Many  advantages,  however,  are  attached  to  the 
use  of  the  old  form  of  press ; for  it  is  necessary,  in 
order  to  accomplish  the  object  efficiently,  that  the 
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press  should  be  capable  of  inaintainiug;  unrelaxed 
the  degree  of  compression  which  has  been  produced 
at  each  successive  effort,  and  that  it  should  not 
allow  the  particles,  by  their  elastic  force,  to  regain 
to  any  extent  their  original  condition.  This  quality 
is  possessed  to  a greater  extent  by  the  wedge  than 
by  the  hydraulic  press.  The  former  will  maintain  for 
an  indefinite  length  of  time  any  degree  of  compres- 
sion which  may  have  been  applied  to  the  substance 
placed  in  it ; but  not  so  the  latter.  The  pressure 
in  the  hydraulic  press  is  communicated  through  a 
liquid,  and  maintained  by  the  action  of  valves,  and 


it  is  found  impossible  in  practice  to  prevent  a slight 
leakage,  which  necessarily  diminishes  or  relaxes  the 
force  of  the  pressure  when  the  pump  is  not  in  action. 
It  is  necessary,  therefore,  more  frequently  to  renew 
the  force  when  conducting  the  process  of  expression 
with  the  hydraulic  press,  than  is  the  case  with  the 
wedge  press. 

The  arrangement  of  the  linseed  oil  mill  of  Me.ssrs. 
Martin,  Samuelson,  & Co.,  of  Hull,  is  shown  in 
Figs.  26  and  27. 

The  main  shaft.  A,  drives  the  whole  of  the  machinery. 
B are  the  rollers  (the  whole  of  the  plant  has  already 


fully  been  described) ; c,  the  grinding  edge  stones ; 
D D are  the  heating  kettles ; and  E,  the  presses. 

The  oil  obtained  by  the  first  expression  is  of  the 
finest  quality,  and  is  kept  apart  from  that  yielded 
by  subsequent  proce.sses.  After  removal  of  the 
flattened  seed-cakes  from  the  press  and  bags,  they 
are  returned  to  the  millstones,  and  crushed  and 
finely  pulverized.  The  fine  meal  thus  produced  is 
submitted  to  a second  compression,  sometimes  with 
the  addition  of  a little  water,  and  with  the  assistance 
of  heat.  The  temperature  to  which  it  is  raised  is 
about  155°,  and  it  is  constantly  agitated  by  a stirrer 


moved  by  machinery.  The  oil  resulting  from  the 
compression  after  this  process  is  of  the  second  quality. 
In  some  countries,  and  particularly  in  Holland,  a 
still  further  quantity  of  oil  is  extracted,  otherwise 
the  soft  and  fat  cakes  are  sold  as  food  for  cattle. 
The  last  process  of  extraction  is  merely  a repetition 
of  the  second,  except  that  the  pulverized  cake  is  kept 
for  some  time  at  the  heat  of  boiling  water,  and  that 
a greater  pressure  is  applied  than  before.  The  oil 
obtained  is  of  the  lowest  quality,  and  the  hard  and 
dry  oil-cakes  cannot  be  applied  otherwise  than  as 
man  ure. 
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E.  WooLSEY  contributes  the  following’  valuable 

vided  with  a stop-cock  inserted  in  its  side  a few  inches 

notes  on  seed  crushing  ("  lire’s  Diet.”  vol.  iii.  p.  4413, 

from  the  bottom.  After  standing  twelve  hour.«,  the 

187;')):  “Heavy  seed  will  yield  most  oil;  and  seed 

black  watery  acid  liquor  is  withdrawn  by  opening 

ripened  under  a hot  sun,  and  when  the  flax  is  not 

the  stop-cock  at  the  bottom.  The  clear  and  limpid 

gathered  too  green,  is  the  best.  The  weight  of 

oil  is  then  drawn  off  by  opening  a tap  in  the  side. 

linseed  varies  from  48  lbs.  to  52  lbs.  per  imperial 

What  remains  below  this  cock  is  turbid ; and  this 

bushel;  probably  a very  fair  average  is  49  lbs.,  or 

being  let  out  into  a reservoir,  is  either  clarified  by 

392  lbs.  per  imperial  quarter.  I inspected  one  of 

subsidence  or  mixed  with  the  next  portion  of  raw  oil. 

the  seed  crusher’s  books,  and  the  average  of  fifteen 

If  the  works  are  large,  the  oil  is  transferred  to  a 

trials  of  a quarter  each  of  the  different  seeds  in  the 

cooler,  so  as  to  leave  the  pan  free. 

season  averaged  14^  gallons  of  7^  lbs.  each.  With 

The  quality  of  oils  to  be  used  for  the  lubrication 

the  hydraulic  press  the  yield  is : — 

of  machinery,  or  for  illuminating  purposes,  is  much 

Archangel  seed, In  to  16  gals,  of  7^  lbs. 

improved  by  the  application  of  solution  of  tannin. 

Best  Odessa, 18  to  ly  “ 

by  which  the  foreign  matters  are  rendered  more 

Good  crushing  seed, . . 1 .ti  “ 

completely  insoluble.  In  this  process  a strong  in- 

Low  seed  (48  lbs.  per  bushel),  13j  •• 

fusion  of  nut-galls  is  mixed  with  the  oil  by  agitation. 

Purification  of  Seed  Oie.s. — Oils  in  their  natural 

After  deposition,  the  clear  oil  is  decanted  from  the 

state  are  always  more  or  less  impure,  and  some  of 

precipitate,  and  similarly  treated  with  a solution  of 

them  so  viscous  as  to  be  quite  inapplicable  to  the 

acetate  of  lead,  acetate  of  alumina,  or  sulphate  of 

lubrication  of  machinery,  or  to  illuminating  pur- 

zinc,  to  remove  any  excess  of  tannin.  During  these 

poses,  without  previous  purification.  The  impurities 

operations  the  oil  should  be  kept  as  near  212°  Fahr. 

consist  for  the  most  part  of  albuminous,  mucous. 

as  possible.  The  oil  is  afterwards  dried  by  agitation 

gelatinous,  anrl  colouring  matters,  A great  part  of 

with  fresidy-calcined  sulphate  of  lime  or  anhydrous 

the  mucilaginous  matters,  and  all  bodies  merely  in 

carbonate  of  soda,  which  are  allowed  to  deposit  by 

a state  of  suspension,  are  deposited  by  repose  for  a 

rest.  The  addition  of  from  5 to  10  per  cent,  of 

sulficient  length  of  time ; but  in  order  completely 

paraffin  to  oils  purified  as  above  renders  them  much 

to  clarify  the  oil,  it  is  necessary  to  employ  other 

more  valuable  as  sources  of  light. 

means.  The  method  most  generally  adopted  is  that 

A mode  of  treating  the  several  varieties  of  rape 

suggested  by  Tiienai:d.  Sulphuric  acid,  for  example. 

oil  has  been  recommended  by  Deutsch.  His  pro- 

III  tlie  proportion  of  1 or  2 per  cent,  of  the  oil,  acts 

cess  is  as  follows : — The  oil  is  placed  in  a copper 

as  a purifying  agent,  precipitating  the  mucilage 

pan  or  boiler,  and  fire-heat  applied  until  the  oil 

and  parenchymutous  matters ; first,  by  its  powerful 

begins  to  be  decomposed,  when  the  heat  is  so  regu- 

dehydrating  action  it  removes  the  water  by  which 

lated  as  to  keep  the  oil  in  a uniform  state  of  ebulli- 

these  substances  were  held  in  solution  in  the  oil, 

tion  for  about  three  or  four  hours.  The  spongy 

and  afterwards  chars  the  mucous  matters  themselves, 

scum  which  separates  after  a time  begins  to  subside. 

thus  either  rendering  them  insoluble,  or  otherwise 

whilst  the  oil  becomes  clear  and  transparent,  and  of 

effecting  their  destruction.  The  oil  itself  is  also  to 

a green  colour.  The  fire  is  then  removed,  and  the 

a snnall  extent  acted  upon.  It  becomes  green  or 

oil  is  allowed  to  settle  for  one  or  two  days,  when 

dark  brown,  and  after  some  time  yields  a deposit 

the  clear  green  oil  is  drawn  off.  If  the  oil  has  not 

of  the  same  colour,  becoming  itself  perfectly  bright 

acquired  a green  colour,  it  is  an  indication  that  the 

and  clear.  Tiiexard’s  purifying  process,  as  iin- 

process  has  not  been  well  performed,  or  that  the 

jiroved  by  Cog  an,  is  conducted  as  follows  : — The 

oil  employed  was  of  inferior  quality.  The  several 

oil  is  heated  to  212°  Fahr.,  or  thereabouts,  by  steam 

varieties  of  rape  oil,  after  this  treatment,  may  be 

in  a copper  pan.  In  some  works  the  steam  issues 

advantageously  employed  for  the  oiling  of  wool  in 

through  a pierced  coil  into  the  oil  itself.  In  others 

the  process  of  its  manufacture,  and  they  may  also 

a jacketed  pan  is  used.  When  sutficiently  hot,  from 

be  employed  for  the  lubrication  of  machinery.  For 

1 to  2 per  cent,  of  sulphuric  acid  is  gradually  poured 

the  lattei  purpose,  if  it  be  desired  to  diminish  its 

in,  with  constant  and  violent  agitation.  As  the 

fluidity,  a solution  of  caoutchouc  obtained  by  boiling 

action  of  the  acid  depends  more  or  less  upon  the 

the  latter  in  the  oil  may  be  added  to  the  oil,  which 

amount  of  contact  between  the  two  liquids,  as  well 

should  be  heated  and  well  .stirred,  to  effect  a uni- 

as  upon  the  degree  of  heat,  it  is  of  course  desirable 

form  mixture.  The  oil  may  be  rendered  less  fluid 

to  employ  such  an  apparatus  as  will  allow  the  easy 

by  mixing  it  with  tallow  or  other  grease. 

and  rapid  admixture  of  the  oil  and  acid. 

AVarburton’s  method  of  effecting  the  purification 

Cogan’s  improvement  consists  in  blowing  steam 

of  rape  oil  is  by  treatment  with  caustic  alkali,  in 

through  the  mixture.  In  five  or  ten  minutes  the 

which  the  albuminous  and  other  impurities  are 

action  ■will  be  complete ; and  after  twenty-four 

soluble,  and  are  separated,  associated  with  soapy 

hours’  repose  the  oil  will  be  almost  entirely  freed 

matters.  In  a suitable  vessel,  containing  52  parts 

from  acid,  and  the  black  feculent  dregs  will  subside. 

of  caustic  soda  solution,  of  specific  gravity  I'OlO,  are 

leaving  the  supernatant  oil  quite  clear  and  greatly 

to  be  put  100  lbs.  of  the  refined  oil ; these  are  to 

improved  in  colour.  For  100  gallons  about  10 

be  stirred  with  a wooden  ladle  till  well  mixed.  The 

lbs.  of  sulphuric  acid  are  required,  diluted  with  an 

mixture  is  then  allowed  to  stand  twenty-four  hours 

eipial  bulk  of  water.  At  the  bottom  of  the  pan  is 

undisturbed  in  a cold  place,  after  which  it  is  then 

an  inverted  cone,  terminating  in  a short  pipe,  pro- 

slowly  warmed,  and  again  well  stirred.  After 
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twentj’-four  liours’  subsidence,  all  the  oil  will  have 
separated  ; if  such  should  not  be  entirely  the  case, 
the  conijilete  separation  may  be  effected  by  the 
addition  of  a small  quantity  of  spirit  of  wine.  Tlie 
oil  drawn  off  from  the  liquor  is  afterwards  well 
washed  with  hot  water,  till  the  pure  oil  is  obtained 
without  taste  or  colour,  and,  if  desired,  may  be 
passed  through  a filter.  The  soap  w’hich  deposits 
may  be  used  as  an  ordinary  detergent. 

Non-drying  Oils. — Almond  Oil. — Ihiile  d'amnn- 
den,  French;  mandeldl,  German;  olezim  am-i/f/dalie, 
Latin. — Ihis  oil  is  obtained  by  expression  from  the 
seeds  of  the  Ami/r/dalus  commmis,  either  sweet  or 
bitter,  usually  from  the  latter,  on  account  of  their 
comparative  cheapness,  as  well  as  of  the  greater 
value  of  the  mm-c  or  pressed  cake.  Almonds  were 
well  known  to  the  ancients.  Hippocrates  employed 
the  expressed  oil,  as  well  as  the  almonds  themselves, 
both  sv/eet  and  bitter,  in  medicine.  Dioscorides 
describes  the  method  of  extracting  the  oil. 

Robiquet  discovered  in  bitter  almonds  from  1 to 
2 5 per  cent,  of  a peculiar  principle  not  contained  in 
the  sweet  variety.  This  principle,  which  is  termed 
amj'gdalin  (C,,|jH2~N0jj^.8Il20),  is  a colourless, 
crystalline,  nitrogenous  body,  with  a bitter  taste, 
and  free  from  odour.  (Bitter  almond  oil  and  hydro- 
cyanic acid  do  not  exist  ready  formed  in  the  almond, 
but  result  from  the  deconqiosition  of  amygdalin 
under  the  influence  of  the  principle  emulsin). 

The  fixed  oil  of  almonds  is  obtained  by  expression 
from  either  kind  ; and  if  contact  of  water  be  care- 
fully avoided,  the  oil  from  the  bitter  is  quite  as 
bland  as  that  from  the  sweet  variety.  The  almonds, 
previously  cleaned  of  the  adherent  furz  and  dust  by 
being  well  shaken  and  sifted,  are  bruised  or  coarsely 
powdered,  and  pressed  in  hempen  cloths  or  bags 
between  iron  plates,  either  cold,  or,  preferably, 
slightly  and  uniformly  heated  by  hot  water  or  steam. 
I’he  yield  of  oil  varies  from  28  to  54  per  cent. 
When  recently  expressed,  this  oil  is  turbid,  but  by 
rest  and  subsidence  it  becomes  quite  transparent. 
The  mucilaginous  matter  should,  however,  be 
separated  as  quickly  as  possible,  as  it  yiromotes 
rancidity ; and  the  oil  should  be  preserved  in  well- 
stopfied  bottles. 

Almond  oil  is  pale  yellow  and  very  fluid,  inodor- 
ous when  fresh,  and  of  a faint  oleaginous  taste.  It 
quickly  becomes  colourless  by  exposure  to  light. 
Its  specific  gravity  at  1.5°'5  C.  is  about  0-9 18. 
Almond  oil  consists  chiefly  of  olein,  with  very  little 
solid  fat;  it  does  not  solidify  till  it  is  cooled  to 
— 25°  C.  Cold  alcohol  takes  up  about  a twenty- 
fourth  of  its  weight,  and  boiling  alcohol  a sixth.  It 
is  also  very  soluble  in  ether.  It  very  readily  becomes 
rancid.  Its  principal  use  is  in  pharmacy,  as  an  in- 
gredient in  emulsions,  and  occasionally  in  liniments, 
ointments,  and  soaps.  As  it  contains  less  margarin 
than  olive,  it  yields  softer  soap,  and  is  better  adapted 
to  the  preparation  of  oleic  acid.  The  cake  left  after 
expression  of  the  oil  is  sometimes  ground,  and  is 
known  as  almond  powder,  and  used  as  a detergent 
and  for  preserving  the  skin  soft  and  pliable. 

Bitter  almonds  yield,  by  maceration  and  distilla- 


tion, a fragrant  volatile  oil,  bitter  almond  oil,  or 
hydride  of  benzoyl  (C.j,lIj.O).  This  body  is  prepared 
in  large  quantities  for  use  in  perfumery,  by  simply 
digesting  the  bruised  almonds  in  water  at  80°  to 
40°  C.  for  five  or  six  hours,  and  then  distilling  the 
mixture.  To  separate  the  hydrocyanic  acid,  a dilute 
solution  of  ferrous  chloride  and  excess  of  slaked  lime 
is  added  to  the  crude  oil,  and  the  whole  redistdled. 
The  water  is  eliminated  by  shaking  the  essential  oil 
with  fused  calcium  chloride. 

Commercial  almond  oil  is  frequently  adulterated 
to  a consi  lerable  extent  with  lard  or  olive  oil ; 
indeed,  according  to  Morfep,  what  is  sold  as  the 
genuine  article  is  often  olive  oil,  merely  flavoured 
with  that  of  almonds.  According  to  Pereira,  teel 
oil,  or  oil  of  sesamuvi,  is  occasionally  substituted  for 
almond  oil,  from  which,  however,  it  may  be  known 
by  the  deposit  of  margarin  being  fornled  much  more 
readily  than  in  oil  of  almonds. 

Beech  Oil,  Hnile  de  faine  (Cj^RggO^). — This  oil 
is  obtained  from  the  nut  of  the  Far/tis  sy't-atica,  or 
beech-tree.  It  is  extracted  either  by  cold  or  hot 
expression  of  the  nut,  previously  decorticated.  The 
percentage  yield  is  about  16.  The  oil  is  of  a clear 
yellow  colour,  is  inodorous,  but  has  a slightly  acrid 
taste,  which,  however,  is  dissipated  by  keeping  or  by 
ebullition  with  water.  Its  specific  gravity  is  0*9225 
at  15°  C.  At  a few  degrees  below  0°  C.  it  becomes 
solid.  It  combines  with  chlorine,  forming  a chlorin- 
ated oil,  Cj5ll2gCl202,  and  with  bromine  forming  the 
compound  CjgIl2gBr,02.  It  is  not  well  known  in 
this  country.  In  some  ilistricts  of  France,  how'ever, 
it  is  extensively  used  for  culinary  purposes,  as  well 
as  for  the  production  of  soap  and  as  a source  of  light. 
The  cake  remaining  after  the  expression  of  the  bruised 
nut  is  useful  as  food  for  cattle. 

Ben  Oil,  or  Oil  of  Behen. — This  oil  is  obtained  by 
expression  from  the  decorticated  seeds  of  the  Mohrimja 
mtx  hehen,  OuUandina  moringa,  or  Moriiiga  ulei/era,  a 
tree  resembling  a willow,  and  indigenous  to  Arabia 
and  Syria,  but  cultivated  also  in  the  West  Indies. 
The  oil  is  colourless  and  inodorous,  and  has  a mild 
agreeable  flavour.  Its  specific  gravity  is  0'912  at 
15°  C.  By  repose  it  separates  into  two  portions, 
one  thick  and  the  other  fluid  at  very  low  tempera- 
tures. 4 he  latter,  as  it  resists  the  rancidifying  action 
of  the  air,  is  highly  valued  for  lubricating  watch  and 
clock  work.  The  oil  itself  is  much  esteemed  as  an 
agent  for  the  extraction  of  the  delicate  perfume  of 
certain  flowers  by  the  process  of  maceration.  It  is 
also  used  as  the  base  of  macassar  oil.  Oil  of  ben 
contains  a peculiar  fat,  named  moringin,  which,  by 
saponification  and  decomposition  of  the  soap,  yields 
moringic  acid.  'X’his  acid  is  solid  at  0°  C.  Oil  of 
ben  from  Moringa  aptera  on  saponification  furnishes 
stearic  acid,  margaric  acid,  benic  acid,  and  moringic 
acid. 

Cacao  Oil,  or  Butter  of  Cacao. — This  substance 
is  the  fatty  matter  of  the  chocolate  nut.  The 
Thcohroma  cacao  is  the  tree  producing  this  nut, 
and  is  grown  extensively  in  Demerara,  Berbice, 
the  West  Indies,  and  South  America.  There  are 
numerous  species  of  this  tree,  bearing  different 


OIL. — Cocoa-nut.  Laui:el. 


463 


kinds  of  fruit,  which  differ  both  as  to  form,  size, 
and  the  number  of  seeds  which  tliey  contain.  The 
average  size  of  the  good  nuts  is  that  of  the  sweet 
almond,  but  rather  more  thick.  Tliose  from  Caracas 
or  New  Granada  are  especially  remarkable  for  the 
large  proportion  of  fatty  matter  they  contain.  Cocoa 
and  chocolate  are  preparations  of  the  nut  of  this 
tree,  produced  by  roasting  and  grinding,  and  some- 
times with  the  addition  of  various  other  ingredients, 
as  sugar,  starch,  gum,  treacle,  arrowroot.  Cacao 
beans  contain : — 


OuAyaquil. 

Trinidad. 

Theobromine 

0-63 

0-48 

Cacao  red, 

4-5G 

6-22 

Cacao  butter, 

30-38 

30-42 

Gluten, 

2-i)6 

3-15 

Starch, 

0-53 

0-51 

Gum, ; 

l-.^8 

0 01 

Extractive  matter, 

3-44 

5-48 

llumiu  acid, 

8-.')7 

9-25 

Cellulose, 

30-50 

29-80 

Ash, 

3 03 

2-98 

6 20 

4 88 

98-38 

99-84 

Butter  of  cacao  is  obbiined  from  the  powdered 
kernels  after  being  mixed  with  10  times  their  weight 
of  boiling  water,  by  expression  in  canvas  bags,  be- 
tween heated  iron  plates.  One  pound  of  cacao  yields 
from  5 to  6 ozs.  of  oil.  It  is  purified  by  long  boiling 
with  water,  or  on  the  small  scale  by  boiling  alcohol. 
The  crude  oil  is  yellowish  and  has  the  smell  and 
taste  of  the  nut.  In  the  pure  state  it  is  colourless, 
inodorous,  and  tasteless.  It  is  not  liable  to  become 
rancid,  tind  hence  the  g^eat  value  of  the  nut  as  an 
article  of  diet.  Its  consistence  is  about  that  of  tal- 
low, and  its  flavour  rather  agreeable.  Its  specific 
gravity  is  U‘91 ; its  melting  point  about  30°  C.,  but 
does  not  become  solid  till  cooled  to  23°  C.  It  is  for 
the  most  part  a crystalline  combination  of  olein  and 
stearin.  Cacao  butter  is  readily  soluble  in  hot  alco- 
hol, but  is  deposited  on  cooling.  Ether  also  dissolves 
it.  It  is  used  in  France  in  the  manufacture  of  soap 
and  candles. 

Cocoa-nut  Oil  is  extracted  from  the  kernels  of 
the  cocoa-palm — Cocoa  mtcifmt  tt  hiilyracta — either 
by  expression  or  by  ebullition  with  water.  It  is  of 
a whitish-yellow  colour,  and  dissolves  readily  in  oils, 
alcohol  and  ether,  benzene,  &c.  It  becomes  rancid 
very  quickly,  from  the  large  amount  of  mucilage  it 
contains.  The  cocoa-palm  is  a native  of  tropical 
countries,  but  does  not  thrive  except  near  the  coast. 
Five  varieties  are  indigenous  to  Ceylon.  The  bark 
yields  a peculiar  oil,  used  by  the  Cingalese'  in  the 
form  of  ointment  in  cutaneous  diseases. 

In  Malabar  and  Ceylon  two  methods  of  extracting 
the  oil  or  cocoa  Imttir  are  practised  : the  one  is  by 
)>ressure,  the  other  by  boiling  the  bruised  nut,  and 
skimming  off  the  oil  as  it  rises  to  the  surface.  The 
kernels  of  this  palm  are  also  brought  to  Europe,  and 
the  oil  is  extracted  by  the  aid  of  heat,  the  fruit  having 
been  previously  ground  or  cut  into  small  pieces. 
The  oil  consists  of  a fluid  and  a solid  fat,  which  are 
most  probably  distinct  and  separate  in  the  seeds, 


but  become  mixed  under  the  press,  and  so  much 
the  more  the  higher  the  temperature  is  raised ; so 
that  fluid  or  solid  fat,  or  such  as  is  of  medium 
consistence,  may  be  obtained  as  desired,  according 
to  the  amount  of  pressure  applied  and  the  tem]>era- 
ture  at  which  the  operation  is  conducted.  Com- 
mercial cocoa-nut  oil  is  concrete  at  temperatures 
below  18°  C.,  and  at  about  20°  C.  is  fluid.  The 
solid  constituent  of  this  oil  varies  from  that  of  other 
oils,  and  is  named  cocostearin  or  cocosin.  The 
principal  use  of  cocoa-nut  oil  is  in  the  manufacture 
of  soap  and  candles.  As  a material  for  the  produc- 
tion of  soap  it  is  in  many  respects  valuable,  the 
soap  being  brilliant  white,  very  hard  and  light,  and 
to  a larger  extent  soluble  in  saline  and  alkaline 
waters  than  most  other  soaps,  and  consequently 
useful  for  washing  in  salt  water.  Cocoa-nut  oil 
has  also  been  used  as  a therapeutic  agent,  and  by 
some  is  considered  little  inferior  to  olive  oil.  On 
the  continent  of  India,  as  well  as  in  Ceylon,  it  is 
used  as  a pomatum  for  promoting  the  growth  of 
and  preserving  and  softening  the  hair.  Its  odour, 
and  the  rapidity  with  which  it  becomes  rancid,  are, 
however,  great  objections  to  its  enq^loyment,  either 
in  medicine  or  as  a pomatum.  The  olein  of  cocoa- 
nut  oil.  which  remains  liquid  at  ordinary  tempera- 
tures, cannot  be  burned  in  an  argand  lamp  of 
ordinary  construction,  in  consequence  of  its  charring 
the  wick.  M'ith  a view  to  cheapness,  and  to  com- 
bustion in  what  is  known  as  the  solar  lamps,  it  may 
be  employed  in  admixture  with  spermaceti  oil,  but 
the  latter  is  deteriorated  in  proportion  to  such 
addition.  Cocoa-nut  oil  is  a very  complex  fat,  con- 
taining free  acids,  yielding  many  fatty  acids  on 
saponification.  Some  of  these  are : — Laurie  acid, 
^12^^24^2’  ™yristic  acid,  Cj^H.,g02;  acids  having  the 
composition,  CjjII.,202,  and  Cj^2^^^96®  > palmitic 
acid  and  stearic  acid. 

Cocosin  or  cocostearin  is  separated  from  the  liquid 
portion  of  cocoa-nut  oil  by  pressure,  by  ether,  or  by 
solution  m boiling  alcohol,  from  which  the  stearin 
crystallizes  on  cooling,  exactly  as  in  the  case  of 
ordinary  stearin  (see  Candle). 

Laurel  Oil. — Tliis  oil,  termed  also  oil  of  baya,  is 
imported  from  Trieste.  It  is  procured  from  either 
the  fresh  or  dried  berries  of  the  sweet  bay — Luurus 
nobilia. 

Laurel  oil  is  obtained  from  the  berries  by  boiling 
and  by  expression.  The  berries  are  bruised  in  a 
mortar,  boiled  for  three  hours  in  water,  and  then 
pressed  in  a canvas  bag.  The  oil  exudes  with  the 
decoction,  and  when  cold,  floats  on  the  surface. 
The  dried  berries  are  steamed  until  thoroughly 
soaked,  and  then  quickly  pressed  between  heated 
iron  plates.  By  the  latter  process  they  yield  one- 
fifth  of  their  weight  of  oil. 

Laurel  oil  is  of  a greenish  colour,  of  the  consist- 
ency of  butter,  and  of  a peculiar  and  characteristic 
smell.  It  is  partially  soluble  in  alcohol,  and  com- 
pletely so  in  ether.  It  consists  for  the  most  jiart 
of  a peculiar  variety  of  steariu,  n.imed  laiiroatcariu, 
or  laurate  of  glyceryl  (C2jll5(,0^) ; the  residue  is 
a green  liquid  fat,  probably  olein.  Laurel  oil  is 
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saponifiable.  It  is  occasionally  employed  in  medicine 
as  a stimulating  liniment  in  sprains  and  bruises, 
and  in  paralysis.  Its  principal  use,  however,  is  in 
veterinary  medicine. 

lUusTAitn  Oil. — This  oil  is  procured  by  expression 
of  the  bruised  seeds  of  the  black  or  white  mustard. 
The  mustard  plant  — Siiia/ils — of  which  there  are 
several  species,  appears  to  be  indigenous  to  this 
country.  It  was  formerly  cultivated  in  Durham, 
but  is  now  grown  principally  in  the  neighbourhood 
of  York.  In  India  and  the  East,  mustard  is  culti- 
vated solely  for  the  sake  of  the  fixed  oil  it  contains. 
The  proportion  of  oil  is  about  36  per  cent,  of  the 
seeds.  According  to  the  analysis  of  John,  white  mus- 
tard seeds  consist  of  an  acrid  volatile  oil,  yellow  fat 
oil,  brown  resin,  gum,  extractive  ligneous  fibre,  albu- 
men, free  phosphoric  acid,  and  salts.  Robiquet  and 
BouTiiON,  however,  have  proved  that  white  mustard 
does  not  contain  volatile  oil.  nor  any  substance  capable 
of  jjroducing  it.  The  yield  of  oil  from  white  mustard 
seed  is  about  36  per  cent.  Oil  of  mustard  is  of  a 
reddish  or  brownish  yellow  colour,  and  is  nearly 
Inodorous.  It  has  a thick  oily  consistence,  and  may 
be  preserved  for  a lengthened  period  without  be- 
coming rancid.  Its  specific  gravity  is  about  0'916. 
It  requires  1600  parts  of  alcohol  at  O’OO  for  solution, 
but  dissolves  in  4 parts  of  ether.  It  does  not  con- 
geal at  low  temperatures.  By  saponification  glycerin 
is  eliminated,  and  by  decomposition  of  the  soap  pro- 
duced, stearic  acid,  enicic  acid,  and  an  oily  acid,  are 
liberated.  Erucic  acid  forms  acicular  crystals  which 
fuse  at  34°  C.  Its  formula  is  C2,,H420.t  Oil  of 
mustard  may  be  applied  to  the  same  purposes  as 
rape  oil ; it  has  been  used  in  the  manufacture  of 
soap,  and  also  medicinally  as  a purgative  and  anthel- 
mintic. The  expressed  mustard  cake,  owing  to  its 
acridity,  is  unfit  for  food  for  cattle,  and  is  only 
useful  as  a manure.  Black  mustard  seed  yields  18 
per  cent,  of  a similar  oil,  which,  however,  solidifies 
at  0°  C. 

Nutmeg  Oil. — The  fruit  of  the  Mjirislica  mnschata 
by  expression  yields  this  oil — known  also  as  oil  of 
mace.  The  nutmeg-tree  grows  to  a height  of  20  to 
2.5  feet,  and  in  appearance  resembles  a pear-tree. 
It  is  cultivated  in  the  Moluccas,  and  in  the  East  and 
M'est  Indies.  Several  varieties  of  nutmegs  are  met 
witli  in  commerce.  Their  principal  consumption  is 
for  dietetical  purposes. 

The  process  employed  in  the  extraction  of  the 
fixed  oil  is  bruising  the  nut  to  a paste,  inclosing  the 
mass  in  a bag,  and  submitting  it  for  some  time  to 
the  action  of  steam.  The  whole  is  then  placed 
between  heated  metal  plates,  and  subjected  to  long- 
continued  ex]>ression.  The  yield  of  nutmeg  oil  is 
about  12  per  cent,  of  the  weight  of  the  nuts  em- 
ployed. It  is  imported  in  oblong  cakes,  covered 
with  leaves,  and  weighing  about  12  ozs.  It  is  of  a 
reddish -yellow  colour,  firm  consistence,  and  pos- 
sesses the  agreeable  smell  and  taste  of  the  nutmeg. 
According  to  SciiUADER,  this  oil  consists  of  52  per 
cent,  of  a liquid,  and  44  per  cent,  of  a solid  fat 
(myristicin,  CJ0II2QO3),  with  4 of  volatile  oil. 

Olive  Oil. — Iltule  d'vlives,  French ; otivendl,  baumdl, 
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German  ; n'enm  oUck.  Latim — Olive  oil  appears  to 
have  been  known  from  the  remotest  antiquity.  The 
olive  tree — Oka  eurojixa — is  one  of  the  prettiest  in 
nature. 

Olive  oil  appears  to  have  been  known  from  the 
earliest  times,  since  the  method  of  producing  it  is 
mentioned  by  MosE.s,  and  is,  with  slight  variation, 
the  process  employed  at  the  present  day.  It  is 
obtained  from  the  bluish  or  brownish-green  integu- 
ment, or  sarcocarp,  of  the  fruit  or  olives.  Several 
varieties  of  olives  are  met  with  in  commerce,  but  the 
most  common  is  the  small  French  Oita  tnropxn  Imaji- 
fnlia,  and  the  large  Spanish  Oka  europxa  latifolia. 
The  ingathering  is  performed  in  different  w'ays, 
according  to  the  kind  of  oil  to  be  extracted.  If  the 
olives  are  gathered  some  time  before  they  are  ripe, 
they  yield  an  oil  with  an  acrid  and  bitter  taste. 
When  more  ripe,  but  still  before  they  arrive  at 
maturity,  the  oil  possesses  the  peculiar  taste  of  the 
fruit,  and  may  be  preserved  for  a lengthened  period 
w'ithout  becoming  rancid.  When  fully  ripened,  so 
as  to  drop  from  the  trees,  they  yield  a fine  oil,  but 
more  fatty,  and  also  more  susceptible  of  change  by 
exposure.  November  and  December  are  the  prin- 
cipal harvest  months,  and  if  allowed  to  remain 
longer  on  the  trees  the  olive  gradually  deteriorates, 
and  yields  an  oil  of  very  inferior  quality.  To  obtain 
the  finest  oil  the  olives  should  be  gathered  by  hand, 
for  if  bruised,  as  in  the  usual  method  of  beating  the 
fruit  from  the  trees  with  poles,  unless  used  directly, 
they  ferment,  and  the  oil  acquires  a highly  dis- 
agreeable odour  and  taste. 

The  process  for  procuring  olive  oil  is  somewhat 
modified  in  different  countries,  though  the  principle 
is  the  same  in  all,  namely,  for  the  purest: — gentle 
pressure  of  the  freshly  gathered  fruit  in  the  cold ; 
for  common  or  second  oil — stronger  pressure,  aided 
by  partial  fermentation  of  the  olives  and  the  heat 
of  boiling  water ; and  for  another  still  inferior  kind, 
— boiling  the  husk  or  imar,  after  the  preceding 
treatment,  with  water,  when  a mucilaginous  oil  rises 
and  fioats  on  the  surface.  All  the  varieties  are  left 
to  repose  for  a month  after  being  extracted,  in  order 
that  the  impurities  may  subside. 

The  following  is  the  method  pursued  in  the  south 
of  France: — The  ripe  olives  are  crushed  in  a mill  of 
rude  construction,  comprising  usually  a single  mill- 
stone turning  in  a circular  bed  ; but  sometimes  two 
millstones,  placed  wide  enough  apart  not  to  crush 
the  seeds,  are  used.  The  workmen  remove  all  the  pulp 
when  sufficiently  crushed,  and  place  it  in  rush  sacks, 
which  are  heaped  up,  to  the  number  of  eighteen  or 
twenty,  on  the  platform  of  a pre.ss.  This  is  aho  of 
a very  rude  description,  and  is  only  capable  cf  a very 
slow  and  feeble  jmessure.  The  oil  which  first  exudes 
from  the  bags,  when  the  olives  are  of  good  quality 
and  the  pressure  is  nicely  regulated,  is  the  variety 
known  as  salad  oil,  and  is  much  in  request  for  the 
supply  of  the  table.  After  the  first  pressure  the 
pulp  still  contains  a considerable  quantity  of  oil,  so 
mixed  with  albuminous  matters  that  it  cannot,  flow 
out.  To  extract  a portion  of  this  oil  the  press  is 
taken  apart,  the  eakes  are  broken  up  in  the  bags. 
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and  the  nearly  dry  residue  is  digested  with  boiling 
water,  and  again  pressed  as  before.  The  boiling 
water  being  absorbed  causes  the  pulp  to  swell ; the 
albumen  coagulates,  and  the  more  fluid  oil  runs  out 
freely.  'Hiis  operation  is  repeated  two  or  three 
times.  For  the  reception  of  the  water  containing 
the  oil  two  tanks  are  used,  so  arranged  that  in  one 
the  lirjuids  separate  into  two  layers,  whilst  the 
other  is  filling.  'J'he  ui)per  layer,  consisting  of  oil, 
is  ladled  oft’,  and  the  water  below,  which  still  con- 
tains oil  in  suspension  with  mucus,  is  collected  for 
further  separation  into  a narrow  and  deep  cistern, 
from  which  the  water  can  be  removed  by  a long 
siphon.  After  deposition  of  a portion  of  water  it  is 
drawn  from  underneath,  the  cistern  is  again  filled 
with  a further  quantity  of  the  mixture,  and  when  a 
sullicient  quantity  of  oil  swims  on  the  surface  it  is 
skimmed  off,  as  oil  of  inferior  quality.  Owing  to 
the  imperfections  of  these  processes  a quantity  of 
oil  still  remains  in  the  refuse  in  the  bags,  and  the 
jiroducers  of  oil  find  it  worth  while  to  submit  it  to  a 
third  operation.  It  is  evident  that  the  use  of  mills 
of  similar  construction  to  those  used  for  the  extrac- 
tion of  oil  from  seeds,  and  the  employment  of 
hydraulic  presses,  would  much  increase  the  yield  of 
oil  and  shorten  the  work. 

The  last  operation,  in  the  method  usually  em- 
ployed, is  as  follows: — The  cake  or  more,  after  the 
second  pressure,  is  immediately  moistened  with 
water  as  a jjreventive  of  fermentation,  which  other- 
Avise  quickly  ensues,  and  effects  the  destruction  of 
the  last  traces  of  oil.  The  absorption  of  water  is 
accelerated  by  heaping  the  moistened  cake  in  layers 
in  vats.  The  next  step  is  the  separation  of  the 
stones:  this  is  effected  by  means  of  two  machines 
adjoining  etich  otlier,  and  worked  by  the  same 
motive  power.  'I'he  first  consists  of  a A’ertical  mill- 
stone turning  in  a pit  of  masonry  or  woodwork, 
through  which  flows  a current  of  cold  water.  The 
cake  passed  tlirough  this  is  conveyed  through  a 
trap-door  into  the  other  machine  of  similar  construc- 
tion to  the  first,  except  that  the  crusher  is  heavier; 
and  there  is  attached  to  the  axle  an  arm,  which 
serves  to  agitate  the  paste  with  the  water.  In  this 
process  the  broken  stones  fall  to  the  bottom,  whilst 
the  lighter  parts,  with  the  kernels  of  the  seeds,  rise 
to  the  surface,  and  are  removed  by  means  of  hair 
sieves.  These  unctuous  matters  are  dried  over  a 
fire  until  they  form  a stiff  paste,  which  is  then  sub- 
mitted to  pressure  as  before.  The  oil  thus  olibiined 
is  applied  to  lighting  purposes,  and  in  the  manufac- 
ture of  soap.  At  the  mills  the  fruit  is  often  allowed 
to  remain  in  heaps  for  some  days,  or  until  the  mill 
is  at  liberty,  from  which  cause  the  oil  is  of  far 
inferior  quality  tlian  would  otherwise  be  obtained. 

The  black  press  water  from  the  olive  oil  manufac- 
ture contiiins  much  organic  matter,  sometimes  as 
liiuch  as  85  grams,  jier  litre ; and  when  the  free  acids 
have  been  neutralized  with  lime  this  residue  is  used 
ns  a manure. 

From  the  residue,  after  extracting  the  oil  from 
the  pulp  of  the  olive,  which  was  formerly  used  as 
fuel,  more  oil  is  now  extracted  by  carbon  disulphide. 
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The  mixtuie  is  distilled,  and  yields  olive  oil  and 
carbon  disulphide  for  a fresh  operation:  25  per  cent, 
of  oil  is  said  to  be  recovered. 

The  olive  oil  thus  recovered  is  used  in  the  manu- 
facture of  soa[)S,  and  nearly  all  of  it  is  transferred 
to  Marseifles. 

In  Naples  the  olives  when  ripe  drop  from  the 
trees,  cand  are  collected  and  conveyed  to  the  mill. 
The  oil  when  expressed  is  inclosed  in  sheep  or  goat 
skins,  and  carried  on  mules  to  Gallipoli,  where  it  is 
allowed  to  clarify  in  reservoirs  cut  in  the  rock  on 
which  the  town  is  built,  and  its  ultimate  value 
depends  in  a great  measure  on  the  nature  of  this 
cistern.  In  point  of  fact  Gallipoli  owes  its  celebrity 
to  the  facility  of  the  formation  of  these  cisterns,  as 
in  them  the  oil  soon  clarifies,  and  may  be  preseived 
for  a lengthened  period  without  becoming  rancid. 

The  finest  olive  oil  is  of  a pale  yellow  colour, 
sometimes  inclined  to  green.  It  has  scarcely  any 
smell,  but  a bland,  mild,  and  agreeable  taste  ; occa- 
sionally it  has  a nutty  flavour,  and  when  swallowed 
leaves  a slight  sense  of  acrimony  in  the  throat.  It 
is  insoluble  in  water,  slightly  soluble  in  alcohol, 
and  in  times  its  weight  of  ether.  Its  specific 
gravity  is,  according  to  Salssure,  at  12°  C., 
0-!)192;  25°  C.,  0-9109;  60°  C.,  0-8399;  94°  C., 
0-8624.  Olive  oil  boiLs  at  315°  C.:  at  about  10°  C. 
olive  oil  deposits  white  granules;  at  0°  C.  it  solidi- 
fies, but  can  by  pressure  be  separated  into  a solid 
tallow-like  substance,  oleo-waiyariii,  and  a fluid  oil, 
triolein.  By  .saponification  it  is  resolved  into  glycerin, 
and  oleic,  palmitic,  and  stearic  acids,  &c. 

Of  the  different  kinds  of  olive  oil  met  with  in 
commerce,  the  jiroduce  of  Aix,  known  as  Provence 
oil,  is  the  most  esteemed.  Florence  oil,  imported 
from  Leghorn  in  flasks,  packed  in  chests  coiuaining 
thirty  of  these,  is  a very  fine  kind  used  for  culinary 
purposes.  Lucca  oil  is  inqiorted  in  jars  holding 
19  gallons  each.  Gallipoli  forms  the  largest  pro- 
portion of  that  brought  into  this  country,  and  is 
imported  in  casks.  Puglia  and  Calabria  are  the 
provinces  of  Naples  most  celebrated  for  its  produc- 
tion. Sicily  oil  is  principally  produced  at  Miliizzo, 
and  is  of  inferior  quality.  In  some  countries,  and 
especially  on  the  continent  of  Europe,  olive  oil  con- 
stitutes an  important  article  of  diet.  It  is  exten- 
sively used  in  England  in  the  manufactures,  and 
especially  in  the  treatment  of  woollen  cloths.  The 
inferior  kinds  are  much  used  in  the  production  of 
soaps,  particularly  of  the  varieties  known  as  Mar- 
seides  and  Castile  soaps.  Being  less  liable  to  become 
thick  and  viscid  by  exjiosure  to  air,  it  is  often  used 
for  oiling  delicate  machinery.  For  application  to 
watch  and  clock  work,  the  oil  is  refined  by  cooling, 
separating  the  fluid  portion,  immersing  in  it  a slip 
of  sheet  lead  or  some  shot,  and  exposing  it  to 
direct  sunlight  in  a corked  phial,  when  a whitish 
matter  gradually  subsides,  and  the  oil  is  rendered 
clear  and  colourless.  This  when  decanted  is  fit  for 
use. 

A better  process  for  purifying  olive  oil  consists  in 
treating  the  oil,  heated  to  about  90°  Fahr.,  with  a 
strong  solution  of  potash  or  soda.  The  specific  gravity 
59 


4fir>  OIL. — P.\LM.  Rape. 

of  the  solution  may  be  1‘2,  or  even  stronger.  The 
oil  is  kept  constantly  agitated  daring  the  addition 
of  the  alkali,  and  the  operation  is  at  an  end  when  a 
small  portion  of  the  oil  placed  in  a glass  bottle,  and 
shaken  with  a further  addition  of  solution  of  alkali, 
deposits  only  a clear  liquid  free  from  soapy  matters. 
The  quantity  of  solution  of  alkali  required  varies 
from  0^  to  8 per  cent.  The  oil  is  decanted  after 
deposition  of  the  soapy  matters,  and  passed  tlirough 
a filter. 

A/hillcrations. — The  superiority  of  olive  over  other 
kinds  of  oil,  and  its  higher  ]irice,  render  it  liable  to 
adulteration  with  rape  and  poppy  oils,  and  e.specially 
with  lard  oil — what  is  called  sn/ierfine  Lucca  oil  often 
containing  as  much  as  60  or  70  per  cent,  of  the 
latter.  Several  methods  have  been  proposed  to 
detect  these  sophistications.  Poppy  oil  may  be 
discovered  by  the  phenomena  of  hcat/iiir/,  or  the 
appearance  of  a number  of  air  bubbles  on  the  sur- 
face after  violent  agitation  of  the  oil,  which  are  not 
produced  with  pure  oil.  The  most  reliable  test  is 
that  suggested  by  Poutet,  which  depends  upon  the 
peculiar  action  of  nitrous  acid  upon  olive  oil.  He 
dissolves  G parts  of  quicksilver  in  7^  parts  of  nitric 
acid,  of  specific  gravity  1'3G,  without  applying  heat. 
When  1 part  of  this  freshly  prepared  solution  is 
added  to  10  parts  of  pure  olive  oil,  the  mi.xture 
becomes  concrete  in  the  course  of  a few  hours.  The 
nitrous  acid  or  nitric  peroxide  converts  the  liquid 
olein  into  solid  elaidin.  The  admixture  of  foreign 
oils  prevents  this  congelation,  so  that  the  resulting 
mixture  is  more  or  less  liquid  in  proportion  to  the 
quantity  of  the  adulterant  present.  The  20th  part 
of  poppy  oil  is  easily  detected  by  this  method,  but 
in  order  to  arrive  at  satisfactory  results,  a compara- 
tive exjieriment  should  be  made  with  a mixture  of 
oils  of  known  composition. 

Palm  Oil. — This  very  important  fatty  oil  is  pro- 
cured from  the  fruit  of  a species  of  palm — Aniirn  e/ais 
or  E.'ai.t  (jaiDeoiAs — cultivated  on  the  west  coast  of 
Africa  and  in  tropical  America.  It  is  composed  of 
C II  1 
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very  small  quantity  of  olein.  The  Iruit  of  the  palm  is 
about  the  size  of  a pigeon’s  egg,  and  of  a deep  orange- 
yellow  colour.  It  consists  of  a hard  stone,  within 
which  is  the  seed,  and  surrounding  the  nut  is  a 
fibrous,  oily,  yellow  sarcocarp,  or  fleshy  integument, 
from  which,  by  boiling  in  water,  the  oil  is  sei»arated, 
rises  to  the  surface,  and  may  easily  be  collected. 
Fresh  palm  oil  has  an  orange-yellow  tint,  a sweetish 
taste,  ami  possesses  an  odour  somewhat  resembling 
that  of  violets  or  orris  root.  It  has  the  consistency 
of  butter  or  lard,  is  lighter  than  water,  and  by  ex- 
posure to  the  air  quickly  becomes  rancid,  and  of  a 
paler  hue.  Its  melting  point  is  variable,  ranging 
from  27°  to  36°  C..  and  is  still  further  heightened 
by  age.  It  is  slightly  soluble  in  cold,  more  readily 
in  boiling  alcohol,  but  is  deposited  from  the  latter 
on  cooling.  In  ether,  it  tlissolves  in  all  proportions. 
Palm  oil  was  once  considered  of  no  in.|)ortance  in 
the  arts  and  manufactures.  At  the  present  time  it 
is  exported  from  one  port  on  the  African  coast  to 

the  amount  of  upwards  of  20,000  tons  annually,  in 
exchange  for  foreign  produce;  and  the  annual  con- 
sumption of  palm  oil  in  this  country  is  upwards  of 
25,000  tons,  which  are  imported  in  exchange  for 
goods  of  British  manufacture.  As  it  occurs  in 
commerce,  palm  oil  is  in  a state  of  rancidity,  con- 
taining free  fatty  acids.  The  characteristic  orange 
colour  of  this  oil  is  to  be  attributed  to  the  spon- 
taneous decomposition  of  a peculiar  principle  of  the 
palm,  always  associated  with  the  oil.  The  principal 
use  of  palm  oil  is,  after  admixture  with  other  oils, 
in  the  production  of  soap  and  candles.  In  so  qi- 
making,  the  oil  is  used  both  bleached  and  as  imported, 
according  to  the  kind  of  soap  required;  in  the  candle 
manufacture,  the  solid  constituent  only  is  used,  and 
is  hardened  by  the  addition  of  wax.  In  Africa  palm 
oil  is  employed  by  the  natives  as  a kind  of  butter. 
The  colour  of  palm  oil  is  destroyed  by  passing  air 
and  steam  into  it.  The  action  of  light  was  formerly 
thought  to  be  necessary.  The  fat  is  turned  into  a 
huge  lead-lined  cistern,  and  air  blown  into  it  at  the 
same  time  that  high-pressure  steam,  issuing  from  a 
coil  pierced  with  a number  of  holes,  heats  it  and 
keeps  it  in  constant  motion.  (See  Soap.) 

Palmithi,  or  tri- Pa! nutate  of  GlijceryL — -This  solid 
fat  constitutes  about  two-thirds  of  the  weight  of 
palm  oil.  It  may  be  obtained  tolerably  pure  and 
fn  large  quantities  by  pressing  palm  oil.  It  appears 
as  a wax-like  mass,  and  is  used  in  the  manufacture 
of  a variety  of  stearin  candles,  whilst  the  yellow 
fluid  oil  is  saponified.  It  is  obtained  pure  by 
washing  the  residue  of  the  second  pressure  with  hot 
alcohol,  dissolving  it  in  hot  ether,  and  crystallizing 
repeatedly  till  the  melting  point  becomes  constant. 
Balmitin  is  insoluble  in  water,  and  only  very  spar- 
ingly soluble  in  boiling  absolute  alcohol,  but  very 
readily  dissolves  in  ether.  It  fuses  at  different  tem- 
peratures, according  to  its  physical  structure — viz., 
46°,  61°,  and  62°.  It  solidifies  at  45°'5  C.  to  a 
triable  mass  similar  to  wax. 

Rape  Oil,  Ilnile  de  Nnretle. — This  oil  is  prepared 
from  the  seeds  of  several  species  of  the  genus 
Brassica,  belonging  to  the  family  of  CruciuTa,  as  the 
Braxsica  na/ius,  or  winter  rape,  and  the  summer  rape, 
or  Brassica  pnecox.  Besides  oil  and  woody  fibre, 
these  seeds  contain  a considerable  quantity  of 
mucus,  albumen,  and  other  allied  substances.  Only 
the  driest  possible  seeds,  such  as  have  been  stored 
for  several  months,  and  protected  from  moisture, 
are  expressed.  It  is  usual  also  to  submit  the  seed  to 
steam  heat  previous  to  pressure,  as,  if  the  albumen 
present  is  not  completely  coagulated,  the  oil  obtained 
is  much  less  in  quantity,  and  far  inferior  in  quality, 
to  that  otherwise  extracted.  The  very  large  propor- 
tion of  fluid  contents,  other  than  oil,  contained  in 
fresh  seed,  constitutes  the  great  difficulty  in  obtain- 
ing an  average  oil  both  as  to  quantity  and  quality ; 
but  by  the  above  method  of  treatment  this  obstacle 
is  overcome,  and  the  oil  expressed,  containing  only 
a trace  of  albumen,  and  a greatly-reduced  proportion 
of  mucus,  becomes  comparatively  easy  of  purific  ition. 
As  newly  expressed,  even  with  every  precaution,  it 
is  viscid,  owing  to  the  mucus  and  other  foreign 

OIL. — Teel.  Castor.  4G7 


matters  unavoidably  present.  These,  and  the 
colouring  matter  also  retained  by  the  oil.  lessen  its 
combustibility,  and  occasion  much  smoke  during 
its  burning. 

The  Brassica  napus  yields  about  33  per  cent,  of  oil. 

.Si  Il)s.  of  best  rape  seed  yield  1 lb.  of  oil. 
lbs.  of  common  rape  seed  yield  1 lb.  of  oil. 

The  imperial  bushel  of  rape  seed  contains  62  to  56 
lbs.,  according  to  quality.  Rape  oil  from  Brassica 
napus  is  of  a bright  yellow  colour;  at  15°  C.  its 
density  is  0'9128;  it  solidifies  below  0°  C.  The  oil 
from  Brassica prxcox,  or  summer  rape,  is  more  viscid; 
its  specific  gravity  at  15°  C.  is  0‘9139  ; it  deposits  a 
fat  at  — 8°  C , and  solidifies  at  — 10°  C.  (Sciiubler). 

I’urijication. — Rape  oil  iS  most  conveniently  puri- 
fied by  Thexaud’s  process,  as  modified  by  Cogan, 
which  has  been  already  described.  See  Purifica- 
tion OF  Oils. 

Rape  oil  is  employed  in  the  manufacture  of 
woollen  goods,  in  the  preparation  of  some  kinds  of 
leather,  for  oiling  machinery,  in  the  production 
of  soap,  and  also  for  burning.  According  to 
Brotheutox,  a manufacturer  of  oils,  good  English- 
grown  rape  seed  yields  oil  of  superior  quality  to 
any  foreign  seed  ever  brought  to  his  notice,  and  he 
consequently  recommends  its  cultivation  to  agricul- 
turists. The  inferiority  of  the  oil  obtained  from 
Indian  or  colonial  seed  probablj’'  depends,  in  a great 
measure,  on  the  want  of  sufficient  care  being  paid  to 
the  purity  and  cleanness  of  the  seed  itself,  and  not 
to  any  real  deficiency  in  the  oil. 

Colza  oil  is  extracted  in  the  same  manner  as  the 
preceding  from  another  variety  of  seed  of  the  same 
genus  of  plants — the  colza,  or  wild  navew,  Brassica 
caiiipcslris  olei/era.  It  is  produced  in  France  in  large 
quantity,  and  is  used  for  the  same  purpose  as  rape 
oil.  It  is  of  a yellow  colour,  and  nearly  free  from 
odour.  Its  specific  gravity  is  0'913G  at  15°  C.  It 
congeals  at  about  — 6°  C.  It  is  sparingly  soluble 
in  cold  alcohol,  but  readily  soluble  in  this  fluid  when 
assisted  by  heat.  It  is  chiefly  a mixture  of  two 
glycerides,  which  on  sai)onification  yields  bras.sic 
acid,  and  an  acid  resembling  oleic  acid.  Brassic  acid 
melts  at  33°  C.,  iind  crystallizes  from  alcohol  in 
long  needles.  Colza  oil  is  largely  u.sed  for  illumina- 
ting j)urposes,  and  may  be  burned  without  previous 
purification. 

A Parisian  named  Nuerberger,  in  1856,  obtained 
a patent  for  the  extraction  of  oil  from  the  seeds  of 
other  genera  of  the  order  Cmcijera.  This  oil  forms 
a substitute  for  colza  oil,  and  may  be  used  for  light- 
ing and  other  purposes.  The  three  genera  from 
which  the  oil  may  be  procured  are  the  genus  Thlaspi, 
or  shepherd’s-imrse ; the  genus  Cajistlla,  or  common 
shepherd's-purse ; and  the  genus  Ihcris,  or  candy- 
tuft, The  sjiecies  CapseUa  hnrsa  pas/oris  yields  the 
largest  proportion  of  oil.  The  hatter  is  obtained 
jirecisely  as  colza  oil,  and  is  also  purified  in  the  same 
manner. 

Teel  Oil,  or  Oil  of  Sesame,  CjpIIjgO.^  (Lefout). — 
The  plant  yielding  this  oil,  the  Sesamum  orientak,  is 
extensively  cultivated  throughout  India  for  the  sake 


of  the  fine  oil  expressed  from  its  seeds,  which  is 
used  for  food,  for  soap-making,  and  for  burning  in 
lamps.  The  latter  are  imported  from  Calcutbi  under 
the  name  of  teel  seeds.  They  are  about  the  size  of 
white  mustard  seeds.  Three  varieties  are  known — 
namely,  the  white,  the  parti-coloured,  and  the  black. 
It  is  principally  from  the  latter  that  the  sesamum 
oil  of  commerce  is  obtained.  The  seed  contains 
about  45  per  cent,  of  oil.  Oil  of  sesame  does  not 
become  solid  by  exposure  to  air:  its  colour  is  pale 
yellow.  Specific  gravity  0'9230  at  15°  C. ; at  — 5°  C. 
it  becomes  a fat. 

Drying  Oils. — The  drying  oils  differ  from  those 
above  described,  by  their  peculiar  behaviour  on 
exposure  to  the  air,  and  also,  as  previously  noticed, 
by  the  difference  in  their  behaviour  under  the  influ- 
ence of  nitrous  acid.  The  cause  of  the  singular 
property  of  drying  in  contact  with  atniospheric  air 
is  not  distinctly  understood,  but  is  usually  attributed 
to  some  peculiarity  in  their  olein. 

Castor  Oil. — Huile  de  ncin,  French  ; ricinusdl, 
German  ; oleum  riciui,  Latin.  This  oil  is  extracted 
from  the  seeds  of  the  Palma  christi,  or  common 
ricinus,  which  is  cultivated  in  the  East  and  West 
Indies,  and  in  the  United  States  of  America. 

The  plant  yielding  this  oil  was  known  in  the  most 
ancient  times.  The  Egyptians  were  certainly  ac- 
quainted with  it,  as  Caillaud  discovered  its  seeds 
in  some  Egyptian  sarcophagi  conjectured  to  have 
been  upwards  of  4000  years  old.  It  was  known  to 
the  ancient  Greeks,  and  is  alluded  to  by  Hehodotu.s 
and  by  Hirpocrates,  the  latter  of  whom  employed 
its  root  in  meilicine.  The  Latins  gave  it  the  name 
of  riciuus,  whence  its  botanical  appellation.  In  this 
country  the  Ricinus  communis  is  an  annual,  and  seldom 
exceeds  4 feet  in  height.  In  other  countries  it  is 
perennial,  arborescent,  growing  to  the  height  of  15 
or  20  feet.  It  has  large  vine-shaped  leaves,  green 
spikes  of  flowers,  and  rough  capsules  containing 
ovate  shining  black  seeds,  spotted  with  grey. 

Extraction  of  the  0(7.— Various  methods  have  been 
adopted  for  the  preparation  of  castor  oil.  The 
expression  of  the  seeds  in  the  cold,  though  a more 
tedious  process,  yields  a much  superior  oil  to  tliat 
obtained  when  the  pressure  is  assisted  by  heat 
Previous  to  expression  the  seeds  should  be  deprived 
of  the  outer  coating  or  shell,  when  they  yield  an  oil 
nearly  colourless,  or  with  a slight  yellow  tint. 

According  to  Soubeiran,  Bussy,  and  Lecanu,  all 
processes  in  which  heat  is  employed  are  objection- 
able, as  the  oil  is  rendered  acrid  from  the  liberation 
of  fatty  acids.  In  the  American  Ph  rmacopceia,  on 
the  contraiy,  the  application  of  heat  is  stated  to 
improve  the  oil  by  volatilizing  a disagreeable  acrid 
principle ; and  hence  the  almost  universal  practice 
in  America  is  first  to  submit  the  seeds  to  gentle 
desiccation,  the  heat  being  kept  too  low  to  scorch  or 
decompose  them.  They  are  then  introduced  into 
a powerful  screw  press,  and  submitted  to  pressure. 
A whitish  oily  liquid  exudes,  which  is  boiled  with  a 
considerable  quantity  of  water  in  iron  boilers,  and 
the  impurities  skimmed  off  as  they  rise  to  tl\e  sur- 
face. The  coagulated  albumen  forms  a layer  between 
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the  oil  and  the  water,  and  the  starch  and  gum  are 
retained  in  solution  in  the  water.  The  clear  oil  is 
next  drawn  off  and  boiled  with  a small  quantity  of 
water  until  steam  ceases  to  rise,  and  till  a small 
portion  of  the  liquid  taken  out  in  a phial  preserves 
a perfect  transparency  on  cooling.  The  effect  of 
the  latter  operation  is  to  clarify  the  oil,  and  render 
it  less  irritating,  by  driving  off  volatile  acrid  matter, 
the  quantity  of  which  is  doubtless  much  increased 
by  the  process  of  torrefaction  to  wliich  the  seeds  are 
subjected.  The  process  of  cold  expression,  purifica- 
tion by  subsidence  and  decantation,  is  also  employed 
in  America,  though  on  a much  less  extensive  scale. 

In  England  castor  oil  is  expressed  by  Bra.mah’s 
hydraulic  press,  or  by  the  common  screw  press,  in 
a room  artificially  heated.  It  is  purified  by  rest, 
decantation,  and  filtration,  and  bleached  by  exposure 
to  light  on  the  tops  of  warehouses. 

In  Calcutta  the  process  is  as  follows: — The  fruit 
is  shelled  by  women ; the  seeds  are  bruised  between 
rollers,  then  placed  in  hempen  cloths,  and  pressed  in 
the  ordinary  screw  or  hydraulic  press.  The  oil  thus 
procured  is  subsequently  heated  to  100°  C.  with  water 
in  a tin  boiler,  by  which  the  albumen  is  coagulated, 
and  with  the  mucilage  separates  as  a scum.  The  oil  is 
then  passed  through  flannel,  and  run  into  square  tin 
cases.  The  best  oil  of  this  variety  is  sold  in  London 
as  cold-drawn  castor  oil.  According  to  Ainsue 
castor  oil  is  obtained  in  the  East  Indies  also  by 
decoction,  and  this  process  is  likewise  pursued  in 
the  West  Indies. 

The  process  of  Figuier  is  now  followed  on  the 
Continent  of  Europe  on  a coiusiderable  scale.  It 
consists  in  mixing  the  seeds,  first  deprived  of  their 
outer  coating  and  bruised  into  a paste,  with  alcohol. 
This  mixture  is  inclosed  in  canvas  bags,  and  sub- 
mitted to  pressure.  Part  of  the  alcohol  is  recovered 
by  distillation  of  the  mixture  of  oil  and  spirit;  the 
residue  is  then  mixed  with  a large  quantity  of  water, 
when  the  oil  rises  to  the  surface,  and  is  drawn  off. 
It  is  again  heated  to  remove  traces  of  moisture,  and 
then  filtered.  This  process  is  more  expensive  than 
those  previously  given,  and  the  product  is  inferior. 

After  its  arrival  in  this  country  loreign  castor  oil 
is  filtered,  and  bleached  by  exposure  to  solar  light 
on  the  tops  of  warehouses.  Of  the  several  varieties 
met  with  in  commerce,  the  East  Indian  castor  oil  is 
the  most  abundant.  It  is  an  oil,  in  every  resj)ect,  of 
good  quality,  but  inferior  to  English  cold-drawn  oil. 
American  oil  rarely  finds  its  way  into  this  country’. 
It  has  a less  acrid  taste  than  the  East  Indian  variety, 
but  is  objected  to  because  at  a low  t,  mperature  it 
congeals  quickly,  dei^osits  margarin,  and  becomes 
opaque. 

AVhen  very  pure,  castor  oil  is  a thickish  viscid 
fluid  of  a bright  yellow  hue,  with  a slightly  nauseous 
.smell,  and  a mild,  somewhat  sweetish  taste,  succeeded 
by  a slight  sense  of  acrimony.  The  oil  of  commerce 
is,  however,  frequently  of  a greenish,  and  occasionally 
of  a broNMiish  colour,  with  a hot  acrid  taste.  Its 
specific  gravity  is  O’Ofififi  at  12°  C. ; and  0’!).17.o  at 
24°  C. ; it  is,  consequently,  heavier  than  most  other 
fixed  oils.  Its  composition  and  jiroperties  are  essen- 


[ tially  different  from  those  of  other  oils.  It  is  distin- 
guished from  other  oils  by  its  being  easily  soluble  in 
absolute  alcohol  in  all  proportions.  Spirit  of  wine, 
of  specific  gravity  0’8425,  dissolves  about  three-fifths 
of  its  weight.  It  is  also  readily  soluble  in  ether. 
This  oil  forms  the  connecting  link  between  the  sicca- 
tive and  non-drying  oils.  By  long  exposure  to  the 
air  it  becomes  rancid,  and  gradually  hardens  without 
becoming  opaque.  It  retains  its  fluidity  even  at  a 
temperature  of  15°  C.  At  a lower  degree  it  con- 
geals into  a transparent  yellowish  mass.  The  action 
of  heat  upon  castor  oil  has  been  particularly  inves- 
tigated by  Bussy  and  Lecanu.  AVhen  heated  in  a 
retort,  so  as  to  distil  over  about  one-third,  there 
remains  a substance,  solid  at  or  unary  temperatures, 
having  the  appearance  ot  a yellowish  porous  body 
resembling  caoutchouc.  It  requires  a high  tempera- 
ture for  its  decomposition,  and  is  easily  inflammable, 
without  undergoing  fusion.  It  is  insoluble  in  water, 
alcohol,  ether,  and  in  the  fixed  and  volatile  oils. 
When  saponified  it  yields  a species  of  soluble  soap, 
from  which  mineral  acids  separate  ricinoleic  acid, 
Cjgll^jgOs'  some  other  acids.  The  products  of 
distillation  are  a little  gas,  and  a liquid  containing 
acetic,  ricinic,  ricinoleic,  and  marfiarilic  acids,  and  an 
odorous,  colourle.ss,  volatile  oil,  which  crystallines  on 
cooling. 

CorroN-SEED  Oil, — The  seeds  of  the  cotton  plant 
— Gossi/pium  barhadense — yield  an  oil  which  is  now 
becoming  an  article  of  commerce.  Owing  to  the 
enormous  quantity  of  cotton  annually  produced  there 
must  alwa3’s  be  an  abundance  of  seed,  which  it  Is 
desirable  to  convert  to  some  useful  purpose.  Of 
late  years  this  oil  has  attracted  a greater  share  of 
attention,  and  means  have  been  devised  of  purifying 
it,  and  removing  the  dark  colour  which  it  possesses 
in  the  raw  state.  Even  now,  however,  large  quantities 
of  cotton-seed  are  annually  destroyed. 

Croton  Oil. — This  acrid  oil  is  extracted  from  the 
seeds  of  the  Croton  tk/linm,  and  is  inii)0.rted  from 
jMadras  and  Bombay.  In  size  and  shape  these  seeds 
much  resemble  castor-seeds.  They  have  no  smell ; 
their  taste  is  at  first  mild  and  oleaginous,  afterwards 
hot  and  acrid. 

Croton  oil  is  extracted  by  expression  from  its 
seeds.  The  crushed  seeds  are  submitted  to  the 
press,  and  the  oil  that  flows  out  is  allowed  to  stand 
from  twelve  to  fifteen  days  to  de|)Osit;  it  is  then 
drawn  off  and  filtered.  The  expressed  cake  is  treated 
with  twice  its  weight  of  rectified  spirit,  and  heated  in 
the  salt-water  bath.  The  alcohol  dissolves  a large 
quantitj’  of  the  oil  remaining  in  the  marc,  and  is 
separated  from  it  by  evaporation.  Sometimes  the 
seeds,  freed  from  their  husks,  are  pulverized  and 
treated  at  once  with  spirit;  the  mixture  is  heated  in 
the  salt-water  bath,  allowed  to  cool,  inclosed  in  a 
bag,  and  pressed.  The  alcohol  is  afterwards  removed 
from  the  oil  by  distillation,  Croton  oil  is  of  a 
brownish-yellow  colour,  has  a very  disagreeable 
characteristic  odour,  and  a strongly  acriil  taste.  It 
is  soluble  in  alcohol  and  in  ether.  In  doses  of  one 
drop  it  operates  on  man  as  a violent  purgative.  It 
appears  to  consist  of  a mixture  of  this  oil  with  another 
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very  acrid  substance,  very  soluble  in  cold  alcohol. 

ordinary  method  of  getting  rid  of  the  large  quantity 

crotiiiiol,  (Cyllj^O^),  which  irritates  and  reddens 

of  mucilage  is  by  steam  heating,  after  which  the 

the  skin. 

seeds  are  bruised  and  submitted  to  pressure.  The 

IIemp-.seed  Oil. — This  oil  is  extracted  from  the 

marc  remaining  after  the  expression  of  linseed  oil  is 

seeds  of  common  hemp — Canuahix  xatica.  The  plant 

generally  known  as  oil  cake,  and  is  an  article  of  great 

prows  wild  in  I’ersia,  Caucasus,  and  the  north  of 

importance  to  the  agriculturist,  being  extensively 

India.  It  is  cultivated  in  various  other  countries. 

employed,  especially  in  the  winter  season,  as  food 

The  seeds  are  small,  ash-coloured,  shining,  nut-like 

for  cattle.  By  far  the  best  oil  cake  is  that  from 

bodies. 

English  seed.  If  extracted  by  cold  expression  (when 

The  oil  is  extracted  principally  in  Russia.  The 

it  is  termed  coltJ  drawn  linseed  oil),  it  is  paler  coloured. 

yield  is  stated  by  rEKEiU.\  to  amount  to  '2b  per  cent. 

less  odorous,  and  has  less  taste  than  that  obtained 

of  the  seed.s.  This,  however,  is  only  in  extreme 

by  the  aid  of  heat.  In  the  latter  case  the  oil  is  of 

cases,  the  quantity  usually  obtained  rarely  exceeding 

an  amber  or  brownish-yellow  colour,  and  also  more 

from  lo  to  20  per  cent.  The  oil  has  a greenish- 

susceptible  of  rancidity  than  when  cold  drawn.  The 

yellow  tinge,  a disagreeable  smell,  and  a mawkish 

smell  and  taste  of  linseed  oil  is  highly  characteristic 

taste.  It  is  reailily  soluble  in  boiling  alcohol,  and 

and  peculiar  to  itself.  Its  specific  gravity,  according 

in  about  30  parts  of  this  spirit  when  cold.  It  is 

to  Saussuhe,  is  0-9395  at  12°  C'.;  0 931  at  2.5°  C.; 

used  in  painting  and  in  the  preparation  of  a soft 

0-9125  at  50°  C.;  0-8815  at  94°  C.  It  dissolves  in 

soap.  It  is  occasionally  employed  in  Russia  as  a 

5 parts  of  boiling  and  40  of  cold  alcohol,  and  in 

source  of  light,  but  is  apt  to  form  a viscid  auherent 

about  one  and  a half  times  its  volume  of  ether. 

varnish,  which  impedes  its  passage  through  the 

Its  constituents  are  on  an  average  75-17  per  cent. 

lamp. 

C,  10-98  per  cent.  H,  and  13-85  per  cent.  O,  cor- 

Lix'SEEI)  Oil. — This,  the  most  important  of  the 

responding  with  the  formula  Cj^II.^gO.,.  Accord- 

drying  oils,  is  obtained  by  e.xiuession  from  the  seeds 

ing  to  SciiuLER  it  contains  palmitin.  Gusserow  by 

of  the  common  flax,  Liinim  iisila/iKsimnm.  This  plant 

saponification  obtained  one-tenth  margarate,  and 

is  extensively  cultivated  in  this  as  well  as  ether 

nine-tenths  linoleate  of  lead.  According  to  Sacc  it 

European  countries,  both  for  its  fibre,  used  in  pro- 

consists  of  margarin  and  glyceride  of  linoleic  acid. 

dueing  thread,  and  for  the  oil  obtained  from  its 

If  cooled  down  to  about  minus  18°  C.  it  may  be 

seeds.  It  is  said  to  be  a native  of  Britain ; but  was 

kept  some  time  without  suffering  any  important 

not  cultivated  till  about  1.533,  when  it  was  directed 

change.  After  the  expiration  of  a longer  or  shorter 

to  be  sown  for  the  j)roduction  of  flax  for  the  manu- 

period,  however,  dependent  upon  the  precise  tern- 

facture  of  fishing  nets.  The  seeds,  commonly  termed 

perature,  it  becomes  darker  coloured,  and  deposits 

lintseed  or  linseed,  are  small,  oblong,  smooth,  and 

a portion  of  its  solid  constituent  along  with  colour 

j)ointed  at  one  extremity.  Externally  they  are  of 

ing  matter;  at  a few  degrees  lower  it  becomes 

a glossy  brown  colour,  and  internally  yellowish 

entirely  converted  into  a concrete  yellow  mass.  Lin- 

white.  Their  taste  is  oily  and  mucilaginous.  The 

seed  oil  in.ay  be  completely  decolorized  by  the  action 

mucilage,  however,  for  the  most  part  exists  in  the 

upon  it  of  ferrous  sulphate  in  conjunction  with 

seed  coats,  and  not  in  the  nucleus,  the  latter  being 

sunlight.  A solution  of  2 lbs.  of  the  salt  in  2^  lbs. 

the  richest  in  oil.  The  following  analysis  of  linseed 

of  water  is  poured  into  a flask  containing  2 lbs.  of 

is  by  Meyeu: — 

linseed  oil,  and  the  whole  is  submitted  to  siudight 

Per  Cent. 

Fat  oil, 1 1 *-65 

Wax 014(5 

Acrid  soft  resin 2-4S8 

for  some  weeks  with  frequent  agitation.  The  oil 
becomes  limpid  and  colourless,  and  may  be  drawn 
off  by  a siphon  or  otherwise. 

Kesinoiis  colouring  niiiilcr O oOO 

Linseed  oil  is  most  largelv  used  in  the  manufacture 

Yellow  extractive  and  t.innin 1'917 

Sweet  extractive,  malic  acid,  and  salts 10-88  4 

Gum G-154 

of  paints  and  varnishes.  It  is  used  also  in  the  pre- 
paration of  printers’  ink,  in  the  jireparation  of  black 

Nitrogenous  mucilage,  acetic  aci<i,  and  salts,.  15-120 

enamel  for  leather,  and  in  the  varnishing  of  oiled 

Starch,  with  salts, 1'480 

Alliunien, 2'782 

silk.  In  whiie-le.ad  works  linseed  oil  is  bleached  by 

Gluten 2-0J2 

sulphuric  ac’d,  and  the  small  portion  of  acid  always 

Uusk, 44-382 

remaining  in  the  oil  after  this  operation  has  the 

100  000 

good  effect — by  converting  into  sulphate  any  hydrate 
of  lead  that  may  be  present  in  the  white-lead  with 

According  to  G.mei.in,  the  a.shes  contain  oxide  of 

which  it  is  ground — of  preventing  the  production  of 

co[>per.  The  proportion  of  fat  oil  contained  in  the 

the  yellow  higher  oxide  when  the  p.aint  is  exposed  to 

seed  is  certainly  much  greater  than  that  given  in  the 

the  air.  A method  of  jmrification  especially  to  be 

preceding  analysis,  for  by  expression  in  the  cold 

recommended  when  the  oil  is  to  be  used  in  the  pre- 

the  yield  of  oil  is  from  21  to  22  per  cent,  of  the  seeds, 

par.'ition  of  varnish,  is  to  triturate  the  oil  with  dry 

and  by  the  assistance  of  heat,  combined  with  a more 

sulphate  of  lead  in  sufficient  quantity  to  form  a 

jiowerful  and  long-continued  pressure,  as  much  as 

milky  mixture.  After  a week’s  exposure  to  light. 

28  per  cent,  may  be  obtained.  If  a very  pure  oil 

and  with  frequent  agitation,  the  mucus  and  albu- 

be  required  the  {>rocess  of  cold  expression  must  be 

minous  matters  deposit  with  the  sulphate  of  lead. 

pursued;  a very  good  oil,  however,  may  be  obtained 

and  leave  the  oil  perfectly  clear.  The  oil  will  then, 

by  a steam  heat  not  exceeding  200°  Fahr.  The 

after  some  time,  become  quite  white.  The  pre- 
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cipitated  matters  form  a compact  membrane  above 
the  salt  of  lead,  and  become  so  hard  that  the  super- 
natant clarified  oil  may  be  poured  off.  The  lead 
sediment  may  again  be  used  for  tlie  same  purpose. 
Varnish  so  prepared  is  e.specially  valuable  in  those 
cases  where  tlie  presence  of  a salt  of  lead  would  be 
injurious  — as,  for  instance,  with  lac  colours,  with 
sulphide  of  cadmium,  and  other  pigments  containing 
sulphur.  When  long  kept  in  a bottle  only  half 
filled  with  it,  the  linseed  oil  becomes  more  thick, 
and  does  not  dry  as  well  as  before.  By  this  treat- 
ment, however,  it  acquires  the  property  of  com])ar- 
atively  ready  solubility  in  alcohol,  and  is  therefore 
added  with  advantage  to  several  spirit  varnishes  to 
diminish  their  brittleness. 

Caoutchouc  of  Oil  is  obtained  from  linseed  oil  as 
follows  : — The  oil  is  exposed  for  some  time,  as  in  the 
preparation  of  printers’  ink,  to  a high  temperature, 
when  it  becomes  converted  into  a dark  tenacious 
mass.  If  this  be  boiled  for  some  hours  with  dilute 
nitric  acid,  it  acquires  a thick  consistency,  and 
becomes  hard  on  exposure  to  the  air,  but  softens 
again  by  the  heat  of  boiling  water,  and  again  hardens 
to  a consistency  resembling  that  of  caoutchouc,  for 
whicl),  indee  1,  it  may  in  some  instances  be  substi- 
tuted. An  imitation  of  kamptulicon  is  made  with 
this  substance  combined  with  ground  cork.  This 
singular  body  is  soluble  in  oil  of  turpentine,  in  bi- 
sulphide of  carbon,  and  in  dilute  alkaline  solutions; 
from  the  latter  it  is  thrown  down  unaltered  on  the 
addition  of  an  acid.  Other  drying  oils,  beside 
linseed,  yield  a similar  substance,  though  not  so 
abundantl}'. 

Linseed  oil  is  frequently  adulterated  with  resin  or 
colophony.  This  may  be  detected  by  dige.sting  the 
oil  with  alcohol,  decanting  the  latter,  and  adding 
acetate  of  lead,  when  the  appearance  of  a white 
precipitate  is  indicative  of  this  falsification. 

Linseed  oil  is  sold  in  four  different  forms.  These 
kinds  are — 1.  lUnc  oil,  the  oil  in  its  natural  state,  as 
it  comes  from  the  seed.  2.  Ucfiued oil,  or  that  which 
has  had  the  mucilage  and  colouring  matter  separated 
from  it.  3.  Boiled  oil,  that  is,  oil  which  has  been 
more  or  less  treated  with  various  substances  termed 
driers,  so  that  it  may  dry  when  in  a thin  coating 
more  quickly  than  the  oiiginal  oil.  4.  Artists’  oil, 
the  raw  oil  put  into  a variety  of  conditions  as  to 
thickness,  colour,  and  rate  of  drying,  to  satisfy  the 
sometimes  fanciful  requirements  of  painters. 

The  oils  of  this  last  class  have  generally  liiore  the 
character  of  curiosities  than  of  utilities.  They  are 
usually  made  in  very  small  quantities,  and  result 
from  the  special  treatment  of  a few  gallons  of  oil 
by  the  artists’  colourman  ; sometimes  exposing  it  to 
sunshine  for  a few  weeks  or  months:  sometimes 
treating  it  with  plumbic  acetate,  litharge,  &c. ; not 
unfrequently  the  artist  himself  has  some  favourite 
method  of  preparing  his  own  oil.  The  result  gene- 
rally is  that  such  specially  prepared  oils  are  by  no 
means  remarkable  for  their  drying  projierties.  The 
strongest  seldom  dry  in  fifteen  hours. 

Refined  oil,  in  paint-making,  is  employed  chiefly 
as  the  vehicle  in  which  to  grind  pigments  of  delicate 


colour.  It  is  prepared  by  a variety  of  processes. 
The  oil  is  allowed  to  settle  in  large  tanks  for  several 
weeks  or  months,  and  is  then  treated  sometimes  hot, 
sometimes  cold,  wdth  plunibic  acetate  or  plumbic 
oxide,  the  lead  being  afterwards  by  some  makers 
separated  by  sulphuric  acid  (see  Liebig’s  process 
described  above).  In  other  cases  the  oil  is  warmed 
with  zinc  sulphate,  alum,  magnesia,  &c.,  or  is 
bleached  by  chlorine  or  some  chlorine  compound. 
In  whichever  way  prepared,  refined  oil,  as  found 
in  commerce,  is  defective  in  its  drying  properties; 
and  hence,  to  quicken  the  work  of  the  opera- 
tive painter,  arises  the  necessity  for  using,  along  with 
both  raw  oil  and  refined  oil,  spirits  of  turpen- 
tine and  the  compositions  known  as  driers.  Could 
the  raw,  or  still  better,  the  refined  oil  be  made  of 
theimsel  ves  to  dry  with  sufficient  rapidity,  there  would 
be  no  need  for  turpentine,  for  driers,  or  for  boiled  oil 
(see  rtiRiFiCATiON  OF  Oil,  ante). 

Boded  OH. — The  choice  of  linseed  oil  is  of  peculiar 
consequence  to  the  oil-boiler  and  varnish-maker,  as 
upon  its  quality  depends  to  a great  extent  the  beauty 
and  durability  of  the  painfs  mixed  with  it.  Oil 
expressed  from  unripe  seed  always  abounds  in  water, 
mucilage,  pulpy  matter,  and  is  more  or  lees  acid. 
Bad  oil  is  opaque,  turbid,  and  thick  ; its  taste  is 
acid  and  bitter  upon  the  tongue,  and  it  smells  rancid 
and  strong.  Such  oil  should  be  separately  boiled, 
with  extra  driers,  and  should  be  left  to  settle  in  a 
tank  by  itself. 

Oil  from  fine  full-grown  ripe  seed  is  limpid, 
pale  in  colour,  and  brilliant,  i.e.,  though  it  may 
not  be  perfectly  bright,  from  not  having  been 
tanked  for  a sufficient  time  to  allow  the  mucilage  to 
settle  completely,  it  has,  nevertheless,  a high  refrac- 
tive power;  it  is  mellow  and  sweet  to  the  taste,  has 
very  little  smell,  is  specifically  lighter  than  impure 
oil,  and,  when  clarified,  dries  quickly  and  firmly. 

The  chemistry  of  the  changes  induced  in  linseed 
oil  by  its  mere  exposure  to  air  are  generally  sum- 
marized in  the  statement  that  the  oil  dries — that  is, 
that  it  passes  from  a fluid  to  a solid  state  merely  by 
its  absorption  of  oxygen  from  the  atmosphere;  hence 
it  was  that  to  aid  it  in  drying,  it  was  conceived  to  be 
only  necessary  to  heat  it  along  with  certain  metallic' 
oxides,  which,  previously  to  its  exposure  to  the  air, 
should  give  it  oxygen,  and  thereby  shorten  the  time 
needed  afterwards  for  a more  complete  absorption. 
Hence  the  theory  of  the  utility  of  the  addition  to 
the  heated  oil  of  litharge  (plumbic  oxide);  and 
hence,  more  recently,  the  superaddition,  that  of  red 
lead,  and  subsequently  (originating  with  Cheviieul) 
of  anhydrous  bin  oxide  of  manganese. 

This  view  is  borne  out  by  the  following  experi- 
ment— 2500  grams,  of  raw  linseed  oil  boiled  for  ten 
minutes  with  30  grams,  of  litharge  and  30  of  minium, 
then  cooled  in  a close  vessel  and  weighed  at  the  end 
of  twenty-four  hours,  lose  only  GO  grains,  in  weight. 
(Had  air  been  blown  into  the  oil  it  would  have 
increased  2 to  3 per  cent,  in  weight).  This  loss  is 
so  small  that  it  goes  to  prove  that  boiled  oil  is  a 
simple  isomeric  modification  of  the  raw  oil.  Linseed 
oil  thus  treated  was  applied  to  a deal  board ; in 
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twenty-four  hours  it  was  transformed  into  a fine 
transparent  varnish. 

To  further  prove  that  the  resin ification  is  clue  to 
absorption  of  ox}'gen,  thin  layers  of  the  oil  were  laid 
upon  plates  of  zinc,  and  it  was  found  that  an  increase 
of  weight  took  place  during  the  resinitication  equal 
to  about  half  the  weight  of  the  oil  used. 

The  oldest  practice  of  making  boiled  oil  was  merely 
to  heat  or  “ boil  ” the  oil ; then  followed  the  con- 
joint employment  of  litharge;  both  these  methods 
being  purely  empirical,  being  founded  on  practical 
experience  alone.  But  the  more  recent  processes 
of  superadding  red  lead  (triplumbic  tetroxide)  or 
binoxide  of  manganese,  were,  as  stated  above, 
founded  on  the  principle  of  giving  to  the  oil  at  a 
high  temperature  the  proportion  of  oxj'gen  needed 
to  initiate  its  drj'ing. 

Along  with  these  later  practices  there  has,  still 
more  recently,  crept  in  the  conjoint  employment 
with  the  lead  oxides  of  plumbic  acetate,  zinc  sul- 
phate, &c.  Uinher  is  occasionally  added,  but  serves 
• only  to  increase  the  colour  of  the  oil. 

Linseed  oil  is  boiled  for  two  reasons;  firstly,  to 
facilitate  its  drying  when  spread  in  thin  surfaces, 
either  alone  or  mixed  with  paint;  secondly,  that  it 
may  serve  as  a vehicle  for  the  mechanical  suspension 
of  the  finely  divided  particles  constituting  a paint, 
enabling  them  to  adhere  to  the  surfaces  on  which 
they  are  spread.  It  must  neither  run  into  drops, 
nor  must  it  leave  the  eolouring  matters  behind ; it 
should  carry  the  colour  evenly  diffused  through  it 
over  the  whole  surface  upon  which  the  paint  is  laid, 
that  when  dry  they  may  together  form  a coating 
impermeable  to  gases  and  liquids. 

Technically  the  union  of  these  qualities  constitutes 
a quick  drying  oil  with  a good  body.  It  is  fre- 
quently the  case,  however,  that  consumers  require 
in  boiled  oil,  besides  these  essential  qualities,  others 
which  are  in  reality  quite  adventitious,  to  which 
either  from  experience  of  some  particular  sample, 
from  the  custom  of  their  trade,  or  from  the  mode 
in  which  they  have  been  led  to  believe  good  boiled 
oil  can  alone  be  made,  they  attach  a fictitious  im- 
portance. For  instance,  some  persons  cannot  con- 
ceive a boiled  oil  is  good  unless  it  has  a particular 
smell.  But  tiiking  it  for  granted  that  this  smell 
arises  from  the  oil  having  been  heated  for  a certain 
time  to  a given  temperature  (a  thing  by  no  means 
certain),  it  is  obvious  that  two  samjiles  of  oil  may 
have  that  odour,  whilst  from  the  different  ages  of 
the  oil  previous  to  boiling,  the  quality  of  the  seed 
from  which  they  were  expressed,  or  the  driers  em- 
jiloyed,  their  qualities  of  colour,  drying,  and  body 
(tlie  only  real  requisites)  may  be  entirely  different. 
Other  persons,  again,  confine  good  quality  to  a j>ar- 
ticular  shade  of  colour  and  degree  of  briglitness;  a 
third  party  requires  a particular  shade  of  colour, 
body,  and  smell  combined,  &c. 

'J’he  truth  is,  that  these  are  eircumstances  inde- 
jiendent  of  the  proper  treatment  of  the  oil  in 
the  boiling  process.  The  varying  qualities  of  the 
linseed  oil,  according  as  it  is  new  or  old,  made  from 
green  or  ripe  seed,  from  Baltic  or  East  Indian 


linseed,  &c.,  require  a varied  treatment  to  bring  them 
[ to  one  standard  of  drying  power  and  body.  If  these 
be  the  standards  to  be  maintained,  the  others,  which 
after  all  are  only  indications  that  the  oil  has  been 
manufactured,  are  of  no  importance.  This  specially 
ap])lies  to  the  time-honoured  method  of  oil  boiling 
by  fire.  If  a uniform  quality  of  oil  be  employed  and 
the  same  process  always  pursued,  the  colour  and 
smell  would  be  indications  of  the  success  of  that 
particular  process  upon  that  particular  oil ; but  at 
the  present  day  the  field  from  which  linseed  oil  is 
obtained  is  much  wider  than  it  was  of  old ; the 
boiler  cannot  always  obtain  the  oil  he  prefers,  and 
of  necessity  the  mode  of  manufacture  has  to  vary 
to  some  extent  with  each  parcel  of  oil.  The  old 
process  of  working  is  as  follows  : — 

After  the  oil  has  been  allowed  a sufficient  time  in 
the  tanks  to  become  bright  and  clear,  it  is  run  into 
an  iron  pan  of  sufficient  size  to  hold  the  charge  of  oil 
to  be  boiled,  leaving  at  least  6 inches  free  space  for 
frothing  up ; and  in  large  works  a safety-pipe  is  let 
into  the  sides  of  the  boiler,  so  that  if  intumescence 
I proceeds  too  far  the  oil  can  be  rapidly  withdrawn 
; from  the  action  of  the  fire.  When  the  pan  is 
charged  a fire  is  kindled  in  the  furnace  beneath, 
and  so  managed  that  the  oil  shall  gradually  but 
slowly  increase  in  heat  for  the  first  two  hours ; it 
is  then  brought  to  a gentle  simmer,  and  if  there  is 
any  scum  on  the  surface,  this  is  skimmed  off  and  put 
aside  to  be  used  in  making  putty,  &c.  The  oil  is 
allowed  to  remain  at  this  temperature  for  about  three 
hours,  and  then  little  by  little  the  driers  used — litharge, 
acetate  of  lead,  umber,  magnesia,  sulphate  of  zinc, 
or  whatever  they  may  be — are  thrown  in,  the  oil  being 
at  the  same  time  stirred  from  the  bottom.  The  driers 
seldom  exceed  in  quantity  5 lbs.  to  each  ton  of  oil. 

When  the  driers  are  all  in,  the  oil  is  allowed  to 
boil  rather  smartly  for  an  hour ; it  is  then  counted 
finished.  (Some  manufacturers  at  this  point  throw 
in  about  one-eighth  of  its  weight  of  black  rosin, 
under  the  idea  that  the  hardness  of  the  dried  oil  will 
be  thereby  increased,  but  with  the  eertainty  that  the 
profits  on  the  boiling  are  much  increased.)  The  pan 
is  next  carefully  covered  over  to  keep  out  the  dust, 
while  the  fire  is  drawn  and  extinguished  by  water ; 
the  oil  is  then  uncovered  and  left  till  the  next 
morning,  when  it  should  be  covered  more  or  less 
entirely  with  a thin  skin.  This  is  cleared  away,  and 
the  oil,  which  is  still  hot,  is  run  off  or  ladled  out 
into  suitable  vessels.  At  some  of  the  smaller  oil- 
works  the  oil  is  turned  at  once  into  the  oil-pipes  for 
sending  out;  in  the  larger  factories  it  is  stored  in 
huge  iron  tanks  for  a few  weeks,  until  the  whole  of 
the  driers  have  settled,  and  the  oil  is  as  bright  and 
clear  as  old  port  wine. 

The  sediment,  called  “foots,”  is  used  for  putty,  &c. 

The  boiling  vessel  is  made  either  of  copper  or 
boiler  plate,  or  is  a cast-iron  pan  of  greater  or  less 
capacity,  according  to  the  magnitude  of  the  works; 
and  this  capacity  may  be  that  of  1 pipe  of  oil  (about 
half  a ton),  or  of  4 or  0 or  8 pipes.  On  an  average 
the  boiling  pan  holds  4 or  5 pipes,  or  about  2 tons 
of  oil. 
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All  oil-boilers  should  test  the  drying  quality  of 
each  batch  of  oil.  The  writer  has  found  that  the 
most  trustworthy  mode  of  doing  this  is  to  dip  a 
piece  of  well  sized  paper  into  the  oil  when  cold,  and 
hang  it  up  to  dry.  If  the  oil  is  thoroughly  well 
boiled,  a varnished  surface  is  produced  over  nearly 
the  whole  of  the  dipped  portion  of  the  paper.  If 
the  boiling  has  been  imperfect,  the  upper  part  of 
the  surface  of  the  paper  will  be  simply  greasy,  and 
the  varnislied  coating  will  be  confined  to  the  lower 
part  only.  The  drying  is  said  to  be  effected  when 
the  paper  no  longer  greases  a finger  touching  it. 

The  thinner  the  layers  of  boiled  oil  the  more 
quickly  do  they  dry,  and  at  40°  Fahr.  the  absorption 
of  oxygen  is  one  half  less  rapid  than  it  is  at  G0° 
Fahr.,  so  that  oils  dry  more  slowly  in  winter  than  in 
summer. 

When  heat  is  applied  to  the  oil,  the  water  (pro- 
bably held  by  the  mucilage)  is  first  thrown  off,  and 
tliis  water  forms  a yellow  stained  froth  on  the  surface 
of  the  gradually  heating  oil.  As  the  heat  increases 
there  are  evolved,  successively,  acetic  acid,  acrolein, 
and  other  vapours  and  gases.  Before  the  heat  has 
fulfilled  its  work  the  temperature  has  risen  to  some 
6U0°  or  700°  Fahr.  Finally,  the  oil  has  suffered  the 
changes  peculiar  to  its  partial  destructive  distillation, 
and  passed  from  its  original  bright  colour  into  a 
deep  and  permanent  brown  or  reddish-brown  ; and, 
in  the  opinion  of  many  consumers,  the  more  intense 
this  dark  colour,  the  better  is  the  boiling  considered 
to  have  been  accomplished. 

The  clear  boiled  oil,  as  usually  made,  always  contains 
a considerable  quantity  of  lead,  is  dark  coloured  and 
cannot  be  bleached;  paint  mixed  with  it  is  apt  to 
darken,  from  its  undergoing  the  well-known  reaction 
with  sulphuretted  hydrogen.  The  process  is  more- 
over an  eminently  dangerous  one ; it  produces  an 
intolerable  odour,  and  since  the  introduction  of  East 
India  seed  is  by  no  means  so  certain  as  it  was  when 
Baltic  linseed  alone  was  used.  The  difference  of 
climate  and  culture  gives  to  the  East  India  seed  oil 
so  different  a character,  as  to  require  that  it  should 
be  treated  by  a much  .slower  process,  and  that  much 
m.ore  care  should  be  bestowed  on  it. 

The  East  India  seed  oil  is  what  is  called  “ tender.” 
The  main  reason  that  it  cannot  be  boiled  with  safety 
in  the  ordinary  way,  is  its  great  tendency  to  swell 
and  froth  up  on  the  application  of  heat. 

The  imperfection  of  the  jirocess  of  boiling  oil  by 
fire,  and  the  desire  to  avoid  the  use  of  lead  salts  con- 
sequent upon  the  introduction  of  zinc  white  as  a 
pigment,  led  to  active  research  on  the  part  of  many 
chemists.  The  first  to  make  any  real  advance 
was  E.  CnEViiEL'L,  who  in  a masterly  paper 
(“  Ilecherches  Experimentales  sur  la  Peinture  h 
riluile,”  Mem.  Acad.  Sciences,  t.  xxii.,  1850)  de- 
monstrated that  by  heating  oil  with  binoxide  of 
manganese  for  eight  hours,  at  the  temperature  of 
70°  C.,  it  was  rendered  sufficiently  a drying  oil  to 
be  used  as  boiled  oil.  C.  Binks,  Bahl'EL,  and 
.Iean  followed  up  the  subject;  as  did  also  C.  \V. 
Vincent,  with  special  reference  to  varnish  for 
making  printers’  ink.  After  many  discouragements. 

a process  for  oil  boiling  by  means  of  steim  was 
fairly  set  going,  and  has  of  late  years  become  very 
extensively  used. 

One  of  the  great  difficulties  the  steam  process  had 
to  contend  with  was  that  the  colour  of  the  oil  is 
but  slightly  altered ; and  until  means  were  adopted 
to  secure  to  the  oil  the  much -desired  red -brown 
colour,  it  had  no  chance  of  success.  One  of  the 
advantages  of  the  process  is  hereby  much  diminished, 
since  oil-boilers  are  compelled  to  adopt  expedients 
to  give  a colour  to  the  oil  which  otherwise  it  would 
not  have.  And  to  the  practical  end,  an  aim  has  to 
be  added  which  frets  and  annoys  common-sense  and 
honesty  of  purpose — viz.,  that  in  addition  to  that  of 
good  and  improved  methods  of  manufacture,  there 
must  be  sufficient  similarity  in  appearance  to  accus- 
tomed samples  to  avoid  awakening  prejudices.  This 
is  the  more  to  be  deplored  since  the  colour  is  ob- 
tained by  the  introduction  of  those  very  salts  of  lead 
which  the  process  was  devised  to  cast  out. 

According  to  Chevkeul,  Liebig,  and  others, 
linseed  oil  is  solidified  by  absorption  of  oxygen  ; 
hence  it  follows  that  all  substances  which  can  be 
used  as  driers  must  be  such  as  are  capable  of  jiarting 
with  oxygen  to  the  oil ; or  else  by  dissolving  in  it, 
and  being  themselves  oxidisable  in  combination, 
they  in  that  way  increase  its  absorptive  power. 
There  is  also  a class  of  driers,  astringents,  which  act 
whilst  mechanically  suspended  in  the  oil — as  white 
copperas  (zinc  sulphate),  &c.  They  do  not  them- 
selves promote  the  absorption  of  oxygen,  but  assist 
in  the  removal  of  the  vegetable  albumen  and  muci- 
lage which  the  oil  contains,  which  to  a certain  ex- 
tent impair  its  drying  qualities.  The  oil  is  then 
brought  more  directly  in  contact  with  the  oxygen  of 
the  atmosphere,  and  consequently  dries  more  rapidly. 

Binoxide  of  manganese  belongs  to  the  first  class 
of  driers,  but  acts  (jttasi  catalytically ; it  parts  with 
some  of  its  oxygen  to  the  oil,  and  thus  to  a certain 
extent  becomes  deoxidised ; but  in  the  act  of  stirring 
the  manganese  oxide  is  brought  up  to  the  surface,  is 
reoxidised,  and  is  again  in  a position  to  act  upon 
the  oil. 

This  necessity  of  reoxidation  of  the  manganese 
suggested  the  use  of  blowing  engines  in  conjunction 
with  the  oil  pan  ; and  it  was  immediately  found  that 
the  process  of  boiling  was  greatly  accelerated,  and 
that  at  the  same  time  a great  body  could  be  given 
to  the  oil  at  a comparatively  low  temperature. 

Driers  which  operate  in  this  manner  are  now  very 
generally  adopted^,  the  effect  of  their  use  being 
simply  this — that  the  oil  subjected  to  their  action 
conjointly  with  a current  of  air  has  its  absorptive 
power  for  oxygen  very  greatly  increased,  and  retains 
this  power  when  the  driers,  the  primary  incentives 
to  absorption,  are  entirely  removed.  The  oil  is 
completely  liquid,  its  body  is  somewhat  increased, 
but  on  exposure  to  the  air  it  becomes  in  a few  hours 
covered  with  a thin  but  tough  skin. 

Faraday  was  the  first  to  turn  this  property  of 
binoxide  of  manganese  to  practical  account.  He 
was  consulted  by  the  manager  of  the  Queen’s  Print- 
ing Office,  as  to  the  possibility  of  hastening  the  drying 

OIL. — Boiled  Linseed.  473 


of  printing  inks,  so  that  work  might  be  milled  (that 
is,  compressed  between  zinc  plates  passed  through 
closely  set  rollers)  with  less  delay  after  printing. 
A fortniglit  was  the  time  usually  allowed  for  the 
ink  to  set.  If  the  printed  matter  was  milled  sooner 
tlie  ink  “set  off”  on  to  the  zinc  plates,  and  if 
the  ordinary  driers  were  used  the  ink  formed  thick 
skins  on  the  rollers  of  the  printing  machine,  with 
many  otlier  inconveniences.  Faraday’s  far-sighted 
sagacity  at  once  decided  that  one  solution  of  the 
difficulty  would  be  the  mechanical  introduction  of  a 
substance  in  the  ink  which  should  be  almost  inert 
till  it  was  exposed  to  the  air.  Binoxide  of  man- 
ganese fulfils  this  condition. 

In  order  to  get  the  binoxide  in  a sufficiently  fine 
state  of  division  to  mix  with  the  printing  inks,  he 
devised  a washing  apparatus,  consisting  of  a series  of 
vessels  arranged  one  below  the  other,  like  stairs.  The 
finely  powdered  manganese  being  placed  in  the  top- 
most vessel,  water  is  run  on  to  it,  and  the  manganese 
stirred  up.  d’lie  black  liquor  passes  from  vessel  to 
vessel,  depositing  the  coarser  particles  first,  and  the 
finest  later.  Six  vessels  were  found  enough.  In  the 
last  the  manganese  is  deposited  in  an  impalpable 
powder,  which  when  worked  into  the  ink  enables  it 
to  be  used  without  fear  of  injury  to  the  plates  or 
formes  from  grit.  'Fhese  experiments  were  carried  out 
forty  years  ago  by  the  help  of  Stephen  Leighton, 
of  the  Queen’s  Printing  Office.  Shacklewell,  long 
before  the  researches  of  Chevueul.  The  ink  was 
specially  manufactured  by  Shackell  and  Edwards. 

By  following  up  this  investigation  for  Leighton 
Brothers  for  the  Illustrated  London  News,  Vincent 
found  many  other  substances  which  act  in  the  same 
way  (notably  preparations  containing  manganous 
chloride),  and  was  thus  enabled  to  prepare  pale 
boiled  oils,  which  could  be  used  in  making  varnish 
for  coloured  as  well  as  black  inks.  These  varnishes 
have  been  used  since  1859  by  some  of  the  largest 
ink  makers  and  colour  printers. 

Wlieii  manganese  compounds  are  used  as  driers, 
the  oil  need  never  reach  the  temperature  at  which 
it  is  carbonized,  consequently  it  remains  pale  in 
colour;  as,  however,  consumers  of  boiled  oil  insist 
on  its  having  the  reddish-brown  hue  to  which  they 
are  accustomed,  litharge,  or  some  lead  salt,  has  to 
be  added.  By  judiciously  mixing  one  of  these  sub- 
stances (preferably  litharge)  with  one  of  the  man- 
ganese compounds,  a drier  is  obtained,  by  altering 
the  relative  proportions  of  whicli  the  boiler  can  give 
to  the  oil  any  desired  shaile  of  colour.  The  larger 
tlie  quantity  of  litharge  the  darker  tlie  colour  of  the 
boiled  oil.  A lesser  amount  of  litharge,  accompanied 
by  a greater  proportion  of  the  manganese  compound, 
gives  as  a product  an  oil  which  will  dry  in  the  same 
time,  and  has  less  colour. 

Tlie  risk  of  boiling  over,  and  causing  a conflagra- 
tion. was  one  reason  for  the  disUincc  at  which  oil- 
boiling establishments  were  formerly  kept  from 
towns ; the  abominable  smell  produced  by  the 
evaporation  and  partial  decomposition  of  tlie  oil 
was  another.  Nevertheless,  it  is  a great  inconveni- 
ence to  be  constantly  driven  further  and  further 
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away  from  those  industrial  centres  where  the  pro- 
duct has  ultimately  to  be  used,  and  this  has  been 
particularly  felt  in  the  case  of  the  oil  trade.  It 
became,  tlurefore,  a matter  of  absolute  necessity  to 
find  means  of  stopping  the  intensely  disagreeable 
odours  arising  from  oil-boiling,  and  to  secure  the 
premises  from  risk  of  fire.  This  has  been  arrived 
at  in  a very  perfect  manner,  as  an  adjunct  of  the 
steam  process. 

The  best  form  of  pan  for  oil-boiling  by  steam  is 
made  of  copper  (an  iron  one  will  give  equally  good 
results,  but  on  account  of  its  conducting  heat  less 
perfectly  will  cause  the  process  to  occupy  more 
time).  The  pan  is  circular  in  shape,  with  a depth 
about  equal  to  its  diameter,  and  a rounded  bottom. 
This  pan  is  surrounded  for  about  three-fourths  of 
its  depth  (/.e.  to  the  oil  level,  or  a little  above  it) 
with  an  iron  jacket,  between  which  and  the  body 
of  the  pan  steam  is  admitted  as  the  source  of  heat. 

The  jacket  and  pan  should  be  able  to  withstand 
a working  pressure  of  40  lbs.  to  the  square  inch. 
The  top  of  the  pan  is  closed  by  a dome  rivetted  to 
it,  and  forming  a part  of  it.  This  dome  is  furnished 
with  a man-hole,  and  in  the  centre  is  provided  with 
a stuffing-box,  through  which  passes  a solid  shaft 
surrounded  by  a hollow  one  ; each  shaft  bears  a fan, 
which  fans,  by  gearing  outside  the  pan,  are  made  to 
rotate  in  opposite  directions,  intersecting  each  other 
in  so  doing,  and,  as  may  be  conceived,  producing  a 
most  thorough  admixture  of  any  fluid  and  solid 
substances  submitted  to  their  dashing  and  cutting 
action.  (Henry  Pontifex  & Sons  are  the  makers.) 

At  one  side  of  the  top  of  the  dome  is  a kind  of 
cupola,  from  the  top  of  which  proceeds  a three-inch 
pipe,  which  is  carried  down  to  the  ash-pit  below  the 
furnace  of  the  steam-boiler. 

AVhen  at  work  care  is  taken  that  every  joint  is 
tight ; hence  all  vapours  arising  from  the  oil  in  the  pan 
are  conveyed  by  the  pipe  from  the  cupola  through 
the  fire,  and  the  acrolein,  &c.,  are  destroyed.  The 
oil-pan  being  at  a good  distance  from  the  furnace, 
and  the  disagreeable  smell  being  done  away  with, 
oil-boiling  can  be  carried  on  without  objection  on 
the  part  of  either  the  insurance  companies  or  the 
public  at  large,  even  in  the  most  densely  populated 
districts.  Vincent  states  that  he  boiled  oil  and  made 
printing  ink  varnish  in  Milford  Lane,  Strand,  for 
some  years,  without  increasing  the  insurance  on  the 
premises  of  the  Illustrated  London  News,  though  the 
steam  was  supplied  from  their  boilers. 

At  the  lower  part  of  the  pan  an  inch-pipe  from  a 
powerful  air-blower  penetrates  through  the  jacket  to 
the  interior  of  the  pan. 

'I'he  workman’s  first  care  on  commencing  opera- 
tions is  to  see  that  all  his  taps  are  in  good,  efficient 
order,  and  turned  the  right  way,  after  which  tlie 
mode  of  manipulation  is  the  following: — The  oil, 
which  is  drawn  from  the  settling  tanks  in  which  it 
has  been  stored  for  some  weeks,  or  at  any  rate  days, 
is  run  into  a large  tank,  holding  one  batch  for  boil- 
ing (two  to  three  tons  is  the  usual  quantitj',  though 
more  may  be  worked),  and  here  allowed  to  remain 
for  four  or  five  hours,  according  to  the  time  taken 
60 
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for  boiling  the  previous  batch  ; matters  being  so 
arranged  that  as  soon  as  one  batch  is  pumped  up 
into  tlie  pans  another  is  shot  into  the  tank.  The 
waste  steam  from  the  boiling-pan  passes  through 
a coil  of  inch  and  a half  pipe  placed  in  this  tank,  so 
that  the  oil  is  warmed,  and  the  separation  of  mucil- 
age, &c.,  at  once  commences.  In  dealing  with  oil 
from  East  India  seed  this  preliminary  warming  almost 
entirely  stops  the  intumescence  in  the  after  boiling 
already  referred  to. 

By  tlie  time  the  pan  is  ready  the  oil  has  acquired 
a temperature  of  about  95°  Falir. ; it  is  then  pumped 
up  into  tlie  pan  by  force  pumps  capable  of  throwing 
a ton  20  feet  upwards  in  three  minutes.  A small 
safety  tip  on  the  jacket  is  then  opened,  and  full 
pressure  of  steam  turned  on.  As  soon  as  steam 
issues  freely  from  the  outlet  the  air  may  be  counted 
to  be  expelled,  and  the  safety  taji  closed.  The  fans 
are  then  .started. 

At  first  little  or  no  smell  is  to  be  perceived.  If 
the  manhole  be  open  an  observer  can  watch  the  oil 
churning  round  with  but  little  frothing,  although  the 
blades  of  the  two  fans,  rotating  in  opposite  direc- 
tions, cause  such  a perfect  commingling  of  the  oil 
and  the  air  wdiich  is  in  the  upper  pait  of  the  pan, 
that,  looking  in  upon  the  whole  fluid  mass,  it  seems 
as  if  the  bulk  were  greatly  increased,  and  it  goes  on 
swelling  and  chafing  with  a hollow  rumbling  noise 
until  true  frothing  commences. 

On  first  turning  on  the  steam  the  pressure  on  the 
boiler  is  rapidly  reduced  by  the  rapid  condensation ; 
but  as  the  oil  gets  hotter,  so  does  the  steam  pressure 
recover  itself.  The  oil  no  v begins  to  emit  a faint  sickly 
odour,  something  like  that  of  raw  oil,  but  intensified. 
It  is  now  nearly  hot  enough  for  the  air  to  be  turned 
on.  This  may  be  done  as  soon  as  the  steam  reaches 
the  pressure  on  the  jacket  of  35  lbs.  to  the  square 
inch. 

Immediately  the  appearance  of  the  oil  changes; 
its  bulk  appears  to  be  still  more  increased ; a 
foaming,  seething  vorte.x  presents  itself ; the  colour 
changes  from  the  dark  brown  to  a pale  yellow,  and 
a strong  pungent  odour,  like  a thous.and  onions  con- 
centrated, which  universally  accoitqianies  the  boiling 
of  oil,  makes  itself  known  and  felt  by  both  eyes  and 
nose,  if  the  workman  does  not  take  the  hint  that  it 
is  time  to  close  the  manhole. 

It  may  be  here  observed,  that  before  the  air  was 
turned  on  a taper  would  burn  in  any  part  of  the 
space  above  the  oil,  when  it  was  safe  from  being 
extinguished  by  splashes.  After  the  air  has  been 
blown  through  the  oil  for  a short  time,  if  both  the 
fans  and  the  air-punqi  be  stojiped,  so  that  a per- 
fectly quiescent  atmosphere  remains  above  the  oil, 
it  is  found  to  be  ])erfectly  incaiiable  of  supporting 
combustion.  VlNCENT  states  that  even  a brown 
paper  torch  dipped  in  turpentine  is,  under  these 
circumstances,  immediately  extinguished. 

If  a dark  boiled  oil  is  required,  the  driers  should 
be  put  in  as  soon  as  the  oil  is  thoroughly  heated 
throughout  its  hidk,  which  is  commonly  about  half 
an  hour  after  the  steam  has  an  indicated  pressure  of 
35  lbs.  to  the  square  inch. 


The  driers  have  been  previously  groimd  with  oil 
to  the  consistence  of  treacle.  They  are  now  mixed 
with  oil,  and  are  introduced  through  a funnel,  with 
a stop-cock  inteiwening  between  it  and  the  pan,  in 
a thin  stream.  It  is  inqiortant  to  secure  as  perfect 
a distribution  of  the  driers  tlirough  the  oil  as  pos- 
sible from  the  first,  as  if  they  are  suffered  to  come 
together  they  coagulate,  form  lumps,  and  do  not  do 
halt  tlieir  work. 

The  quantity  of  driers  used  need  not  exceed  threc- 
quartei’s  of  a pound  per  cwt.  of  oil,  so  that  there  is 
an  obvious  necessity  to  take  great  pains  to  secure 
and  maintain  as  great  a diffusion  through  the  liquid 
as  can  be  achieved,  and  thus  coincide  with  the  new 
theory  of  oil-boiling,  which  requires  that  each  particle 
of  oil  should  be  in  contact  with  a particle  of  the  drier 
used,  and  also  with  oxygen  at  the  same  time. 

Subsequent  to  the  introduction  of  the  driers  no 
attention  is  required,  save  to  see  that  the  air-pump 
and  fan  ai  e kept  constantly  at  work,  and  that  the 
jiressure  of  steam  on  the  pan  does  not  sink  below 
30  lbs.,  35  lbs.  being  that  which  should  be  adhered  to. 

The  exact  quantity  of  air  which  ought  to  be  in- 
jected for  the  oxidation  of  a given  quantity  of  oil 
has  not  been  ascertained.  In  practice  it  is  found 
that  some  oils  require  and  will  consume  a much 
larger  quantity  than  others.  The  custom  is  to  throw 
in  as  much  air  as  the  oil  will  take  uj)  without  froth- 
ing up  into  the  dome  or  the  cupola,  and  priming 
over  into  the  vapour  pipe. 

The  cooling  effect  of  the  air  thus  introduced  is 
much  less  than  might  at  first  be  supposed.  In  point 
of  fact,  the  pressure  to  which  the  air  is  subjecte.l  in 
overcoming  the  weight  of  the  oil,  lilting  the  heavy 
valves,  and  its  friction  against  the  tubes  it  passes 
through,  considerably  raises  its  temperature  before 
it  enters  the  jian.  It  is  generally  found  to  be  raised 
some  20°  or  30°  Fahr.  by  the  time  it  reaches  the  oil. 
Indeed,  the  pipes  which  it  traverses  frequently 
become  too  hot  to  be  held  by  the  hand  with  a 
firm  grip. 

In  four  hours  after  putting  in  the  dri  rs  the  oil 
is  finished,  and  may  be  removed  from  the  pan  to 
a tank,  where  it  remains  for  a week  or  more  for  the 
major  part  of  the  driers  to  settle  out.  When  bright, 
it  is  either  pumped  or  run  off  into  other  tanks  for 
warehou'ing,  or  may  be  allowed  to  remain  where  it 
is  for  future  use  if  there  are  plenty  of  working  tanks. 

The  settling  tanks  should  be  lofty  in  proportion 
to  the  width  and  length.  They  should  have  two  or 
three  exit  taps  for  the  oil,  the  lowest  being  at  least 
4 inches  above  the  bottom  of  the  tank.  As  the  oil 
settles  slowly,  the  upper  part  is  sometimes  bright 
and  clear  several  days  before  the  lower  half  is  fit  to 
use.  Underneath  the  tanks  should  be  a large  cock 
in  the  lowest  corner,  to  remove  the  foots  and 
sediment. 

The  mode  of  emptying  the  boiling  pan  is  by 
allowing  the  oil  to  rush  out  through  a two-inch 
tap  in  the  centre  of  the  bottom  into  pipes,  which 
are  connected  by  running  joints,  and  lead  it  in  any 
desired  direction. 

Sometimes  a little  difficulty  occurs  in  dropping 
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tlie  oil,  owing  to  the  orifice  of  the  tap  leading  into  ; 
the  [)an  becoming  shopped  up  by  an  accumulation  of 
the  old  skins  of  oil  which  have  fallen  from  the  sides 
of  the  pan.  'I’his  may  be  greatly  avoided  by  caus- 
ing the  air  from  the  blower  to  enter  the  pan  through 
the  bottom  tap,  and  putting  a second  tap  beyond 
the  air  inlet  as  an  outlet  for  the  oil.  The  pressure 
from  the  air-pump  will  then  suffice  to  remove  any 
ordinary  obstruction.  Of  course,  care  must  be  taken  ] 
to  shut  off  the  air  and  see  all  taps  properly  arranged 
before  the  oil  is  drop])ed.  'I'he  workman  should 
have  a written  list,  and  see  to  each  one  individually 
before  starting  the  oil. 

The  action  of  the  air  alone  does  nothing  towards 
making  the  oil  a drying  one.  Vincent  states  that 
he  has  boiled  oil  for  three  consecutive  days,  passing 
in  air  and  keeping  up  a high  tem|ieiature  during  the 
whole  time,  and  the  resultant  boiled  oil  has  taken 
precisely  the  same  time  to  dry  as  the  raw  oil  from 
which  it  was  taken.  The  body  of  the  oil  had,  how- 
ever, so  much  increased,  that  its  consistency  was 
more  that  of  a varnish  than  of  an  oil. 

If  oil  be  subjected  to  steam  heat  alone  for  the 
same  space  of  time,  without  any  air  except  such  as 
comes  in  contact  with  its  surface,  Vincent  states 
that  the  consistency  does  not  increase  as  in  the 
former  case;  the  oil  siin[)ly  becomes  more  greasy, 
has  less  difficulty  in  penetrating  capillary  tubes  (as, 
for  instance,  those  of  paper,  plaster,  &c.)  than  it 
previously  had,  and  has  decidedly  less  drying  power. 
In  this  matter  he  is  at  variance  with  Ciieyueul, 
who  has  found  that  the  drying  power  is  considerably 
hastened  by  simply  heating  the  oil.  It  i.s,  however, 
probable  that  Cheviiecl’s  oil  was  small  in  cjuantity, 
and  perhaps  had  not  previously  settled ; in  this  case 
its  drying  powers  would  be,  by  simply  heating, 
“very  sensibly  augmented,”  as  Cheviiell  puts  it. 
The  writer’s  experience  of  many  hundreil  samples, 
taken  at  different  stages  of  heating  oil  without  driers, 
but  with  and  without  injected  air,  is  that,  as  far  as 
drying  goes,  the  oil  is  not  at  all  altered. 

The  advantages  of  the  steam  process  of  oil-boiling 
are  very  great.  'I'he  close  apparatus  in  -which  the 
work  is  performed  secures  the  manufacturer  alike 
from  annoying  his  neighbours  and  injuring  his  own 
men.  'I'here  is  no  danger  from  fire.  'I’he  air  and 
heat  secure  a sufficient  body  to  the  oil.  'I’he  lead 
salts  secure  any  desired  shade  of  colour.  And  the 
drying  powers  can  be  brought  into  stiict  accordance 
with  the  old  standard,  vi/„,  on  wooil,  six  hours  in 
summer  and  eight  in  winter.  'I'he  mechanical  a]>pli- 
ances  reduce  the  time  of  the  operation  to  about 
one-third  of  that  which  in  former  days  was  thought 
essential.  In  the  ordinary  working  day  of  twelve 
hours,  starting  with  cold  oil  and  a cold  boiler,  two 
batches  can  be  boiled  without  undue  driving  of  men 
or  machinery. 

Before  leaving  this  part  of  the  subject,  it  m.ay  be 
as  well  to  note  that  plumbic  acetates  must  never 
be  used  with  a copper  pan  or  with  copper  stirrer.s. 
So  soon  as  the  oil  got  hot  the  whole  of  the  lead 
would  be  reduced  wherever  it  touched  the  oil  and 
copper,  and  the  oil  would  become  the  colour  of  ink. 


When  an  iron  pan  and  iron  .stirrers  are  used,  the 
reduction  does  not  take  place. 

W1  len  boded  oil  is  for  export.  Vincent  advises 
the  addition  of  a small  quantity  of  well  settled  raw 
oil  to  each  barrel  or  drum  of  boiled  oil,  particularly 
if  the  oil  has  to  go  south.  He  states  that  long  expe- 
rience has  shown  that  the  oil  becomes  brighter  after 
a month’s  voyage  than  it  was  when  first  shipped, 
j and  that  the  risk  of  becoming  stiff  in  working  is 
thereby  avoided.  For  a three  months’  voyage  as 
much  as  1 gallon  of  well-settled  raw  linseed  oil  may 
be  added  to  each  4 gallons  of  boiled  oil  with  most 
beneficial  results. 

Bines  describes  his  process  as  thus  carried  out 
under  his  own  direction : — A large  wooden  and  lead- 
lined  vat,  holding  several  tons  of  oil,  is  furnished  with 
a false  bottom  or  compartment,  through  which  steam 
is  passed  to  warm  the  oil,  and  with  a contrivance  for 
passing  into  the  oil  a large  volume  of  atmospheric 
air,  sent  into  it  by  a double-action  air  pump,  capable 
of  being  thrown  into  and  out  of  action  at  pleasure. 

The  oil,  treated  in  very  large  quantity  at  a time, 
is  mixed  with  hydrated  protoxide  of  manganese, 
or  materials  yielding  that  substance,  in  quantity 
ranging  between  5 and  14  lbs.  to  the  ton,  and  the 
oil  warmed  up  to  100°  to  150°  Fahr. 

In  a very  short  time  (ten  or  twenty  minutes. 
Bines  states)  the  oil  lo.ses  its  peculiar  yellow  colour, 
passing  through  a greenish  into  a brownish  tint, 
whilst  the  oxide  di.sappears,  being  diffused  through 
the  oil.  In  this  state  of  “ solution,”  as  it  is  called, 
the  oil  has  already  had  given  to  it,  by  this  simple, 
rapid,  and  inexpensive  operation,  a very  considerable 
amount  of  drying  power,  and  is  fit  in  this  state  to 
be  applied  to  a multitude  of  purposes. 

If  at  this  stage  the  operation  be  stopped,  and  the 
oil  left  to  cool,  it  will  let  fall  a very  small  quantity 
of  reddish-brown  deposit,  the  result  of  a combination 
between  the  manganous  oxide  and  the  colouring 
matter  of  the  oil  (Bines),  whilst  through  the  oil  is 
diffused  an  oleate  of  the  oxide  of  manganese,  giving 
it  the  brownish  tinge.  On  expo.sure  of  the  oil  thus 
treated  to  air,  this  tinge,  in  the  first  instance,  passes 
into  deep  brown,  as  deep  as  that  of  common  boiled 
oil ; then  there  follows  a deposit  of  manganic  oxide 
(MiigOg),  and  the  oil  begins  to  hkach,  and  gradually 
as  the  change  goes  on  increases  in  its  drying  power. 
'I’he  extent  to  which  the  bleaching  can  finally  be 
carried  may  be  to  produce  an  oil  little  inferior  in 
colour  to  refined  linseed  oil,  or  it  may  terminate  in 
producing  a fine  amber  coloured  oil. 

In  Bines’  ojiinion  the  hydrated  protoxide  of  man- 
ganese is  a powerful  deoxidiser,  and  its  action  upon 
linseed  oil  is  that  of  withdrawing  oxygen  from  it. 
He  says : — “ Linseed  oil  in  its  normal  state  appears 
to  exercise  a cerfiiin  power  of  resistance  against 
external  influences,  that  would  transform  it  from  the 
fluid  to  the  solid  state.  It  yields  to  these  influences 
oidy  after  a struggle,  as  it  were.  Xow  the  hydrated 
protoxide  of  manganese,  by  mere  conflict  with  the 
oil  in  very  minute  projiortional  quantities,  at  once 
breaks  through  this  state  of  equilibrium  or  power 
of  resistance,  and  the  oil  therefore  begins  at  once 
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to  dry ; that  i.s,  this  contact  initiates  the  action  or 
series  of  actions,  or  removes  some  obstruction  aeainst 
their  exercise,  and  these  then  proceed  with  all  the 
rapidity  they  are  capable  of. 

“ It  is  scarcely  nece.ssary  to  remark  that  tliis 
hydrated  jirotoxide  is  in  every  respect,  in  its  mode 
of  application,  action,  and  re.sults,  different  from  the 
old  peroxide  (dioxide),  Whilst  the  latter  is  used  to 
give  oxygen  to  the  oil,  the  property  of  the  former  is 
to  abstract  it.  The  protoxide  is  a [>owerful  deoxidis- 
ing agent.” 

Most  oil-boilers  differ  xvith  Links.  Jlanganous 
oxide  is  certainly  a powerful  deoxidiscr,  but  it  merely 
plays  the  part  of  a ‘-carrier;”  it  is  oxidised  by  the 
stream  of  air  pumped  into  the  oil,  and  is  itself  deoxi- 
dised by  the  oil,  and  is  again  ready  to  take  up  Iresli 
oxygen  from  the  air. 

hlanganous  oxide  is  so  strong  an  absorber  of  oxygen 
that  it  requires  the  utmost  care  to  obtain  it  and 
preserve  it  without  its  passing  into  a higher  state  of 
oxidation  (Mn.,0^).  For  the  puipioses  of  oil  boiling 
it  is  therefore  preferable  to  operate  with  a mangar  ous 
salt,  to  convert  this  into  the  protoxide  shortly  before 
using,  and  keep  it  iitu/er  oil  until  it  is  required. 
iManganous  salts  are  decomposed  by  the  alkalies,  the 
alkaline  earths,  &c.,  but  with  regard  to  the  end  in 
view  the  best  reagent  is  litharge  (plumbic  oxide) ; the 
plumbic  sulphate  formed  settles  very  readily  from  the 
oil,  and  itself  constitutes  a good  drier. 

If  manganous  oxide  is  used  alone  the  addition  of 
lbs.  to  the  ton  of  oil  gives  a boiled  oil  which  dries 
in  fifteen  hours,  5 lbs.  produce  an  oil  drying  in 
twelve  hours,  and  10  lbs.  an  oil  which  dries  in  ten 
hours. 

The  relative  effects  produced  by  mixture  of  jdum- 
bic  oxide  and  niiingiuious  sulphate  are  shown  in  the 
following  table : — 


1. 

2. 


3. 


f I.itharffe 

( Manganous  sulphate, 

f Litharge, 

\ Manganous  sulphate, 

f l.itharge, 

(_  Manganous  sulphate. 


Ihs.  1 

•4  ••  I 

-s 

14 
7 


4 


Drying  Rate. 
12  hours. 


10  hours. 


7 hours. 


The  colour  of  the  first  oil  is  that  of  ordinary  ptde 
linseed.  The  second  proportions  give  an  oil  some- 
what darker,  and  the  last  yields  an  oil  of  a fine  amber 
colour.  To  meet  the  wants  of  the  trade  a certain 
amount  of  litharge  is  ground  up  with  these  driers 
just  before  using,  in  order  to  increase  the  colour  of 
the  oil. 

It  has  to  be  borne  in  mind  that  dark  coloured 
boiled  oils  do  not  of  necessity  injure  the  colour  of 
the  white  pigments  with  which  they  are  mixed.  Oil 
IS  bleached  by  exposure  to  air  and  light,  and  the 
same  thing  takes  place  with  many  of  the  coloured 
boiled  oils.  It  is  well  known  to  painters,  that 
although  boiled  oil  of  a dark  colour,  when  applied  to 
white  paint,  may  when  first  laid  on  appear  to  have 
injured  the  colour;  nevertheless,  the  paint  will  in 
the  cour.se  of  a day  or  two  be  found  wdiiter  than 
that  made  with  the  ordinary  oil  which  has  not  been 


boiled.  This  is  oxving  to  the  chemical  change  which 
it  has  underofone. 

To  make  tl  e manganous  oxide  with  the  above 
mixture,  the  following  process  is  commonly  pursued. 
The  amount  of  manganous  .sulphate  determined  upon 
is  dissolved  in  boiling  water,  and  is  poured  upon 
twice  its  weight  of  powdered  litharge  previously 
placed  in  a tub.  Two  men  with  wooden  paddles 
proceed  to  stir  tlie  two  together  till  it  forms  a pasty 
mass ; a great  deal  of  heat  is  evolved,  and  the  mixture 
becomes  almost  solid.  A small  quantity  of  raw  linseed 
oil,  just  enough  to  keep  the  whole  in  a pasty  con- 
dition, is  then  added,  and  the  stirring  continued;  oil 
from  time  to  time  being  added  until  the  reaction  is 
complete.  The  whole  is  then  covered  with  raw  oil. 

When  required  for  use  the  amount  of  driers  re- 
quired is  measured  out  and  ground  to  a fine  jjaste, 
with  the  extra  litharge  added  to  give  colour. 

Acruk'in  (Cgll^O). — Wdien  the  volatile  products 
arising  from  the  destructive  distillation  of  oils  or 
fats  are  passed  through  a series  of  bottles  half  filled 
xvith  water,  the  second  and  third  bottles  retain  the 
greater  portion  of  the  acrolein,  partly  in  solution  in 
the  xvater,  and  partly  in  the  form  of  an  oil  floating 
on  the  surface  of  the  liquid.  When  this  floating  oil 
is  agitated  with  twenty  times  its  bulk  of  water,  the 
greater  part  of  it  is  dissolved ; and  when  this  solu- 
tion is  distilled  in  a water  bath,  an  oily  matter — 
nearly  jnire  acrolein — passes  over  at  about  .62°  C. 

According  to  REDTENiiACiiEU,  it  is  most  readily 
obtained  in  a state  of  purity  by  distilling,  in  a capa- 
cious retort,  a mixture  of  glycerin  with  anhydrous 
phosphoric  acid,  or  acid  sulphate  of  potassium ; 
the  acrolein  is  condensed  in  a receiver  placed  in  a 
freezing  mixture.  The  receiver  is  luted  on  to  the 
retort,  and  is  provided  with  a tube  conducting  into 
a chimney  with  a good  draught,  so  as  to  carry  off 
any  uncondensed  acrolein.  To  exclude  atmospheric 
air,  the  oxygen  of  which  rapidly  combines  with 
acrolein,  the  whole  apparatus  must  be  charged  with 
carbonic  acid,  and  the  current  be  continued  to  the 
end  of  the  process.  The  distillate  separates  into  two 
layers,  of  which  the  upper  one  consists  of  acrolein, 
and  the  lower  one  of  an  aqueous  solution  of  the 
same  substance,  and  containing  also  another  body 
resulting  from  the  oxidation  of  acrolein.  The  latter 
is  acrylic  acid,  very  analogous  to  acetic  acid,  and 
is  produced  dining  the  distillation,  even  in  the  pre- 
sence of  carbonic  acid.  The  distillate,  with  the 
addition  of  a quantity  of  powdered  litharge,  to  retain 
acrylic  acid,  is  rectified  by  the  heat  of  a water  bath, 
and  the  acrolein  thus  obtained  is  submitted  to 
another  rectification  from  chloride  of  calcium,  and 
is  then  as  jmre  as  it  has  yet  been  obtained.  Heub- 
ner and  Geutiiek  distil  1 part  of  glycerin  with  2 
parts  of  acid  sulphate  of  potassium,  in  a flask  whose 
bottom  is  ]irotected  by  wire  gauze.  The  receiver 
contains  plumbic  oxide  to  neutralize  the  acid  pro- 
ducts. The  distillate  is  purified  as  above. 

Acrolein  is  especially  remarkable  for  the  peculiarly 
pungent  and  acrid  nature  of  its  vapour,  intensel}'  dis- 
agreeable and  irritating  to  the  eyes  and  nose,  the  eva- 
poration of  even  a few  drops  in  a large  room  causin'? 
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a copious  flow  of  tears  in  the  eyes  of  all  present,  and 
with  severe  pain.  Acrolein  is  colourless,  has  a high 
refracting  index,  is  lighter  than  water,  and  boils  at 
.o2-4°.  It  burns  readily  with  a clear  bright  flame. 
It  dissolves  in  about  40  p irts  of  water,  and  very 
readily  in  ether.  When  long  kept  it  changes  spon- 
taneously into  a -white,  flocculent,  inodorous  sub- 
stance, which  Kedtenraciieu  named  di.sacriiL  The 
latter  body  is  insoluble  in  ether,  oils,  acids,  and 
alkalies.  As  it  is  formed  even  when  acrolein  is 
excluded  from  air,  it  is  in  all  probability  an  isomeric 
modification  of  this  body.  According  to  C.  W.  Vin- 
cent, acrolein  and  its  aqueous  solution  undergoes 
the  same  change  when  treated  -with  turpentine. 
Sometimes  acrolein  by  long  keeping  becomes 
tran.sformed  into  a resinoid  mass,  which  fuses  at 
100®  C.,  and  forms  a brittle  transparent  mass  on 
cooling.  This  substance  is  insoluble  in  water,  but 
soluble  in  alcohol  and  in  solutions  of  the  alkalies. 
Acrolein  owes  its  formation  solely  to  the  decom- 
position of  glycerin,  and  its  production  is  therefore 
an  extremely  sensitive  test  of  the  presence  of  the 
latter  body.  Acrolein  is  al^  produced  by  the  action 
of  platinum  black  on  allyl  alcohol,  being,  in  truth, 
an  aldehyde  of  the  allyl  series  (Caiiours  and  Hof- 
mann). 

Poppy  Oil. — Huile  d'ceiktte,  hdh  de  parot. — The 
seeds  of  the  poppy — Papnver  somidfentm — yield  this 
oil  by  expression.  This  pl.ant  appears  to  grow  wild 
in  some  parts  of  Great  Britain.  It  is  extensively 
cultivated  in  Hindostan,  Persia,  Asia  Minor,  and 
Egypt,  on  account  of  the  opium  obtained  from  it. 
In  Europe  the  poppy  is  cultivated  for  the  capsules 
or  poppij  heads,  either  as  medicinal  agents  or  for  tlie 
oil  obtained  from  their  seeds.  No  analysis  of  the 
seeds  appears  to  have  been  made.  Poppy  oil  is 
whitish-yellow,  inodorous,  with  an  agreeable  almond 
flavour;  it  much  resembles  olive  oil;  it  has  no 
n.’ircotic  properties.  AVhen  pure  it  is  much  less 
viscous  than  most  oils,  and  remains  liquid  even  to 
0°  C.  Its  specific  gravity  is  0-9249  at  1,0°  C.  It  is 
soluble  in  about  25  parts  of  cold  and  6 of  boil- 
ing alcohol,  and  in  ether  in  all  proportions.  It 
is  used  as  a means  of  detecting  the  presence  of 
sjurit  of  turpentine  in  essential  oil.  In  France  and 
on  the  Continent  it  is  frequently  used  for  culinary 
purposes,  as  a substitute  for  olive  oil.  AVhen  its 
drying  properties  are  increased  by  treatment  with 
litharge,  it  is  frequently  used  in  painting.  It  is 
employed  also  for  illuminating  purposes. 

AA^■\LNL'T  Oil. — This  drying  oil  is  derived  from  the 
kernels  of  the  Jiif//a»s  repia,  or  walnuts.  The  nuts 
.are  freed  from  their  ligneous  shells,  inclosed  in  bags, 
and  submitted  either  to  cold  or  hot  pre.ssure.  That 
prepared  by  hot  pressure  has  a peculiar  taste  and 
smell,  the  latter  being  especially  recognizable  during 
its  combustion.  The  oil  obtained  by  cold  ex])re.'Sion 
is  pale,  yellowish-green,  or  almost  colourless;  has  an 
agreeable  odour  and  taste,  and  a sirupy  consistency. 
If  coloured  it  loses  the  greenish  hue  after  some  time. 
'I'he  nuts  yield  about  50  per  cent,  of  oil.  AA'alnut 
oil  congeals  at  about  the  same  temperature  as  linseed 
oil,  and  possesses  the  property  of  drying  by  exposure 

in  even  a higher  degree  than  the  latter.  In  drying 
it  absorbs  15-^  times  its  volume  of  oxygen,  at 
the  same  time  giving  off  carbonic  acid  to  the 
amount  of  two-fiiteenths  of  the  oxyeen  absorbed. 
The  hot-pressed  oil  is  usually  liigli  colouied,  has  a 
powerful  odour,  and  contains  large  quantities  of 
mucilage.  The  specific  gravity  of  walnut  oil,  accoid- 
ing  to  Saussure,  is  0-9283  at  12°  C.;  0-9194  at  2b° 
C.;  and  0-874  at  94°  C. 

It  is  principally  used  in  painting  and  by  var- 
nishers,  and  being  comparatively  clear  and  colourless 
is  especially  valuable  as  the  vehicle  for  flake  white 
and  other  pigments,  when  it  is  desir.d  to  preserve 
the  brilliancy  of  their  tints. 

Animal  Fats.  See  also  Candle. 

Lard  Oil. — This  fluid  oil  is  prepared  from  lard  in 
the  same  manner  as  is  directed  for  tallow  Oil.  It  is 
considered  much  superior  to  sperm  or  olive  oil  for 
gre.asiivg  wool,  and  from  its  low  price  is  largely 
used.  It  is  usually  sufficiently  white  and  clear  for 
use,  and  should  on  no  account  be  bleached  by 
chemical  means,  as  it  is  liable  to  retain  enough  of 
the  bleaching  agent  to  injure  its  quality,  and  render 
it  inapplicable  for  many  purposes. 

Neat’s-foot  Oil. — This  oil  is  obtained  from  the 
feet  of  oxen ; and  as  it  remains  liquid  below  32°  Fahr., 
and  is  in  other  respects  a useful  lubricant,  is  much 
enqjloycd  to  oil  machinery.  The  feet,  as  collected 
from  the  slaughter-houses,  are  soaked  in  cold  water 
to  remove  the  blood,  and  after  removing  the  sinews, 
are  placed  perpendicularly  in  sufficient  boiling  water 
to  cover  the  hoofs.  In  about  a quarter  of  an  hour 
they  are  to  be  taken  out,  and  the  hoof  separated  by 
a suitable  machine.  The  next  step  is  to  joint  them 
Avith  a knife,  to  sever  the  toes  from  the  large  bone. 
The  latter  is  boiled  with  water  by  steam,  while  the 
former,  which  are  more  obstinate  in  yielding  their 
fat,  are  boiled  in  the  open  pan  with  water  previously 
used  for  the  large  bones.  After  the  boiling,  the 
liquid  is  left  to  repose,  so  that  the  oil  may  rise  to 
the  surface  and  be  drawn  off.  The  collected  oil 
deposits  after  some  time  a thick  stratum  of  dirty 
semifluid  fat,  from  which  the  clear  supernatant 
portion  must  be  decanted. 

This  oil  consists  of  olein,  margarin,  and  stearin. 
It  is  very  frequently  adulterated  with  horse  oil,  com- 
mon lard  oil,  bone  fat,  some  vegetable  oils,  and  even 
with  fish  oils.  'I'he  pure  oil  is  not  liable  to  change 
or  rancidity,  and  is  u.sed  as  a lubricant;  and  is 
especially  useful  for  machinery  exposed  in  cold  situ- 
ations, as  in  the  case  of  church  clocks,  &c.,  which 
require  an  oil  not  liable  to  become  concrete. 

'Fallow  Oil. — 'I'he  liquid  fat  sep,ai-.-.ted  from  tallow 
by  pressure  is  known  under  this  name.  'Fhe  best 
method  of  obtaining  it  consists  in  steaming  the 
tallow  in  w-ooden  tubs  for  several  hours,  drawing  off 
the  upper  clear  portion  after  sufficient  repose  for 
subsidence  of  foreign  matters,  and  gradually  cooling 
in  large  tubs  between  70°  and  8U°  Fahr.  'Fhese  tubs 
are  provided  with  a cullendered  diaphr.agm,  about  6 
inches  from  the  bottom,  and  which  should  be  covered 
with  coarse  flannel  cloth.  During  repose  the  solid 
portion  of  the  bdlow  separates  in  granules  from  the 
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superstratum  of  fluid  olein,  and  deposits  upon  the 
diaplira<!in,  thus  allowing  the  liquid  olein  to  perco- 
late upon  the  opening  of  the  cock  at  the  bottom,  and 
be  drawn  off  into  receivers.  'J'he  solid  residue,  upon 
being  subjected  to  pressure  in  Russian  canvas  bags, 
yields  more  olein,  and  itself  remains  hard  and  white. 
Tallow  oil  is  thick  and  mushy,  and  admirably  suited 
to  the  manufacture  of  the  finer  kinds  of  soap. 

Fish  Oils. — Certain  fish,  especially  the  Cetacea, 
yield  a greasy  fluid  or  oil,  called  or  named  according 
to  the  fish  whence  it  is  extracted.  All  fish  oils  con- 
tain certiiin  peculiar  animal  matters  wduch  impair 
their  illuminating  power,  but  do  not  injure  them  for 
tlie  purposes  of  the  soapmaker.  They  are  extracted 
by  melting  the  blubber,  and  the  foreign  matters  are 
then  p.artially  separated  by  steaming  the  oil  and 
allowing  it  to  repose.  Under  the  term  train  oil,  are 
included  w hale,  seal,  cod,  shark,  and  all  oils  obtained 
from  fish  of  a like  nature. 

Cod-liver  Oil. — This  oil  is  extracted  from  the 
liver  of  the  common  cod,  and  various  other  allied 
speciesof  fish,  but  principally  from  the  above  {Gadiix 
inorrhua)  and  the  ling  {Lota  inolru).  The  method 
]jursued  in  Newfoundland  for  its  extraction  is  as 
follows : — The  work  jieople  take  a half-tub,  and, 
boring  a hole  through  the  bottom,  press  hard  down 
into  it  a layer  of  spruce  boughs,  ujion  which  they 
place  the  livers,  and  expose  the  whole  apparatus  in 
as  sunny  a place  as  possible.  As  the  livers  corrupt, 
the  oil  runs  from  them,  and  .straining  itself  through 
the  S[)ruce  boughs,  is  caught  in  a vessel  set  under 
the  hole  in  the  tub’s  bottom.  According  to  Dr.  1)E 
JoxGH,  the  usual  mode  of  preparation  in  Norway  is 
to  store  the  livers  in  vats  or  tubs  as  soon  as  they 
are  separated  from  the  fish,  where  they  are  left  until 
the  end  of  the  fishing  season,  when  the  oil  that  has 
separated  is  decanted,  and  forms  the  pale  oil  of 
commerce.  The  residue  of  the  livers,  being  then 
submitted  to  heat,  yields  the  darker  oil. 

'Ihe  best  English  oil,  according  to  Dr.  Garrod,  is 
thus  prepared : — The  livers  are  collected  daily,  so  that 
no  trace  of  decomposition  may  have  occurred,  care- 
fully examined,  in  order  to  remove  all  traces  of  blood 
and  impurity,  and  to  separate  any  inferior  livers; 
they  are  then  sliced  and  exposed  to  a temperature 
not  exceeding  180°  Fahr.,  until  all  the  oil  has  drained 
from  them.  'I'his  is  filtered  ; afterwards  exposed  to 
a temperature  of  about  50°  Fahr.  in  order  to  congeal 
the  bulk  of  the  mr.rgarin,  and  again  filtered  and  put 
into  bottles  well  secured  from  the  action  of  the  air. 

In  the  ordinary  mode  of  manufacture  every  liver 
is  opened,  examined,  washed  free  from  blood,  and  if 
sound  and  fit  for  use  is  cut  in  pieces,  and  put  with 
others  into  a large  jacketed  jian  with  a portion  of 
water.  To  the  external  surlace  of  this  pan  steam  is 
admitted,  and  the  temperature  being  very  carefully 
adjusted  to  about  18U°  P'ahr.,  the  livers  ai-e  heated 
for  a sufficient  length  of  time  to  allow  of  a complete 
separation  of  the  oil.  The  result  of  this  process  is 
the  production  of  a sweet  and  nearly  colourless  oil, 
which  is  skimmed  off  and  filtered  through  flannel. 
This,  having  been  congealed  for  the  separation  of 
its  margarin,  is  again  filtered  when  required  tor  use. 


Three  varieties  of  cod-liver  oil  are  met  wdth  in 
the  English  market,  and  are  known  as  the  pale,  the 
light-brown,  and  the  dark- brown  or  black.  The 
first  is  that  extracted  from  the  livers  before  putre- 
faction has  commenced ; the  two  latter  have  either 
remained  longer  in  contact  with  the  livers,  have  been 
prepared  at  high  temperatures,  or  have  been  obtained 
from  livers  in  a state  of  decomposition. 

PORi’OiSE  Oil. — This,  the  piroduce  of  the  Delphhms 
plwcu'ita,  much  resembles  whale  oil.  It  is  liquid,  and 
has  a yellow  colour.  When  freshly  extracted  it  has 
a fishy  smell,  but  by  exposure  to  sun  and  air  becomes 
nearly  inodorous.  It  then,  however,  acquires  an 
acid  reaction.  It  is  soluble  in  about  5 parts  of  boil- 
ing absolute  alcohol,  but  a portion  of  its  solid  con- 
stituent is  deposited  on  cooling.  By  saponification 
it  yields  glycerin,  with  oleic,  margaric,  and  phocenic 
acids. 

Seal  Oil. — The  seal  fishery  is  by  far  the  most 
important  part  of  the  trade  of  Newfoundland,  the 
annual  catch  of  the  fish  being  little  short  of  three 
quarters  of  a million.  The  principal  seals  captured 
are  the  hood  and  harp  scgl,  of  wdiich  the  latter  is  the 
best  and  most  productive.  The  first  operation  after 
landing  and  weighing  is  the  skinning,  or  separation 
of  the  fat  from  the  skin  ; after  which  the  fat  is  cut 
off,  and  transferred  to  the  seal-vat.  The  latter  con- 
sists of  what  are  termed  the  crib  and  the  pan.  The 
crib  is  a strong  wooden  erection,  from  20  to  30  feet 
square,  and  20  to  25  in  height.  It  is  firmly  secured 
with  iron  clamps,  and  the  interstices  between  the 
iqiright  jjosts  are  filled  in  with  snia.l  round  pioles. 
The  floor  is  of  strong  timber,  ca])able  of  su.staining 
300  or  400  tons.  The  crib  stands  in  a strong  wooden 
jian,  3 or  4 feet  larger  than  the  square  of  the  crib, 
so  as  to  catch  all  the  dropjiings.  The  pan  is  about 
3 feet  dee]),  and  tightly  caulked.  A small  quantity 
of  water  is  kept  on  the  bottom  of  the  pan,  for  the 
double  purpose  of  saving  the  oil  in  case  of  a leak,  and 
for  purifying  it  from  the  blood,  and  any  other  foreign 
matter  of  a higher  density.  The  oil  extracted  by  this 
process  is  all  cold-drawn,  which  accounts  for  the 
disagreeable  odour  of  seal  oil.  Al'hen  the  vats  begin 
to  run  the  oil  drops  from  the  crib  upon  the  water  in 
the  pan.  and  as  it  accumulates  it  is  drawn  off  into 
casks,  and  is  reaoy  for  exportation.  The  first 
running,  which  is  caused  by  compression  from  its 
own  weight,  continues  from  two  to  three  months, 
yielding  what  is  termed  p<de  seal  oil.  until  from  50 
to  70  j'er  cent,  is  drawn  off,  according  to  the  season, 
and  also  in  proportion  to  the  quantity  of  old  seal  fat 
juit  into  the  vat.  Owing  to  its  toughness  the  latter 
does  not  yield  to  compression,  nor  does  it  give  up  its 
oil  until  decomposition  sets  in ; and  hence  it  does  not, 
by  this  ju'ocess,  yield  pale  seal  oil.  As  putrefaction 
proceeds  the  colour  changes  to  straw ; and  as  the 
season  advances  becomes  every  day  darker,  and  a 
more  nauseous  odour  is  given  off,  until  the  brown  oil 
at  last  runs  out.  As  this  running  slackens,  it  becomes 
necessary  to  turn  over  what  remains  in  the  vats, 
'i'he  crib  being  generally  divided  into  nine  apart- 
ments, or  poitiidx,  this  operation  is  performed  by  first 
emptying  one  of  these,  and  dispersing  the  contents 
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over  the  otliers;  ami  then  by  filling  and  emptying 

tains  oil.  Directly  it  leaves  the  skull  of  the  anim.al. 

them  alternately,  the  entire  residue — a conijilete 

the  oil  begins  to  deposit  large  quantities  of  npenna- 

mass  of  putrefaction — is  turned  over.  By  this  means 

ceti,  in  the  form  of  sm.all  crystalline  laminaa,  from 

a further  quantity  of  brown  oil  is  obtained.  'I’he 

which  the  oil  flows  out  by  pressure,  and  is  subse- 

remains  are  then  finally  boiled  in  large  iron  pots. 

quently  purified  by  the  addition  of  a small  quantity 

which  during  the  whole  season  are  in  constant 

of  solution  of  potash,  which  precipitates  certain 

requisition  for  boiling  the  cuttings  and  clippings  of 

m.atters  by  neutralizing  the  acid  that  held  them  in 

the  skin,  and  other  parts  of  the  pelts,  which  it  is 

solution.  Sperm  oil  is  of  a yellow  colour,  has  a 

unadvisable  to  put  into  the  vats.  Tlie  produce  of 

slightly  uni)leasant  smell,  but  is  well  suited  for 

this,  and  the  remains  of  the  pelts,  are  what  is  termed 

burning  in  lamps.  It  saponifies  easily,  and  the 

hoik'd  mil  oil.  The  refuse  from  the  vats  is  found  to 

soap  obtained  is  brown,  rather  soft,  and  entirely 

be  very  valuable  manure,  and  is  readily  purchased  by 

soluble  in  water.  See  Candle. 

the  farmers  in  the  neighbourhood. 

AVhale  Oil. — This  well-known  fish  oil  is  obtained 

S.  G.  AnciiHiALi),  of  Newfoundland,  states  that  the 

by  boiling  the  blubber  of  the  Balxm  misticetii.n,  or 

different  kinds  of  seals’  fat,  if  taken  while  fresh,  and 

great  northern  whale.  It  was  formerly  found  on  the 

subjected  to  a process  of  artificial  heat,  are  capable  of 

e.ast  shores  of  Greenland,  but  of  late  years  in  Davis’ 

yielding  not  only  a uniform  quality  of  oil,  but  the 

Straits  and  the  interior  of  Baffin’s  Bay.  The  whale 

oil  so  obtained  is  much  better  in  quality  than  the 

fishers  merely  cut  out  the  blubber,  pack  it  into 

■ best  prepared  by  the  old  process,  and  free  from  the 

casks,  and  carry  it  to  the  seaports  to  be  melted  out. 

unpleasant  smell  common  to  all  seal  oil.  He  after- 

The  carriiige  gives  rise  to  an  incipient  decomposition 

wards  invented  a steam  appjiratns  for  reiidcriiKi  seal 

of  the  animal  matters  and  of  the  fluids  attached  to 

and  other  oils,  which  is  said  to  answer  the  purpose 

the  blubber,  wdiich,  although  it  aids  the  melting. 

admirably. 

occasions  the  formation  of  a peculiar  fat,  termed 

Seal  oil  is  used  solely  for  illuminating  purposes. 

phoceuin,  which  is  the  cause  of  the  disgusting  odour 

and  when  tolerably  jiure  answers  admirably,  giving 

which  always  accompanies  train  oil.  The  cellular 

a beautiful  brilliant  Hght,  and  producing  no  offensive 

tissue  of  the  blubber  thus  becomes  so  broken  down 

smell,  nor  any  clogging  of  the  wick.  Owing  to  the 

that  the  oil  runs  off  by  itself,  when  the  whole  is  put 

offensiveness  it  communicates  to  its  salts,  it  is  not 

into  casks  with  wirevvork  bottoms,  such  as  are  used 

applicable  for  the  production  of  soap. 

in  the  melting  houses.  The  oil  is  afterwards  heated 

Shark  Oil. — This  oil  is  procured  from  the  liver  of 

to  Fahr.,  that  the  impurities  may  the  more 

the  basking  shark  (,%y«a/«.s’  maximus),  of  the  bay  of 

easily  .separate,  and  after  standing  some  time  the 

Galway,  or  sun-fish,  as  it  is  commonly  called.  The 

clear  oil  is  decanted. 

quantity  of  oil  obtained  from  a single  fish  frequently 

In  train  oil  the  impurity  is  not  mucus,  as  in  the 

amounts  to  liO  gallons.  It  is  light  yellow,  of  specific 

vegetable  oils,  but  animal  gelatin  or  glue,  and  besides 

gravity  0'870  to  U'876,  and  retains  its  fluidity  several 

this,  volatile,  stinking  matters.  Some  clarifiers  use 

degrees  below  the  freezing  point  of  water.  It  is 

a solution  of  tannin  for  purifying  it,  which  forms 

said  to  give  a brilliant  flame,  and  without  clogging 

with  the  gelatin  insoluble  flakes ; others  employ 

the  wick.  Kon.m.ds,  who  made  a partial  examination 

metallic  salts,  as  sulphate  of  copper  or  acetate  of 

of  it.  reports  that  it  consists  of  glycerin,  a peculiar 

lead,  which  act  in  a similar  manner.  The  nauseous 

oleic  acid,  very  rich  in  carbon,  and  another  undefined 

odour  is  most  easily  removed  by  bleaching  powder. 

liquid  oil. 

The  colour  of  whale  oil  is  brown,  and  it  has  a dis- 

Si’ERM  Oil. — This  oil  is  obtained  from  the  wdiite 

agreeable  fishy  smell.  Its  specific  gravity  is  0‘927. 

whale  {Plijisi'k'i-  mncroce])haho>).  This,  termed  also 

When  cooled  to  3ii°  (0°  C.)  it  deposits  stearin,  and  the 

the  cudmlot  and  sperm  whale,  is  remarkable  for  the 

residual  oil  is  soluble  in  less  than  its  own  weight  of 

enormous  size  of  its  head,  which  is  square,  and  ajipa- 

boiling  absolute  alcohol ; the  stearin  is  soluble  in 

rently  cut  off  in  front.  The  animal  is  pursued  chiefly 

about  twice  its  weight  of  this  liquid.  When  the 

for  this  oil,  but  it  yields  also  (imherf/ris.  The  oil  is 

solution  i®  cooled  it  deposits  first  white  brilliant 

met  with  in  several  parts  of  the  body,  but  the  head 

crystids,  and  afterwards  crystals  tinged  with  yellow. 

is  the  principal  receptacle  of  it.  Here  it  is  found  in 

and  a thick  brown  liquor  remains. 

a large  excavation  of  tl  e up|)er  jaw,  anterior  to.  and 

Adllteration  of  Oils. — The  admixture  of  fish 

quite  distinct  from,  the  true  cranium  which  contains 

oil  with  animal  or  vegetable  oils  may  be  readily 

the  brain.  Like  the  fat  of  other  animals,  this  oil  is 

detected  by  the  brown  or  black  hue  produced  by 

contained  in  cells,  or  celiular  membrane ; but  besides 

the  action  of  a stream  of  chlorine,  and  also,  accord- 

these  cells,  there  are  also  ligamentous  partitions  going 

ing  to  Calvert,  by  the  reddish  coloration  develo[)ed 

across,  which  serve  as  su[)ports  for  the  enormous 

by  boiling  a mixture  of  the  oil  with  solution  of 

quantity  of  oil  of  which  the  bulk  of  the  head  is 

caustic  soda.  For  the  detection  of  a mixture  of  a 

principally  made  iq).  8])erm  oil  is  extracted  from 

drying  with  a non-drying  oil,  several  methods  may 

the  cf/.ve  by  means  of  an  opening  made  in  the  tri- 

be  applied,  as  that  of  Fol'TET,  which  consists  in 

angular-shaped  cavity  situated  in  the  right  side  of 

the  application  of  mercuric  nitrate,  by  which  the 

the  nose  and  the  upper  surface  of  the  head,  and  the 

non-drying  oils  yield  elaidin;  or  that  of  Bol'DET, 

liquid  contents  are  removed  by  a bucket.  The 

which  depends  upon  the  same  reaction,  to  produce 

dense  mass  of  cellular  tissue  beneath  the  cane  and 

which,  however,  nitrous  acid  is  substituted  for  the 

nostril,  .and  which  is  technically  called  Jniik,  also  con- 

mercury  salt;  and,  in  addition,  the  reaction  dis- 
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covered  by  Maumene,  who  showed  that  the  non- 
diyiiig  oils  gave  rise  to  a much  higher  temperature, 
when  mixed  with  strong  sulphuric  acid,  tlian  is  the 
case  with  those  belonging  to  the  class  of  driers. 
The  fixed  oils  which  may  be  solidified  by  Boudet’s 
method  are  those  of  sweet  almonds,  of  filberts,  and 
of  colza;  and  of  the  drying  oils,  castor  oil  only  is 
solidified  by  this  treatment:  100  parts  of  the  oils 
mentioned,  when  treated  by  a mixture  of  9 parts 
of  nitric  acid  with  1 of  nitrous  acid,  require  dif- 
ferent lejigths  of  time  to  become  solid,  as  shown  in 
the  table  subjoined  : — 


OilB. 

Colotir  tleveloped 
by  tvddktiiiii  uf 
the  mixture. 

Number  of 
minuteii  required 
for  cuiiijelatioii. 

Proportion. 

Olive  oil 

Greenish-blue,  .. 

73 

100 

Sweet  almoml  oil. 

Dirtv-'vhite 

160 

22  2 

Oil  ol  li  lierts,. . . 

Greeiiish-blne,. . 

103 

14-0 

Oil  of  .acajou, 

Lemon-vellovv, .. 

40 

tvO 

Oastoi-  oil, 

Golden-yellow,.. 

003 

82-6 

Colza  oil, 

Yellowish-brown, 

2400 

328-0 

IlEiDENn-EiCH  determines  the  purity  of  the  fixed 
oils,  avid  the  admixture  of  cheaper  oils,  approxi- 
mately, as  follows: — First,  by  observing  the  peculiar 
smell  of  the  oil  when  gently  heated  in  a small  porce- 
lain or  jilatinum  capsule,  by  means  of  a spirit  lamp. 
The  odour  evolved  will  resemble  that  of  the  plant 
or  animal  from  which  it  was  obtained.  This  charac- 
teristic is  said  to  be  valuable  if  observed  in  conjunc- 
tion with  the  genuine  oil,  and  to  furnish  accur.ate 
indications  of  the  presence  of  linseed,  whale,  train, 
or  rape  oils  in  any  mixture.  The  smell  of  the  oil, 
however,  as  observed  by  Ferijot,  is  not  always  a 
safe  criterion,  since  an  oil  of  the  same  fruit  or  nut 
has  not  always  the  same  odour,  but  differs  with  the 
climate  where  produced,  and  the  varied  mode  of 
extraction.  IIeidenreich  further  applies  concen- 
trated sul[)huric  acid,  in  the  proportion  of  one  or  two 
ivarts  per  cent,  of  oil,  and  by  this  auinixture  a very 
intense  action  immediately  ensues,  the  temperature 
rises,  and  the  mixture  becomes  coloured.  A few 


drops  of  the  oil  are  placed  on  a glass  plate,  having  a 
sheet  of  white  paper  underneath ; and  to  the  oil  is 
added  a small  drop  of  sulphuric  acid,  of  specific 
gravity  T632,  when,  according  to  the  oil  employed, 
a characteristic  colour  will  be  developed  without 
stirring.  In  the  case  of  rape  oil,  a greenish-blue 
ring  gradually  forms  at  a certain  distance  from  the 
acid;  whilst  towards  the  centre,  where  the  action  is 
more  intense,  light  yellow-brown  streaks  may  be 
observed.  With  oil  of  black  mustard,  the  reaction 
much  resembles  that  of  rape  oil,  but  is  more  violent. 
In  train  oil,  a very  peculiar  motion  occurs,  commenc- 
ing at  the  centre,  and  extending  to  the  outside ; at 
the  same  time  a red  tint  appears,  which  grows  more 
and  more  vivid,  until  after  ten  or  fifteen  m’nutes 
the  margin  assumes  a violet  tinge,  which  in  about 
two  hours  is  uniform  throughout.  Olive  oil  in- 
stantly becomes  pale  yellow,  and  afterwards  yel- 
lowish green.  In  poppy  and  sweet  almond  oils,  the 
colour  developed  resembles  that  of  the  greenfinch, 
but  afterwards  becomes  of  a dead  yellow  hue.  In 
linseed  oil,  a beautiful  dark  brownish  red  web  is 
formed,  gradually  changing  into  brownish  black. 
Lastly,  tallow  oil  is  rendered  brown. 

If,  in  the  process  of  IIeidenreich,  instead  of  the 
acid  being  allowed  to  act  on  the  oil  undisturbed,  the 
two  liquids  are  stirred  together  by  means  of  a glass 
rod,  the  phenomena  vary  from  those  above  described. 

Perrot,  reviewing  the  process  of  IIeidenreich, 
directs  twenty  drops  to  be  employed  ; and  instead  of 
the  glass- plate  and  white  paper,  he  uses  capsules  of 
white  porcelain.  In  the  place  of  sulphuric  acid,  he 
used  also  a saturated  solution  of  bichromate  of 
potash  in  this  acid,  and  in  the  proportion  indicated 
above,  namely,  1 drop  to  20  of  oil.  In  apply- 
ing this  method,  it  is  always  necessary,  to  insure 
greater  certainty,  to  compare  the  effects  upon  the 
oil  to  be  examined,  with  an  oil  the  purity  of  wiiicli 
is  undoubted.  The  appended  table  shows  the  reac- 
tions produced  by  sulphuric  acid  alone,  and  by  the 
solution  of  bichromate  of  potash  in  the  acid: — 


Oils. 

Sulphuric  Acid. 

Not  Stirred. 

Stirred. 

Sulphuric  Acid. 

Tallow  oil, 

Reddish  spots  with  reddi.sli 
circles. 

Reddish-brown. 

Reddish-brown. 

Sweet  almond  oil 

Greenfinch  yellow,  with  orange 
spots. 

Dirty -green. 

Yellowish  small  lumps. 

Train  oil, 

Brown  small  lumps  on  a 
brown  ground. 

Lees  of  wine. 

Brownish-red  small  lumps  on 
a red  ground. 

Hemp-seed  oil, 

Reddish  small  lumps  on  a 
yellow  ground. 

Greenish  brown. 

Yellow  small  lumps  on  a green 
ground. 

Rape-seed  oil, 

Scarcely  perceiitihle  sitots,  or 
slight  green  coloration. 

Green. 

Yellow  small  lumps  on  a green 
ground. 

Fish-liver  oil, 

Dark-red. 

Dark-red. 

Dark  red. 

Linseed  oil, 

Reddish-brown. 

Clotted  on  a grey  or  green 
ground. 

Brown  small  lumps  on  a nearly 
colourless  or  slightly  green 
ground. 

Oil  of  madia  sativa 

Slightly  reddish-brown,  under- 
neath a film  inclining  to  grey. 

Olive-green. 

liight-brown  small  lumps  on 
an  olive-culonred  ground. 

Nut  oil, 

Yellowish-brown. 

Clotted  dark -brown. 

Small  brown  lumps. 

Olive  oil, 

Yellow,  or  orange-yellow. 
Yellow,  or  greenish-fellow 
s])Ots. 

Dirtv-hrown. 

Brown. 

Popjiy  oil, 

Olive  or  slightly  green. 

Small  yellow  lumps  on  a yellow 
or  colourless  ground. 

Neat’s  foot  oil, 

Yellow  slight  spots. 

Dirty  brown. 

Brown  spots  on  a similar 
ground. 

Castor  oil, 

Yellow  slight  spots. 

Almost  colourless. 

Slightly  green. 
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TABLE  FOR  THE  DETECTION  OP  THE  FAT  OILS. 


At  the  ordinary  temperature 

After  boiling 

5 vols.  oil  and  1 vol.  caustic 
potash  1-34  are  well  shaken 
together.  The  mass  is : — 

Snow-white : 
Almond  oil, 
good  rape 
oil,  bleached 
olive  oil. 

Yellowish : 
Poppy- 

olive,  rape, 
sesame. 

Greenfsh ; 
Linseed, 
hemp, 
artificially 
coloured  oils. 

Bose : 
Befined 
rape. 

Brown 
and  solid : 
Hemp. 

Yellowish- 
brown  fluid : 
Linseed. 

Bed: 
Train  oil. 

Equal  vols.  of  oil  and  fuming 
red  nitric  acid  are  carefully 
poured  into  a test  glass. 
At  point  of  contact  a ring 
is  formed,  and  this  is : — 

Small  and 
bright-green, 
the  oil  itself 
is  flocky : 
Almond. 

Dark-green, 
rose  coloured 
above : 
Poppy. 

Broad, 

beautifully 

bright 

bluish-green: 

Olive. 

Boron  red: 
Cod-liver. 

Green, 
red  above ; 
Linseed. 

Brownish- 
red,  greenish 
below : 
Bape. 

The  whole 
oil  in  time 
coloured 
red : 

Linseed. 

10  drops  of  oil  and  2 drops  of  acid. 


The  oil  is  mixed  with  con- 
centrated sulphuric  acid 
in  a test  glass  ; the  point 
of  contact  is  coloured : — 


Fine  green, 
with  brown 
streaks: 
Kape. 


Yellow, 
on  shaking 
brownish- 
olive-green  : 
Poppy. 


Bed,  passing 
into  black 
streaks: 
Train  oil. 


Equal  volumes  of  oil  and  acid. 


Without  carbon  disulphide. 

After 
shaking, 
full  dark 
green: 
Bape. 

Green: 

Linseed, 

Hemp. 

Bed: 

Train. 

With  12  times  its 
volume,  violet  turning 
brown : 

Train. 


By  boiling  with  plumbic  oxide  and  water  a plaster  is 
formed,  the  consistency  of  which  is:  — 


Solid: 

Olive. 


Greasy ; 

Eape,  almond,  sesame. 


Greasy,  but  drying  after 
a time: 

Drying  oils. 


1 : 1 

1 : 25 

1 : 30 

1 : 40 

1 : 60 

Castor  oil. 

Poppy. 

Hemp. 

Linseed. 

Almond. 

Solubility  of  oil  in  alcohol: — 


Calvert’s  reactions  are  given  in  the  table  on 
preceding  page  ; they  consist  in  the  employment  of 
caustic  alkali,  and  of  various  acids  at  different 
degrees  of  dilution,  as  well  as  mixtures  of  acids, 
and  of  acids  and  alkalies,  successively  applied. 
The  first  test  in  the  list  is  employed  in  the  pro- 
portion of  1 volume  of  solution  to  5 of  oil,  and 
is  especially  valuable  to  distinguish  fish  from  other 
vegetable  and  animal  oils.  The  test  and  oil  are  to  be 
well  mixed,  and  then  heated  to  the  point  of  ebullition. 
In  the  case  of  sulphuric  acid  the  same  proportions  as 
of  caustic  soda  are  employed  in  each  case,  and  the 
mixture  well  agitated.  With  the  acid  of  specific 
gravity  1-475,  the  appearance  is  noted  after  standing- 
fifteen  minutes ; with  that  of  1-530,  after  reposing 
five  minutes ; and  with  that  having  the  density  1-C35, 
after  two  minutes.  With  nitric  acid,  the  mixture  is 
made  in  a like  proportion  in  each  case,  and  the 
reaction  noticed  after  five  minutes.  The  caustic 
soda  and  nitric  acid  are  applied  together,  by  adding 
10  volumes  of  the  former  to  5 of  the  oil  which  has 
just  been  acted  upon  by  one  of  nitric  acid.  The 
phosphoric  acid  is  employed  precisely  as  the  other 
acids,  and  is  extremely  sensitive  in  the  case  of  fish 
oils.  The  sulphuric  and  nitric  acids  are  used  in  the 
proportion  of  1 volume  of  a mixture  of  equal  measures 
of  acid  with  5 of  oil,  and  the  appearance  is  observed 
after  the  lapse  of  two  minutes.  This  test  is  especially 
applicable  to  the  detection  of  oil  of  sesamum  in 
admixture  with  other  oils.  Lastly,  the  aqua  regia 
employed  is  composed  of  25  volumes  of  hydi  ochloric 
acid,  of  specific  gravity  T655,  and  one  of  nitric  acid, 
of  specific  gravity  1-330,  and  is  allowed  to  remain  at 
rest  about  five  hours.  The  reactions  given  are  those 
that  ensue  when  a mixture  of  5 volumes  cf  oil  with 
1 of  aqua  regia  is  agitated,  and  allowed  to  stand  five 
minutes.  On  the  subsequent  addition  of  caustic 


alkali  to  this  mixture,  a very  -vivid  and  distinct  col- 
oration is  perceptible  in  many  cases,  and  this,  with 
the  other  appearances  mentioned,  render  this  last  a 
most  valuable  agent  for  the  detection  of  several 
instances  of  admixture. 

The  above  table  for  the  detection  of  the  fat  oils 
was  arranged  by  G.  GlaSSNER.  It  gives  at  a glance 
the  ordinary  reactions.  Adulteration  with  mineral 
oil  can  be  detected  by  the  fluorescent  properties  it 
imparts  to  all  animal  and  vegetable  oils,  and  by  the 
strongly  marked  aromatic  burning  flavour  it  com- 
municates to  mixtures  containing  it. 

The  first-mentioned  property  is  brought  out  by 
smearing  a metallic  surface,  such  as  tin  plate,  with 
the  oil,  and  then  viewing  it  at  different  angles  in 
the  open  air  or  sunlight.  So  characteristic  is  this 
that  most  mechanics  who  use  oil  can  detect  mineral 
oil  at  once,  even  when  present  in  very  small  quantity. 

When  the  oil  is  dark-coloured  (for  instance,  a dark 
Gallipoli  or  a brown  rape),  it  may  be  necessary  to 
refine  the  sample  by  successive  treatments  with  con- 
centrated sulphuric  acid  and  weak  soda  solution, 
or  lime  water,  in  the  way  oils  are  usually  refined. 
Mineral  oil  can  then  be  detected  in  the  sample  by  a 
pale  azure  blue  ring,  about  one-sixteenth  of  an  inch 
deep,  at  the  junction  of  the  surface  of  the  oil  with 
the  sides  of  the  glass  jar. 

It  is  important  to  test  for  mineral  oil  or  resin  oil 
before  proceeding  to  test  specific  gravities,  because 
mineral  oil  ranging  in  specific  gravity  between  0-880 
and  0-900,  and  resin  oil  being  nearly  1-000,  adjustments 
in  specific  gravity,  resembling  those  of  the  natural  oils, 
can  be  easily  effected.  (J.  J.  Coleman). 

A method  of  distinguishing  fatty  oils,  by  the 
differences  in  the  amount  of  heat  produced  by 
mixing  1 part  of  sulphuric  acid  with  3 parts  of  the 
oil  to  be  tested,  was  suggested  by  Maumene,  and 
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elaborated  by  Feuling.  There  is  a great  variation  and  exactly  of  the  specific  gravity  of  the  animal 
in  the  amount  of  heat  produced.  Thus,  with  rape  oleins. 

oil,  a gain  of  temperature  of  100°  Fahr.  is  observed.  If  a sample  of  animal  olein  be  of  too  great  specific 

as  against  68°  with  olive  oil.  • gravity  it  probably  contains  some  of  the  partially 

J.  J.  Coleman  objects  to  the  colour  tests  that  drying  oils,  of  which  the  chief  representative  is 
there  are  many  oils  which  have  not  been  examined,  cotton-seed  oil,  ranging  in  specific  gravity  between 
and  the  impurity  of  those  treated  causes  many  varia-  0’920  and  0'930.  American  lard  oil  is  frequently 
tions.  He  also  condemns  Calvert’s  processes,  on  adulterated  to  a large  extent  with  cotton-seed  oil. 
the  ground  of  liability  to  error  from  colour  blindness.  The  percentage  can  almost  be  calculated  by  the 
Gellatley  and  Coleman  consider  the  relative  increase  in  the  specific  gravity,  and  the  same  remark 
liability  of  oils  to  ignite  a trustworthy  indication,  applies  to  the  other  drying  seed  oils,  with  the  excep- 
The  experiment  is  made  by  imbuing  a handful  of  tion  of  henbane  seed,  horse-chestnut,  plum-kernel, 
cotton  waste  with  the  oil  to  be  tested,  and  placing  and  rape.  The  first  three  may  be  disregarded,  so 
it  tolerably  loosely  in  a paper  box,  inclosed  in  a hot-  that  the  detection  of  rape  oil  is  the  chief  point.  The 
air  bath  kept  at  a temperature  of  200°  Fahr.  After  processes  are : — 

a certain  length  of  time  the  mass  enters  into  active  1.  Heating  the  oil  to  400°  Fahr.,  and  allowing  it 

combustion; — to  cool  to  90°.  Tallow  and  lard  oils  are  rendered 

Hours.  Minutes.  odourless,  whilst  the  peculiar  penetrating  smell  of 

Boiled  linseed  on  cotton  waste, 1 15  rape  oil  is  enhanced. 

w'.  u i ^0  2.  One  part  by  weight  of  the  oil  to  be  tested  is 

Lard  oil  “ 4 0 mixed  with  3 parts  of  concentrated  sulphuric  acid, 

Gafiipoli  olive  5 0 and  the  heat  developed  is  compared  with  that  de- 

s,.„i  «ii  nJ  a n veloped  by  a similar  experiment  made  with  pure  oil. 

Whale  oil  “ 3 15  3.  The  mercuric  nitrate  test  is  said  to  indicate  the 

Who'!  °ii  Q n presence  of  over  10  per  cent. 

niiun  nil  nn  nnttnn  4.  0 Finally,  lard  oil  is  distinguished  from  tallow  olein 

by  difference  of  viscosity. 

S/tei'm  oil  is  the  dearest  oil  in  the  market.  J.  J.  Olive  oils  vary  in  colour  from  a fair  yellow  to  a 

Coleman  states  that  only  3000  tons  are  imported  deep  olive  green ; and  in  smell,  from  the  sweet  smell 
annually.  As  it  has  been  found  to  answer  better  of  salad  oil  to  the  powerful  odour  of  the  d.ark  var- 
than  any  other  vegetable  or  animal  oil  for  greasing  ieties.  Their  commercial  value  depends  on  their 
the  spindles  of  cotton,  woollen,  .and  worsted  mills,  possessing  non-drying  qualities  ; but  their  price  is 
and  the  supply  is  insufficient  for  over  a fr.action  of  likewi.se  kept  up  by  the  fire  insurance  offices,  who 
the  spinning  mills  of  the  United  Kingdom,  it  is  liable  laid  down  the  law  that  olive  is  the  only  oil  to  be 
to  be  adulterated.  used  for  wool-greasing  unless  an  extra  premium 

In  examining  sperm  oil  he  advises  noting  the  be  paid, 
following  points; — 1.  To  examine  for  mineral  oil.  ! Excepting  the  particularly  fine  qualities,  the  bulk 
2.  To  examine  the  drying  properties  of  the  oil  by  of  olive  oils  are  the  cheapest  of  the  so-called  corn- 
exposing  some  of  it  in  a thin  layer  to  200°  Fahr.  for  ! mercial  non-drying  oils ; adulteration  with  drying 
some  hours.  3.  The  other  fish  oils  darken  much  oils,  fish  oils,  mineral  and  resin  oils,  only  has  to  be 
more  than  sperm  with  dilute  sulphuric  acid.  4.  guarded  against. 

The  most  likely  adulterant  is  African  fish  oil,  which  Mineral  and  resin  oils  must  be  carefully  looked 

produces  more  intense  heat  when  mixed  with  con-  for,  because  owing  to  the  d.ark  colour  and  smell  of 
centr.ated  sulphuric  acid : thus,  1 pint  of  acid  and  4 j olive  oils  they  might  be  easily  overlooked, 
of  sperm  oil  develop  about  112°  Fahr.  of  heat  against  The  specific  gravity  of  olive  oil  is  0-917.  Rape 

250°  Fahr.  with  the  fish  oil  5.  Test  the  viscosity,  oil,  a che.aper  oil,  would  m.ake  it  lighter,  and  cotton- 
6.  The  specific  gravity  is  0-875  to  0-882.  seed  oil  heavier,  but  a proper  mixture  of  the  two 

Tallow  and  lard  oleins  are  next  in  value.  These  could  be  adjusted  exactly  to  the  specific  gravity  of 

oils,  obtained  by  pressure  of  .anim.al  fats,  are  prac-  olive. 

tically  free  from  tendency  to  gumming  and  clogging  The  fish  oils  are  to  be  sought  for  by  the  smell, 

by  absorption  of  oxygen.  In  examining  these  oils  and  by  Calvert’s  tests.  The  four  practical  tests 
we  have  v.ariations  in  quality  from  c.arelcssness  in  in  use  for  seed  oils  are ; — 

manufacture,  the  oil  being  dark  coloured,  or  having  ! 1.  The  nitrous  acid  or  mercuric  nitrate  test.  2. 

too  strong  an  odour,  or  an  acid  reaction  from  slight  The  characteristics  of  the  amides  produced  by  liquid 
rancidity.  The  variations  from  adulteration  will  be  I ammonha.  3.  The  rise  of  temperature  produced  by 
in  the  direction  of  the  non-drying  properties  of  the  mixing  with  concentrated  sulphuric  acid.  4.  The 
oil  being  interfered  with.  j characteristics  of  the  action  of  solution  of  potassium 

The  specific  gravity  should  not  exceed  0-915.  If  carbonate  on  the  oil. 
the  oil  is  heavier  it  may  contain  fish  oils,  olive  oils,  llape  oils  are  inferior  to  olive  oils  in  non-drying 

cocoa-nut  olein,  or  seed  oils.  All  but  the  hast  may  properties,  but  superior  to  them  in  smell  and  ap- 
be  detected  by  the  smell,  colour,  taste,  and  Cal-  pe<arance.  Notwithstanding  their  slight  tendency 
vert’s  tests.  'ITie  real  difficulty  lies  with  the  seed  to  gum,  they  are  most  extensively  used  for  engine 

oils,  one  of  which,  rape  oil,  is  nearly  of  the  colour,  and  machinery  lubric.ation.  The  specific  gravity 

OPIUM. 
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should  never  exceed  0-916 ; if  it  does,  it  is  a sure 
indication  of  the  presence  of  one  or  more  of  the 
following  oils,  viz. ; — The  fish  oils,  which  are  easily 
detected  by  the  smell  or  Calvert’s  tests ; or  other 
seed  oils  of  a more  or  less  drying  character,  such  as 
sesamum,  sunflower,  cress,  hemp,  cotton,  niger,  and 
linseed,  all  having  a specific  gravity  vai-ying  between 
0-920  and  0-935. 

Thus,  if  rape  oil  indicates  0-918  specific  gravity 
it  points  out  the  probable  presence  of  over  50  per 
cent,  of  these  oils,  though  the  smell  and  colour 
might  be  only  very  slightly  affected.  These  oils 
deteriorate  rape  by  increasing  its  tendency  to  clog. 

The  chief  adulterant  is  cotton-seed  oil.  It  is 
easily  detected. 

1.  It  increases  the  specific  gravity  (mineral  and 
resin  oils  being  proved  absent). 

2.  It  raises  the  freezing  point  of  rape  oil,  pure 
rape  oil  being  perfectly  liquid  at  32°  Fahr. 

3.  Test  the  drying  property  by  small  capsules  of 
oil  exposed  to  200°  Fahr. 

Linseed  Oil. — The  specific  gravity  is  0-937.  Mineral 
and  resin  oils  must  be  carefully  looked  for.  In  their 
absence  fish  oils  can  be  detected  by  smell,  and  by 
Calvert’s  reactions. 

The  most  likely  adulterants  are  cotton-seed  and 
niger-seed  oils.  These  may  be  recognized  by — 

1.  Specific  gravity.  2.  Materially  raising  the 
freezing  point.  3.  Decreasing  the  drying  pro- 
perties. 

Fish  oils  are  not  much  liable  to  adulteration, 
becau.se,  as  a rule,  there  are  no  oils  sufficiently 
cheap  for  the  purpose,  except  occasionally  cotton 
seed,  and  perhaps  linseed  oil. 

They  may,  however,  he  mixed  with  each  other; 
some  varieties,  as  porpoise  oil,  herring  oil,  and  East 
Indian  fish  oil,  being  cheaper  than  others.  The 
points,  then,  to  observe,  are — 

1.  Mineral  and  resin  oil.  2.  The  drying  proper- 
ties of  the  sample.  3.  The  viscosity. 

Oils,  Essential.  See  Perfumery. 

OPIUM. — English,  French,  German,  and  Latin. 
The  dried  juice  of  the  head  of  the  poppy — Papaver 
somniferum.  The  word  is  derived  from  the  Arabic 
ajioum.  The  poppy  is  very  extensively  cultivated  in 
Asiatic  Turkey,  Egypt,  Persia,  India,  and  occasion- 
ally in  France,  Germany,  and  England. 

Historij. — Opium,  under  the  name  of  IVI?ixa)woi', 
is  mentioned  by  Theophrastus  (3  b.c.).  Scribonius 
Largus  (a.d.  40)  ascertained  tiiat  the  pure  drug  was 
the  produce  of  the  capsules,  and  not  of  the  foliage 
)f  the  poppy  plant.  Dioscorides  (a.d.  77)  showed 
that  owo'j,  the  juice  of  the  capsules,  far  exceeded  in 
strength  priyeurntw.,  the  preparation  made  from  the 
whole  of  the  poppy  plant.  lie  also  described  the 
mode  of  incision,  and  states  that  adulteration,  with 
the  sap  of  Gkmciicm,  Lactnea,  and  gum,  was  practised. 
Pliny  describes  Opwn,  and  shows  its  use  in  medieine. 
(Fluckiger  and  IIanbury,  “ Hist,  of  Drugs.’’) 

The  quality  of  opium  varies  greatly,  according  to 
the  country  where  the  poppy  has  grown,  the  species 
cultivated,  the  nature  of  the  season,  and  the  care 
taken  in  its  collection  and  preservation.  Some 


varieties  are  inferior  to  others,  in  the  ratio  of  three 
to  one.  In  the  European  markets  the  preference  is 
given  to  the  opium  of  Smyrna.  This  sort  comes 
into  the  market  in  soft  lumps,  of  greater  or  less 
bulk,  the  surface  of  which  is  covered  with  dock 
seeds,  from  the  leaves  in  which  they  have  been 
folded.  It  is  light  coloured  internally  ; but  the 
surfaces,  when  broken  or  cut,  darken  on  exposure 
to  the  air.  The  smell  is  strong  and  peculiar,  and 
the  taste  bitter  and  acrid.  It  contains  10  to  14  per 
cent,  of  morphine. 

The  opium  of  Con.stantinople  is  found  in  regular 
flat  cakes  or  loaves,  covered  with  poppy  leaves.  It 
is  drier  than  the  Smyrna  variety,  and  even  brittle. 
In  the  hand  it  softens,  and  furnishes  a fawn-coloured 
paste,  which  turns  brown  on  exposure  to  the  air. 
It  smells  like  the  Smyrna  opium,  but  fainter.  Its 
yield  of  morphine  is  6 or  7 per  cent. 

The  Egyptian  or  Alexandrian  opium  comes  into 
the  market  in  small,  very  dry,  and  very  flat  leaves, 
very  clean  at  the  surface,  and  showing  scarcely  a 
trace  of  the  leaves  in  which  they  have  been  folded. 
Its  colour  is  dark-brown ; its  fracture  clean  and 
shining.  It  has  a very  feeble  smell,  and  contains 
only  3 or  4 per  cent,  of  morphine. 

The  opium  of  India  is  found  in  rounded  masses 
of  a darker  hue,  and  more  smooth  and  soft  texture. 
It  has  an  empyreumatic  smell,  and  a less  bitter  but 
more  nauseous  taste.  It  is  wholly  soluble  in  water, 
and  contains  more  or  less  sulphate  of  lime.  Its 
percentage  of  morphine  is  usually  2 to  5,  but  some- 
times reaches  10. 

English  and  German  opium  resembles  the  East 
Indian  in  appearance,  but  is  lighter  in  hue,  and  in 
quality  equals  the  very  best  Smyrna.  Opium  col- 
lected in  France  has  yielded  16  to  28  per  cent,  of 
morphine.  The  fickleness  of  the  climate,  and  above 
all  things  the  high  price  of  labour,  render  it  very 
improbable  that  opium  can  ever  be  advantageously 
cultivated  in  IVestern  Europe. 

Opium  is  soluble  in  water,  alcohol,  and  ether,  and 
more  readily  in  proof  spirit.  It  also  dissolves  in 
acetic,  citric,  or  any  of  the  vegetable  acids  in  solution. 
Boiling  water  dissolves  about  41  per  cent.,  holds 
50  per  cent,  in  solution,  and  leaves  the  remaining  9 
untouched. 

Indian  Opium. — The  cultivation  of  the  poppy  in 
British  India  is  confined  to  the  large  central  Gangetic 
tract,  about  600  miles  in  length  and  1200  miles  in 
depth,  which  is  bounded  on  the  north  by  Goruck- 
pore,  on  the  south  by  Ilazareebaugh,  on  the  east 
by  Dingepore,  and  on  the  west  by  Agra. 

The  lands  selected  for  poppy  cultivation  are 
generally  situated  .where  the  facilities  for  manuring 
and  irrigation  are  greatest.  When  the  soil  is  rich 
the  cultivators  take  a crop  of  Indian  corn,  maize, 
or  vegetables  off  the  ground  during  the  rainy  season, 
and  then  in  September  dress  and  manure  the  ground 
for  the  poppy  sowings.  When  the  soil  is  poor,  the 
poppy  crop  alone  is  grown  ; and  during  the  rainy 
season  tlie  ground  is  dressed  and  cleaned  by  suc- 
cessive ploughings,  weedings,  and  manurings. 

The  produce  varies  very  much  with  atmospheric 
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phenomena,  as  well  as  with  suitability  of  soil.  Thus 
dews  facilitate  the  flow  of  juice  from  the  wounded 
capsule,  rendering  it  abundant  in  quantity,  but 
causing  it  at  the  same  time  to  be  dark  and  liquid. 
An  easterly  wind  (in  this  part  of  the  country  con- 
comitant with  a damp  atmosphere)  retards  the  flow 
of  the  juice,  and  renders  it  dark  and  liquid. 

In  the  Behar  agency  the  quantity  of  morphine  in 
the  opium  ranges  from  1-75  to  3‘5  per  cent.,  and 
the  amount  of  narcotine  from  0’75  to  3'5  per  cent. 
In  the  Hazareebaugh  district  4'5  per  cent,  of 
morphine  and  4 per  cent,  of  narcotine  have  been 
found,  whilst  from  a specimen  of  Patna  garden  opium 
no  less  than  10'75  per  cent,  of  morphine  and  6 per 
cent,  of  narcotine  has  been  obtained.  In  this  last 
case  the  poppies  were  irrigated  three  times  during 
the  season,  but  no  manure  was  used.  The  climate 
in  which  the  Patna  garden  opium  was  produced  (and 
which  is  quite  equal  in  excellence  to  the  finest  opium 
of  'I’urkey  or  Egypt)  was  precisely  the  same  as  that 
of  the  (iistricts  furnishing  the  poorer  qualities. 

The  pojipy  cultivated  in  the  Benares  and  Behar 
agencies  is  exclusively  the  white  variety  (l^apaver 

somniferuni  album).  In 
_ situations  favourable 

growth  it  attains 

branched,  and  is  ter- 
■JjWMjH  minated  by  from  2 to 

sules,  averaging  in  size 
a duck’s  egg  (see  Fig. 

» 1).  The  plant  reaches 

maturity  in  three  and 

a half  months,  and  the 
Fig.  2.  time  for  its  cultivation 

is  exclusively  the  cold 
season,  extending  from  November  to  March.  The 
seed  of  various  districts  is  changed  from  time  to  time. 

The  sowing  is  effected  between  the  1st  and  15th 
of  November,  the  seed  being  thrown  broadcast 
over  the  land.  In  three  or  four  days  the  plough  is 
passed  over  the  ground  to  bury  the  seed,  and  the 
soil  again  levelled.  Tlie  whole  surface  is  then  divided 
into  square  compartments,  the  sides  of  which  are 
about  10  feet  in  length,  and  are  raised  and  converted 
into  channels  for  the  purpose  of  irrigation.  If  heavy 
showers  fall  in  December,  January,  and  February, 
two  irrigations  may  suffice,  otherwise  five  or  six  may 
be  required. 

The  seed  germinates  in  ten  or  twelve  days,  and 
after  the  plants  have  attained  a height  of  2 or  3 
inches,  they  are  carefully  weeded  and  thinned  to 
about  6 inches  apart. 

In  February  the  plant  is  generally  in  full  flower, 
and  towards  the  middle  of  the  month,  and  just 
before  the  time  for  the  fall  of  the  petals,  these  latter 
are  all  carefully  stripped  off  and  collected.  They 
are  then  formed  into  circular  cakes  from  10  to  14 
inches  in  diameter  and  about  one-sixteenth  of  an 
inch  in  thickness.  The  manner  in  which  tlie  leaf 
cakes  are  made  is  as  follows: — A circular  shallow 

earthen  vessel  is  slightly  heated  by  being  placed 
inverted  over  a slow  fire.  A few  petals  are  then 
spread  upon  its  heated  convex  surface,  and  so  soon 
as  the  glutinous  juice  which  they  contain  is  seen  to 
exude,  others  are  added  to  the  moist  surface,  and 
are  pressed  down  by  means  of  a cloth.  As  soon  as 
these  latter  become  moist  in  turn,  they  receive  a 
similar  addition  of  petals ; and  in  this  manner  the 
cake  is  extended  circularly  by  successive  and  con- 
tinuous additions,  until  it  has  reached  the  required 
dimensions.  An  iron  vessel  may  be  used  instead  of 
an  earthenware  one. 

The  cakes  of  petals,  known  as  “ leaves,”  are  sorted 
into  three  classes  according  to  their  size  and  colour. 
The  smaller  and  darker-coloured  “ leaves  ” are  used 
in  forming  the  inner  portions  of  the  shells  of  opium 
cakes,  whilst  the  largest  and  least  discoloured  ones 
are  kept  for  furnishing  their  outside  coverings. 

In  a few  days  after  the  removal  of  the  petals  the 
capsules  have  reached  their  utmost  state  of  develop- 
ment, and  the  process  of  collection  commences. 
This  extends  from  about  February  25  to  March  25. 
At  about  three  or  four  o’clock  in  the  afternoon 
women  and  cliildren  repair  to  the  fields,  and  scarify 
the  poppy  capsules  with  sharp  iron  instruments, 
termed  “nushturs”  (see  Fig.  2).  The  nushtur 
consists  of  four  narrow  bars  of  iron,  each  of  which  is 
about  6 inches  in  length,  and  of  about  the  thickness 
of  the  blade  of  a penknife.  At  one  extremity  each 
bar  does  not  exceed  a quarter  of  an  inch  in  breadth  ; 
but  it  gradually  expands  to  about  1 inch  broad  at 
the  other  end,  where  it  is  deeply  notched.  The 
sides  of  the  notch  are  somewhat  curved  and  ground 
to  sharp  edges,  and  the  external  angles  are  brought 
to  sharp  points.  The  four  bars  are  bound  firmly  to- 
gether with  cotton,  and  the  points  at  their  cutting 
extremities  are  kept  one-sixteenth  of  an  inch  apart 
by  cotton  thread  passed  between  the  blades. 

In  using  the  nushtur  only  one  set  of  points  is 
used  at  a time.  The  capsule  is  scarified  longi- 
tudinally from  its  base  to  its  summit,  the  incisions 
passing  generally  along  the  longitudinal  eminences 
outside  the  capsule  (Fig.  1).  The  scarifications 
thus  made  are  very  superficial,  and  do  no  more  than 
traverse  the  thin  pericarp  of  the  capsule.  Long  ex- 
perience has  shown  that  this  is  the  most  effectual  way 
of  operating.  Each  capsule  is  scarified  from  2 to  6 
times,  according  to  its  dimensions,  an  interval  of  two 
or  three  days  being  allowed  between  each  operation. 

The  capsules  having  been  thus  scarified,  the  col- 
lection of  the  juice  is  made  at  an  early  hour  in  the 
following  morning.  This  is  effected  by  means  of 
instruments  called  “ seetooahs,”  which  are  made  of 
sheet  iron,  and  resemble  concave  trowels.  AVith 
these  the  juice  is  scraped  from  the  surface  of  the 
scarifications,  until  the  instruments  become  filled, 
when  their  contents  are  emptied  into  an  earthen  pot 
which  the  collector  carries  by  his  side. 

After  the  plant  has  ceased  to  yield  any  more  juice 
the  capsules  are  collected,  and  by  pressure  an  oil  is 
extracted  from  the  seeds,  which  is  used  for  culinary 
purposes,  and  for  burning  in  lamps.  Of  the  dry  cake 
a coarse  description  of  unleavened  bread  is  made,  or 
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it  is  given  to  cattle.  The  capsules  deprived  of  their 
seeds  are  used  for  preparing  emollient  and  anodyne 
decoctions.  The  stems  and  leaves  are  left  standing  ' 
till  dry,  when  they  are  crushed  into  a coarse  powder, 
and  under  the  name  of  poppy  trash  employed  for  j 
packing  the  opium  cakes. 

When  fresh  collected  the  juice  from  the  capsules  ] 
presents  the  appearance  of  a wet  granular  mass,  of  a j 
pinkish  colour,  and  at  the  bottom  of  the  vessel  which 
contains  it  is  found  a dark  fluid,  resembling  coffee 
infusion,  to  which  the  name  of  “ pussewah  ” is  given. 
The  recent  juice  reddens  litmus  paper  strongly,  and 
acts  rapidly  upon  metallic  iron,  covering  it  speedily 
with  an  inky  crust  of  ferric  meconate.  The  juice 
when  brought  home  by  the  collector  is  placed  in  a 
shallow  earthen  vessel,  which  is  tilted  to  such  a 
degree  that  all  the  pussewah  can  drain  off,  and  this 
position  is  continued  as  long  as  any  fluid  will 
separate.  The  pussewah  is  set  aside  in  a covered 
vessel  and  sent  to  the  Ghazeepore  sudder  factory. 

The  opium  now  requires  frequent  attendance.  It 
is  daily  exposed  to  the  air,  though  never  to  the  sun, 
and  is  regularly  turned  over  every  few  days,  in  order 
to  insure  uniform  drying  of  the  whole  mass ; and 
this  process  is  persevered  in  for  three  weeks  or  a 
month ; or,  in  fact,  until  such  time  as  the  drug  is 
within  a few  degrees  of  standard  consistence. 

Standard  opium,  according  to  the  Benares  regula- 
tions, is  opium  which,  on  being  heated  at  200°  Fahr. 
until  everything  volatile  is  given  off,  leaves  a residue 
of  70  per  cent. 

The  adulterations  practised  by  the  cultivators  are 
very  various.  The  grosser  impurities  are  mud,  sand, 
powdered  charcoal,  soot,  cow-dung,  pounded  poppy 
petals,  and  pounded  seeds.  All  of  these  substances 
are  readily  discoverable  by  breaking  the  drug  up  in 
cold  water,  removing  the  soluble  and  lighter  portions 
of  the  diffused  mass  by  decantation,  and  carefully 
examining  the  sediment.  Impurities  of  the  above 
kind  are  then  physically  apparent.  Flour  is  a 
favourite  adulterant,  but  is  readily  detected : opium 
thus  contaminated  speedily  becomes  sour,  it  breaks 
with  a peculiar  short  ragged  fracture,  the  sharp  edges 
of  which  are  dull,  and  not  pink  and  translucent  as 
they  should  be ; and  on  squeezing  a mass  of  the  drug 
after  immersion  in  water  the  starch  may  be  seen 
oozing  from  its  surface.  The  application  of  the 
iodine  test  furnishes  conclusive  proof  of  the  presence 
of  amylaceous  compounds.  The  farina  of  the 
potato  is  not  unfrequently  made  use  of,  as  also  are 
glue  and  goor  (an  impure  treacle).  Their  presence 
may  be  detected  by  the  odour  and  consistence  they 
impart  to  the  drug. 

In  addition  to  the  above,  a variety  of  vegetable 
juices,  extracts,  pulps,  and  colouring  matters,  are 
occasionally  fraudulently  mixed  with  the  opium ; 
such  are  the  juice  of  the  prickly  pear  (^Cactus  dilenii). 
the  extracts  prepared  from  the  tobacco  plant  (Nico- 
tiana  tabacuni),  the  Datura  stramonium,  Indian  hemp 
(Cannabis  inclica),  &c.  The  gummy  exudations  of 
some  plants  are  used ; and  of  pulps  the  most  fre- 
quently employed  are  those  of  the  tamarind  and  of 
the  bale  fruit  (^glo  7narmelos).  To  impart  colour 


catechu,  turmeric,  &c.,  are  used.  Morphiometry  is 
the  only  accurate  test,  and  this  is  too  tedious  and 
expensive  to  be  of  practical  utility.  The  colour, 
aroma,  and  texture  are  therefore  the  commercial 
criteria  of  the  excellence  of  the  article. 

The  colour  of  well-prepared  opium  is  a deep,  dull 
brown  when  viewed  in  mass,  which  becomes  a bright 
chestnut  brown  when  a small  portion  is  spread  out 
in  a thin  layer  on  a white  surface.  It  adheres  to  the 
fingers,  and  draws  out  to  a moderate  extent,  break- 
ing with  a ragged  fracture ; should  it,  however, 
contain  much  pussewah,  its  ductility  is  much  in- 
creased, and  it  is  more  glutinous.  Its  smell  is 
peculiar,  and  perfectly  sui  generis;  it  is  not  un- 
pleasant, and  in  recently  weU-prepared  opium  is 
somewhat  fruity. 

In  cold  water  opium  breaks  down  readily  into 
curdy  flakes,  of  the  colour  of  pease  soup ; these 
gradually  subside,  leaving  the  supernatant  liquid 
of  a deep  brownish-yellow  colour.  When  broken 
under  water  by  the  hand,  the  opium  adheres  moder- 
ately to  the  fingers  at  first,  but  is  soon  entirely 
diffused.  Should  it  contain  gum  fraudulently  mixed, 
the  latter  adheres  pertinaciously. 

If  to  a portion  of  the  cold  water  infusion  in  a hot 
tube,  a few  drops  of  plumbic  acetate  solution  be 
added,  a dirty  grey  precipitate  of  plumbie  meconate 
falls,  so  copious  in  quantity  as  to  equal  in  bulk  the 
fluid  in  the  tube.  Ammonia  throws  down  a similar 
and  nearly  as  abundant  precipitate,  composed  of 
resin  and  opium  alkaloids ; this,  on  exposure  to  the 
air,  turns  black.  Tincture  of  iodine  throws  down  a 
brick-red  precipitate,  and  tincture  of  ferric  chloride 
occasions  a similar  precipitate,  of  a somewhat  darker 
colour.  These  tests  may  be  applied  in  a few  seconds, 
and  the  comparative  bulk  of  the  precipitates  thrown 
down  will  enable  a judgment  to  be  formed  of  the 
amount  of  opium  in  a given  sp)ecimen. 

After  being  duly  weighed  into  store,  the  opium 
is  kept  in  large  wooden  boxes,  containing  about  10 
cwts.  each,  in  which  it  is,  if  below  the  manufacturing 
standard,  occasionally  stirred  up  from  the  bottom, 
until  it  has  acquired  the  necessary  consistence. 
Whilst  in  these  boxes  it  speedily  becomes  covered 
with  a thin  blackish  crust  (ulmine),  and  deepens  in 
colour  according  to  the  amount  of  exposure  to  air 
and  light  which  it  undergoes.  Should  the  drug  be 
of  very  low  consistence,  it  is  placed  in  shallow 
wooden  drawers  instead  of  boxes,  and  is  constantly 
turned  over  till  its  consistence  reaches  70  per  cent. 

In  making  up  opium  cakes  for  export,  opium  is 
selected  which  is  exactly  standard,  or  very  close  to 
it ; whilst  to  compensate  for  any  that  may  be  above 

j'  the  prescribed  consistence,  some  low  quality  opium 
is  added.  The  various  proportions  of  each  are 
determined  by  test  assays. 

I The  opium  is  then  transferred  to  wooden  vats, 
about  20  feet  deep,  feet  wide,  and  foot  deep, 
situated  in  the  caking  room.  In  these  vats  it  under- 
goes kneading  and  admixture  by  men  who  wade 
knee-deep  through  the  opium  from  one  end  of  the 
vats  to  the  other,  until  the  contents  appear  to  be  of 
uniform  consistence.  Two  specimens  are  on  the 
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following  morning  drawn  from  each  vat ; and  should 
the  consistence  reach  the  factory  standard,  caking 
immediately  commences. 

Down  either  side  of  the  room  in  which  the  vats 
are  placed  are  ranged  the  cakemakers  ; each  man 
being  seated  on  a wooden  stand,  and  being  furnished 
with  a brass  cup,  forming  the  lialf  of  a hollow  sphere, 
and  with  a vessel  graduated  to  hold  a determinate 
quantity  of  fluid. 

On  the  previous  evening  the  leaves  requisite  for 
forming  the  shells  of  the  cakes  have  been  weighed 
out  and  tied  up  in  bundles,  and  have  been  damped 
to  render  them  supple. 

Down  the  centre  of  the  room  are  scales,  at  which 
the  quantity  of  opium  for  each  cake  is  weighed  out; 
and  beside  the  scales  are  boxes  filled  with  “ lewah,” 
for  the  agglutination  of  vhe  leaves  which  form  the 
shells  of  the  cakes. 

In  forming  the  “lewah”  all  opium  of  inferior 
quality  is  used,  and  all  the  pussewah  received  is  also 
employed  for  this  purpose  ; but  in  addition  to  these, 
a quantity  of  excellent  opium  is  also  expended. 
These  ingredients  are  broken  down  in  the  washings 
of  the  men’s  legs  and  of  the  various  pots  and 
vessels  which  have  contained  opium,  and  a semi- 
fluid paste  is  formed  of  such  a consistence  thatTOO 
grains  of  it,  when  evaporated  to  dryness  at  a tem- 
perature of  200°  Fahr.,  shall  leave  53  grains  of 
residue. 

Matters  being  thus  arranged,  the  cake-maker  re- 
ceives in  his  graduated  tin  the  prescribed  quantity 
of  lewah  for  making  a single  cake ; and  having  by 
his  side  a bundle  of  leaves  previously  weighed,  he 
rapidly  forms  in  his  brass  cup  the  lower  segment  of 
the  shell  of  the  opium  cake,  pasting  leaf  over  leaf, 
until  the  thickness  of  half  an  inch  has  been  obtained, 
and  allowing  a certain  free  portion  of  the  leaves  to 
hang  down  all  round  over  the  sides  of  the  brass 
cup.  The  opium  is  then  thrown  by  a boy  into  the 
shell  so  far  prepared  to  receive  it.  The  cake-maker, 
holding  the  opium  away  from  the  shell  with  his  left 
hand,  then  tucks  in  round  the  side  leaf  after  leaf, 
well  smeared  with  lewah,  one  over  the  other,  until 
he  has  completed  the  entire  circle.  The  free  edges 
of  the  leaves  are  now  drawn  tightly  up,  and  the 
opium  well  compressed  within  its  bag  of  leaves, 
llie  small  portion  still  open  at  the  top  is  closed  by 
laying  on  leaf  after  leaf,  and  finally  a large  leaf  is 
wrapped  round  the  whole. 

As  thus  fonned  a well  finished  cake  resembles  a 
24-pound  shot.  It  is  now  rolled  in  finely  pounded 
poppy  trash,  and  is  then  placed  in  an  earthen  cup  and 
put  in  the  sun  to  dry.  It  is  exposed  for  three  days, 
with  frequent  turning  about:  if,  as  is  frequently  the 
case,  it  should  become  distended  and  puffy,  it  is  at 
once  torn  open,  the  gas  allowed  to  escape,  and  the 
cake  again  tightly  closed.  At  the  end  of  the  third 
day  it  is  placed  (still  in  the  cup)  in  the  cake  frames, 
which  are  formed  of  open  battens,  and  allow  of  a 
free  circulation  of  air  about  the  cakes. 

By  the  end  of  July  the  manufacturing  is  finished; 
but  the  cakes  still  require  much  attention.  They 
are  constantly  turned  over,  and  as  mildew  collects 


it  is  removed  by  rubbing  and  rolling  them  in  dry 
poppy  trash. 

By  October  the  cakes  have  become  dry  to  the 
touch,  and  have  acquired  considerable  solidity. 
They  are  now  packed  in  chests,  each  of  which  is 
furnished  with  a double  tier  of  wooden  partitions, 
each  tier  containing  twenty  compartments  for  the 
reception  of  as  many  cakes.  They  are  steadied  by 
filling  in  the  interstices  with  poppy  trash. 

The  above  process  of  manufacture  applies  to  the 
opium  which  is  put  up  for  the  China  market,  and 
which  includes  the  great  bulk  of  the  entire  supply. 
With  the  drug  intended  for  internal  consumption, 
and  called  “abkaree  opium,”  a different  process  is 
followed. 

The  opium  intended  for  abkaree  purposes  is 
brought  to  a consistence  of  about  90  per  cent,  by 
direct  exposure  to  the  sun,  in  which  state  it  is  as 
firm  and  as  easily  moulded  as  wax.  It  is  then 
formed  by  means  of  a mould  into  square  bricks  of 
1 seer  (1  lb.  13  ozs.)  weight  each.  These  are  wrapped 
in  oiled  Nepaul  paper,  and  packed  in  boxes  fur- 
nished with  compartments  for  their  reception. 

The  opium  put  up  in  this  way  has  not  the 
same  powerful  aroma  as  is  possessed  by  that  put 
up  in  balls. 

The  manufacture  for  the  season  being  concluded, 
six  cakes  are  selected  promiscuously  by  the  magis- 
trate of  Ghazeepore,  for  examination  and  chemical 
analysis.  Of  these  two  are  forwarded  to  the  opium 
examiner  at  Calcutta,  two  to  the  examiner  of  the 
Behar  agency,  and  two  are  reserved  for  the  examiner 
of  the  Benares  agency. 

The  examination  is  directed  to  the  following 
points : — 

1.  The  gross  weight  of  the  cake.  2.  The  weight 
of  the  shell.  3.  The  weight  of  the  opium.  4.  The 
condition  of  the  shell.  5.  The  physical  character 
of  the  drug.  6.  Its  consistence.  7.  The  amount  of 
extract  taken  up  from  it  by  distilled  water.  8.  The 
quantity  of  morphine  present.  9.  The  amount  of 
narcotine  present. 

The  average  results  of  the  examination  of  the 
opium  of  the  Benares  agency  for  four  years  were  : — 
Residue  from  100  grains  exposed  to  a temperature 
of  200°  Fahr.,  75-5 ; extract  taken  up  by  distilled 
water  from  100  grains,  47-99  ; morphine  per  cent., 
3'21 ; narcotine  per  cent.,  4-06. 

I A chief  chemical  feature  which  distinguishes  Ben- 
gal opium  from  that  of  Turkey  and  Egypt,  is  the 
large  proportion  which  the  narcotine  in  the  former 
bears  to  the  morphine,  and  this  proportion  is  con- 
stant in  all  seasons. 

It  is  a matter  of  importance  to  ascertain  whether 
the  treatment  which  the  juice  receives  after  its  col- 
lection can  influence  in  any  way  the  amount  of  the 
alkaloids,  or  of  the  other  principles  contained.  In 
Turkey  it  is  the  custom  to  heat  up  the  juice  with 
saliva ; in  IMalwa  it  is  immersed,  as  collected,  in 
linseed  oil ; whilst  in  Bengal  it  is  brought  to  the 
required  consistence  by  mere  exposure  to  air  in 
the  shade : though,  at  the  same  time,  all  the  watery 
part  of  the  juice  that  will  separate  is  drained  off. 
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and  used,  as  has  already  been  explained,  in  making 
lewah. 

Dr.  W.  C.  B.  Eatwell  obtained  the  following 
results  from  the  analysis  of  fresh  juice,  from  which 
none  of  the  pussewah  was  separated.  The  analyses 
have  special  reference  to  the  amount  of  morphine 
and  uarcotine  only. 

Analysis  of  2000  grains  of  freshly  collected  juice, 
subjected  to  experiment  on  the  day  of  collection — 


Grains. 

Morphine, Ill 

Narcotine, 32'7 

Matters  soluble  in  alcohol, 521 '0 

Dry  marc  insoluble  in  alcohol, 225 ‘2 

Water  anti  volatile  matter  given  off  at 

200"  Fahr., 1210’0 


2000-0 

When  the  juice  was  dried  at  200°  Fahr.  until 
brought  to  the  factory  standard,  the  amounts  were — 

Grains. 


Morphine, 24'9 

Narcotine, 30'9 

Other  matters  soluble  in  alcohol, 546’7 

Dry  marc, 215'0 


Water  and  matters  volatile  at  200°  Fahr.,  182-5 

1000-0 

Lastly,  a portion  of  the  juice  was  placed  in  a 
porcelain  basin,  and  left  till  it  acquired  solidity. 
It  acquired  a consistence  of  90-3  per  cent.,  and 
contained — 

Grains. 


Morphine, 26-1 

Narcotine, 32-8 

Other  matters  soluble  in  alcohol, 630-4 

Dry  marc, 213-7 


Water  and  matters  volatile  at  200°  Fahr.,  97-0 

1000-0 

To  compare  these  results  it  is  necessary  to  sup- 
pose the  drug  to  have  been  reduced  to  the  same 
state  of  dryness,  when  the  composition  of  the  three 
will  appear  as — 


1. 

2. 

3. 

Moi-]ihiiie, 

1-405 

3-061 

2-890 

Niirootiiie, 

4-012 

3-795 

3-632 

Other  matters  soluhle  in  al-l 
cohol j 

65-949 

66-874 

69-811 

Dry  marc  insoluble  in  alcohol, 

28 -.506 

26-301 

23-665 

99-872 

100-031 

99-998 

The  agreement  of  results  in  these  three  sets  of 
experiments  is  tolerably  close.  In  No.  1 the  amount 
of  morphine  is  very  small,  but  the  quantity  of 
narcotine  is  larger  than  in  either  of  the  other  two 
cases.  The  suggestion  which  tliis  naturally  prompts 
is  that  the  narcotine,  during  the  process  of  analysis, 
or  during  the  changes  which  occur  in  the  juice  after 
its  extraction  from  the  plant,  is  converted  into 
morphine. 

The  results  of  the  second  analysis  seem  to  indicate 
that  the  employment  of  artificial  heat,  in  bringing 
the  drug  rapidly  to  the  required  consistence,  is  not 
detrimental  to  the  narcotic  power  of  the  opium. 

Pussewah. — Recently  collected  pussewah  is  a dark 


fluid,  resembling  strong  infusion  of  coffee,  and 
having  a peculiar  smell.  It  reddens  litmus  paper 
strongly.  A solution  of  plumbic  acetate  throws 
down  a copious  precipitate  of  plumbic  meconate, 
and  lime  water  has  the  same  effect.  Ammonia 
throws  down  a plentiful  precipitate  of  a mottled 
grey  colour,  which  soon  becomes  uniformly  black ; 
and  copious  dilution  with  water  likewise  occasions  in 
it  a deep  brown  precipitate. 

Dr.  Eatwell  found  the  specific  gravity  of  recently 
collected  pussewah  to  be  1-120  at  83°  Fahr. : 100 
grains  evaporated  to  dryness  yielded  30  grains  of  a 
brownish-yellow  residue,  emitting  an  odour  some- 
thing resembling  that  of  Burgundy  pitch.  After 
pussewah  has  become  concentrated  to  about  one- 
third  of  its  original  volume,  it  acquires  the  consist- 
ence of  treacle,  and  as  the  process  of  drying  goes  on 
still  further  it  becomes  quite  solid.  During  the  hot 
and  dry  months  this  solid  residue  acquires  resinous 
hardness,  becomes  brittle,  and  breaks  with  a resinous 
fracture  ; but  as  soon  as  the  weather  becomes  damp 
it  rapidly  absorbs  moisture  from  the  atmosphere, 
becomes  jetty  black  and  polished  on  the  surface,  and 
much  resembles  cobbler’s  wax. 

Pussewah  contains  some  of  the  most  valuable 
constituents  of  opium.  From  500  grains  of  solid 
pussewah,  which  on  evaporation  to  dryness  left 
88  9 grains  of  residue,  Eatwell  extracted  12  grains 
of  pure  narco-ine,  but  only  a trace  of  morphine.  In 
a second  analysis  of  a pussewah,  of  which  500  grains 
yielded  85-5  of  residue,  he  obtained  10-6  grains  of 
morphine  and  16-9  grains  of  narcotine. 

The  Chinese  form  a watery  extract  of  opium  for 
the  purpose  of  smoking,  and  recover  the  whole  of 
the  constituents  of  the  pussewah  by  boiling  the 
shells  in  water. 

Turkey  opium  is  obtained  from  the  Papaver  som- 
vijeruni,  var.  B.  gJahrum.  The  flowers  are  purplish 
or  white,  the  seeds  vary  from  white  to  dark  violet. 
It  is  cultivated  by  peasant  proprietors  in  Asia  Minor. 
The  soil  must  be  moist  and  rich.  The  seed  is  sown 
at  intervals  between  November  and  March,  so  that 
there  may  be  a succession  of  capsules  to  operate  on. 

Flowering  takes  place  between  May  and  July;  the 
incisions  are  made  a few  days  after  the  petals  have 
fallen  off  the  flowers.  The  incisions,  as  in  India,  are 
made  in  the  afternoon,  and  the  exuded  juice  scraped 
off  next  morning  by  a knife,  which  the  labourer  wets 
with  saliva  from  time  to  time  to  prevent  the  adhesion 
of  the  juice  to  the  blade.  Each  poppy  head  is  cut 
only  once.  As  scraped  off,  the  poppy  juice  is  laid  on 
poppy  leaves  and  placed  in  the  air  to  dry  in  a shady 
place,  and  is  then  wrapped  in  po2^py  leaves.  There 
is  no  settled  size  for  the  cakes. 

The  merchants  buy  tlie  opium  in  its  natural  state ; 
they  then  separate  it  into  masses  of  suitable  size, 
wrapping  it  in  poppy  leaves,  and  packing  it  with 
cotton  or  with  the  fruit  of  the  Pumex  species,  to 
prevent  the  lumps  sticking  together.  It  is  then 
transported  to  market  in  sealed  packets.  It  should 
contain  12  to  15  per  cent,  of  morphine. 

Turkey  ojjium  in  the  English  market  is  found  in 
lumps  of  from  ^ lb.  to  2 lbs.  weight;  these  are 
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covered  with  fragments  of  poppy  leaves,  Riimex 
chaff,  &c.  Its  consistence  is  much  less  than  that  of 
Indian  opium  ; it  can  be  cut  with  a knife,  moulded 
with  the  fingers.  The  centre  of  the  lump  is  moist. 
Its  colour  varies  from  almost  black-brown  to  a light 
chestnut. 

Ri/yptian  opium  is  of  much  greater  consistence;  its 
fracture  is  finely  porous,  of  a dark  brown  colour. 

Perdan  opium  is  the  produce  of  Papaver  somni- 
fcriim,  var.  y album  (P.  officinale,  Gm.)  It  contiiins  8 
to  11  per  cent,  of  morphine,  and  is  commonly  much 
adulterated. 

The  poppy  plant  may  be  cultivated  in  most  of  the 
countries  of  Europe.  In  France,  Aubeiigieu  of 
Clermont-Ferrand  produces  an  opium  which  he  calls 
Affium,axol  which  contains  10  per  cent,  of  morphine. 

Constituents. — The  chemical  history  of  opium  may 
be  said  to  have  its  origin  so  far  back  as  1803,  when 
Charles  Dekosne,  an  apothecary  of  Paris,  in  diluting 
a syrupy  aqueous  e.xtract  of  opium,  observed  a 
crystalline  body,  in  which  he  believed  its  narcotic 
properties  to  reside.  From  his  descrqition  of  its 
properties  this  substance  was  obviously  narcotine 
(CjjjiT^jNO^).  In  1805  Serturneu  made  the  next 
step  in  the  investigation  of  opium,  lie  detected 
mecouic  acid  (C-H^O-),  and  morphia,  or  morphine, 
(Ci^HigNOj).  In  1826  Dudlanc  discovered meconine 
(CjglljgO^).  During  the  several  years  following 
opium  was  subjeeted  to  a very  minute  investigation 
by  CouERBE,  Pelletier,  Pobiquet,  Merck,  and 
others,  who  added  codeine  (C^gHg^NOg),  thebaine 
(CjgllgjNOj),  narceine  (CgjHggNOg),  and  porphy- 
roxine  (V)  to  the  list  of  its  crystalline  constituents. 
Subsequent  to  their  time,  little  was  done  until  1844, 
when  WbiiLER  and  Blyth  separately  examined 
narcotine,  and  made  it  the  starting  point  of  a very 
remarkable  series  of  products.  In  1850  Thomas 
Anderson  (Professor  of  Chemistry  in  the  University 
of  Glasgow)  undertook  the  study  of  the  principles 
of  opium,  and  cleared  up  some  of  the  doubtful 
points.  He  found  that  the  varying  results  obtained 
by  different  experimenters  greatly  depended  on  the 
methods  they  pursued.  Some  investigators  found 
particular  substances  abundantly,  others  in  only 
small  quantity ; the  difference  Anderson  states  to  be 
due  to  modifications  in  working,  which  at  first  sight 
appear  very  trifling.  Even  the  quantity  of  water 
employed  in  the  primary  solution  of  the  opium  is 
important,  and  greatly  affects  the  quantity  of 
resinoid  matters  dissolved,  and  by  consequence, 
the  facility  with  which  some  of  the  bases  are  made 
to  separate  in  the  crystalline  condition. 

This  opinion  is  borne  out  by  the  researches 
of  Eatwell,  Decharme,  Adrian,  and  others. 
Decharme  observed  that  the  amount  of  morphine 
diminished  when  the  juice  is  very  slowly  dried — a 
point  of  great  importance,  deserving  attention  in 
India,  the  opium  from  whence  is  remarkable  for  its 
low  percentage  of  morphine.  It  is  extremely  pro- 
bable that  the  long  period  during  which  the  juice 
remains  in  a wet  shite  (always  three  to  four  weeks), 
goes  far  to  account  for  the  small  quantity,  through 
decomposition  taking  place. 

VOL.  II. 

The  following  table,  by  Fluckiger  and  II  anbury, 
shows  the  natural  alkaloids  of  opium  and  a few  of 
their  artificial  derivatives. 

TABLE  OP  OPIUM  ALKALOIDS  AND  THBIU  DERIVATIVES. 

Discovered  by 

Wohler,  1844.  Cotarnine, CjjHj^NOg 

Formed  by  oxidising  narcotine;  solu- 
ble in  water. 

Hesse,  1871.  1.  Hydkocotaknine, Ci.,HjgN03 

Crystallizable,  alkaline,  volatile  at 
100°  C. 

Mattliiessen  & Apomorphine, Ci7Hj7N02 

Wright,  1871.  From  morphine,  by  hydrochloric  acid. 

Colourless,  amorphous,  turning 

green  by  exposure  to  air ; emetic. 

Wright,  1871.  Desoxiimorphine, Cj7Hj9N02 

SertUrner,  1816.  2.  Morphine, Ci7HjgN03 

Crystallizable,  alkaline,  levogyre. 

Pelletier  & Thi-  3.  Pseudomorphine C17HJ9NO4 

boumSry,  183.6.  Crystallizes  with  HjO,  does  not  unite 

even  with  acetic  acid. 

Matthiessen  & Apocodeine, CjgHjgNOj 

Burnside,  1871.  From  codeine  by  chloride  of  zinc; 

amorphous,  emetic. 

Wright,  1871.  Desoxycodeme, CigHjjNOj 

Eobiquet,  1832.  4.  Codune, CigH^jNCg 

Crystallizable,  alkaline,  soluble  in 
water. 

™rf868*  } Nornarcotine, 

Thiboumery.1835.  5.  Thebaine, C19H21NO3 

Crystallizable,  alkaline. 

Hesse,  1870.  Tliehenhie, CigH2iN03 

Hesse,  1870.  Thehaicine, CjgHjjNOg 

P'rom  thebaine  or  ihebenine  by  hydro- 
chloric acid. 

Hesse,  1871.  6.  Protopine, CggHjgNOg 

Crystallizable,  alkaline. 

} ^^Pth'Morrmrcotine CgoHjgNOr 

Hesse,  1811.  Deuteropine, C20H21NO5 

Hesse,  1870.  7.  Laudanine, C2gH2jN04 

An  alkaloid  which,  as  well  as  its  salt, 
forms  large  crystals,  turns  orange  by 
hydrochloric  acid. 

Hesse,  1870.  8.  Codamine, C.2oH2gN04 

Crystallizable,  alkaline,  can  be  sub- 
limed, becomes  green  by  nitric  acid. 

Merck,  1848.  9.  Papaverine, C21H21NO4 

Crystallizable,  also  its  hydroclilorate, 
sulphate  in  sulphuric  acid  precipi- 
tated by  water. 

Hesse,  186.6.  10.  Rhceadine, CjiHjiNOg 

Crystallizable,  not  distinctly  alkaline; 
can  be  sublimed;  occurs  only  in 
Papaver  rhaeas. 

Hesse,  1865.  Bhceagenine, C2xH2iN08 

From  rhceadine,  crystallizable, alkaline. 

Hesse,  1870.  11.  Meconidine, C.24H23NO4 

Amorphous,  alkaline,  melts  at  58°  C. ; 
not  stable,  the  salts  also  easily 
altered. 

T.  & H.  Smith,  12.  Cryptopine, C21H23NO5 

1864.  Crj'slallizable,  alkaline  ; salts  tend  to 

gelatinize,  hydrochlorate  crystallizes 
in  tufts. 

Hesse,  1871.  13.  Laudanosine, C2rH27N04 

Crystallizable,  alkaline. 

Derosne,  1803.  14.  Narcotine, C22H23NO7 

Cr_\  stallizable,  not  alkaline  ; salts  not 
stable. 

Hesse,  1870.  15.  Lanthopine C23H.25NO4 

Crystals  not  alkaline,  sparingly  soluble 
in  hot  or  cold  alcohol,  ether,  or 
benzol. 

Pelletier,  1835.  16.  Narceine C.23H2^NOg 

Crystallizable  (as  a hydrate)  readily 
1 soluble  in  boiling  water  or  in  alkalies, 

j levogyre. 

Morphine,  Morphia. — The  process  originally  pro- 
posed by  ilOBERTsoN  and  Gregory  is  that  which  is 
62 
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most  generally  adopted: — Macerate  1 lb.  of  sliced 
opium  with  two  pints  of  water  for  twenty-four  hours, 
decant,  and  repeat  the  process  with  the  same  quan- 
tity of  water,  subjecting  the  insoluble  residue  to  a 
strong  pressure.  Unite  the  liquors,  evaporate  in  a 
water-bath  to  the  bulk  of  one  pint,  and  strain 
through  calico.  Pour  in  now  three-quarters  oz.  chloride 
of  calcium  dissolved  in  4 fluid  ozs.  of  distilled  water, 
and  evaporate  the  solution  until  it  is  so  far  concen- 
trated that  upon  cooling  it  becomes  solid.  Envelop 
the  mass  in  a double  fold  of  strong  calico,  and  subject 
it  to  powerful  pressure,  preserving  the  dark  fluid 
which  exudes.  Triturate  the  squeezed  cake  with 
about  half-a-pint  of  distilled  water,  and  the  whole 
being  thrown  upon  a paper  filter,  wash  the  residue 
well  with  boiling  distilled  water.  The  filtered  fluids 
having  been  evaporated  as  before,  cooled,  and  solidi- 
fied, again  subject  the  mass  to  pressure ; and  if  it  be 
still  much  coloured  repeat  this  process  a third  time, 
the  expressed  liquids  being  always  preserved.  Dis- 
solve the  pressed  cake  in  6 ozs.  of  boiling  distilled 
water;  add  quarter  oz.  of  purified  animal  charcoal 
and  digest  for  twenty  minutes;  filter,  wash  the  filter 
and  charcoal  with  boiling  distilled  water,  and  to  the 
solution  thus  obtained  add  ammonia  solution  in 
slight  excess.  Let  the  pure  crystalline  morphia 
which  separates  as  the  liquid  cools,  be  collected  on  a 
proper  filter  and  washed  with  cold  distilled  water 
until  the  washings  cease  to  give  a precipitate  with 
acidulated  silver  nitrate. 

From  the  dark  liquids  expressed  in  the  above 
process  an  additional  product  may  be  obtained  by 
diluting  them  with  distilled  water,  precipitating  with 
solution  of  potash  added  in  considerable  excess, 
filtering,  and  supersaturating  the  filtrate  with  hydro- 
chloric acid.  This  acid  liquid  digested  with  a little 
animal  charcoal,  and  again  filtered,  gives,  upon  the 
addition  of  ammonia,  a small  quantity  of  pure 
morphine. 

The  principle  involved  in  this  process  is  very 
simple.  The  bases  are  present  in  opium  chiefly 
as  ineconates,  which  are  difficultly  crystallizable 
salts ; but  on  addition  of  chloride  of  calcium,  calcium 
meconate  precipitates,  and  the  chlorides  remain  in 
solution,  of  which  the  hydrochlorates  of  morphine 
and  codeine  are  readily  crystallizable,  and  separate 
from  the  concentrated  solution,  leaving  the  bases 
behind  in  the  mother  liquor. 

It  is  from  the  residue  left,  after  the  complete 
separation  of  morphine,  that  the  other  bases  are 
extracted.  Anderson  proceeds  thus: — The  mother 
liquor,  which  has  the  consistence  of  treacle,  and  is 
perfectly  black,  is  diluted  with  water,  and  ammonia 
added.  An  abundant  dark  precipitate  falls  con- 
sisting of  narcotine,  papaverine,  and  thebaine, 
accompanied  by  a small  quantity  of  codeine,  and 
all  contaminated  by  a brown  resinous  substance 
{Lanthopine,  Hesse).  This  precipitate,  which  is  at 
first  quite  granular,  runs  together  into  a resinous 
mass,  if  allowed  to  lie  in  the  fluid,  and  the  mother 
liquor  is  then  as  effectually  squeezed  out  of  it  as  if 
it  were  put  into  a powerful  press. 

By  solution  of  this  precipitate  in  boiling  spirit. 


impure  crystals  of  narcotim  are  obtained  on  cooling, 
which  may  be  purified  by  animal  charcoal  and  suc- 
cessive crystallizations.  By  distilling  down  the 
solution  a further  crop  of  crystals  is  dissolved,  and 
finally  a dark  mother  liquor  is  obtained,  from  which 
thebaine  and  papaverine  may  be  prepared. 

For  this  purpo.se  water  is  added;  the  liquid  is 
rendered  slightly  acid  by  acetic  acid,  and  the  resin 
which  is  thus  separated  is  filtered  off.  Subacetate  of 
lead  is  then  added  to  the  filtrate  until  it  restores  the 
blue  of  reddened  litmus ; and  the  precipitate  being 
separated,  the  excess  of  lead  is  removed  by  sulphur- 
etted hydrogen,  or,  more  conveniently,  by  sulphuric 
acid.  Ammonia  then  precipitates  thebaine,  still  con- 
taminated with  resinous  matter,  from  which  it  is 
separated  by  crystallization  from  absolute  alcohol, 
and  decolorized  by  animal  charcoal. 

Papaverine  may  be  extracted  from  the  lead  pre- 
cipitate by  digesting  it  with  alcohol,  evaporating  the 
liquid,  treating  it  with  hydrochloric  acid,  filtering 
from  resin,  concentrating,  and  leaving  the  solution 
to  itself  for  some  time,  when  the  sparingly  soluble 
hydrochlorate  of  papaverine  slowly  crystallizes.  Pre- 
cipitation with  ammonia  and  crystallization  from 
spirit  give  the  base  itself  in  a state  of  purity. 

The  mother  liquor,  from  which  the  precipitate 
of  these  alkaloids  has  been  separated,  contains 
narceine  and  meconine,  with  a small  quantity  of  pa- 
25averine.  In  concentrating  it,  narceine  sejmrates  in 
abundance,  and  is  easily  obtained  jmre  by  washing 
with  a small  quantity  of  cold  water,  and  by  crystal- 
lizing two  or  three  times.  It  is  remarkably  distin- 
guished by  the  facility  with  which  it  is  obtained  free 
from  colour.  After  concentrating  the  liquid  until 
the  narceine  is  separated,  the  residue  is  agitated 
with  ether,  which  extracts  meconiue  together  with 
a little  pajiaverine. 

Meconic  acid  is  prepared  from  the  calcium  mecon- 
ate obtained  in  the  first  part  of  Robertson  and 
Gregory’s  process. 

Hesse,  who  has  much  extended  our  knowledge 
of  the  rarer  opium  bases,  likewise  operates  with 
the  mother  liquors  from  Robertson  and  Gregory’s 
2>rocess.  On  addition  of  excess  of  ammonia  to  the 
mother  liquor,  diluted  with  its  own  bulk  of  hot 
water,  a resinous  precipitate  of  lanthopine  is  thrown 
down,  the  other  bases  remaining  in  solution.  By 
the  agitation  of  the  filtrate  with  ether,  and  of  the 
ethereal  extract  with  acetic  acid,  a mixture  of 
acetates  is  obtained.  Caustic  soda  added  in  excess 
lirecipitates  papaverine,  narcotine,  thebaine,  some  cryp- 
topine and  protopine,  laudanosine  and  hydroentarnine, 
while  the  alkaline  filtrate  contains  in  solution  lanthn- 
pine,  laudanine,  cryptopine,  and  codamine.  These  last 
are  again  converted  into  acetates  by  the  other 
process,  and  the  liquid  is  neutralized  with  ammonia. 
A little  lanthopine  separates  after  twenty-four  hours, 
and  the  filtrate  yields  with  ammonia  a precipitate 
soluble  in  boiling  dilute  alcohol.  On  cooling,  crystals 
of  a mixture  of  laudanine  and  cryptopine  separate. 
By  evaporation  of  the  alcoholic  solution,  and  treat- 
ment with  ether,  a solution  was  formed  from  which 
codamine  was  obtained,  either  by  addition  of  fused 
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chloride  of  calcium, -which  causes  water,  colouring 
matters,  and  crystals  of  codamine  to  separate,  or 
by  conversion  into  acetate,  thence  into  hydriodide, 
and  purification  of  the  latter. 

The  precipitate  insoluble  in  caustic  soda  is  digested 
with  dilute  alcohol,  and  acetic  acid  added  till  litmus 
paper  is  faintly  reddened  by  it.  Addition  of  3 times 
the  volume  of  boiling  water  produces  a crystalline 
precipitate  of  papaverine  and  narcotine  (these  bases 
not  neutralizing  acetic  acid).  The  filtrate  freed  from 
alcohol  by  evaporation,  gives,  on  addition  of  tartaric 
acid,  a copious  crystalline  precipitate  of  thehaine 
bitartrate.  The  mother  liquor  of  this  is  neutralized 
by  ammonia,  and  mixed  with  3 per  cent,  of  its 
weight  of  sodium  bicarbonate  made  into  a paste 
with  water.  After  about  a week  a black  pitchy 
mass  separates.  The  filtrate  from  this  gives  with 
ammonia  a precipitate  which  is  treated  with  boiling 
benzene,  the  filtrate  being  also  extracted  with 
benzene.  Cryptopine  and  protopine  thus  remain 
undissolved,  while  on  shaking  the  benzene  solution 
with  a saturated  aqueous  solution  of  sodium  bicar- 
bonate, landanosine  crystallizes  out,  and  the  benzene 
filtrate  from  this,  treated  with  hydrochloric  acid  gas, 
yields  hydrochloride  of  hydrocotarnine. 

The  value  of  opium  depends  on  the  moisture 
present  and  on  the  quantity  of  morphine  contained 
in  the  dry  drug.  The  water  is  determined  by  ex- 
posing a known  amount  to  the  heat  of  a water  bath 
until  its  weight  is  constant. 

For  the  estimation  of  morphine  many  processes 
have  been  devised,  but  none  are  perfectly  satisfac- 
tory. IIanbukv  and  Fluckigek  recommend  that 
given  below. 

Take  of  opium,  previously  dried  at  100°  C.,  7 to 
10  grams.,  mix  it  with  thrice  its  weight  of  coarsely- 
powdered  pumice,  and  pack  the  mixture  in  a perco- 
liition  tube ; then  remove  by  boiling  ether  the 
narcotine,  together  with  the  wax  and  colouring 
matter.  The  residue  should  be  next  moistened  (it 
may  remain  in  the  tube)  with  a very  little  spirit 
of  wine  (0‘822),  and  exhausted  with  water.  The 
solution  is  usually  a little  acid ; if  otherwise,  a little 
acetic  acid  should  be  added  to  the  water.  The 
solution  should  be  about  equal  to  20  times  the  bulk 
of  the  opium ; it  is  then  mixed  with  ammonia,  as 
small  an  excess  as  possible  being  added.  After  a 
repose  of  a day  or  two,  the  morphine  will  be  found 
in  crystals  attached  to  the  sides  and  bottom  of  the 
glass.  It  may  be  dried  and  weighed  as  crude  mor- 
phine, but  ought  to  be  re-crystallized  from  boiling 
alcohol  (0-822)  at  least  once. 

There  are  three  principal  difficulties  in  this  pro- 
cess— 1.  It  is  not  easy  to  remove  the  whole  of  the 
narcotine  and  wax.  2.  It  is  even  less  easy  to  ex- 
tract the  morphine  with  as  little  water  as  is  desired; 
and  by  using  much  water,  the  bulk  of  the  solution 
is  inconveniently  increased,  and  has  then  to  be  re- 
duced by  evaporation.  3.  The  purification  of  the 
crude  morphine  is  necessary,  yet  occasions  inevitable 
loss.  These  sources  of  error  should  be  kept  in  view 
and  avoided  as  much  as  possible. 

OXALIC  ACID. — Oxalsdure,  klecsdure,  German ; acide 
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oxalique,  acid  d'oseille,  French  (C2H20^).  — From 
its  frequent  occurrence  in  the  vegetable  kingdom, 
oxalic  acid  may  have  been  well  known,  in  one  form 
or  another,  to  the  early  chemists,  or  even  to  some 
of  the  alchemists,  who  very  often  employed  plants 
in  their  experiments.  No  recorded  description, 
however,  tallies  sufficiently  well  for  identification, 
until  the  publication  in  1773  of  Savary’s  treatise 
“ De  Sale  Acetosellae.”  In  that  work  is  described  the 
action  of  heat  upon  the  “sal  acetosellae,”  a salt 
which  had  been  obtained  from  the  sorrel  plants,  and 
is  sometimes  known  in  England,  even  at  present, 
by  the  name  of  “salts  of  sorrel.”  The  products 
obtained  were  an  acid  sublimate  and  an  aqueous 
distillate,  which  without  doubt  consisted,  respec- 
tively, of  anhydrous  oxalic  acid  and  an  aqueous 
solution  of  the  same,  mixed,  perhaps,  with  formic 
acid  and  other  substances.  The  discovery  of  oxalic 
acid  has  frequently  been  incorrectly  ascribed  to 
ScHEELE  in  ignorance  of  this  work  of  Savary’s. 
In  1779  WiEGLER  made  a similar  observation  to 
that  of  Savary. 

Later  on,  the  celebrated  Swedish  chemist  Bergman 
obtained  a crystalline  acid  as  a product  of  the  action 
of  nitric  acid  upon  ordinary  sugar.  This  he  believed 
to  be  a new  substance,  and  to  it  he  gave  the  name  of 
“sugar  acid;”  but  shortly  afterwards  this  “sugar 
acid  ” was  examined  by  Scheele,  and  shown  by  him 
to  be  identical  with  the  substance  obtained  pre- 
viously by  Savary,  and  also  with  a substance  he 
obtained  from  salts  of  sorrel  by  precipitation  with 
subacetate  of  lead,  and  subsequent  decomposition 
of  the  precipitate.  From  the  name  of  the  plant, 
Oxaliit  acetosellie,  from  which  the  salt  was  obtained, 
Scheele  gave  to  the  substance  the  name  oxalic 
acid,  which  it  has  borne  ever  since.  At  the  same 
time  Scheele  further  studied  the  properties  of  the 
acid,  but  did  not  arrive  at  its  composition ; and 
notwithstanding  the  many  attempts  of  Richter, 
Thomson,  Berzelius,  and  others,  it  was  not  till 
1816  that  Dobereiner  succeeded  in  demonstrating 
its  real  composition.  llis  results  were  confirmed 
and  extended  by  Dulong,  Berzelius,  and  others. 

In  1829  Gay  Lussac  observed  that  when  wood, 
starch,  and  many  other  organic  substances,  were 
heated  with  caustic  alkalies,  they  disappeared  or 
were  changed ; and  that  oxalic  acid,  as  oxalate  of 
the  alkali,  almost  invariably  appeared  among  the 
products  of  the  action.  This  observation  appears 
to  have  remained  for  a long  time  an  isolated 
scientific  fact,  hidden  in  comparative  obscurity,  till  in 
1858  the  reaction  was  reinvestigated  quantitatively, 
and  with  a view  to  utilize  the  method  for  manu- 
facturing the  acid,  by  Possoz,  who  succeeded  in 
developing  a process  which  has  now  superseded  all 
others,  and  one,  too,  which  enables  it  to  be  obtained 
in  practically  unlimited  quantities.  Since  then, 
many  have  investigated  the  various  compounds  and 
reactions,  so  that  oxalic  is  now  one  of  the  best 
understood  of  onganic  acids.  It  has  also  become, 
since  the  above  process,  about  the  least  costly  of 
the  organic  acids,  and  has  accordingly  come  into 
extensive  use  in  the  various  chemical  industries. 
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Occurrence. — The  compounds  of  oxalic  acid  occur 
very  widely  distributed  in  nature,  jiarticularly  in 
the  vegetable  kingdom  ; but  there  seems  to  be  some 
doubt  whether  the  free  acid  has  yet  been  found, 
though  some  assert  that  it  exists  in  the  juice  of  the 
chick-pea,  as  well  as  in  Boletus  igniarius. 

Several  salts  of  it  have  occasionally  been  observed 
as  minerals.  Ramjielsberg  and  Mariano  ue  Rivera 
found  a rare  mineral  from  Koloseruk,  near  Bilin  in 
Bohemia,  to  consist  of  hydrated  ferrous  oxalate. 
This  mineral,  called  Humboldtite,  appears  to  have 
occurred  in  a bed  of  brown  coal  or  lignite,  so  that 
it  is  doubtful  how  far  it  may  be  indirectly  of  veget- 
able origin.  The  oxalate  of  lime  has  been  described 
by  Greg  as  the  mineral  Conistonite,  of  which  he 
gives  the  following  analysis  : — 

Per  Cent. 

Oxalic  acid, 28-02 

Lime, 21-05 

Magnesia  and  soda, -82 

Water, 49-15 

A similar  compound  was  found  by  Marrat  in  a 
Cumberland  copper  mine ; and  Sandall  has  given 
an  account  of  the  occurrence  of  a deposit  of  crystals 
of  oxalate  of  lime  upon  the  surface  of  crystals  of 
calc-spar,  which  he  called  Whewellite.  Liebig  has 
also  given  the  name  of  Thierschite  to  a grey  warty 
incrustation  of  the  same  composition,  which  is 
found  upon  the  frieze  of  the  Parthenon  at  Athens. 
There  is  good  reason  to  suspect  that  these  minerals, 
all  of  them  very  rare,  may  directly  or  indirectly  be 
of  organic  origin. 

It  is  particularly  in  plants  that  we  find  oxalates  of 
very  general  occurrence.  It  would  be  tedious  and 
• uninteresting  to  give  a complete  list  of  all  the  species 
in  which  the  acid  has  been  observed,  but  it  may  be 
useful  to  mention  a few  of  the  commoner  plants. 
The  oxalate  of  potash  occurs  among  others  in  the 
wood  sorrel  {Oxalis  acetosella),  in  the  common  sorrel 
{Rmnex  acetosa),  and  in  their  allied  sjiecies.  It  is 
found  also  in  several  species  of  rhubarb,  the  acid 
taste  of  which,  as  well  as  the  sourness  of  the  sorrel, 
is  due  to  the  acidity  of  the  bin  oxalate  of  potash  that 
they  contain.  Oxalate  of  soda  has  been  found  in 
species  of  Salsola  and  Salicornia.  But  by  far  the 
most  frequently  occurring  salt  is  the  oxalate  of  lime, 
which  in  many  lichens,  especially  Parmelia  and 
Variolaria,  forms  the  bulk  of  the  solid  matter.  In 
one  species  of  the  former,  growing  on  the  sandy 
desert  plains  of  Persia,  which  is  used  by  the  Kirghis 
for  food,  there  has  been  found  66  per  cent,  of 
oxalate  of  lime,  together  with  about  23  per  cent,  of 
a mucilaginous  body  like  that  contained  in  Iceland 
moss.  The  analysis  was,  however,  made  after  a 
drought,  otherwise  there  would  have  been  found 
more  moisture  in  the  plant,  which  would  materially 
reduce  the  proportion  of  the  oxalate.  But  in  the 
great  bulk  of  the  plants  in  which  it  occurs  it  is  found 
only  in  minute  quantity ; but,  on  the  other  hand, 
though  small  in  amount,  it  is  of  almost  universal 
occurrence.  It  usually  forms  deposits  in  the  plant- 
cells,  sometimes  in  isolated,  well-developed  crystals, 
or  in  tufts  of  needles  (i-aphides) ; sometimes  as  a 
conglomerate,  grown  with  the  organic  matter  and 

attached  to  the  cell-walls  (cystoliths),  or  in  globular 
crystalline  concretions,  or  other  similar  forms.  These 
deposits  seem  to  occur  very  seldom  in  Algas  or  in 
cryptogamic  plants ; but  in  all  other  phanerogams 
they  occur  in  abundance,  and  indeed  in  almost  all 
other  plants  without  exception.  Xor  is  the  separa- 
tion of  oxalate  of  lime  peculiar  to  any  season  of  . the 
year,  or  to  any  particular  epoch  in  the  li  e of  the 
plant,  but  takes  place  from  the  first  budding  of 
the  plant  in  spring  to  the  fall  of  the  leaf  in  autumn. 
The  formations  of  oxalate  of  lime  in  plants  have 
been  exhaustively  studied  by  A.  von  Payen. 

In  the  animal  kingdom  oxalic  acid  is  not  of  such 
general  occurrence ; but  it  is  found  combined  with 
lime  in  the  Allantois  liquor  of  the  cow,  in  the  mucus 
of  the  gall  bladder,  and  in  the  mucous  membrane  of 
the  impregnate  uterus.  Oxalate  of  lime  is  also  a 
common  constituent  of  urine,  in  which  it  is  a fre- 
quently occurring  sediment ; and  the  “ mulberry 
calculus,”  which  is  somewhat  common,  is  almost 
wholly  composed  of  it.  In  guano  there  exists  a 
small  quantity  of  oxalate  of  ammonia. 

Composition  and  Constitution. — The  ordinary 
crystals  of  oxalic  acid  that  occur  in  commerce  contain 
two  molecules  of  water  of  crystallization,  and  corre- 
spond in  composition  to  the  formula  C2H20^.2Il20. 
They  contain ; — 

Per  cent. 

Carbon, 19  05 

Hydrogen, 1-.59 

Oxygen, 50-79 

Water, 28-57 

The  anhydrous  acid  dried  at  100°  C.  corresponds 
to  the  formula  C2H20^ : when  it  is  attempted  fur- 
ther to  abstract  water  from  this  body,  it  splits  up 
into  carbonic  anhydride  (CO2),  carbonic  oxide  (CO), 
and  water,  instead  of  yielding  the  anhydrous  radical 
C.,Og,  which  was  formerly  assumed  or  suspected  to 
exist.  The  fact  that  this  radical  (C2O3)  was  inter- 
mediate in  composition  between  CO  and  CO2, 
induced  Gay  Lussac  at  one  time  to  propose  for 
oxalic  acid  the  name  of  hypo -carbonic  acid.  As  at 
present  regarded,  the  constitution  of  the  anhydrous 
oxalic  acid  may  be  represented  by  the  formula — 

P 0 / 6)H 

containing  two  hydroxyls,  or  by — 

CO.OH 

CO.OH 

consisting  of  two  carboxyl  or  oxatyl  groups. 

Oxalic  acid  is  the  first  of  a series  of  bibasic  acids, 
having  the  general  formula  Cnll2n-,0.j,  which  bear 
the  same  relation  to  the  glycols,  or  diatomic  alco- 
hols, that  acetic  acid  does  to  ordinary  alcohol. 

From  ethylic  glycol,  oxalic  acid  may  readily  be 
obtained  by  oxidation.  A monobasic  acid,  glycollic 
acid,  still  partly  an  alcohol,  is  first  produced,  but  fur- 
ther oxidised  to  the  dibasic  oxalic  acid  thus : — 

Glycol.  Glycollic  acid.  Oxalic  acid. 

jCHj.HO  ....  fCO.HO  ....  fCO.HO 
tCHjHO  ....  ....  \CO.HO 
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Oxalic  acid  is  also  intimately  related  to  cyanogen  ; 
for  when  an  aqueous  solution  of  that  gas  is  kept  for 
some  time,  ammonium  oxalate  is  formed  by  assimila- 
tion of  water  according  to  this  equation — 

2CN  + 4H2O  = (NKJ^a^O^ 

By  he.ating  sodium  formate,  hydrogen  is  evolved 
and  sodium  oxalate  remains,  thus : — 

oJH  -TT  , fCONaO 

^tCONaO  — "2  tCONaO 

By  the  decomposition  of  albuminous  bodies  oxalic 
acid  is  formed  along  with  numerous  other  substances. 
The  oxalic  acid  in  animal  fluids  is  doubtless  due  to 
some  action  of  this  kind.  Uric  acid  is  probably  the 
intermediary  stage  of  the  oxidation  of  albumen  im- 
mediately prior  to  the  formation  of  oxalic  acid ; for 
when  uric  acid  is  oxidised,  oxalic  acid  and  allantoin 
are  produced. 

When  metallic  sodium,  mixed  with  quartz  sand 
to  increase  the  surface  exposed,  is  heated  to  the 
temperature  of  boiling  mercury  in  presence  of  an 
excess  of  dry  carbonic  anhydride,  the  latter  is 
absorbed,  and  a mottled  grey  mass  results,  consist- 
ing mostly  of  sodium  oxalate,  with  a little  unchanged 
sodium  (Drecusel).  The  reaction  may  be  repre- 
sented thus : — 

CO-0  + 2Na-  JCO.ONa 

CO.O  + ^ ~ tCU.UNa. 

This  reaction  takes  place  to  some  extent  in  the 
manufacture  of  potassium.  The  oxalic  acid  in  plant 
cells  is  probably  reduced  from  carbonic  acid  and 
water  in  an  aniilogous  manner,  oxygen  being  evolved 
by  the  reducing  action  of  the  solar  rays,  thus: — 

2CO.,+  H.,0={00;OH  + 0. 

Besides  this  reaction,  in  which  oxalic  acid  is 
formed  by  reduction  from  carbonic  anhydride,  there 
are  very  many  others  in  which,  on  the  other  hand, 
the  acid  is  produced  as  the  last  stage  of  oxidation 
of  carbonaceous  substances,  prior  to  their  final 
oxidiition  into  carbonic  anhydride,  which  is  the 
highest  oxidised  carbon  compound.  This  oxidation 
may  be  effected  by  several  agents.  By  treatment 
with  nitric  acid  very  many  substances  yield  oxalic 
acid;  while  others  again,  by  melting  with  caustic 
alkali,  evolve  hydrogen  and  combustible  gases,  and 
a kind  of  oxidation  is  thus  effected,  oxalic  acid 
being  formed  and  remaining  combined  with  the 
alkali.  In  these  cases  the  action  is  destructive,  the 
products  having  no  simple  chemical  relation  to  the 
substance  treated. 

By  oxidation  oxalic  acid  gives  carbonic  acid  and 
water,  thus; — 

C3II.P4  + 0 = 2C0.^  + II.p. 

This  reaction  actually  occurs  with  an  aqueous 
solution  exposed  to  the  air  in  presence  of  platinum 
black  (Dobereiner),  and  it  is  said  that  a very  dilute 
solution  of  oxalic  acid  is  spontaneously  oxidised 
(Bizio).  According  to  Carles  the  aqueous  solution 
is  dissociated  at  100°  C.,  carbonic  acid  and  formic 

acid  being  carried  off  when  a stream  of  nitrogen, 
oxygen,  or  hydrogen  is  passed  through  the  hot  fluid. 

It  will  thus  be  seen  that  oxalic  acid  is  at  once  the 
first  stage  of  the  building  up  of  complex  organic 
bodies,  by  reduction  from  carbonic  acid ; and  in- 
versely, the  last  stage  of  the  oxidation  of  many 
carbonaceous  compounds  prior  to  their  ultimate 
conversion  into  carbonic  acid  and  water. 

Preparation. — In  the  laboratory  oxalic  acid  is  most 
conveniently  prepared  by  treating  pure  white  sugar 
with  eight  times  its  weight  of  nitric  acid  (1-38 
specific  gravity)  in  a large  flask,  and  as  the  action 
becomes  sluggish,  gently  warming  in  a good  draught, 
till  no  more  fumes  are  evolved.  The  mixture  is 
then  evaporated  to  one-sixth  of  its  original  volume, 
and  allowed  to  cool  and  crj'stallize.  The  mother 
liquor  on  evaporation  yields  a further  crop  of  crys- 
stals.  After  draining  and  washing  with  a small 
amount  of  water,  the  product  is  recrystallized  till 
free  from  nitric  acid.  To  obtain  the  maximum 
yield  the  above  proportions  are  necessary,  for  less 
nitric  acid  or  weaker  acid  will  not  completely  oxidise 
the  sugar,  and  there  remains  on  evaporation  a thick 
liquid  from  which  the  oxabc  acid  crystallizes  slowly 
and  with  difficulty;  while  with  stronger  acid,  espe- 
cially by  rapid  heating,  a part  of  the  oxalic  will 
be  further  oxidised  to  carbonic  acid  and  lost.  If  a 
weaker  acid  be  employed  than  that  above  specified 
a proportionately  larger  quantity  must  be  taken. 
Great  care  must  be  taken  in  heating  sugar  with  a 
stronger  nitric  acid,  or  the  action  will  become  very 
violent  and  unmanageable. 

To  obtain  the  pure  anhydrous  acid  for  analytic 
purposes,  it  may  readily  be  prepared  by  sublimation 
in  a current  of  air  after  the  following  manner ; — A 
copper  tube  2 inches  wide  and  20  inches  long  is 
soldered  in  a horizontal  position  in  a copper  bath, 
the  ends  projecting  about  an  inch  beyond  the  bath. 
One  end  is  connected  with  the  wide  neck  of  a large 
tubulated  retort  by  means  of  an  india-rubber  ring. 
Into  the  tubulus  of  the  retort  is  inserted  a short 
wide  glass  tube  tightly  packed  with  cotton  wool, 
and  this  tube  is  connected  with  a Sprengel  water- 
pump  or  other  constant  aspirating  apparatus.  The 
copper  bath  surrounding  the  tube  is  filled  with 
paraffin,  and  the  temperature  maintained  as  accur- 
ately as  possible  at  157°  C.  If  allowed  to  rise  to 
160°  C.  vigorous  decomposition  of  theacid  ensues,  and 
moisture,  resulting  from  the  decomposition,  appears 
in  the  retort.  Into  the  open  end  of  the  copper  tube 
anhydrous  oxalic  acid,  which  has  been  dried  by  expo- 
sure to  a temperature  of  60°  to  70°  C.,  is  intro- 
duced with  a spoon,  and  the  tube  closed  with  a 
loosely  fitting  cork,  the  Sprengel  pump  or  aspirator 
working  in  the  meanwhile.  From  time  to  time  more 
dry  acid  is  put  into  the  tube.  The  vapours  of 
oxalic  acid  are  carried  away  to  the  place  of  condensa- 
tion by  the  current  of  air  almost  as  soon  as  they  are 
formed,  and  in  the  neck  of  the  retort  there  form 
beautiful  lustrous  crystals  an  inch  or  more  long, 
while  on  the  curved  sides  of  the  body  of  the  retort 
a white  snow-like  deposit  bikes  place.  Traces  of 
acid  are  carried  along  in  the  stream  of  air,  and  if 
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not  for  the  tube  of  cotton  wool,  would  speedily 
obstruct  the  suction  tube  of  the  aspirator.  In  this 
way  the  sublimation  proceeds  with  extraordinary 
ease,  it  being  only  necessary  to  regulate  exactly  the 
temperature  of  the  paraffin  bath ; while  by  introduc- 
ing fresh  acid  into  the  tube  the  operation  may  be 
continued  as  long  as  may  be  desired. 

Small  quantities  of  the  sublimed  acid  may  be 
obtained  in  the  laboratory  by  heating  the  previously 
dried  acid  in  a beaker  glass,  or  other  suitable  vessel ; 
but  without  the  current  of  air  it  is  scarcely  possible 
to  obtain  any  quantity  without  heating  to  such  a 
temperature  that  part  of  the  oxalic  acid  will  be 
decomposed,  and  the  product  contaminated  with 
water  and  formic  acid. 

P ROPERTIES. — The  hydrated  oxalic  acid  is  a colour- 
less odourless  body,  crystallizing  with  two  molecules 
of  water  of  crystallization  in  beautiful  large  trans- 
parent monoclinic  prisms.  Exposed  to  dry  air,  or 
in  vacuo  over  sulphuric  acid,  the  crystals  lose  water, 
become  opaque,  and  finally  become  a white  powder. 
Exposed  to  the  air  at  a temperature  of  60°  to  70°  C. 
in  a thin  layer,  they  lose  their  water,  become  opaque, 
and  easily  fall  to  pieces  between  the  fingers ; and 
after  some  hours  become  anhydrous.  If  heated  at 
once  to  98°  C.  the  hydrated  acid  fuses  in  its  water  of 
crystallization,  and  is  then  much  more  difficult  to 
dry  completely  than  if  heated  to  a lower  tempera- 
ture. The  specific  gravity  of  the  crystals  is  1-641 
at  3°-9  (Joule  and  Playfair),  their  cubical  expan- 
sion from  0°  to  100°  C.  is  -02748.  They  dissolve 
readily  in  water,  one  part  requiring  10-46  parts  of 
water  at  14°-.5  C.  (Nichols).  Under  the  barometric 
pressure  of  718  m.m.  100  parts  of  water  dissolve 
the  following  amounts  at  the  temperatures  given 
(Alluard). 


8 parts  at  10°  C. 

13-9  “ 20° 

23  “ 30° 

35  “ 40° 

.51-2  “ .50° 

75  “ 60° 

117-7  “ 70° 

204-7  “ 80° 

345  “ 90’ 


The  specific  gravity  of  the  aqueous  solution  of 
different  strengths  for  the  temperature  17°-5  C.  is 
given  in  the  following  table  (Franz)  : — 


PercenUge 
Crystallized  Acid. 

Specific 

Gravity. 

Percentage 
Ci'ystallized  Acid. 

Specific 

Gravity. 

1 

1-0032 

7 

1 -0204 

2 

1-00G4 

8 

1-0226 

3 

1-0096 

9 

1-0248 

4 

1-0128 

10  

1-0271 

5 

1-0160  . 

11  

1-0289 

6 

1-0182 

12  

1-0309 

The  solution  has  an  intensely  sour  taste,  even 
when  very  dilute ; the  acid  dissolves  in  2^  parts 
of  cold,  and  more  readily  in  boiling  alcohol. 

According  to  Kerkhoff,  if  an  aqueous  solution 
of  oxalic  acid  saturated  at  100°  C.  be  kept  at  a steam 
heat  of  100°,  but  without  boiling,  it  gradually  loses 
acid  by  volatilization.  The  acid,  which  has  previously 


been  rendered  anhydrous  by  exposure  to  a tempera- 
ture of  60°,  begins  to  sublime  at  about  100°  C.,  so 
that  if  heated  in  a water  bath,  a white  deposit  will  be 
found  on  the  cooler  parts,  and  where  the  current 
of  heated  air  has  impinged.  Volatilization  takes 
place  much  more  rapidly  at  150°  to  155°  C.,  especially 
in  a current  of  air;  but  decomposition  commences 
pretty  vigorously  at  160°  C.  The  pure  anhydrous 
acid  may  readily  be  prepared  by  sublimation,  as 
described  above.  The  dry  acid  absorbs  water 
greedily  from  the  air,  its  crystals  rapidly  losing  their 
lustre,  but  retaining  their  shape,  and  becoming  con- 
verted into  the  hydrated  acid.  Dissolved  in  water, 
it  also  gives  the  hydrated  acid.  When  quickly 
heated  to  180°  C.  it  fuses,  and  at  190°  begins  to  bod 
and  decompose.  The  residue  not  volatilized  is  un- 
changed acid.  When  pure,  oxalic  acid  is  in  the 
cold  entirely  odourless ; but  its  vapours  have  a 
powerful  irritant  action  on  the  mucous  membrane 
of  the  nose  and  air  passages,  exciting  violent  sneez- 
ing and  coughing.  In  comparatively  large  doses, 
of  a quarter  or  half  an  ounce  or  more,  it  acts  as 
a powerful  poison  when  taken  internally.  A dose 
of  half  an  ounce  was  taken  in  solution  by  a gentle- 
man. There  was  immediate  pain  in  the  throat  and 
stomach,  not  relieved  by  drinking  water.  Vomiting 
followed,  attended  soon  after  with  excruciating  pain 
and  violent  spasms ; the  tongue  was  swollen  and 
breathing  difficult ; the  pulse  almost  imperceptible  ; 
the  limbs  cold  and  livid.  The  vomit  was  tinged 
with  blood.  At  this  stage  death  usually  occurs ; 
but  in  this  case  the  symptoms  abated,  and  death 
followed  fourteen  days  after  from  starvation,  the 
result  of  the  local  action  of  the  poison  on  the  throat 
and  stomach.  When  much  diluted  a large  dose 
causes  death  by  paralyzing  the  heart ; while  a lesser 
dose  diluted  often  produces  tetanus.  It  appears 
from  experiments  that,  even  in  small  doses,  it 
does  injury  when  repeatedly  administered. 

Oxalic  acid  is  one  of  the  strongest  acids ; its  solu- 
tion in  2000  parts  of  water  still  exhibiting  a marked 
acid  reaction.  It  is  capable  of  displacing  most  acids 
from  their  combinations ; and  even  the  strongest 
mineral  acids  are,  under  certain  circumstances, 
liberated  from  their  salts  by  it.  In  its  reactions 
it  shows  itself  as  a very  stable  and  simple  reducing 
agent.  It  is  not  readily  oxidised  by  even  strong 
nitric  acid,  from  which,  indeed,  the  anhydrous  acid 
may  be  obtained  crystallized  in  rhombic  octahedra, 
by  saturating  the  gently  warmed  acid,  and  cooling, 
although  prolonged  boiling  effects  complete  decom- 
position. Dilute  solutions  of  oxalic  acid,  and  solu- 
tions of  oxalates,  readily  develop  organic  growths 
when  exposed  to  air  and  light. 

If  6 parts  of  pure  prussian  blue  are  triturated 
with  1 or  2 parts  oxalic  acid  and  a small  quantity 
of  water,  and  64  parts  of  water  added,  there  is 
formed  a dark  blue  syrupy  fluid,  which,  with  a larger 
quantity  of  water,  gives  a clear  dark  blue  solution. 
The  blue  ink  invented  by  Stephen  and  Nash  is 
composed  of  such  a solution.  The  solubility  of 
Prussian  blue  is  much  greater  when  it  is  perfectly 
pure  and  free  from  the  alkali  which  it  usually  con- 
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tains.  Six  parts  of  prussian  blue,  which  have  been 
purified  by  treatment  with  concentrated  hydrochloric 
acid,  with  1 part  oxalic  acid  and  250  of  water,  give  a 
solution  which  completely  passes  through  the  filter ; 
and  if  the  prussian  blue  has  previously  been  turned 
white  with  strong  sulphuric  acid,  and  afterwards 
washed,  1 part  of  oxalic  acid  will  suffice  to  render 
8 parts  of  it  soluble.  If  the  solution  is  to  be  used  as 
ink  there  must  be  added  a certain  amount  of  the 
solution  obtained  by  boiling  shellac  and  carbonate  of 
potash  in  equal  parts  with  water. 

Reactions. — When  crystallized  oxalicacid  is  gently 
heated  it  loses  its  water,  as  described  above,  and 
becomes  anhydrous.  When,  however,  the  heating 
is  rapid,  another  and  quite  different  result  is  ob- 
tained. As  soon  as  the  temperature  rises  to  150° 
C.  decomposition  commences  rapidly,  carbonic  acid 
and  carbonic  oxide  gases  are  given  off,  and  some 
formic  acid  produced,  the  following  reactions  appear- 
ing to  take  place  simultaneously — 

C2H5O4  = CO.2  + CO  + HjO 

CjHjO^  = CO3  + CH2O2. 

The  proportion  of  CO  to  COj  is  about  5 : 6 by 
volume,  showing  that  the  first  decomposition  happens 
to  five  times  the  extent  the  latter  does.  However 
quickly  the  heating  be  conducted,  no  carbon  is 
separated  under  any  circumstances,  the  acid  volatil- 
izing without  residue,  in  this  being  distinguished 
from  other  non-volatile  organic  acids.  Even  when 
the  acid  is  passed  through  a redhot  tube  it  is  still 
wholly  resolved  into  gaseous  bodies,  CO,  CO2,  and 
H.,0,  no  carbonaceous  or  other  deposit  taking  place. 

The  dehydrated  acid  begins  to  decompose  before 
fusion,  when  heated  to  165°  C.  the  greater  part, 
however,  sublimes  unchanged ; it  boils  at  190°  C., 
and  can  be  fused  at  180°.  The  gas  evolved  is  a 
mixture  of  COj  and  CO,  the  former  in  greater 
excess  the  higher  the  temperature  of  decomposition, 
water  and  formic  acid  being  simultaneously  produced. 

When  heated  with  an  equal  weight  of  glycerine 
the  hydrated  acid  evolves  only  carbonic  acid  gas 
if  the  temperature  be  kept  between  70°  to  90°  C. ; 
the  liquid  product  in  the  retort  yields,  on  distilla- 
tion, first  a weak  aqueous  formic  acid,  but  after- 
wards strong  formic  acid.  The  residue  then  left  in 
the  retort  is  chiefly  unaltered  glycerine,  to  which 
fresh  oxalic  acid  may  be  added  and  the  process 
repeated  indefinitely.  This  is  the  method  employed 
for  producing  formic  acid  for  commercial  purposes. 
Other  polyatomic  alcohols  than  glycerine  will  effect 
the  same  decomposition,  as,  for  example,  ethylene 
glycol,  octylene  glycol,  erythrite,  mannite,  dulcite, 
and  quercite  (Lorin).  Lorin  supposes  that  an 
oxalic  ether  of  the  alcohol  is  first  formed,  which  on 
decomposition  in  presence  of  water  regenerates  the 
alcohol  with  evolution  of  formic  acid. 

Dehydrating  agents,  or  substances  which  abstract 
the  elements  of  water,  act  upon  oxalic  acid  in  a 
similar  manner  to  heat.  With  concentrated  sul- 
phuric acid  it  is  unaltered  in  the  cold,  and  .anhydrous 
acid  may  even  be  obtained  crystallized  from  solution 
in  the  gently  warmed  liquid.  But  when  oxalic  acid. 
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or  any  oxalate,  is  heated  to  over  110°  with  oil 
of  vitriol,  decomposition  quickly  ensues,  thus : — 
Il2C20^  = II2O  4-  CO2  + CO,  a mixture  of  COj 
and  CO  in  equal  volumes  being  evolved,  the  water 
remaining  with  the  sulphuric  acid.  This  reaction 
affords  a ready  means  of  obtaining  carbonic  oxide, 
the  carbonic  acid  being  absorbed  by  milk  of  lime  or 
caustic  alkali.  Phosphoric  acid  produces  the  same 
decomposition  when  heated,  and  pentachloride  and 
trichloride  of  phosphorus  give  the  same  at  however 
low  a temperature  the  experiment  be  nmde.  Hence 
it  is  very  likely  that  the  compound  C2O3  cannot 
exist  under  any  accessible  conditions. 

With  chlorine  the  dry  acid  combines  to  form  the 
compound  C2ll20^,Cl2.  This  body  is  decomposed 
by  water  into  hydrochloric  and  carbonic  acids.  The 
same  products  are  formed  directly  by  the  .action  of 
chlorine  on  the  hydrated  acid,  or  upon  its  solution. 
Bromine  onl}'  acts  on  solutions  of  oxalates  when 
heated  to  50°  or  60°  C. 

With  aqueous  iodic  acid,  when  heated,  iodine  is 
liberated  thus ; — 

5C2H2O4  + 2HIO3  = IOCO2  + 6H.2O  -1-  L 

Light  has  great  influence  on  this  reaction,  and 
hydrocj'anic  acid  prevents  it.  Periodic  acid  is 
decomposed  only  slowly,  even  at  a boiling  heat. 
Hydrochloric  acid  is  without  action  under  any 
circumstances. 

When  a mixture  of  powdered  oxalic  acid  with 
common  salt,  or  chloride  of  calcium,  is  heated, 
hydrochloric  acid  is  evolved  and  sodium  oxalate 
formed,  the  salt  being  completely  decomposed.  The 
same  reaction  takes  place  in  solution,  a mixture  of 
boiling  saturated  solutions  of  oxalic  acid  and  of  salt, 
in  equiviilent  proportions,  depositing  crystals  of 
sodium  oxalate.  Sodium  nitrate  is  also  decomposed 
by  oxalic  acid,  acid  sodium  oxalate  crystallizing  out. 
A solution  of  sulphate  of  lime  is  rendered  turbid 
in  a few  minutes  by  addition  of  oxalic  acid.  The 
ability  of  oxalic  acid  thus  to  decompose  sulphate  of 
lime,  is  the  reason  why  it  is  necessary  to  employ 
so  large  an  excess  of  sulphuric  acid  to  decompose 
oxalate  of  lime  in  the  manufacturing  process. 

Oxalic  acid  in  solution  readily  decomposes  fluor 
spar,  evolving  hydrofluoric  acid.  It  decomposes  the 
phosphates  of  iron,  silver,  zinc,  and  copper,  and  the 
arseniates  of  iron,  silver,  and  copper.  It  also  dis- 
solves the  sulphides  of  iron  and  manganese,  but  not 
the  sulphides  of  zinc,  cadmium,  uranium,  cobalt, 
mercury,  or  copper.  Most  chromates  are  decomposed 
by  it,  the  liberated  chromic  acid  being  reduced  at 
the  same  time,  especially  if  the  liquid  be  heated. 
Chrom.ate  of  zinc  first  dissolves  with  yellow  colour, 
but  after  a time,  more  quickly  when  heated,  oxalate 
of  zinc  separates,  and  ox.alate  of  chromium  remains 
in  solution.  The  chrom.ates  of  b.arium,  bismuth, 
mercury,  and  le.ad,  are  immediately  decomposed 
without  previous  solution  ; but  chromate  of  lead, 
after  being  strongly  heated,  is  but  little  attacked. 
Terchloride  of  antimony  is  decomposed,  the  preci- 
pitate being  free  from  chlorine,  and  only  slowly 
decomposed  by  boiling  water.  Finely  pounded  glass 


496  OXALIC  ACID. — ^^Potassiuji  and  Ammonium  Oxalates. 

is  rapidly  attacked  by  oxalic  acid,  the  lime  and  alkali 
being  dissolved  and  the  silica  separated.  Many 
minerals  are  also  attacked  by  oxalic  acid,  and  its 
presence  in  lichens  probably  contributes  to  the 
decomposition  of  rocks  (J.  W.  Si.ater). 

By  most  oxidising  agents  oxalic  acid  is  converted 
into  carbonic  acid  and  water,  as,  for  example,  by 
nitric  acid,  chlorine,  hypochlorous  acid,  permanganate 
of  potassium,  chromic  acid,  and  the  salts  of  easily 
reducible  metals,  such  as  the  chlorides  of  gold  and 
platinum,  which  metals  are  readily  precipitated  from 
their  solutions  by  oxalic  acid  in  sunlight.  With 
metallic  oxides  and  hydrates  oxalic  acid  forms  oxal- 
ates, except  when  the  oxide  is  unstable  or  easily 
reduced,  as  is  the  case  with  oxide  of  gold,  where  the 
metal  is  separated  and  the  oxalic  acid  oxidised. 
Metallic  peroxides  are  reduced  to  salifiable  oxides, 
and  an  oxalate  of  the  resulting  oxide  is  formed  by 
the  excess  of  oxalic  acid,  as  with  dioxide  of  lead 
and  black  oxide  of  manganese.  A mixture  of  4 parts 
dry  oxalic  acid  and  21  of  dioxide  of  lead  becomes 
redhot  on  trituration ; carbonic  acid,  water,  and 
carbonate  of  lead  being  the  only  products.  When 
treated  in  the  usual  manner  in  presence  of  excess  of 
mineral  acid,  with  permanganate  of  potash,  chromic 
acid,  or  metallic  peroxides,  the  oxalic  acid  is  wholly 
converted  into  carbonic  acid  and  water  at  the  expense 
of  the  oxidised  compound  used,  while  a salt  of  the 
reduced  oxide  is  formed  by  the  acid  present,  as  in 
the  following  example  with  peroxide  of  manganese — 

MnOs  + H2SO4  + H2C2O4  = 2CO2  + 2H2O  + MnS04. 

When  oxalates  are  heated  with  caustic  potash  or 
hydrate  of  barium,  hydrogen  is  evolved  and  alkaline 
carbonate  formed,  thus : — 

2Na2C204  + 4KH0  = 2Na2C03  + 2K2CO3  + 2H2. 
But  anhydrous  yieutral  oxalates,  heated  by  themselves 
or  with  dry  baryta,  evolve  carbonic  oxide,  and  give 
a mixture  of  metallic  oxide  and  barium  carbonate, 
thus ; — 

N32C204  + BaO  = BaCOs  + NajO  -|-  CO. 

Potassium  and  sodium,  gently  heated  with  the  dry 
acid,  decompose  it  with  vivid  combustion,  yielding 
charcoal,  alkali,  and  hydrogen.  Potassium  decom- 
poses many  anhydrous  oxalates  with  loud  explosion. 

When  oxalic  acid  is  acted  upon  by  hydrogen, 
evolved  by  sodium  amalgam  in  aqueous  solution, 
or  from  the  action  of  zinc  on  dilute  sulphuric  acid, 
glyoxylic  acid  is  produced,  thus : — 

Oxalic  Acid.  Glyoxylic  Acid. 

C2H2O4  + 2H  = C2H4O4. 

Oxalate  of  ammonia  in  solution  quickly  reduces 
bichloride  of  mercury  to  calomel  when  exposed  to 
light,  carbonic  acid  being  simultaneously  evolved, 
thus : — 

(NH4)20204  -I-  2HgCl2  = 2HgCl  -I-  2NH4CI  -|-  2C0„. 

Principal  Compounds. — There  are  several  series 
of  salts  of  oxalic  acid — 1st,  normal  or  neutral  salts, 
of  the  general  formula,  MgCgO^  * ; 2nd,  acid  or  hy- 

* In  which  M represents  an  atom  of  a monad  metal  or 
positive  radical. 

drogen  salts  (binoxalates),  MHCgO^ ; and  3rd, 
hyperacid  salts,  MIIC2O4.H2C2O4.  (quadroxalates). 
Besides  salts  of  these  types,  containing  only  one 
metal,  oxalic  acid  forms  many  double  and  even 
triple  salts.  Oxalates  mostly  contain  water  of 
crystallization,  which  is  retained  with  considerable 
obstinacy.  Some  of  the  alkaline  salts  are  very 
soluble  in  water,  but  most  others  are  either  insoluble 
or  almost  so. 

Potassium  Oxalates. — The  neutral  salt  is  obtained 
by  saturating  oxalic  acid  with  carbonate  of  potash, 
and  evaporating  to  crystallization.  The  crystals  are 
white,  dissolve  in  three  times  their  weight  of 
water,  and  contain  1 molecule  of  water  of  crystal- 
lization, K2C2O4.H2O,  which  is  only  expelled  at  a 
temperature  of  160°  C.  It  is  neutral  to  test  paper. 

The  acid  salt  or  binoxalate,  KHC2O4.H2O,  is 
obtained  by  dividing  a solution  of  oxalic  acid  into 
two  equal  parts,  saturating  one  part  with  carbonate 
of  potash,  and  adding  the  other.  If  the  acid  be 
concentrated,  the  salt  will  be  precipitated  in  fine 
grains.  The  salt  obtained  on  evaporation  may  be 
made  anhydrous  by  rapidly  cooling  the  solution ; 
but  when  slowly  cooled,  the  product  contains  1 
atom  of  water  of  crystallization.  This  salt  is  identi- 
cal with  sal  acetosellx,  the  salts  of  sorrel  of  the  shops, 
and  is  employed  for  removing  ink  stains  and  iron 
mould  from  linen,  being  often  sold  for  that  purpose 
under  the  misleading  name,  “ salt  of  lemons.”  It 
is  comparatively  insoluble  in  cold  water.  One  hun- 
dred parts  of  water  dissolve  the  following  amounts 
of  the  anhydrous  salt  at  the  temperatures  given 
(Alluard) 

C.  Parts.  C.  Parts.  C.  Parts. 

1°  — 2-2  40°  — 10-5  1 80°  — 34-7 

10°  — 31  50°—  14-8  90°— 42-9 

20°  — 5-2  60°  — 20  5 1 100°  — 51-5 

30°  — 7-5  70°  — 27-1  | 

The  quadroxalate,  or  “ superoxalate,”  of  potash 
is  obtained  by  saturating  one-fourth  of  a solution  of 
oxalic  acid  with  carbonate  of  potash,  and  adding  the 
remaining  three-fourths;  or  by  adding  a hot  con- 
centrated solution  of  76  parts  of  potassium  chloride 
to  a hot  solution  of  252  parts  of  the  crystallized 
oxalic  acid.  In  the  latter  case  a copious  deposit  of 
the  quadroxalate  is  formed  on  cooling  in  hydrated 
crystals,  containing  KII.C2O4.II2C2O4.2H2O.  The 
adhering  potassium  chloride  and  acid  may  be  washed 
away  with  cold  water,  in  which  the  salt  is  but  spar- 
ingly soluble,  requiring  55  parts  of  water  at  8°  for 
solution.  The  crystals  retain  their  water  of  crystal- 
lization till  heated  to  over  128°  C.  This  salt  has 
sometimes  been  sent  into  the  market  by  mistake  for 
salts  of  sorrel. 

Ammonium  Oxalates. — There  are  three  ammonium 
salts  analogous  to  those  of  potassium,  and  pre- 
pared in  the  same  manner.  The  neutral  salt, 
(NIl4),,C, ,04.1120,  forms  rhombic  crystals,  soluble 
in  3 parts  of  cold  water ; but  much  less  soluble 
in  presence  of  ammoniacal  salts,  so  that  chloride  of 
ammonium  precipitates  it  from  concentrated  solu- 
tions. Heated  on  the  water  bath  it  loses  its  water, 
becomes  anhydrous,  and  if  further  gently  heated,  is 
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decomposed;  water,  carbonic  acid,  carbonic  oxide, 
and  ammonia  distilling  off,  while  the  residue  con- 
tains, besides  undecomposed  oxalate,  a quantity  of 
oxamide,  and  at  a certain  stage  of  the  decomposi- 
tion, oxamic  acid.  Hydrocyanic  acid  is  also  given 
off.  The  following  equations  explain  the  formation 
of  these  bodies  ; — 

AmmonlQiQ  Oxalate.  Oxamide.  Water. 

(CO.ONH4  _ fCONHa 

ICO.ONH4  - IcONHa  + 

{caONH^  = + CO  2NH3  + H3O. 

(NHJ2C3O4  = COa  + HON  + NH3  + 2HaO. 

Towards  the  end  of  the  heating,  carbonate  of 

ammoiiLa  sublimes  together  with  a quantity  of 

oxamide.  A trace  of  carbon  is  left  behind.  When 
dissolved  in  hot  water,  oxalate  of  ammonia  gives  off 
a little  ammonia,  so  that  the  solution,  which  is 
normally  quite  neutral,  reddens  litmus  paper. 

The  acid  salt,  NH^H.C20^.Il20,  falls  as  a crystal- 
line precipitate,  when  oxalic  or  a strong  mineral 
acid  is  added  to  solution  of  the  neutral  salt.  It  is 
also  deposited  when  warm  solutions  of  oxalic  acid 
and  chloride  of  ammonium  are  mixed.  It  is  soluble 
iu  16  parts  of  water  at  11°  C. ; and  when  heated 
undergoes  aqueous  fusion,  loses  water,  and  becomes 
solid.  Further  heated  it  becomes  pasty,  and  between 
220°  and  230°  C.  swells  up  and  decomposes,  evolving 
COj  and  CO,  and  yields  an  aqueous  distillate,  con- 
taining formic  acid  and  a small  sublimate  of  oxamide. 
After  the  evolution  of  gas  has  ceased  a yellow  sub- 
stance comes  off,  together  with  carbonate  and  cyanide 
of  ammonium.  The  residue  then  is  a pale  yellow 
mass  of  oxamic  acid,  containing  small  quantities  of 
oxamide  and  unaltered  acid  oxalate.  The  oxamic 
acid  is  formed  by  abstraction  of  water  from  the  acid 
oxalate  of  ammonia  thus: — 

Acid  Oxalate  Ammonia.  Oxamic  Acid. 

NH,.H.CA  = + H,0. 

The  quadroxalate  is  isomorphous  with  the  potash 
salt,  and  like  it  contains  2 molecules  of  water,  which 
it  loses  at  100°  C.  It  dissolves  in  39  parts  of  water 
at  7°  C. 

Sodium  Oxalates  are  produced  similarly  to  the 
potash  salts.  There  is  no  quadroxalate  of  sodium. 
'I'he  neutral  salt  is  much  less  soluble  than  the  cor- 
responding potash  salt,  and  crystallizes  in  the  anhy- 
drous state  as  Na2C20^.  It  dissolves  in  31  parts  of 
water  at  15°  C.,  and  in  16  parts  of  boiling  water. 
It  does  not  form  good  crystals. 

The  acid  salt  is  obtained  in  small  hard  crystals 
of  the  composition  NaII.C20^.1l20,  which  are  per- 
manent in  the  air  and  in  vacuo  over  sulphuric  acid  ; 
but  lose  their  water  on  the  water  bath,  and  at  16U° 
lose  oxalic  acid.  It  is  soluble  in  60  parts  of  cold 
and  in  47  parts  of  boiling  water.  The  solution  does 
not  crystallize  well. 

There  are  no  double  salts  of  oxalic  acid,  contain- 
ing potash  and  soda  or  ammonia  mixed. 

Calcium  Oxalates. — The  neutral  oxalate,  CaC„0,. 
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-t-  Aq,  contains  water  of  crystallization,  sometimes 
1 molecule,  sometimes  3 molecules ; but  dried  at 
100°  it  invariably  retains  only  1,  which  is  not  com- 
pletely expelled  except  at  a temperature  consider- 
ably over  200°  C.  The  dried  salt,  which  is  remarkably 
electrical,  quickly  reabsorbs  this  1 molecule  of  water 
from  the  air.  When  oxalic  acid  or  any  oxalate  in 
solution  is  added  to  a neutral,  or  not  very  strongly 
acid  solution  of  a salt  of  lime,  the  precipitate  which 
forms  is  oxalate  of  lime;  from  strong  and  hot  solu- 
tions, the  monohydrated  ; but  from  cold  very  dilute 
solutions,  the  trihydrated  salt.  The  white  precipitate 
is  insoluble  in  water  or  alkaline  solutions,  or  in  acetic 
acid,  chloride,  or  nitrate  of  ammonium,  either  hot 
or  cold;  or  in  even  hot  concentrated  solutions  of  the 
chlorides  of  potassium,  sodium,  barium,  strontium, 
and  calcium.  Is  insoluble  in  solutions  of  oxalates. 
It  is  the  most  insoluble  compound  of  calcium 
(Liebig).  Requires  50U,000  parts  of  water  for 
solution  (Malaguti,  “Ann.  Ch.  et  Phys.”  iii.  51, 
347).  It  is  nearly  insoluble  in  free  oxalic  acid,  and 
only  dissolved  with  difficulty  by  dilute  mineral  acids, 
but  easily  when  the  acid  is  strong  and  in  consider- 
able excess.  From  its  great  insolubility  this  com- 
pound is  of  great  importance  in  analytic  chemistry, 
as  calcium  is  usually  precipitated  for  quantation  as 
oxalate.  It  is  hence  important  to  know  that  it  is 
soluble  in  solutions  of  magnesium  and  manganese, 
from  which,  however,  it  is  precipitated  by  excess  of 
alkaline*  oxalate  ; and  that  it  is  decomposed  by  boil- 
ing with  solutions  of  copper,  silver,  lead,  cadmium, 
zinc,  nickel,  cobalt,  strontium,  or  barium  (Reynoso). 
Oxalate  of  lime  cannot  be  precipitated  for  quantita- 
tive purposes  from  solutions  containing  chromium, 
aluminium,  or  ferric  iron,  as  somewhat  soluble 
double  salts  are  formed.  A neutral  aqueous  solu- 
tion of  oxalate  of  alumina  is  even  not  precipitated 
at  all  by  chloride,  nitrate,  or  hyposulphite  of  cal- 
cium. Normal  citrate  of  soda  also  dissolves  oxalate 
of  lime. 

The  precipitate  obtained  from  neutral  solutions 
of  chloride  of  calcium  and  potassium  oxalate  con- 
sists, after  drying  in  the  air,  of  monohydrated 
oxalate  of  lime.  The  crystals  occurring  in  plants 
(vide  Occurrence,  cute)  consist  of  CaC20^.3H20. 

The  solution  of  oxalate  of  lime  in  warm  nitric 
and  dilute  hydrochloric  acids  deposits  crystals  of 
oxalate  of  lime,  monohydrated  or  trihydrated, 
according  to  the  degree  of  concentration. 

The  saturated  solution  in  warm  concentrated 
hydrochloric  acid  gives  on  cooling  double  oxalo- 
chlorides  of  lime,  consisting  of  4CaC20^.CaCl,,. 
24II2O  (Souchay  and  Lenssen)  ; but  of  CaC.20^. 
CaC1^.7H20,  according  to  Fritzsche.  The  latter 
salt  was  probably  obtained  under  different  condi- 
tions to  the  former.  There  is  no  acid  oxalate  of 
calcium  known. 

Strontinm  Oxalate  is  obtained  as  a precipitate  on 
addition  of  oxalic  acid,  or  an  oxalate,  to  strontium 
solution.  It  is  composed  of  2(SrC20^)5Il20,  and 
loses  water  of  hydration  below  1U0°,  but  is  not 
rendered  anhydrous  by  a lower  temperature  than 
150°  C.  It  is  soluble  in  12,000  parts  of  water,  more 
63 
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soluble  in  ammonia.  The  acid  salt,  SrH2(C20^)2.2H20, 
has  been  obtained. 

Barium  Oxalate  resembles  oxalate  of  lime,  has  the 
composition  BaC20^.H20,  and  dissolves  in  2590 
parts  cold  water,  more  readily  in  sal  ammoniac  and 
acetic  acid.  Precipitated  from  hot  solutions,  it  has 
only  half  the  above  amount  of  water ; it  becomes 
anhydrous  only  at  150°.  The  acid  salt  is  obtained 
by  dissolving  the  neutral  oxalate  of  barium  in  liot 
.strong  oxalic  acid,  or  by  adding  together  hot  solu- 
tion of  barium  chloride  122  parts,  and  oxalic  acid 
126  parts.  It  is  composed  of  BaH2(C20^)22Il20. 
It  dissolves  in  392  parts  of  water  at  17°  C.  Boiling 
water  abstracts  acid,  leaving  the  neutral  oxalate. 

Marjnesium  Oxalates. — When  oxalate  of  potash  and 
magnesium  sulphate  are  mixed,  this  compound  forms 
but  slowly,  though  more  rapidly  on  agitation  of 
the  liquid,  as  a crystalline  precipitate.  It  is  best 
prepared,  however,  by  adding  magnesia  alba  to  sat- 
uration to  oxalic  acid— that  precipitated  by  oxalate 
of  potash  always  retains  potash.  It  has  the  com- 
position MgC20^.2H20,  and  is  soluble  in  1500  parts 
of  cold  or  1300  of  boiling  water.  It  loses  1‘5  per 
cent,  of  water  at  100°,  but  does  not  become  anhy- 
drous till  150°,  at  which  temperature  it  is  partially 
decomposed.  There  is  no  acid  oxalate  known,  nor 
any  double  salt  with  sodium ; but  a potassio-mag- 
nesic  oxalate,  MgC20^.K,C20^.6Il20,  is  obtained  by 
boiling  precipitated  magnesic  oxalate  with  a strong 
solution  of  oxalate  of  potash,  and  cooling  the'filtrate. 
There  are  also  known  the  following  double  am- 
monium salts : — 

1.  MgC204.6(NH4),^C.A-9H20. 

2.  5MgG.4045(NH4)2C.A-21H20. 

3.  MgC204..'j(NH4)2Cj04-8H20. 

4.  MgC204.7(NH4)2C.204.8H20. 

5.  3MgC204.(NH4)2C204.2H„0. 

and  probably  otherk 

Manganese  Oxalates. — Hot  solutions  of  oxalic  acid 
added,  till  a precipitate  begins  to  form,  to  a hot  solu- 
tion of  manganese  deposit  on  cooling  white  octa- 
hedral crystals  of  the  composition  MnC20^  + 211^0  ; 
but  cold  solutions  give  rose-coloured  prismatic  crystals 
containing  3 atoms  of  water  of  crystallization.  The 
latter  salt  loses  1 atom  of  water  when  dried  in  the 
air,  turning  white ; but  when  dried  in  vacuo  or  by 
heat  it  remains  red,  although  still  losing  water.  The 
precipitate  obtained  by  oxalate  of  potash  in  a 2 or  3 
per  cent,  solution  of  manganese  sulphate  is  in  pale 
violet  scales  containing,  like  the  rose-coloured  salt, 
MnC204.3H.,0 ; this  is  unaltered  in  the  air,  but  in 
the  water  bath  turns  white,  and  is  converted  into 
the  2 atom  salt  (Croft,*  GEORGEUf).  The  latter 
requires  about  2500  parts  of  cold  water  for  solution, 
and  half  that  of  hot  water;  but  dissolves  more 
readily  in  presence  of  small  quantities  of  oxalate  of 
potash  or  ammonia. 

A series  of  complex  double  ammonium  salts, 
analogous  to  those  of  magnesium,  have  been  des- 
cribed by  SouCHAY  and  Lenssen. 

Potassio- manganous  oxalate,  K2C20^.MnC204. 

. * Chera.  Gaz.  1857,  62.  f Compt.  liend.  47,  929. 


2HqO,  is  obtained  in  reddish  crusts  by  cooling  a 
solution  of  manganous  oxalate  in  hot  oxalate  of 
potash. 

Potassio -manganic  oxalate  is  obtained  thus — 
Saturate  3 parts  of  oxalic  acid  with  carbonate  of 
potash,  add  4 parts  oxalic  acid,  and  then  black  oxide 
of  manganese  until  the  liquid  has  only  a faint  acid 
reaction.  The  purple  liquid  thus  obtained  is  de- 
composed by  heat  and  by  light,  and  when  mixed 
in  the  dark  with  alcohol  deposits  purple  red  crystals 
which  cannot  be  dried  without  decomposing. 

There  appears  to  be  no  sodio-manganous  oxalate. 

Zinc  Oxalate  (ZnC20^.2H20)  is  produced  as  a 
white  powder  by  the  action  of  oxalic  acid  upon  zinc, 
or  by  precipitating  a solution  of  zinc  with  oxalic  acid 
or  an  oxalate.  It  is  insoluble  in  water,  in  solutions 
of  oxalates,  and  in  neutral  solutions,  except  in  pre- 
sence of  ammonium  salts.  It  forms  double  salts 
with  ammonia  and  potash. 

Cadmium  Oxalate  (CdC20^)  is  anhydrous,  but 
otherwise  similar  to  that  of  zinc.  It  forms  in  addi- 
tion a number  of  complex  ammonio-oxalates,  like 
magnesium  and  manganese,  which  are  not  given 
by  zinc. 

Chromium  Oxalates. — Chromium  forms  many  vari- 
ously modified  oxalates.  An  insoluble  variety  is 
precipitated  as  a green  pulverulent  precipitate,  on 
adding  chromium  chloride  and  oxalate  of  ammonia 
together.  Another  kind  is  obtained  by  saturating 
oxalic  acid  in  the  cold  with  precipitated  chromic 
oxide,  when  a cherry  solution  is  obtained,  which 
on  spontaneous  evaporation  gives  an  amorphous 
gum-like  mass  of  a dark  colour,  transmitting  red 
light  at  the  edges.  By  boiling  the  red  solution  it 
changes  to  a green  variety,  which  on  evaporation 
yields  a green  deliquescent  mass.  These  solutions 
are  not  precipitated  either  by  ammonia  or  calcium 
salts;  but  with  hot  potash  they  are  decomposed,  as 
well  as  by  lime  water.  When  to  these  solutions 
alkaline  oxalates  or  earthy  oxalates  are  added,  two 
series  of  double  oxalates  are  produced  from  each 
of  them.  Those  from  the  green  solution  are  blue, 
and  have  the  general  formulae,*  Cr.M'3(C204)3,  and 
Cr2M"g(C204)g.  The  red  solution  gives  red  salts, 
of  the  types  CrM'.(C204),„  and  Cr2M''(C204)4.  For 
example,  when  a boiling  solution  of  acid  oxalate  of 
potash  is  saturated  with  chromic  oxide  (or  dissolving 
1 part  bichromate  of  potash  and  2 of  acid  o.xalate 
in  1 part  water,  and  adding  2 parts  of  oxalic  acid), 
there  results  a solution  which  gives  fine  black  mono- 
clinic  cry.stals  of  CrK3(C204)3.3Il20,  which  trans- 
mit a beautiful  blue  coloured  light.  They  dis- 
solve in  5 parts  of  water;  the  solution  being  green 
by  reflected,  but  transmitting  red  light.  On  eva- 
poration by  heat  it  leaves  an  amorphous  green 
mass,  which,  however,  on  solution  again  gives  the 
blue  crystals. 

To  obtain  the  red  potash  salt,  quadroxalate  of 
potash  is  saturated  with  chromic  hydrate,  and  eva 
porated  over  sulphuric  acid.  The  small  red  granu- 
lar crystals  that  form  are  soluble  in  10  parts  of  cold 

* M'  represents  an  atom  of  a monad,  and  M"  of  a dyad 
metal. 
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water;  on  boiling  the  cherry  coloured  solution  it 
turns  blackish  green. 

Analogous  compounds  are  known  with  ammonium, 
sodium,  calcium,  barium,  lead  and  silver,  and  others. 
There  are  also  triple  salts,  as,  for  example,  of  potas- 
sium, calcium,  and  chromium. 

Iron  Oxalates.  — Ferrous  sulphate  is  almost 
wholly  decomposed  by  oxalic  acid  or  oxalate  of 
potash,  the  precipitate  consisting  of  light  yellow 
hydrated  ferrous  oxalate,  FeC20^.2Il20.  The  same 
compound  is  produced  when  iron  is  dissolved  in 
oxalic  acid,  and  when  solution  of  ferric  oxalate  is 
exposed  to  sunlight.  It  requires  4500  parts  of  cold 
water,  and  3800  of  hot,  for  solution.  It  dissolves 
very  little  in  oxalic  acid,  but  in  warm  hydrochloric 
and  dilute  sulphuric  acids  with  facility,  and  also  in 
boiling  oxalate  of  potash,  from  which  oily  drops 
of  a double  salt  separate. 

Ferric  oxalate  is  produced  by  treating  ferric 
hydrate  with  a quantity  of  oxalic  acid  insufficient 
to  saturate  it.  It  is  a yellow  powder,  insoluble  in 
water,  but  which  dissolves  in  an  excess  of  oxalic 
acid,  forming  a solution  which  becomes  greenish 
coloured  on  exposure  to  light,  evolves  carbonic 
acid,  and  finally  deposits  all  its  iron  as  ferrous 
oxalate.  It  is  also  slowly  precipitated  when  solu- 
tions of  a ferric  salt  and  an  oxalate  are  mixed  in 
equivalent  proportions. 

The  alkaline  binoxalates  dissolve  ferric  oxide, 
forming  soluble  double  salts.  It  is  this  property 
which  renders  salts  of  sorrel  useful  for  dissolving 
rust  and  removing  iron  stains.  The  potassio-ferric 
oxalate  is  also  deposited,  after  the  precipitation  of 
ferric  oxalate,  from  the  mixed  solution  of  ferric 
chloride  and  neutral  oxalate  of  potash  (Bussy).  It 
dissolves  in  14  parts  of  cold  and  4 parts  of  boiling 
water.  The  double  sodium  salt  is  even  more  soluble, 
requiring  only  2 parts  of  water  at  20°  C.,  and  two- 
thirds  its  weight  of  boiling  water. 

There  are  also  soluble  double  ferric  salts  with 
calcium,  barium,  and  strontium,  which  are  formed 
when  it  is  attempted  to  precipitate  them  from  solu- 
tions conbiining  ferric  salts.  The  oxalates  of  nickel 
and  cobalt  resemble  those  of  iron  in  their  mode  of 
formation  and  in  general  properties. 

Aluminium  Oxalate  is  obtained  as  an  amorphous 
transparent  mass  on  evaporation  of  solution  of 
alumina  in  oxalic  acid.  It  is  deliquescent,  swells  up 
when  heated,  and  forms  with  the  alkalies  and  alkaline 
earths  several  double  oxalates.  Its  solution  gives 
no  precipitate  with  calcium  chloride. 

Stannous  Oxalate  (SnC20^). — Metallic  tin  is  but 
little  attacked  by  aqueous  oxalic  acid,  but  stannous 
acetate  precipitated  with  boiling  oxalic  acid  gives  a 
shining  crystalline  powder  of  the  above  composition, 
insoluble  in  water,  oxalic  acid,  and  but  little  in  dilute 
minend  acids  in  the  cold.  Forms  double  salts  with 
potash,  soda,  and  ammonia,  containing  one  atom  of 
crystallization  water.  A solution  of  stannic  hydrate 
(formed  by  precipitating  stannic  chloride  with  sodium 
sulphate)  in  o.xalic  acid  has  the  curious  property  of 
becoming  blue  in  sunlight,  and  colourless  again  in 
the  dark. 


Bismuth  Oxalate,  (Bi2(Cr,0^)3.15H20,  is  a white 
crystalline  precipitate  obtained  by  adding  oxalic 
acid  in  excess  to  solution  of  nitrate  of  bismuth.  It 
retains  2 atoms  of  water  when  dried  at  100°  C. 

Copper  Oxalate,  (CuCr,0^)2H20,  is  the  precipitate 
obtained  from  solution  of  copper  sulphate  on  addition 
of  oxalic  acid.  It  forms  soluble  double  salts  with 
the  alkaline  oxalates. 

Lead  Oxalate  (PbC20^)  is  precipitated  by  adding 
oxalic  acid  to  a soluble  lead  salt.  It  is  insoluble  in 
water  and  acetic  acid,  soluble  in  nitric  acid,  and 
in  chloride  and  nitrate  of  ammonium  ; not  soluble  in 
ammonia  or  carbonate  of  ammonia. 

Mercurous  Oxalate  (IIg2C20^)  can  only  be  obtained 
anhydrous  by  heating  the  mercuric  salt  to  164°  C. 
It  decomposes  at  175°.  Obtained  by  heating  mer- 
curous nitrate  or  oxide  with  oxalic  acid  in  excess,  it 
is  a white  precipitate  which  obstinately  retains  water, 
and  is  decomposed  at  100°.  The  mercuric  oxalate 
(IIgC20  is  a white  amorphous  powder  obtained  by 
precipitating  mercuric  nitrate,  or  digesting  yellow 
oxide  of  mercury  with  excess  of  oxalic  acid.  It  de- 
tonates violently  when  dry  and  subjected  to  friction. 

Silver  Oxalate  is  precipitated  from 

solution  of  nitrate  of  silver  by  oxalic  acid.  Forms 
small  crystals  slightly  soluble  in  water,  especially 
on  heating ; but  insoluble  in  alcohol  and  ether.  It 
decomposes  between  110°  and  150°,  and  detonates 
when  suddenly  heated. 

Methyl  Oxalate,  (CHgj.jCgO^,  is  obtained  by  dis- 
tilling a mixture  of  equal  weights  of  sulphuric  acid, 
oxalic  acid,  and  wood  spirit ; or  by  digesting  equal 
parts  of  binoxalate  of  potash,  sulphuric  acid,  and 
wood  spirit,  for  several  days  at  the  ordinary  tem- 
perature, and  then  distilling.  Towards  the  end, 
pure  oxalate  of  methyl  comes  over  and  crystallizes 
in  the  neck  of  the  retort;  while  the  first  portions, 
containing  unacted-on  methyl  alcohol,  yield  crystals 
of  the  same  on  evaporation.  It  forms  beautiful 
: large,  tabular  crystals,  belonging  to  the  rhombic 
; system,  transparent,  melting  at  51°,  and  boiling  at 
151°.  The  aqueous  solution  decomposes  into  oxalic 
acid  and  methyl  alcohol.  With  aqueous  ammonia, 
the  crystals  give  oxamide.  Pure  inethylic  alcohol 
is  best  prepared  by  decomposing  this  compound, 
which  can  easily  be  obtained  pure  in  consequence 
of  the  facility  with  which  it  crystallizes. 

Ethyl  Oxalate,  (02115)2020^,  is  a liquid  body, 
boiling  at  183°  to  184°  0.,  produced  by  digesting  at 
a boiling  heat  perfectly  anhydrous  alcohol  with 
dehydrated  oxalic  acid  in  a vessel  provided  with  a 
vertical  condenser,  from  which  the  condensed  alcohol 
falls  back  upon  the  acid.  On  distillation,  first  un- 
acted-upon  alcohol  comes  over,  then  ethyl  formate, 
and  finally  ethyl  oxalate.  It  may  also  be  prepared 
by  passing  hydrochloric  acid  gas  through  a solution 
of  1 part  of  dry  oxalic  acid  in  2 parts  of  absolute 
alcohol.  It  is  not  much  dissolved  by  water. 

In  addition  to  the  neutral  oxalic  ethers,  there  is 
another  series,  corresponding  to  the  binoxalates. 
The  monethyl  oxalate,  or  ethyl  oxalic  acid,  iis  it  may 
be  called,  is  produced  by  adding  1 molecule  of 
potash  in  alcoholic  solution  to  1 molecule  of  ethyl 
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oxalate,  with  vigorous  shaking.  The  potassium 
ethyl  oxalate,  a salt  insoluble  in  alcohol,  separates 
in  small  crystals.  The  reaction  is  represented  by 
this  equation ; — 

Ethyl  Oxalate.  Potash.  Potassium  Ethyl  Oxalate.  Alcohol. 

+ KHO  = C2H5.K.C2O4  + C2H5.HO. 

A certain  amount  of  oxalate  of  potash  is  formed  at 
the  same  time.  To  separate  the  pure  compound, 
the  crystals  are  treated  with  80  per  cent,  spirit, 
which  dissolves  the  ethyl  oxalate  of  potash ; an 
equivalent  of  sulphuric  acid  is  added,  the  separated 
sulphate  of  potash  filtered  off,  and  the  acid  liquid 
neutralized  with  barium  carbonate,  and  the  barium 
salt  obtained  crystallized  by  evaporation  on  the  water 
bath.  The  free  acid  obtained  by  treating  this  with 
the  exact  amount  of  sulphuric  acid  is  an  unstable 
body,  decomposing  on  concentration.  The  salts 
also,  when  boiled  with  excess  of  alkali,  decompose 
into  oxalate  of  ethyl  and  oxalic  acid. 

Manufacture.  — The  extraction  of  oxalic  acid, 
as  binoxalate  of  potash,  from  plants  was  formerly 
carried  on  in  Germany  as  a manufacturing  operation, 
chiefiy  in  Suabia.  The  plant  first  employed  was 
the  wood  sorrel ; but  the  common  sorrel  giving  a 
larger  produce,  was  afterwards  cultivated  in  fields 
for  this  purpose.  It  was  sown  in  the  month  of 
March,  and  cut  down  in  June.  The  leaves  were 
beaten  in  large  wooden  mortars,  and  when  the 
mass  had  assumed  the  consistence  of  a paste,  it  was 
transferred  to  tanks,  and  sufficient  water  added  to 
render  it  fluid.  After  standing  five  or  six  days,  the 
whole  was  filtered,  the  residue  submitted  to  pressure, 
and  again  treated  with  water.  The  different  liquors 
thus  obtained  were  run  into  tanks,  and  clarified 
by  addition  of  a small  amount  of  China  clay.  The 
clear  solution  was  then  decanted,  and  evaporated 
in  copper  pans  till  a pellicle  formed  on  the  surface, 
when  the  liquor  was  run  into  glazed  stoneware 
coolers  to  crystallize.  A crop  of  binoxalate  of  potash 
was  thus  obtained,  which  by  re-crystallization  was 
freed  from  colouring  matter.  The  Rumex  acetosa 
yielded  '764  per  cent,  of  the  salt  (Bannach),  and 
the  Oxalis  acetosella  only  -255  per  cent.  (Savary). 

The  next  process  that  was  adopted  for  the  manu- 
facture of  oxalic  acid  was  founded  upon  Bergman’s 
method  of  obtaining  it  by  the  action  upon  sugar  of 
nitric  acid.  As  it  is  now  entirely  superseded  by  the 
process  described  further  on,  we  shall  only  give  a 
short  account  of  the  process  and  its  various  modifi- 
cations, as  interesting  from  an  historic  point  of  view. 

Coarse  refuse  sugars  and  treacle  were  treated  in 
earthenware  jars,  or  in  closed  wooden  tanks  lined 
with  lead,  with  nitric  acid  of  specific  gravity  between 
1-200  and  1-270,  the  temperature  being  maintained 
at  about  125°  Fahr.  by  means  of  steam  pipes.  If 
the  nitric  acid  were  too  strong,  either  formic  acid 
or  carbonic  acid  would  be  formed.  The  reaction  was 
found  to  take  place  better  in  presence  of  the  mother 
liquors  of  previous  operations,  and  by  this  means  a 
much  larger  yield  was  obtained.  The  reaction  takes 
place  approximately  according  to  the  following 
equation  : — 

Sugar.  Oxalic  Acid. 

Cj^2^22^11  IfeO  — 6C2tl-2^4  SHgO. 

The  addition  of  sugar  and  nitric  acid  was  continued 
until  the  liquid  was  sufficiently  strong  to  deposit  a 
copious  crop  of  oxalic  acid  crystals  on  cooling.  One 
cwt.  of  sugar  yields,  under  favourable  conditions, 
about  140  lbs.,  and  1 cwt.  of  treacle  about  116  lbs. 
of  the  crystallized  acid.  Several  patents  were  taken 
out  for  the  use,  in  the  above  process,  of  other 
materials  than  sugar.  Nyren  converted  potato 
starch  and  horse-chestnuts,  and  Eawson,  rice,  into 
saccharine  matter  by  heating  with  dilute  sulphuric 
acid.  These  improvements  appear  to  have  met  with 
little  success ; but  the  great  waste  of  the  nitrous 
compounds  disengaged,  which  is  the  obvious  defect 
of  the  process,  induced  many  to  try,  and  with  better 
success,  to  improve  that  part,  and  find  some  plan  of 
saving  or  utilizing  the  nitrous  gas.  It  was  found 
impossible  to  use  the  gases  directly  for  the  manu- 
facture of  sulphuric  acid,  mixed  as  they  were  with 
carbonic  acid,  which  appears  to  exert  a directly  de- 
trimental influence  in  the  sulphuric  acid  chambers. 
But  after  absorption  of  the  gases  in  oil  of  vitriol, 
the  nitrous  sulphuric  acid  obtained  was  used  instead 
of  nitrate  of  soda.  Jullion  converted  them  back 
again  into  nitric  acid  by  passing  the  gases  mixed 
with  air  over  heated  platinum  or  platinized  asbestos, 
and  absorption  by  water.  He  subsequently  devised 
another  process,  working  continuously,  founded 
upon  similar  principles,  in  which  a current  of 
chlorine  was  employed  to  oxidise  the  nitrous  fumes. 
Firmin,  to  effect  the  same  object,  pumped  air  directly 
into  the  oxidising  sugar  mixture.  But,  these 
ingenious  devices  notwithstanding,  the  process  in- 
volved very  considerable  loss  of  nitric  acid,  and  was 
eventually  given  up  in  favour  of  the  process  now 
employed,  which  is  next  described. 

It  is  founded  upon  the  observation  made  by  Gay 
Lussac  in  1829,  that  many  neutral  organic  bodies — 
starch,  woody  fibre,  and  the  like — when  heated  with 
excess  of  potash  or  soda,  are  more  or  less  converted 
into  oxalate  of  the  alkali.  This  reaction,  after  re- 
maining almost  unnoticed  for  many  years,  was  taken 
up  by  Possoz,  * who  studied  the  relative  action  of 
the  two  alkalies,  potash  and  soda,  and  also  deter- 
mined the  yield  of  oxalic  acid  that  was  afforded  by 
various  materials  when  subjected  to  the  process. 

The  method  adopted  by  Possoz  in  his  researches 
was  to  evaporate  a caustic  lye  till  the  boiling  point 
rose  to  225°  C.  (437°  Fahr.),  cool  it  to  180°  C.  (356° 
Fahr.),  then  introduce  the  starch  or  meal  in  small 
quantities  at  a time,  and  expose  the  mixture  to  a 
temperature  between  200°  to  225°  C.  (392°  to  437° 
Fahr.)  for  four  hours.  With  woody  matter  a some- 
what different  treatment  was  adopted.  The  material 
was  mixed  with  lye  of  1-5  specific  gravity  (48° 
Beaume),  the  mixture  then  evaporated  or  dried,  and 
the  remainder  of  the  process  conducted  as  before. 
The  drying  with  the  caustic  lye  changes  the  woody 
fibre  into  a brown  humus-like  mass,  which,  on  further 
heating  to  200°  to  225°  C.,  becomes  first  yellow, 

* Comptes  Rendus,  tom.  47,  1858,  pp.  207  and  648. 
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and  afterwards  white  ; and  after  four  or  five  hours’ 
heating  contains  oxalates,  formates,  and  carbonates 
in  considerable  proportions.  By  conducting  the 
operation  at  a higher  temperature,  the  change  can 
be  more  quickly  completed  ; but,  at  the  same  time, 
more  or  less  of  the  oxalic  acid  will  be  destroyed 
and  lost. 

The  results  of  a series  of  experiments  conducted 
in  the  above  manner  is  given  in  the  following  table. 
Three  hundred  parts  of  caustic  potash  were  used 
with  100  parts  of  each  of  the  substances  named, 
which  had  previously  been  dried  as  far  as  possible 
at  100°  C. 

Crystallized 
Oxalic  Acid. 


Parts. 

100  parts  of  potato  starch  gave 125 

“ sawdust  “ 70 

“ wheat  straw  “ 100 

“ hay  “ 140 

“ clover  “ 110 

“ lucerne  “ 110 

“ tansy  “•  130 

“ mugwort  “ 115 

“ wild  chicory  “ 120 

“ horage  “ 112 

“ nettles  “ 100 

“ tobacco  stems  “ 150 

“ wliealen  bran  “ 150 

“ woollen  rags  “ 10 

“ silk  rags  “ 12 

“ leather  “ 6 

“ horn  “ 20 


When  soda  is  substituted  for  potash  the  reaction 
is  not  the  same.  'J'he  first  part  of  the  operation,  in 
which  the  alkali  dissolves  the  organic  matter,  gives 
a similar  result  to  potash,  for  there  is  found  about 
an  equal  quantity  of  ulmic  acid ; but  upon  continu- 
ing to  heat  the  mass  the  oxalic,  acetic,  and  formic 
acids  appear  to  decompose  one  another  as  they  are 
formed,  for  they  are  actually  present  during  the 
whole  time.  But  at  whatever  period  the  opera- 
tion be  interrupted,  and  whatever  proportion  of 
soda  be  employed,  only  comparatively  small  quan- 
tities of  oxalate  are  formed — ten  times  less  on  the 
average  than  with  potash ; while  sometimes  only 
traces,  and  with  some  substances,  wool,  silk,  leather, 
not  even  traces,  are  to  be  found.  There  is  also  much 
greater  difficulty  in  working  with  soda  upon  a large 
scale,  the  yield  getting  less  as  the  scale  of  operations 
increases. 

It  is  not  very  clear  to  what  this  remarkable 
difference  in  the  action  of  the  two  alkalies  is  to  be 
ascribed.  Ward  has  suggested  that  potash  has  a 
greater  solvent  action  on  cellulose  than  soda;  but 
that  this  assumption  is  incorrect  will  be  easily  seen 
when  we  consider  that  this  great  difference  is  also 
exhibited  when  starch  is  operated  upon,  and  that, 
as  mentioned  above,  both  alkalies  first  attack  and 
dissolve  the  cellulose  equally  ; but  that  with  potash 
the  reaction  proceeds  only  to  the  stage  of  oxalic  acid, 
while  with  soda  the  reaction,  indirectly  or  directly, 
goes  further  to  the  formation  of  cjirbonic  acid.  The 
explanation  offered  by  Possoz  is  at  least  in  accord- 
ance with  the  ascertained  facts.  He  attributed  the 
destructive  action  of  the  soda  to  its  higher  melting 
point,  and  made  experiments  which  at  once  gave 
some  countenance  to  this  idea,  and  pointed  out 


a means  of  manufacturing  the  acid  with  only  a 
limited  use  of  the  more  costly  alkali,  potash.  AVhen 
the  hydrates  of  potassium  and  sodium  are  mixed  the 
resulting  mixture  has  a fusion  point  lower  than 
would  be  expected  from  that  of  its  constituents,  and 
accordingly,  if  the  explanation  offered  were  correct, 
the  yield  of  acid  with  a mixture  of  the  alkalies  ought 
to  be  equal,  if  not  superior,  to  that  with  potash 
alone.  The  result  of  a series  of  experiments  upon 
starch  showed  that  a mixture  of — 

Soda.  Potash. 

1  part  and  3 parts  gave  more  tlian  potash  alone. 

1 “ 2 “ 4 “ “ 

1 “ 1 part  gave  same  as  potash. 

2 parts  and  1 “ t’o  less  than  potash. 

3 “ 1 “ ^ less  than  potash. 

— thus  fully  bearing  out  the  theory.  But  notwith- 
standing this  success,  Possoz,  having  regard  to  the 
greater  cost  of  potash  and  the  facility  with  which 
lyes  of  caustic  soda  could  be  obtained  in  the  alkali 
manufactories,  stilt  proposed  to  use  soda  alone  at 
the  expense  of  a large  proportion  of  the  oxalic  acid. 
On  making  experiments  he  found  that,  by  employing 
a large  excess  of  soda,  five  or  six  times  the  weight  of 
the  bran  used,  and  conducting  the  process  at  a 
temperature  of  150°  to  180°  C.,  he  obtained  on  the 
small  scale  a yield  of  90  per  cent,  on  the  bran  used, 
of  the  crystallized  acid,  and  on  the  large  scale 
only  50  per  cent.  On  referring  to  the  table  given 
above  it  will  be  seen  that,  with  three  times  its 
weight  of  potash,  wh eaten  bran  gives  150  per  cent. 
Possoz  also  observed  that  the  oxalate  of  soda  pro- 
duced readily  separated  from  the  mother  liquor 
(specific  gravity  1S2  = 35°  Beaume)  on  lixiviation 
of  the  melted  mass.  He  does  not  appear  to  have 
remembered  that  this  sparing  solubility  of  the  oxalate 
of  soda  would  have  an  important  effect  in  the  use 
of  mixtures  of  the  alkalies,  enabling  the  whole  or 
greater  part  of  the  potash  to  be  recovered,  as, 
according  to  a well-known  and  pretty  general  law, 
first  enunciated  by  Berthollet,  there  is  a great 
tendency  in  a mixture  to  form  those  compounds 
which  are  least  soluble. 

The  conditions  under  which  oxalic  acid  is  formed 
from  sawdust  and  other  materials  have  recently  been 
further  investigated  by  Thorn.*  Using  fir-tree 
sawdust  with  15  per  cent,  of  hygroscopic  water,  he 
mixed  it  with  boiling  lyes  of  from  30°  to  42°  Beaume, 
and  further  heated  it  in  a shallow  iron  vessel  over 
an  open  fire,  keeping  it  well  stirred.  The  lye  should 
not  be  so  strong  as  to  be  entirely  sucked  up  by 
the  sawdust,  otherwise  it  cannot  be  well  mixed. 
Different  results  were  obtained,  when  the  mass  was 
heated  in  thicker  or  thinner  layers,  and  another 
series  of  experiments  was  accordingly  made,  in  which 
the  mixture  was  heated  in  layers  about  half  an  inch 
thick  on  flat  iron  plates.  The  results,  given  below, 
are  stated  in  parts  of  crystallized  acid  obtained  from 
100  of  sawdust. 

1.  With  caustic  soda  alone.  One  part  of  sawdust 
to  two  parts  NallO  treated  as  above,  gave — 

* Dingler’s  Jourual,  210,  p.  24. 
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Temperature.  Thick  Layers.  Thin  Layers. 

200°  C 36  parts  acid  34-68  parts 

220°  — 31-6  “ 

240°  33-2  parts  acid  ....  — 


By  doubling  the  proportion  of  NaHO,  the  yield  was 
increased  to  42-3  in  thick  and  52-14  in  thin  layers, 
the  temperature  being  finally  raised  to  240°.  Great 
care  has  to  be  used  in  heating  above  200°,  or  over- 
heating will  occur  and  some  oxalic  acid  be  destroyed. 

2.  With  mixed  potash  and  soda.  When  1 part 
sawdust  is  heated  with  a mixture  containing  10  per 
cent,  of  KHO,  a peculiar  and  characteristic  decom- 
position en.sues.  By  either  quick  or  gentle  heating 
(in  thick  layers)  the  mass  turns  greenish  yellow, 
and  becomes  a thick  pasty  mass  as  the  temperature 
rises  to  180°  C.  A cloud  then  appears  over  the 
mass;  the  temperature,  after  removing  the  source  of 
heat,  rises  by  itself,  first  slowly,  then  within  a minute 
to  above  360°,  the  mixture  swells  up,  evolves  large 
quantities  of  inflammable  gas,  and  finally  becomes 
carbonized.  This  destruction  always  occurs  with 
the  above  proportions,  and  cannot  be  arrested  by 
cooling  the  hot  mass  by  blowing  a strong  current  of 
cold  air  upon  it.  With  a mixture  containing  20  per 
cent,  of  KHO  the  same  reaction  does  not  occur. 

The  following  table  shows  the  result  of  heating 
sawdust  with  double  its  weight  of  mixed  alkalies 
for  one  hour: — 


Percentage  of  KHO 

Thick  Layers. 

Thin  Layers. 

in  the  Alkali. 

Temperature. 

Yield. 

Temperature. 

Yield. 

0 

Degrees  C. 

240 

33-2 

Degrees  C. 
200-220 

33-14 

10 

— 

— 

230 

58-36 

20 

190 

19-78 

— 



u 

200 

21-50 

— 



a 

240 

30-04 

240-250 

74-76 

30 

190 

21-38 

— 



240 

38-89 

240-250 

76-77 

40 

190 

14-00 

— 



(i 

200 

30-35 





240-245 

43-70 

240-250 

80-57 

50 

200 

25-76 





t( 

240-245 

39-04 

— 



60 

200 

30-57 





(4 

240-245 

42-67 

240-250 

80-08 

80 

200-220 

45-.59 

— 

— 

(4 

240 

61-32 

245 

81-24 

90 

240 

64-24 

— 

— 

100 

240-245 

65-51 

240-250 

81-23 

It  will  be  noticed  that  these  results  do  not  agree 
entirely  with  those  of  Possoz.  The  method,  how- 
ever, was  somewhat  different,  and  the  experiments 
of  Possoz  with  the  mixed  alkalies  were  made  upon 
starch,  and  not  sawdust.  The  results  of  heating 
in  thin  layers,  given  in  the  above  table,  show,  how- 
ever, that  even  with  sawdust  an  alkali  containing 
40  per  cent.  KHO  gives  a yield  approximately  equal 
to  that  with  pure  potash.  It  will  also  be  seen  that 
the  experiments  with  thin  layers  show  a remarkable 
increase  in  the  percentage  of  oxalic  acid,  due  perhaps 
to  the  increased  surface  exposed  to  the  air,  which 
at  once  facilitates  the  drying  and  the  oxidation  of 
the  organic  matter,  and  thus  allows  the  operation 
to  be  conducted  without  fusing  the  mass.  Experi- 


ments were  made  to  ascertain  whether  a current  of 
hot  air  aided  the  formation  of  oxalate.  It  was  found 
not  to  do  so.  With  different  kinds  of  sawdust  it 
was  found  that  a larger  yield  was  obtained  from 
soft  woods — fir,  pine,  poplar— than  from  hard  wood, 
such  as  oak  and  beech  ; and  it  was  also  determined 
by  quantitative  experiments,  that  a greater  propor- 
tion than  one  of  sawdust  to  two  of  alkali  could  not 
be  advantageously  employed. 

ITie  details  of  the  process,  founded  upon  the 
above  facts,  that  is  actually  employed  in  the  manu- 
factories are  variously  stated  by  different  authori- 
ties ; and  as  the  manufacturers  very  jealously  keep 
their  particular  processes  secret,  it  is  impossible  to 
give  authoritatively  the  exact  method  of  procedure, 
or  the  proportions  employed.  It  is  possible,  how- 
ever, to  give  a general  account  of  the  several  pro- 
cesses employed,  partly  from  patents  taken  out  ia 
this  country,  and  partly  from  information  which 
from  time  to  time  has  appeared  abroad,  which, 
though  not  exactly  agreeing  with  that  adopted  by 
any  one  manufacturer,  still  give  an  accurate  idea 
of  the  manufacture. 

Sawdust  appears  to  be  the  material  always  em- 
ployed. It  is  mixed  with  a more  or  less  causticized 
alkaline  lye  of  about  1-35  specific  gravity  (38° 
Beaume),  in  the  proportion  of  1 part  to  2 or  3 of  the 
alkalies.  The  proportion  of  potash  to  soda  used  is 
variously  given.  Fleck  gives  3 parts  KHO  to  2 
parts  NaHO,  as  the  proportions  employed  by 
Roberts,  Dale,  & Co.  (who  first  applied  and 
patented  the  process  in  this  country),  while  others 
say  about  equal  weights  are  employed  by  the  same 
firm.  In  another  place  1 part  of  KHO  to  2NaHO  ; 
and  in  still  another,  1 part  of  KHO  to  1-^  of  NaHO 
are  recommended ; while  Kuhnheim  in  Berlin  actu- 
ally employs  equal  weights.  A more  recent  patent 
of  Dale’s  directs  that  the  sawdust  be  first  treated 
with  an  alkaline  ley,  by  which  it  is  freed  from  resin- 
ous and  other  matters,  leaving  a purer  cellulose 
behind,  which  gives  a better  product  than  the  raw 
sawdust. 

The  mixture,  which  must  be  well  incorporated,  is 
then  spread  in  a thin  layer  upon  iron  plates  heated 
by  flues  underneath,  the  air  being  allowed  freely  to 
play  over  the  surface.  It  quickly  becomes  dry,  and 
the  temperature  must  then  be  very  nicely  managed, 
and  kept  as  nearly  as  possible  at  about  200°  C.,  or 
between  that  and  225°  C.,  until  the  sawdust  has 
disappeared  and  the  mixture  become  white ; the 
greatest  care  being  taken  to  avoid  over-heating, 
which,  though  causing  the  quicker  disappearance 
of  the  sawdust,  would  occasion  great  loss  of  oxalic 
acid.  The  process  lasts  about  six  hours. 

There  is  a modified  process  for  converting  the 
sawdust,  in  which  lime  is  employed  in  addition  to 
the  alkalies.  The  lime  is  slaked  with  the  alkaline 
lye,  mixed  intimately  with  the  sawdust,  and  heated 
on  the  bed  of  a reverberatory  furnace  to  a tempera- 
ture under  250°  C.  To  obtain  good  results  it  is 
necessary  that  the  mass  should  be  evenly  heated 
throughout,  and  to  effect  this  the  mixture  must  be 
frequently  raked  over,  and  the  heating  very  nicely 
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managed.  The  proportions  employed  are  kept 
secret.  There  is  obtained  as  product  a mass  ren- 
dered porous  by  the  lime,  and  consisting  chiefly  of 
oxalate  of  lime  and  carbonates  of  potash  and  soda, 
upon  lixiviating  which  the  latter  dissolve  out,  leav- 
ing only  oxalate  and  carbonate  of  lime.  It  is  said 
that  in  this  way,  by  again  causticizing,  it  is  possible 
to  employ  the  same  alkali  over  and  over  again 
with  but  a small  percentage  of  loss.  The  oxalate 
of  lime,  when  washed  free  from  alkalies,  can  then 
be  decomposed  with  sulphuric  acid,  as  described 
further  on. 

The  product  of  the  former  process,  consisting 
of  oxalate  of  soda,  carbonate  of  potash,  humus, 
and  the  excess  of  alkali,  may  be  dealt  with  in 
several  ways  to  obtain  the  acid.  By  systematic 
treatment  with  the  smallest  possible  quantity  of  cold 
water,  hiking  care  that  the  liquid  running  through 
is  not  weaker  than  35°  Beaume,  the  oxalate  of  sodium 
remains,  only  a small  quantity  going  into  solution ; 
but,  according  to  Thorn,  there  is  still  a considerable 
amount  of  oxalic  acid  in  the  liquor,  existing  no 
doubt  as  oxalate  of  potash.  The  adhering  liquor 
is  removed  by  washing  with  cold  water  till  the 
washings  have  a specific  gravity  of  1*03. 

By  another  method,  the  mass  is  dissolved  alto- 
gether by  boiling,  in  the  smallest  possible  quantity 
of  hot  water,  the  liquor  concentrated  to  38°  B. 
(1-35  specific  gravity),  and  allowed  to  cool.  The 
oxalate  of  soda  then  crystallizes  out.  If  too  small 
a proportion  of  alkali  to  wood  has  been  employed 
in  the  previous  operation,  the  mother  liquor  will 
contain  humus-like  matters,  and  be  very  dirty, 
thick,  and  difficult  to  separate  from  the  sandy 
deposit  of  oxalate  of  soda;  and,  moreover,  the  latter 
will  remain  partly  in  solution ; but  with  proper  pro- 
portions and  due  concentration  it  is  possible  to  get 
a mother  liquor  free  from  oxalic  acid.  This  mother 
liquor  is  causticized,  a quantity  of  caustic  soda 
added  corresponding  to  that  removed  as  oxalate, 
and  used  again  for  converting  another  quantity  of 
sawdust.  It  will  then  contain  too  much  organic 
matter  to  be  again  employed,  without  being  pre- 
viously evaporated  and  calcined  to  purify  it.  The 
oxalate  of  soda  obtained  by  either  of  these  pro- 
cesses, being  freed  as  completely  as  possible  from 
adhering  mother  liquor,  is  next  converted  into 
oxalate  of  lime,  by  boiling  its  solution  for  one  or 
two  hours  with  a slight  excess  of  milk  of  lime,  having 
the  solution  somewhat  dilute,  otherwise  a larger 
excess  of  lime  must  be  used,  and  the  reaction  will 
take  longer  time  to  complete;  which  may  be  known 
to  be  the  case  when  a sample  of  the  liquid,  after 
filtration  and  addition  of  acetic  acid  in  excess,  gives 
no  precipitate  or  cloudiness  with  chloride  of  calcium. 
The  reaction  is  represented  by  this  equation : — 

CaHjO,  + Na3Cj04  = UaCjO^  + 2NaIIO. 

The  soda  is  obtained  as  a caustic  lye,  and  may  be 
used  again  in  the  process  after  due  concentration. 
The  oxalate  of  lime  precipitate,  after  separation  from 
the  soda  solution,  is  boiled  once  with  water  and 
filtered  off. 

It  has  been  proposed  to  boil  the  melted  product 
from  the  sawdust  directly  with  quick-lime ; but  by 
so  doing  the  oxalate  of  lime  is  obtiiined  mixed  in 
large  proportion  with  carbonate,  giving  a larger 
precipitate  to  deal  with,  and  thus  necessitating 
larger  vessels,  besides  wasting  a quantity  of  sul- 
phuric acid  in  its  subsequent  treatment. 

To  obtain  the  oxalic  acid  from  the  lime  salt  re- 
sulting from  any  of  the  above  processes,  it  is  treated 
in  large  lead-lined  wooden  vats  with  sulphuric  acid. 
It  is  found  necessary  for  complete  decomposition  to 
employ,  not  merely  sufficient  sulphuric  acid  to  satu- 
rate the  lime,  but  a large  excess,  3 equivalents  to 
every  equivalent  of  the  oxalate  of  lime,  and  not 
only  that,  but  to  employ  a large  bulk  of  water  in 
addition.  The  precipitate  is  mixed  to  a thin  cream 
with  water,  the  requisite  quantity  of  acid  of  15°  to 
20°  Beaume  added,  and  well  agitated.  It  will  be- 
come moderately  stiff  from  formation  of  gypsum,  but 
after  standing,  turns  thinner  again ; water  is  added 
sufficient  to  again  make  a thin  cream,  and  the  whole 
well  stirred  and  boiled  for  one  or  two  hours  until 
a sample  of  the  precipitate,  after  washing  and  treating 
with  acid,  shows  no  oxalic  acid  when  tested  with 
permanganate  of  potash.  The  acid  fluid,  partly  de- 
canted and  partly  filtered  from  the  gypsum,  is  concen- 
trated to  15°  Beaume  (1T16  specific  gravity),  when 
some  gypsum  separates,  and  then  further  evaporated 
to  30°  Beaume  (1'261  specific  gravity),  and  allowed 
to  cool,  when  the  oxalic  acid  crystallizes  out  in  long 
crystals.  The  mother  liquor,  from  which  the  greater 
part  of  the  oxalic  acid  has  in  this  manner  been 
removed,  is  employed  again  to  act  upon  a fresh 
quantity  of  oxalate  of  lime;  and  so  on  until  it  con- 
tains too  much  organic  matter,  and  becomes  too 
dirty  to  give  a pure  acid.  It  is  then  concentrated  ; 
the  organic  matter  becomes  destroyed  and  oxidised 
at  the  expense  of  part  of  the  sulphuric  acid,  the 
bulk  of  which  is  obtained  pure  enough  to  use  again. 
The  washings  of  the  gypsum  are  used  to  dilute  the 
sulphuric  acid  for  operating  on  another  quantity  of 
oxalate  of  lime.  The  great  object  of  the  manu- 
facturer in  conducting  this  process  is  to  lose  as  little 
alkali  as  possible.  The  method  employed  to  regen- 
erate the  alkalies  is  thus  of  great  importance  from 
an  economic  point  of  view.  It  is  found  impossible 
to  carry  the  heating  with  sawdust  so  far  as  to  destroy 
all  the  humus  substances  which  are  first  "formed, 
and  not  transformed  into  oxalic  acid ; and  accord- 
ingly when  the  product  is  lixiviated  these  pass  into 
solution  with  the  excess  of  alkali,  and  remain  in  the 
mother  liquors.  If,  then,  these  liquors  were  merely 
recausticized  and  used  again,  they  would  acquire  a 
fresh  quantity,  and  after  a few  operations  become 
so  rich  in  organic  matter  as  not  only  to  give  an 
impure  oxalate  of  soda,  but  be  exceedingly  difficult 
to  work  with.  To  purify  them  they  must  be  con- 
centrated to  40°  Beaume  (1'38  specific  gravity),  mixed 
with  as  much  sawdust  as  will  completely  absorb 
them,  and  roasted  at  a high  temperature,  either  on 
iron  plates  heated  by  a fire  underneath,  or  on  the 
bed  of  a reverberatory  furnace.  The  product  is 
a mixture  chiefly  of  carbon  with  carbonated  and 
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caustic  alkali,  is  of  a greyish-black  colour,  very 
porous,  and  easy  to  lixiviate.  The  solution  obtained 
from  it  is  free  from  organic  matter,  and  after  separa- 
tion from  insoluble  residue  is  causticized  with  milk 
of  lime,  concentrated  to  42°  Beaume  (1‘407  specific 
gravity),  and  used  again.  If  evaporated  without 
this  addition  of  sawdust  the  residue  would  be  easily 
fusible,  and  impossible  to  calcine  thoroughly. 

The  oxalic  acid  having  been  obtained,  if  the 
mother  liquor  were  clean  and  free  from  alkali,  may 
be  white  enough  and  pure  enough  to  send  into  the 
market ; but  if  not,  the  greater  part  of  the  adhering 
mother  liquor  is  separated  in  a centrifugal  dryer 
lined  with  lead,  and  the  crystals,  which  will  contain 
sulphuric  acid  and  acid  oxalates  of  soda  and  potash, 
besides  colouring  matter,  treated  for  purification  by 
washing  away  the  remaining  mother  liquor  with  a 
small  quantity  of  cold  water,  and  re-crystallizing 
from  the  smallest  possible  amount  of  boiling  water. 
As  the  acid  oxalates  of  the  alkalies  are  less  soluble 
than  oxalic  acid,  it  is  impossible  to  remove  them,  if 
present  in  any  considerable  proportion,  by  crystal- 
lization in  the  usual  manner.  To  purify  oxalic  acid 
contaminated  with  alkali,  it  must  be  re-crystallized 
from  hydrochloric  acid  of  10  to  15  per  cent.,  which 
keeps  the  alkali  in  solution  as  chloride ; and  the 
crop  then  obtained,  after  being  washed,  must  be  re- 
crystallized from  water  to  separate  adhering  hydro- 
chloric acid.  It  is  not,  however,  necessary  for  the 
purposes  of  commerce  to  purify  the  acid  further 
than  by  washing  away  mother  liquor,  or  once  re- 
crystallizing it,  to  free  it  from  sulphuric  acid  and 
colouring  matter. 

Uses. — Oxalic  acid  is  not  the  staple  material  of 
consumption  in  any  great  industry  or  manufacture, 
but  it  is  nevertheless  very  extensively  employed  for 
auxiliary  purposes  in  many  of  the  arts. 

The  chief  consumers  of  the  acid  are  dyers  and 
calico  printers,  who  employ  it  for  many  different 
purposes  in  their  operations.  Among  other  things, 
they  use  it  in  conjunction  with  other  acids  as  a 
“discharge,”  to  produce  white  patterns  on  a coloured 
ground.  For  this  purpose,  the  acids  are  mixed  into 
a paste  with  starch  or  British  gum,  and  printed  upon 
the  cloth,  which  is  then  passed  through  a dilute 
solution  of  chloride  of  lime,  kept  alkaline  by  addition 
of  lime  or  chalk.  Wherever  the  acids  are  printed 
on  the  ground,  chlorine  is  liberated,  and  the  colour 
at  the  place  bleached,  or,  as  it  is  termed,  “ discharged.” 
The  following  two  recipes  for  discharges  will  give  a 
general  idea  of  their  nature : — For  further  illustra- 
tions the  reader  is  referred  to  the  article  Dyeing  and 
Calico  Printing. 


Discharge  for  Madder  Blue. 


Discharge  for  ludigo  Green. 


Oxalic  acid 2 lb. 

Oil  of  vitriol, 7^  fl.  ozs. 

British  gum, 2 lbs. 

Flour 2 lbs. 

Water, 1 gallon. 


Oxalic  acid, ^ lb. 

Tartaric  acid, 5 lbs. 

Starch, 3 lbs. 

Water, 3 quarts. 


There  is  also  another  analogous  end  for  which 
oxalic  acid  is  employed  by  the  dyers,  namely,  as  a 
“resist,”  or  chemical  “reserve.”  For  this  purpose 
the  oxalic  and  citric  acid  mixture  is  printed  on  the 
cloth  before  mordanting,  and  prevents  the  absorption 


of  iron  and  alumina  by  the  fabric  when  the  piece 
comes  to  be  immersed  in  the  mordant  bath.  Sub- 
sequently, when  treated  in  the  dye  vat,  those  parts 
where  the  acid  has  been  applied,  and  where  conse- 
quently there  is  no  mordant,  will  not  fix  any  colour. 
The  action  is  due  in  part  to  the  fact,  that  soluble 
oxalates  and  citrates  of  iron  and  alumina  are  formed, 
and  in  part  to  the  protective  action  of  the  gelatinous 
matter  with  which  the  oxalic  acid  is  applied. 

Dyers  also  use  oxalic  acid  in  the  dye  vats,  as  a 
constituent  in  the  formulae  employed  for  many 
colours,  both  for  cotton,  wool,  and  silk. 

It  is  used  by  curriers  for  whitening  leathers,  as  for 
breeches  and  boot-tops  ; and  by  marble  masons  for 
removing  iron  stains  from  their  work. 

In  the  manufacture  of  leghorn  hats  and  straw 
bonnets,  it  is  employed  for  bleaching  and  whitening 
the  straw. 

For  domestic  purposes  oxalic  acid  is  frequently 
employed,  as  for  removing  ink  stains  and  iron  mould 
from  linen,  wood,  &c.,  and  for  scouring  boards, 
which  it  renders  very  white,  while  scrubbing  with 
soap  or  soda  gives  an  objectionable  dirty  grey  tint. 
Boards  so  blackened  are  restored  by  washing  with 
a solution  of  oxalic  acid,  containing  about  half  an 
ounce  to  a quart  of  water.  It  is  also  employed  both 
in  the  household  and  in  the  arts,  for  cleaning  brasses 
and  scouring  rusty  or  tarnished  metals,  being  much 
better  adapted  for  this  purpose  than  the  very  cor- 
rosive and  destructive  oil  of  vitriol  which  is  often 
used,  while  its  expense  is  but  very  little  more.  In 
1851  it  used  to  cost  (wholesale)  15d.  to  16d.  per 
lb.;  while  in  1867,  after  the  introduction  of  the 
manufacture  by  alkalies,  it  fell  to  8d.  to  9</.,  and  since 
then  has  gradually  fallen  to  about  bd.  a lb.,  its 
present  price  (1877). 

There  is  a considerable  demand  for  it  for  mis- 
cellaneous uses  in  many  small  trades  and  manufac- 
tures— mostly  analogous  to  those  above  mentioned. 

The  acid  oxalate  of  potash  (KHC20^.H20)  is 
used  as  a weak  acid  for  scouring  metals,  and  for 
domestic  purposes  is  sometimes  employed,  instead 
of  the  acid,  for  removing  ink  stains  and  iron  mould 
from  linen,  the  fibre  of  which  it  does  not  damage, 
while  it  forms  with  the  iron  a double  salt  soluble 
in  water,  and  hence  washing  away. 

Oxalic  acid  has  no  corrosive  action  upon  vegetable 
fibres,  yet  it  is  sufficiently  strong  an  acid  to  do  all 
that  even  the  most  powerful  mineral  acids  can  effect. 
Hence  it  is  used  for  many  purposes  where  the  use 
of  mineral  acids  is  precluded  by  the  destructive 
manner  in  which  they  affect  organic  matter. 

Detection. — Among  organic  bodies  oxalic  acid  is 
peculiar  in  not  giving  any  carbonaceous  residue 
when  it  or  its  compounds  are  subjected  to  the  de- 
structive action  of  heat.  When  the  free  acid  is 
heated  it  volatilizes  without  residue,  giving  off  acid 
fumes,  and  the  salts  decompose,  evolving  gaseous 
products,  and  leaving  carbonates  of  the  fixed  base 
in  the  case  of  the  alkalies  and  earths  ; but  oxides  in 
the  case  of  the  metals,  and  even  the  metals  them- 
selves when  these  are  easily  reducible,  as  with 
mercury  and  silver. 
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Heated  in  the  solid  state  with  concentrated  sul- 
phuric acid,  oxalates,  as  well  as  the  acid,  evolve 
gas.  a mixture  of  equal  volumes  of  carbonic  oxide 
and  carbonic  acid,  the  former  of  which  may  be  re- 
cognized by  its  combustibility,  while  the  latter  will 
give  a precipitate  with  lime  water.  The  method  of 
applying  the  test  is  to  heat  with  the  sulphuric  acid 
in  a test  tube,  loosely  closed  with  the  finger,  and 
apply  a light.  If  the  gas  burns,  it  is  probably  car- 
bonic oxide.  The  flame  is  extinguished,  and  the  gas 
as  it  comes  off  is  poured  into  another  test  tube, 
containing  a little  lime  water.  If  on  shaking  up  a 
precipitate  is  produced,  it  indicates  the  presence  of 
carbonic  acid  in  the  gas.  The  two  indications  fur- 
nish a good  clue  to  the  presence  of  oxalic  acid,  which 
is  rendered  almost  a certainty  if  the  substance  does 
not  effervesce  with  nitric  or  hydrochloric  acids,  and 
gives  a white,  finely-pulverulent  precipitate  with 
both  calcium  chloride,  lime  water,  and  calcium  sul- 
phate, insoluble  in  acetic  and  oxalic  acids,  readily 
soluble  in  nitric  and  hydrochloric. 

The  solution  (either  in  water  or  acid),  when  mixed 
with  permanganate  of  potash  and  acidified,  destroys 
its  magnificent  red  tint,  at  the  same  time  effervesc- 
ing from  the  escape  of  carbonic  acid ; and  when  the 
solid  body,  mixed  with  black  oxide  of  manganese,  is 
treated  with  diluted  sulphuric  acid,  an  effervescence 
of  the  same  gas  will  also  be  noticed. 

Esti.mation. — 1.  A.S'  Carbonate  of  Lime. — The  solu- 
tion, freed,  if  necessary,  from  carbonates  by  boiling 
with  a slight  excess  of  hydrochloric  acid,  is  either 
neutralized  or  rendered  slightly  acid  with  acetic  acid 
by  adding  sodium  acetate.  A sufficiency  of  acetate 
of  lime  is  then  added,  and  the  fine  precipitate  of 
oxalate  of  lime  allowed  to  subside.  The  super- 
natant fluid  is  decanted  through  a filter,  and  the 
precipitate  washed  on  to  it  with  hot  water,  taking 
care  to  allow  each  portion  to  pass  completely  through 
before  adding  more.  After  washing  completely,  the 
precipitate  is  ignited  in  a platinum  crucible  to  bare 
redness,  the  filter  ash  added,  and  the  carbonate  of 
lime,  resulting  from  decomposition  of  the  oxalate, 
weighed.  If  too  strongly  ignited,  the  residue  will 
show  a strong  alkaline  reaction  when  moistened  and 
placed  upon  litmus  paper.  It  must  be  washed  into 
the  crucible,  moistened  with  carbonate  of  ammonia 
solution,  again  gently  ignited,  and  re-weighed.  One 
part  of  carbonate  of  lime  corresponds  to  1‘26  part 
of  crystallized  oxalic  acid,  or  -88  part  of  CgO^.  The 
solution  must  not  contaiu  magnesium  salts  in  quan- 
tity, or  manganese,  iron,  chromium,  aluminium, 
copper,  or  any  heavy  meffil.  ( Vide  Oxalate  of  Lime, 
ante). 

2.  A.'i  Oxalate  of  Lime. — The  solution  must  be 
precipitated,  &c.,  as  above  directed ; but  collected 
upon  a weighed  filter,  which  is  then  dried  and  heated 
on  the  water  bath  till  its  weight  is  constant.  The 
gain  in  weight  of  the  filter  will  give  the  amount  of 
CaC^O^.lIgO,  eacli  part  of  which  represents  1-0678 
part  of  crystallized  oxalic  acid,  and  -7457  of  €2©^. 

3.  By  Standard  Potassium  Permanganate. — A solu- 
tion of  perm.-inganate  of  potash  is  made  of  convenient 
strengtli,  100  c.c.,  about  equal  to  -1  or  -2  gram,  of 
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crystallized  oxalic — either  air-dried  oxalic  acid,  sub- 
limed oxalic  acid,  or  crystallized  ammonium  oxalate 
being  used  to  standardize  it.  The  solution  of  the 
oxalate,  which  must  be  free  from  sulphites,  hypo- 
sulphites, sulphides,  and  organic  matter,  or  any 
other  reducing  agent  besides  oxalic  acid,  is  strongly 
acidulated  with  sulphuric  acid,  and  warmed  to  60° 
C.  The  solution  of  permanganate  is  then  run  in, 
well  stirring  all  the  time,  until  the  fluid  shows  a pale 
rose  tint,  permanent  for  five  minutes.  The  end  of 
the  reaction  is  very  abrupt  and  sharp,  there  being 
considerable  risk  of  overrunning  the  mark  if  the 
permanganate  is  added  too  hastily.  The  decompo- 
sition is  represented  by  the  equation — 

K.iMnjOg  + 5H.2C.2O4  + 3H2''04  ==  K2SO4  + 
2MnS04  + IOCO2  + 8H2O. 

The  carbonic  acid  escapes  with  effervescence. 

Hydrochloric  acid  and  chloride  must  be  absent 
from  the  liquid,  or  the  results  will  be  too  light, 
owing  to  partial  oxidation  of  the  hydrochloric  to 
hypochlorous  acid  or  free  chlorine.  To  insure  this 
the  permanganate  solution  must  be  prepared  from 
the  crystallized  salt,  and  not  from  the  commercial 
solution  or  rough  manganate,  which  contain  much 
potassium  chloride. 

4 .!;>■  Carbonic  Acid.  — When  black  oxide  of 
manganese  in  fine  powder  is  mixed  with  an  oxalate, 
and  treated  with  diluted  sulphuric  acid,  the  oxalic 
acid  is  oxidised,  at  the  expense  of  the  excess  of 
oxygen  of  the  peroxide,  to  carbonic  acid,  which 
escapes,  while  manganese  goes  into  solution  as  man- 
ganous sulphate,  according  to  the  equation : — 

MnO.2  + H2C2O4  + H2SO4  = MnS04  + 2H2O  + 2CO2. 

AVhen  this  reaction  is  performed  with  weighed 
materials  in  a weighed  apparatus,  which  will  dry 
the  escaping  gas,  the  loss  in  weight  will  represent 
'carbonic  acid.  For  a drawing  and  description  of  the 
apparatus  of  Fuesenius  and  Will,  and  the  method 
of  conducting  the  operation  with  manganese,  see 
article  Chlorine.  The  peroxide  of  manganese 
must  be  free  from  carbonates,  and  care  must  be 
taken  cautiously  to  remove  all  the  carbonic  acid 
from  the  apparatus  before  reweighing  it.  Other 
oxidising  bodies  may  be  substituted  for  the  man- 
ganese, as  chromate  or  bichromate  of  potash,  peroxide 
of  lead,  and  other  peroxides.  Free  oxalic  acid  must 
be  neutralized  with  alkali  before  adding  it  to  the 
oxidising  agent,  or  carbonic  acid  will  be  formed 
before  the  apparatus  can  be  weighed. 

The  loss  in  weight  multiplied  by  1-4318  will  give 
the  amount  of  crystallized  oxalic  acid,  and  will,  of 
course,  be  itself  the  weight  of  C2O4  in  the  quantity 
taken. 

5.  A.9  Metallic  Gold. — ^The  solution  of  the  oxalate 
in  water,  or  in  the'  smallest  possible  amount  of 
hydrochloric  acid,  is  largely  diluted  and  boiled  for 
some  time  with  solution  of  ammonio  or  sodio-ter- 
chloride  of  gold,  avoiding  direct  exposure  to  light. 
The  precipitated  gold,  after  subsidence  in  the  dark, 
is  collected,  washed,  ignited,  and  weighed.  The 
reaction  is  according  to  the  equation — 

2AUCI3  + 3H2Cj04  = 6COj  + 6HC1  + Au,. 
64 
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From  which  it  is  evident  that  every  part  of  gold  is 
equivalent  to  -957  parts  crystallized  oxalic  acid,  or 
to  ’4456  of  CgO^.  This  method  is  used  when  it  is 
desired  to  estimate  the  oxalic  acid  and  the  bases  in 
the  same  portion  of  substance.  The  excess  of  gold 
in  the  filtrate  may  be  separated  by  sulphurous  acid, 
or  addition  of  oxalic  acid  in  slight  excess. 

6.  Oxalates  and  oxalic  acid  may  also  be  estimated 
by  burning  with  oxide  of  copper  in  the  usual  way  of 
organic  combustion  analysis. 

OXYGEN. — Oxygene,  French  ; Sauei'stn^,  German. 
Atomic  weight,  16.  Symbol,  0. — This  gas  is  the 
most  abnndant  of  all  the  elements.  It  forms  a 
principal  part  of  the  earth’s  surface,  inasmuch  as 
eight-ninths  of  the  water  and  about  one-half  of 
the  chalk,  alumina,  and  silica,  by  weight,  are  oxygen. 
It  also  constitutes  one-fourth  of  the  atmosphere. 
Specific  gravity  1-1056  (air  = 1). 

Oxygen  was  discovered  by  Priestley  in  1774.  Its 
properties  are  so  well  known  that  it  is  only  necessary 
here  to  give  the  various  modes  of  making  it. 

A large  number  of  the  oxides,  when  heated,  part 
with  more  or  less  of  their  exji-gen,  being  reduced 
either  to  the  metallic  state  or  to  lower  oxides.  Thus 
mercuric  oxide,  HgO,  when  strongly  heated  splits 
into  Hg  + O. 

Manganese  dioxide,  when  reduced  to  powder  and 
heated  to  redness,  passes  into  manganic  oxide  with 
evolution  of  oxygen — 

3Mn0.2  = 20  + Mn304. 

This  reaction  is  much  used  for  the  manufacture  of 
oxygen  for  the  lime  light  and  other  purposes : 1 
gram,  of  manganese  dioxide  yields  0-034  gram,  or 
24  cubic  centimetres  of  oxygen,  while  1 gram,  of  the 
hydrated  dioxide  yields  0-3  gram,  or  21  c.c.  There- 
fore, for  the  production  of  1 litre  of  oxygen  42-3,7 
grams,  manganese  dioxide,  or  47‘2  grams,  hydrated 
dioxide,  are  required. 

An  approved  apparatus  is  shown  in  the  cut.  Fig.  1. 
The  vessels  used  are  commonly  the  iron  bottles  in 


which  mercury  is  imported.  The  engraving  shows 
six  such  vessels  charged  with  manganese  dioxide, 
and  disposed  in  a reverberatory  furnace  so  as  to  be 
exposed  to  overlapping  flames.  F is  the  fire,  a the 
bridge.  The  gas  is  collected  by  iron  pipes  luted  to 
the  bottles  and  conveyed  to  the  condensing  arrange- 


ment shown  in  Fig.  2.  This  consists  of  a cylindrical 
tube  into  which  the  pipes.  A,  from  the  furnace  lead ; 


Fig.  2. 


it  is  furnished  with  a manometer,  M,  at  one  end ; at 
the  other  is  an  outlet,  b,  leading  to  the  gasholder. 
The  cylinder  is  surrounded  by  flowing  water,  so  that 
the  gas  may  be  cooled. 

Potassium  chlorate  when  heated  to  bright  redness 
yields  oxygen.  In  the  laboratory  this  process  is 
commonly  nscd  to  obtain  small  quantities  of  pure 
gas.  The  reaction  is — 

Potassium  Chlorate.  Potassium  Chloride.  Oxygen. 

KClOg  = KCl  + O3. 

It  has  been  found  that  the  addition  to  the  potas- 
sium chlorate  of  one-fourth  of  its  weight  of  man- 
ganese dioxide,  or  black  oxide  of  copper  (which  do 
not  themselves  lose  oxygen),  causes  the  decomposi- 
tion of  the  former  salt  at  a much  lower  temperature 
than  when  heated  alone. 

A mixture  is  made  of  4 parts  of  chlorate  of  potash 
with  1 part  of  powdered  black  oxide  of  manganese. 
In  the  preparation  of  this  mixture  care  must  be 
taken  to  avoid  the  accidental  introduction  of  small 
fragments  of  organic  matter.  One  pound  of  this 
mixture,  when  heated,  yields  about  4 cubic  feet  of 
oxygen  ; more  might  be  obtained  by  powdering  the 
crystals,  but  the  process  is  less  safe.  A small 
quantity  of  the  oxygen  mixture  should  be  heated  in 
a test  tube  before  using  it  on  a large  scale,  as  occa- 
sionally the  manganese  dioxide  contains  lamp  black 
and  substances  of  kindred  nature,  whose  presence 
would  lead  to  an  explosion.  The  residuary  manga- 
nese may  be  collected  by  straining  through  calico, 
and  can  be  used  ad  injbdtnm. 

Bleaching  powder  heated  to  redness,  together 
with  a little  slaked  lime,  gives  off  oxygen  (H. 
Deville). 

A concentrated  solution  of  bleaching  powder, 
when  gently  heated  with  a small  quantity  of  cobaltic 
oxide  (CogOg)  (0-5  per  cent.,  or  less),  is  completely 
resolved  into  chloride  of  calcium  and  oxygen.  The 
gas  is  evolved  with  great  ease  and  regularity,  so 
that  this  method  is  well  adapted  for  the  preparation 
of  large  quantities.  The  same  cobaltic  oxide  may 
be  used  repeatedly,  as  it  does  not  undergo  any  per- 
manent change  (Fleitmann). 

Bottger  states  tliat  cupric  oxide  and  ferric  hydrate 
play  the  same  part  with  bleaching  powder  as  cobal- 
tic oxide,  but  that  the  action  is  less  energetic. 

Sulphuric  acid,  when  passed  in  vapour  over  red- 
hot  platinum  plates  or  spongy  platinum,  is  decom- 


Fig.  1. 
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posed  into  water,  oxygen,  and  sulpliurous  oxide. 
The  sulphurous  oxide  is  absorbed  by  water  or  an 
alkaline  solution,  and  can  be  used  to  manufacture 
more  sulphuric  acid.  II.  Deville  and  Debray  put 
this  forth  as  the  cheapest  mode  of  manufacturing 
oxygen  on  a large  scale. 

Sulphate  of  zinc,  moderately  heated,  yields  oxygen 
by  a like  decomposition. 

Z11SO4  = ZnO  + SO2  + 0. 

Oxygen  in  the  air  is  mechanically  mixed,  not 
chemically  combined ; it  can  therefore  be  isolated 
by  physical  means.  Graham  succeeded  in  obtain- 
ing oxygen  from  the  air  by  dialysis,  the  membrane 
used  being  a sheet  of  caoutchouc. 

Montmagnon  and  Delaire  make  use  of  charcoal : 
100  litres  of  wood  charcoal  will,  when  exposed  to 
the  atmosphere,  occlude  925  litres  of  oxygen,  but 
only  705  litres  of  nitrogen.  Now  it  would  appear 
that  when  the  charcoal  thus  saturated  with  gas  is 
placed  in  water,  650  litres  of  nitrogen  are  expelled, 
but  only  350  litres  of  oxygen.  Thus  the  charcoal 


now  contains  675  litres  of  oxygen  and  only  75  litres 
of  nitrogen,  which  is  oxygen  practically  pure  for 
commercial  purposes.  To  extract  the  gas  a pump 
is  used. 

Mallet’s  process  depends  on  the  different  degrees 
of  solubility  of  oxygen  and  nitrogen  in  water.  Air 
is  forced  into  water  by  means  of  a forcing  pump ; 
and  the  gases  which  escape  on  diminishing  the 
pressure  are  again  subjected  to  the  same  treatment 
several  times  in  succession,  until  at  length  nearly 
pure  oxygen  is  obtained.  The  table  below  shows 
the  composition  of  the  artificial  air  at  each  successive 
stage : — 


COMPOSITION  after  SUCCESSIVE  PRESSURES. 


Aii\ 

1. 

2. 

3. 

4. 

6. 

6. 

7- 

8. 

N 79, . . . . 

66-67 

.'52-5 

37-5 

2,7-0 

15-0 

9-0 

5-0 

2-7 

0 21,.... 

33  33 

47 -.5 

62-5 

75-0 

85-0 

91-0 

950 

97-3 

The  apparatus,  as  described  by  J.  Phillips,  is 
shown  in  Fig.  3. 

The  first  absorption  cylinder,  a,  has  a contents  of 


10  cubic  metres ; the  second,  b,  of  7 c.m. ; the  third, 
C,  of  5 c.m.  With  apparatus  of  this  size,  and  a 
pressure  of  five  atmosplieres,  773  litres  of  gas  are 
obtained  by  each  operation. 

The  pump,  u,  sucks  in  the  outer  air,  and  delivers 
it  by  the  pi]>e.  //,  to  tlie  lower  part  of  the  cylinder, 
A,  through  the  valve,  p.  I'he  air  streams  upwards 
against  the  plate,  ?«,  which  is  pierced  with  minute 
holes,  and  disperses  in  minute  bubbles  through  the 
water. 

The  undissolved  part  of  the  air  is  either  allowed 
to  escape  through  a valve  at  the  top  of  the  cylinder, 
or  is  conveyed  to  tlie  upper  jiart  of  the  air  pump  to 
assist  the  pressure. 

The  pumps,  6,  c,  r/,  are  worked  in  precisely  the 
same  manner  as  a,  except  that  they  draw  denitro- 


genized  air  from  the  cylinder  behind  them.  Finally, 
the  air,  freed  from  the  greater  part  of  its  nitrogen, 
is  forced  into  the  gasholder,  G. 

As  regards  the  price  of  the  artificial  air,  containing 
50  to  75  per  cent,  of  oxygen,  it  is  stated  that  this 
may  be  prepared  on  a large  scale  at  a cost  of  15 
centimes  (2J</.)  per  cubic  m^tre  (a  little  more  than 
35  English  cubic  feet). 

Barium  dioxide  (peroxide  of  barium),  BaOg,  when 
heated  to  redness,  yields  one-half  of  its  oxygen,  pro- 
ducing baryta.  (BaOg  = BaO  -h  0).  The  peroxide 
is  prepared  by  heatiiig  the  baryta  to  a less  degree  in 
a current  of  moist  air.  On  shutting  off  the  air  and 
raising  the  temperature  oxygen  is  given  off,  and 
baryta  formed ; so  that  by  repetitions  of  the  process 
indefinite  quantities  of  oxygen  may  be  obtained 
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with  the  same  quantity  of  material.  If  the  baryta 
fuses,  it  can  be  revivified  by  adding  to  it  a little 
lime,  magnesia,  and  manganate  of  potassium. 

J.  A.  Wanklyn,  observing  that  copper  oxide  gave 
up  its  oxygen  to  barium  oxide,  producing  barium 
dioxide,  proposed  to  utilize  this  property,  in  connec- 
tion with  the  fact  that  metallic  copper  when  highly 
heated  becomes  oxidised  to  copper  oxide,  for  the 
economical  production  of  oxygen  from  atmos- 
pheric air. 

The  barium  oxide  is  mixed  with  at  least  half  its 
weight  of  copper  oxide,  placed  in  an  iron  retort  and 
heated  to  redness,  a jet  of  steam  being  blown  in. 
The  barium  dioxide  at  first  formed  gives  up  its 
oxygen  and  becomes  oxide  again.  Atmospheric 
air  is  tlien  blown  into  the  retort  (the  steam  being 
stopped),  which  again,  through  the  mediation  of  the 
copper  oxide,  oxidises  the  baryta  to  barium  dioxide. 
This  is  then  decomposed  by  steam  as  before. 

Instead  of  baryta,  caustic  lime  or  manganese 
dioxide  may  be  used,  or  a mixture  of  the  latter 
with  lime  or  baryta. 

Cuprous  chloride  absorbs  oxygen  from  the  air, 
which  it  again  liberates  when  heated  to  400°  C. 
The  cuprous  chloride  is  best  prepared  by  heating 
cupric  chloride  rather  strongly,  whereby  one  half 
of  the  chlorine  is  evolved,  and  can  be  utilized  in 
preparing  more  cupric  chloride.  The  equation  is 
this — 

2CuCl.^  = CU2CI2  + 2C1. 

The  cuprous  chloride  when  moistened  and  exposed 
to  air  absorbs  oxygen,  with  formation  of  oxychloride 
of  copper,  thus — 

Cuprous  Chloride.  Oxychloride  of  Copper. 

CujClj  + H2O  + 0 = CuUlj.CuO  + H2O. 

The  resulting  mass,  when  heated,  first  gives  off 
water  and  then  oxygen,  leaving  cuprous  chloride. 
This  taking  up  and  giving  off  of  oxygen  may  be 
repeated  as  often  as  desired : 100  lbs.  of  cuprous 
chloride  when  heated  in  this  fashion,  will  yield  50 
cubic  feet  of  oxygen  at  each  operation. 

To  prevent  the  cupric  chloride  caking  together,  it 
is  mixed  with  33  per  cent,  of  broken  pottery  ware. 
The  taking  up  of  oxygen  goes  on  very  rapidly  even 
in  air  at  an  ordinary  temperature,  but  becomes 
almost  instantaneous  in  the  presence  of  steam  and 
air  at  200°  C. 

Marechal  and  Tessie  du  Mothay’’s  process  has 
been  carried  out  on  a large  scale.  When  perman- 
ganate of  potassium  is  heated  to  redness,  it  gives  off 
about  10  per  cent,  of  the  oxygen  which  it  contains. 
The  operation  is  facilitated  by  the  passage  of  a 
current  of  superheated  steam  over  the  salt.  In 
practice  sodium  permanganate  is  used. 

The  process  is  carried  on  in  brick  furnaces,  with 
the  fire-boxes  so  arranged  as  not  only  to  heat  the 
retort  which  holds  the  sodium  permanganate,  but 
also  one  or  more  chambers  through  which  the  blast 
passes  to  the  retort. 

About  600  lbs.  of  the  salt  are  placed  iii  the  retort, 
and  heated  to  the  requisite  degree  in  the  furnace;  1 
superheated  steam  from  the  boiler  is  then  admitted  I 


for  about  ten  minutes,  when  the  following  reaction 
takes  place : — 

2NajMn04  + HjO  = Mn^Oj  + 4NaHO  + 30. 

At  the  conclusion  of  this  part  of  the  process  the 
steam  is  shut  off,  and  superheated  air  is  admitted 
for  about  fifteen  minutes,  whereupon  the  manganic 
oxide  combines  with  more  oxygen,  and  is  recon- 
verted into  manganic  acid,  which  of  course  resumes 
its  former  relation  with  the  sodium,  and  is  ready 
for  a repetition  of  the  process. 

A steam  pumping  engine  is  used  for  the  air  blast. 

The  material  can  be  used  continuously  for  some 
months  without  rechanging  the  retorts.  In  the 
works  in  New  York  25,000  cubic  feet  are  produced 
by  the  consumption  of  2 chaldrons  of  coke,  and 
with  the  labour  of  three  men. 

OZONE. — English,  French,  German.  Formula,  O3. 
— Towards  the  end  of  the  last  century  Van  Marum 
observed  that  oxygen  gas  through  which  electrical 
sparks  have  been  passed,  acquired  a peculiar  odour 
and  the  property  of  attacking  mercury.  For  up- 
wards of  half  a century  this  observation  attracted 
no  attention. 

In  1840  ozone  was  discovered  by  SchoNBEIN  whilst 
experimenting  with  Grove’s  battery  on  the  electro- 
lysis of  water.  He  found  that  an  odorous  substance 
accompanied  the  oxygen  evolved  at  the  positive  pole ; 
that  this  substance  may  be  preserved  for  a long  time 
in  well-closed  vessels;  and  that  its  production  is 
influenced  by  the  nature  of  the  metal  which  serves 
as  the  pole,  by  the  chemical  properties  of  the  elec- 
trolytic fluid,  and  by  the  temperature  of  that  fluid 
as  well  as  of  the  electrode.  The  same  body  he 
found  to  be  produced  by  holding  a strip  of  platinum 
or  gold  near  the  knob  of  the  prime-conductor  of  an 
electrical  machine.  With  great  sagacity  he  recog- 
nized the  identity  of  the  peculiar  odour  which  accom- 
panies a flash  of  lightning  with  that  of  the  new 
substance  which  he  termed  ozone. 

SchoNBEIN  soon  afterwards  discovered  that  ozone 
is  formed  when  phosphorus  oxidises  slowly  in  moist 
air  or  oxygen. 

To  SchoNBEIN  then  is  due  the  great  merit  of 
recognizing  ozone  as  a distinct  form  of  matter, 
having  an  identity  of  its  own  by  whatsoever  means 
prepared,  as  also  the  merit  of  discovering  the  most 
important  means  for  the  production  of  ozone,  and  of 
establishing  its  principal  properties  and  reactions. 

The  general  properties  of  ozone  are  those  of  an 
active  oxygenant.  Thus,  like  chlorine  and  peroxide 
of  nitrogen,  it  bleaches  colouring  matters,  corrodes 
fabrics,  tarnishes  or  otherwise  attacks  metals,  and 
liberates  iodine  from  potassium  iodide.  Its  special 
properties  are  its  characteristic  pungent  odour,  its 
destructibility  by  a moderate  heat,  and  its  non- 
manifestation of  any  acidulous  reaction. 

In  1841  SchoNBEIN  put  forth  the  view  that  ozone 
was  an  oxide  of  hydrogen,  sinee  it  is  only  in  the 
presence  of  moisture  that  air  or  oxygen  when  passed 
over  phosphorus  produces  ozone,  and  that  no  ozone 
can  be  formed  from  air,  even  if  moist,  which  has 
been  deprived  of  its  oxygen. 
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In  1845  this  view  was  shown  by  Marignac  and 
De  la  Rue  to  be  incorrect,  for  in  a paper  published 
in  the  “Archives  of  Electricity,”  they  established  the 
important  fact  that  ozone  is  produced  by  the  action 
of  the  electric  spark  upon  pure  dry  oxygen — a point 
which  was  further  and  conclusively  demonstrated  by 
the  investigations  of  Fremy  and  Becquerel  in  1852, 
who  also  discovered  that  when  electric  sparks  were 
passed  through  pure  oxygen  gas,  inclosed  in  a con- 
fined space  in  contact  with  a solution  of  iodide  of 
potassium,  or  with  moistened  silver,  the  oxygen  was, 
after  a lapse  of  sufficient  time,  totally  and  com- 
pletely absorbed  by  those  substances.  It  was  thus 
proved  that  for  the  formation  of  ozone  oxygen  alone 
is  required. 

The  hypothesis  of  Schonbein,  however,  received 
some  support  from  an  elaborate  investigation  of 
Baumert  (“  Poggendorff  Annalen,”  1853),  -who 
maintained  that  water  is  always  formed  when  dry 
ozone,  prepared  by  electrolysis,  is  destroyed  or  de- 
composed by  heat.  He  inferred  that  two  distinct 
bodies  had  been  confounded  under  the  name  of 
ozone — (1)  allotropic  oxygen,  formed  by  the  passage 
of  the  electric  spark  through  oxygen  ; and  (2)  a 
teroxide  of  hydrogen,  produced  in  the  electrolysis 
of  water. 

Andrews  in  the  same  year  repeated  Baumert’s 
experiments,  but  failed  to  find  the  slightest  trace  of 
water  ; and  came  to  the  conclusion  that  no  gaseous 
compound  having  the  composition  of  a peroxide  of 
hydrogen  is  formed  during  the  electrolysis  of  water; 
and  that  ozone,  from  whatever  source  derived,  is 
one  and  the  same  body,  having  identical  properties 
and  the  same  constitution,  and  is  not  a compound 
body,  but  oxygen  in  an  altered  or  allotropic  condition. 

The  next  step  in  the  history  of  ozone  was  the  dis- 
covery by  Andrews  and  Tait  (“Phil.  Trans.,”  1860) 
that  oxygen  gas  in  changing  into  ozone  diminishes 
in  volume,  or  becomes  condensed,  recovering  its 
original  volume  when  the  ozone  is  changed  back 
into  oxygen  by  the  action  of  heat  or  otherwise.  In 
the  same  paper  it  was  shown  that  no  further  dimi- 
nution of  volume  occurred  when  the  contracted  gas 
was  agitated  with  a solution  of  potassium  iodide,  so 
as  to  absorb  the  ozone.  A similar  result  was  obtained 
on  agitating  the  contracted  gas  with  iodine.  The 
ozone  reaction  in  both  these  cases  disappeared,  but 
without  causing  any  change  in  the  volume  of  the  gas. 

Andrews  and  Tait  did  not  attempt  to  give  any 
absolute  explanation  of  these  singular  facts;  but 
inferred  that,  on  the  allotropic  view  of  the  constitu- 
tion of  ozone,  its  density  must  be  enormously  great. 

A happy  explanation  of  these  experiments  was 
proposed  by  Odling  in  1861  (“  Manual  of  Chemis- 
try,” Odling,  p.  94).  “ If  we  consider  ozone  to  be 

a compound  of  oxygen  with  oxygen,  and  the  con- 
traction to  be  consequent  upon  their  combination, 
then  if  one  portion  of  this  combined  or  contracted 
oxygen  were  absorbed  by  the  rengent,  tlie  other 
portion  would  be  set  free,  and  by  its  liberation 
might  expand  to  the  volume  of  the  whole.  Thus, 
if  we  suppose  3 volumes  of  oxygen  to  be  condensed 
by  their  mutual  combination  into  2 volumes,  then 


on  absorbing  one-third  of  this  combined  oxygen  by 
mercury,  the  remaining  two-thirds  would  be  set 
free,  and  consequently  expand  to  their  normal  bulk, 
or  2 volumes — 

000  + 2Hg  = HgsO  + 00.” 

SoRET,  experimenting  in  1866  upon  the  mixture 
of  oxygen  and  ozone  obtained  by  electrolysis,  made 
the  important  discovery,  that  if  this  mixture  is 
brought  into  contact  with  oil  of  turpentine  or  oil  of 
cinnamon,  a diminution  takes  place  equal  in  amount 
to  twice  the  augmentation  of  volume  which  the  same 
mixture  would  sustain  if  the  ozone  were  converted 
by  heat  into  ordinary  oxygen.  In  other  words,  the 
volume  of  ozone,  measured  by  its  absorption  by  the 
essential  oil,  is  twice  as  great  as  the  difference  be- 
tween the  volume  of  the  same  ozone  and  oxygen. 
Soret’s  conclusions  were  correct ; but  the  data  upon 
which  he  founded  them  were  very  inaccurate,  and 
by  no  means  justified  those  conclusions. 

The  study  of  the  quantitative  reaction  of  ozone 
was  carried  out  by  Sir  Benjamin  Brodie,  his  papers 
published  in  1872  corroborating  and  extending  the 
less  exact  results  of  Soret,  and  establishing  the 
correctness  of  Odling’s  suggestion. 

The  quantitative  reactions  of  ozone,  as  elaborated 
by  Brodie,  constitute  a body  of  exact  information 
as  to  the  chemical  properties  of  ozone,  through 
which  it  is  finally  removed  from  the  domain  of 
arbitrary  speculation,  and  brought  within  the  pre- 
cincts of  science. 

In  Brodie’s  experiments,  a quantity  of  pure  dry 
oxygen,  after  having  been  submitted  to  electrization 
by  its  passage  through  a modified  form  of  Siemens’ 
induction  tube,  carefully  maintained  at  a low  tem- 
perature, was  collected  in  an  oil  of  vitriol  gas- 
holder, to  the  amount  of  4000  or  5000  cubic 
centimetres.  From  the  store  of  ozonized  gas  thus 
collected,  which  was  found  to  maintain  its  propor- 
tion of  ozone  without  appreciable  deterioration  for 
several  hours,  portion  after  portion  was  allowed  to 
pass  into  a pipette  of  about  250  c.c.  capacity,  by 
displacement  of  the  oil  of  vitriol  originally  filling  it; 
and  successive  equal  volumes  of  the  store  of  ozon- 
ized gas  so  measured  off  were  submitted  one  after 
another  to  the  same  or  different  reagents,  by  the 
passage  of  each  pipetteful  of  gas  through  a small 
bulb-tube  containing  the  reagent  in  solution. 

The  gas,  freed  from  all  ozone  by  its  passage  through 
the  reagent,  was  next  received  into  a mercurial 
measuring  cylinder,  by  which  it  was  expanded  to  a 
definite  volume,  and  then  by  reading  off  the  pres- 
sure at  which  it  occupied  this  volume  its  proper 
volume  was  ascertained. 

Finally,  the  difference  between  the  capacity  of 
the  pipette  and  the  volume  obtained  in  the  mer- 
curial cylinder  showed  the  volumes  of  the  gas  ab- 
sorbed by  the  reagent;  the  weight  of  this  gas  being 
determined  directly  or  indirectly  by  titrations  of  the 
reagent. 

Very  many  points  of  detail  in  the  construction 
and  use  of  the  apparatus  had  to  be  attended  to,  in 
order  to  insure  tnistworthy  results;  but  both  in  its 
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principle  and  general  working  the  process  is  exceed- 
ingly simple.  One  essential  novelty  consisted  in  the 
application  of  the  pipette  to  the  purposes  of  gas 
analysis;  and  by  its  aid  results,  having  an  accuracy 
far  greater  than  those  furnished  by  any  previous 
method  of  ozone  investigation,  were  found  to  be 
obtainable  with  both  speed  and  facility. 

Operating  with  this  apparatus,  Brodie  succeeded 
in  establishing  three  perfectly  definite  classes  of 
ozone  reactions — the  first  of  these  including  the 
instances  previously  made  known  by  Andrews  and 
Tait.  In  this  first  class  of  reactions,  of  which  there 
are  several  distinct  varieties,  the  absorption  or  decom- 
position of  the  ozone  present  in  a mixture  of  ozone 
and  oxygen  is  unattended  by  any  diminution  in 
the  volume  of  the  gas;  or  a volume  of  ozone,  + % 

is  resolved  into  an  equal  volume  of  free  oxygen, 
and  an  indefinite  weight  of  oxygen,  absorbed  by  the 
reagent  employed  to  effect  the  decomposition. 

This  class  of  reactions  accordingly  does  not  afford 
any  information  as  to  the  value  of  x,  or,  in  other 
words,  as  to  the  relationship  of  the  formula  + * to 
the  formula 

Unit  Volumes, 

Q2  + I = 0^  + xO  absorbed. 

In  a second  class  of  reactions,  the  absorption  or 
decomposition  of  the  ozone  present  in  a mixture  of 
ozone  and  oxygen,  is  attended  with  a diminution 
of  the  volume  of  the  gas  equal  to  half  the  volume 
that  the  weight  of  oxygen  absorbed  would  occupy 
in  the  free  state.  In  this  class  of  reactions,  then, 
one  of  but  two  occurrences  must  happen : either 
the  ozone  present  in  the  mixture  of  gases  is  absorbed 
wholly  without  decomposition,  in  which  case  the 
density  of  ozone  must  be  twice  that  of  ordinary 
oxygen,  and  the  formula  O'  + become  ; or  the 
ozone  present  in  the  mixture  is  decomposed  into 
half  its  volume  of  oxygen  liberated,  and  into  a quan- 
tity of  oxygen  corre.spouding  to  its  entire  volume 
absorbed ; in  which  case  the  density  of  ozone  must 
be  one  and  a half  that  of  ordinary  ox3'gen,  and  the 
formula  O'  + become  01 

Unit  Volumes. 

”^02  +x 

2 (t)2  + 

In  a third  class  of  reactions  the  absorption  or 
decomposition  of  the  ozone  present  in  a mixture  of 
ozone  and  oxygen  is  attended  with  a diminution  of 
the  gas,  equal  to  two -thirds  the  volume  that  the 
weight  of  oxygen  absorbed  would  occupy  in  the  free 
state ; or  the  weight  of  the  gas  absorbed  is  to  the 
weight  of  an  equal  volume  of  oxygen  as  3 to  2.  But 
consistently  with  this  class  of  reactions  the  density 
of  ozone  must  necessarily  be  one  and  a half  time 
that  of  ordinary  oxygen,  and  the  formula  0^  +*  must 
become  O®. 

Unit  volumes. 

(0*  + *)  = nil  + 30. 

This  last  and  most  important  class  of  reactions, 
by  which  the  formula  of  ozone  as  O3  is  put  beyond 


question,  was  established  by  a long  series  of  experi- 
ments, made  chiefly  with  a neutral  or  but  slightly 
alkaline  solution  of  sodium  hyposulphite  (thiosul- 
phate, Na2S203),  and  in  a few  cases  with  oil  of  tur- 
pentine. 

As  a result,  the  ratio  of  the  entire  diminution  in 
volume  suffered  by  the  original  oxygen,  to  the 
diminution  in  volume  of  the  electrized  or  con- 
tracted oxygen  effected  by  the  reagent,  was  found  to 
be,  as  a mean  of  twenty-seven  concordant  experi- 
ments made  with  the  hyposulphite,  S.Oj  to  2.O2 ; and 
as  a mean  of  eight  concordant  experiments  made 
with  the  turpentine,  also  as  S.Og  to  2.O2. 

But  neither  with  the  hyposulpliite  nor  with  the 
turpentine  could  the  weight  of  oxygen  absorbed  by 
the  reagent  be  determined,  otherwise  than  by  a cal- 
culation from  the  alteration  in  volume  of  the  gas. 
A direct  determination,  however,  was  effected  in 
the  case  of  a few  experiments  made  with  stannous 
chloride,  under  conditions  carefully  considered  and 
regulated  so  as  to  insure  a trustworthy  result.  And 
it  was  found  in  these  few  experiments,  that  the 
weight  of  the  matter  of  oxygen  absorbed  from  the 
ozonised  gas  by  the  tin  salt,  was  almost  exactly 
three  times  the  weight  of  the  matter  of  oxygen 
absorbed  from  the  same  gas  by  potassium  iodide — 
the  volume  of  the  weight  of  oxygen  absorbed  by  the 
tin  salt  being  almost  exactly  twice  the  volume  proper 
to  the  weiglit  of  oxygen  absorbed  by  the  potassium 
iodide.  (Odling,  “R.  Inst.  Proc.”). 

Ozone  may  be  obtained  by  the  action  of  the  elec- 
trical spark,  or  the  glow  or  silent  discharge,  on  pure 
oxygen.  With  the  silent  discharge  a much  larger 
proportion  of  the  oxygen  is  converted  into  ozone 
than  with  the  spark ; and  if  sparks  are  passed  through 
oxygen  containing  its  maximum  amount  of  ozone, 
the  greater  part  of  the  ozone  will  be  rapidly  de- 
stroyed, or  rather  changed  back  into  ordinary 
oxygen. 

The  best  ozonizers  are  those  on  the  principle 
devised  by  Siemens,  in  which  a large  surface  of  gas 


is  exposed  to  the  silent  discharge.  Fig.  1 is  an 
ozonizing  arrangement  to  be  used  with  an  induction 
coil ; eight  or  ten  pairs  of  tubes  made  of  very  thin 
glass  are  connected  with  the  terminals  in  the  manner 
shown.  The  whole  are  surrounded  by  a long  glass 
cylinder,  through  which  oxygen  or  air  is  slowly 
passed.  The  amount  of  ozone  is  increased  if  the 
outer  tube  be  surrounded  wdth  water. 

As  regards  the  actual  amount  of  oxygen  which, 
under  the  most  favourable  conditions,  can  be  con- 
verted into  ozone,  in  an  experiment  by  Andrews 
and  Tait  a contraction  of  one-twelfth  of  the  ori- 
ginal volume  of  the  oxygen,  or  8'3  per  cent.,  occurred. 
The  largest  contraction  attained  in  the  experiments 
of  Von  Babo  and  Claus  amounted  to  5-74:,  and  in 
those  of  Brodie  to  6-62  per  cent.  But  with  the  aid 
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Fig.  3. 


of  the  excellent  induction  tube  of  Siemens  con- 
tractions to  the  extent  of  10  per  cent,  and  more  can 
be  attained. 

Andrews  has  devised  the  following  apparatus,  by 
means  of  which  tlie  contraction  of  oxygen  in  chang- 
ing into  ozone  can  be  shown  as  a class  experiment. 
The  induction  tube  of  Siemens,  in  which  the  elec- 
trical discharge  from  an  induction  coil  acts  upon  air 
or  oxygen  as  it  flows  between  two  thin  plates  of 
glass,  whose  surfaces  are  at  a few  millimetres  dis- 
tance from  each  other,  is  modified  as  shown  in  Fig. 
2.  At  c it  terminates  in  a capillary  tube,  the  end  of 
which  is  hermetically  sealed,  after  a stream  of  pure 
dry  oxygen  has  been  passed  through  the  apparatus 
for  a sufficient  time  to  displace  the  air.  In  exact 

experiments  the 
end,  b,  is  also 
sealed,  and  after- 
wards opened 
under  sulphuric 
acid.  For  class 
purposes  it  will  be 
found  sufficient  to 
immerse  itquickly 
under  the  acid 
contained  in  the 
beaker,  a,  as 
shown  in  Fig.  3, 
where  the  induc- 
tion tube  is  seen 
surrounded  to 
within  12  m.m.  of 
its  upper  surface, 
with  water  con- 
tained in  an  insul- 
ated cylindrical 
vessel,  A a'.  The 


internal  cavity  of  the  induction  tube  is  also  filled 
with  water  to  about  the  same  level.  By  means  of 
wires  covered  with  caoutchouc,  except  at  the  lower 
ends,  p p',  the  discharge  from  an  induction  coil  can 


be  passed  through  the  apparatus.  The  water  in  A A 
is  kept  as  steadily  as  possible  at  the  temperature  of 
the  apartment.  Any  slight  changes  of  temperature, 
or  of  barometric  pressure,  are  noted.  In  very  exact 
experiments  the  surfaces  of  the  induction  tube  should 
be  covered  with  tinfoil,  and  the  cylindrical  vessel 
filled  with  ice.  Before  commencing  the  observation, 
the  level  of  the  acid  should  be  brought  to  about  b'. 
On  passing  the  electrical  discharge  the  acid  will  at 
first  be  depressed  for  a few  m.m.  from  the  repulsive 
action  of  the  particles  of  the  electrified  gas,  but  will 
afterwards  steadily  rise,  and  for  some  time  with  such 
rapidity  that  the  ascent  of  the  column  can  be  easily 
followed  by  the  eye.  When  the  current  is  inter- 
rupted a sudden  rise  of  the  acid  column  will  occur, 
equal  to  the  depression  which  took  place  on  first 
making  connection  with  the  coil,  after  which  the  new 
level  may  be  read  off. 

Andrews’  apparatus  for  obtaining  ozone  by  elec- 
trolysis is  shown  in  Fig.  4.  The  most  convenient 
liquid  for  the  purpose  is  a mixture  of  1 pint  of  sul- 
phuric acid  and  6 or  8 pints  of  water;  and  the  lower 
the  temperature  at  which  the  electrolyte  is  main- 
tained during  the  process,  the  greater  is  the  amount 
of  ozone.  The  glass  bell  jar,  a,  is  open  below,  and 
contracted  to  a neck  above,  into  which  a bent  con- 
necting tube  is  fused.  This  bell  jar  is  suspended  in 
a round  cell,  bb',  of  porous  earthenware,  leaving  a 
clear  space  of  2 inches  between  its  lower  edge  and 
the  bottom  of  the  porous  cell.  The  whole  is  placed 
in  a glass  jar,  cc',  of  somewhat  larger  dimensions 
than  the  cell;  a bundle  of  platinum  wires,  p,  sus- 
pended below  the  bell  jar,  acts  as  the  positive  pole, 
and  a broad  ribbon  of  platinum,  n n',  placed  between 
the  outer  glass  jar  and  the  porous  cell,  as  the  nega- 
tive pole  of  a battery  of  three  or  four  couples. 

From  the  bell  jar  the  mixture  of  ozone  and  oxygen 
disengaged  at  the  positive  pole  passes  to  a sulphuric 
drying  tube,  d,  and  thence  through  the  connecting 
tube,  e,  to  other  tubes  for  illustrating  the  properties 
of  ozone.  Thus,  in  the  figure,  it  is  represented  as 
traversing  a tube  of  hard  glass,  //',  covereed  with  fine 
wire  gauze,  and  terminating  near  the  surface  of  the 
mercury  contained  in  the  flask,  h.  So  long  as  the 
gas  is  heated  strongly  by  the  spirit  lamps,  gg',  as  it 


passes  through  the  tube,  ff,  not  the  slightest  change 
is  produced  upon  the  mercury ; but  when  the  lamps 
are  removed,  and  the  tube  allowed  to  cool,  the  mer- 
cury is  rapidly  attacked. 

Ozone  is  also  obtained  by  the  slow  oxidation  of 


phosphorus,  and  of  certain  ethers  and  essential  oils 
in  presence  of  moisture. 

Properties. — Ozone  can  be  preserved,  if  dry,  in 
sealed  tubes  at  the  common  temperature  of  the 
atmosphere  for  a very  long  time;  but  by  slow  de- 
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grees  it  eventually  becomes  changed  back  again  into 
common  oxygen.  This  conversion  goes  on  more 
rapidly  as  the  temperature  is  raised,  and  at  237°  C. 
it  is  almost  instantaneous.  One  gram,  of  ozone  in 
passing  to  the  state  of  ordinary  oxygen  evolves 
355’5  units  of  heat.  (P.  J.  IIollman). 

A similar  effect  to  that  of  heat  is  produced  by 
several  oxides,  notably  oxide  of  silver  and  binoxide 
of  manganese,  which  by  mere  contact,  or,  as  it  is 
termed,  catalytically,  instantly  change  ozone  into 
ordinary  oxygen.  Ozone  is  also  destroyed  by  agi- 
tation with  water,  provided  the  ozone  is  in  a highly 
diluted  state.  Andrews  found  that  dry  ozone,  even 
if  present  in  such  quantities  as  freely  to  redden 
iodide  of  potassium  paper,  is  readily  destroyed  by 
agitating  it  strongly  with  glass  in  fine  fragments, 
although  it  may  be  kept  for  an  indefinite  time  in 
sealed  glass  tubes.  This  experiment  forms  a new 
and  closer  link  than  any  hitherto  observed  between 
a purely  mechanical  action  and  a chemical  change. 

Ozone  is  a powerful  oxidising  agent;  it  attacks 
metallic  mercury  and  silver  with  the  greatest  energy, 
and  converts  them  into  oxides.  Its  action  upon 
mercury  is  very  striking ; a few  bubbles  of  oxygen, 
containing  not  more  than  -j-J^th  part  of  ozone,  will 
alter  wholly  the  physical  characters  of  several  pounds 
of  mercury,  taking  away  the  lustre  and  convexity  of 
the  metallic  surface,  and  causing  the  mercury  to  form 
an  adhering  mirror  to  the  surface  of  the  glass  vessel 
in  which  it  is  contained. 

If  ozone  in  a diluted  state  is  slowly  passed 
through  a tube  filled  with  silver  leaf,  the  metal  will 
be  oxidised  to  the  distance  of  2 or  3 millimetres  ; but 
the  oxidations  will  not  proceed  further,  although  the 
ozone  reactions  are  wholly  destroyed.  This  striking 
result  is  due  to  the  catalytic  action  of  the  portions 
of  oxide  which  are  at  first  formed.  So  small  is  the 
amount  of  oxide  produced  in  this  case,  that  in  a 
glass  tube  through  which  many  litres  of  electrolytic 
ozone  had  been  passed,  the  increase  in  weight  from 
the  formation  of  oxide  was  scarcely  an  appreciable 
fraction  of  a milligramme. 

The  action  of  water  on  ozone,  when  the  latter  is 
present  in  small  quantity,  is  probably  also  of  a cata- 
lytic character.  If  a bottle  containing  a little  water, 
and  filled  with  air  or  oxygen,  mixed  with  a sufficient 
amount  of  ozone  to  redden  instantly  iodide  of  potas- 
sium paper,  is  shaken  violently  for  a few  moments, 
all  the  ozone  reactions  disappear. 

Ozone  was  supposed  to  be  insoluble  in  water,  but 
Caries  has  shown  that  a small  quantity  is  dissolved. 
He  states  that  1000  c.c.  of  distilled  water  at  0°  C. 
and  0’76  m.m.  pressure  absorb  from  3‘86  to  5'41  c.c. 

E.  ScHoNE  believes  that  the  presence  of  nitrogen 
is  the  reason  that  so  many  chemists  have  obtained 
negative  results  in  their  experiments  on  the  absorp- 
tion of  ozone  by  water,  this  gas  being  oxidised  by 
ozone  to  nitric  acid.  By  taking  the  greatest  care  to 
avoid  the  presence  of  nitrogen  and  organic  matter, 
he  obtained  the  following  results: — 1.  Ozone  does 
not  oxidise  water.  2.  Ozone  is  absorbed  by  water 
in  considerable  quantity,  even  at  the  ordinary  tem- 
perature. The  observed  maximum  was  8'81  c.c. 


(reduced)  ozone  (Og)  per  litre.  If  the  hands  are 
placed  in  water  saturated  with  ozone,  they  retain  the 
peeuliar  smell  for  some  time.  3.  In  the  passage  of 
ozone  through  water  far  more  ozone  disappears  than 
is  absorbed,  and  as  the  loss  continues  even  after  the 
water  is  saturated,  it  would  seem  that  water  has  in 
this  case  the  power  of  breaking  up  ozone. 

Nitro-glycerin,  dynamite,  iodide  of  nitrogen,  and 
chloride  of  nitrogen,  all  decompose  with  explosion 
if  placed  in  a vessel  containing  ozone  (Jonglet). 
Ordinary  gunpowder,  under  the  same  conditions, 
undergoes  considerable  alteration  in  the  course  of 
a few  weeks. 

Ozone  decomposes  a solution  of  iodide  of  potas- 
sium, liberating  the  iodine,  which  may  be  discovered 
by  its  red  colour,  or  its  blue  compound  with  starch. 
If  the  action  is  continued  sufficiently  long  the  free 
iodine  is  oxidised,  potassium  iodate  formed,  and  the 
solution  becomes  colourless. 

Reddened  litmus  paper  moistened  with  a solution 
of  iodide  of  potassium  is  turned  blue  when  exposed 
to  the  action  of  ozone,  in  consequence  of  the  caustic 
alkali  formed  by  the  decomposition  of  the  salt.  In 
employing  this  test  it  will  be  found  advantageous 
to  remove  the  free  iodine,  by  washing  the  paper 
with  strong  alcohol.  This  form  of  the  potassium 
iodide  test  was  proposed  by  Houzeau  for  the  dis- 
covery of  ozone  in  the  atmosphere. 

Paper  moistened  with  manganous  sulphate  be- 
comes brown  from  the  formation  of  hydrated  dioxide 
of  manganese. 

Solutions  of  thallous  oxide  are  in  like  manner 
converted  into  brown  thallic  oxide,  black  sulphides 
of  lead  into  white  sulphate,  and  the  yellow  ferro- 
cyanide  of  potassium  into  the  red  salt;  tincture  of 
guiacum  is  turned  blue. 

The  bleaching  properties  of  ozone  are  highly 
characteristic,  and  have  attracted  a great  deal  of 
attention.  It  deprives  indigo  of  its  blue  colour, 
converting  it  into  isatin,  and  readily  bleaches  litmus 
and  other  vegetable  colouring  matter.  In  compari- 
son with  potassium  permanganate  its  bleaching 
power  is  as  3 to  1. 

Attempts  have  been  made  to  apply  this  property 
of  ozone  in  the  arts,  and  particularly  to  the  refining 
of  sugar  and  bleaching  of  linen.  For  the  prepara- 
tion of  ozone  on  a large  scale  from  ordinary  air,  a 
modification  of  Siemens’  tube  generator  has  been 
devised  by  Beanes,  and  is  an  efficient  and  powerful 
instrument. 

WiDEMANN  invented  a process  for  removing  fusel 
oil  from  whiskey,  and  acidifying  it  by  ozone,  which 
was  successfully  carried  out  in  the  United  States 
(see  Acetic  Acid). 

A.  W.  Wright  repeated  these  experiments  in  the 
following  way: — 1.  Bypassing  alcohol  vapour  and 
ozone  through  a flask  heated  to  100°  C.,  and  collect- 
ing the  products  in  a cooled  flask.  2.  By  passing 
alcohol  vapour  and  ozone  through  a porcelain  tube 
heated  to  200°  to  250°  C.  3.  By  passing  ozone 
through  a small  quantity  of  cold  alcohol  in  a flask, 
which  was  shaken  vigorously  for  ten  or  twelve  hours. 
4.  By  passing  ozone  through  boiling  alcohol,  and 
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condensing  the  vapour  in  a cold  flask.  5.  By  passing 
ozone  through  boiling  alcohol  in  a flask  provided 
with  a vertical  condenser,  so  that  the  condensed 
liquid  was  continually  subjected  to  the  action  of 
the  gas. 

In  all  these  experiments  the  strength  of  the 
alcohol  used  was  91‘5  per  cent.  The  alcohol  was 
in  all  cases  oxidised  to  acetic  acid,  aldehyde,  and 
hydrogen  dioxide.  The  operation  in  each  case  being 
continued  for  an  hour,  the  percentage  of  acid  formed 
relatively  to  commercial  acetic  acid,  that  is,  the 
strength  of  the  dilute  acid,  was  found  to  be  as 
follows : — 

Per  Ceot.  Per  Ccut. 

In  experiment  1,  ... . 1-62  In  experiment  4,  ... . 1-18 
“ 2,  ....  0 81  “ .5,  ....  1-22 

“ 3, 0-32 

Ether  when  oxidised  by  ozone  gave  acetic  and 
fonnic  acids,  aldehyde,  and  hydrogen  dioxide.* 

The  sulphur  of  vulcanized  caoutchouc  is  attacked 
by  ozone.  A.  W.  Wright  passed  ozonized  air 
through  a vulcanized  rubber  tube,  and  then  allowed 
it  to  bubble  through  water.  In  a short  time  the 
water  acquired  the  odour  of  sulphurous  oxide,  and 
ultimately  gave  a white  precipitate  with  barium 
chloride. 

The  process  recommended  by  P.  Thenard  for 
determining  the  quantity  of  ozone  present  in  a 
volume  of  oxj'gen  depends  upon  the  oxidising  action 
which  ozone  exerts  upon  arsenious  acid,  the  ozone 
itself  being  meantime  reduced.  The  method  of 
procedure  is  this: — Into  a measured  flask  containing 
the  ozonised  oxygen,  10,  12,  15  c.c.,  according  to 
circumstances,  of  standard  solution  of  arsenious  acid 
in  hydrochloric  acid  are  introduced.  The  solution 
is  made  on  Gay  Lussac’s  method,  and  is  of  such 
a strength  that  it  requires  about  OT  milligram,  of 
oxygen  to  convert  the  arsenious  into  arsenic  acid. 
After  brisk  agitation  at  short  intervals,  30  c.c.  of 
sulpliuric  acid  solution  are  added,  and  the  quantity 
of  arsenious  acid  unconverted  by  the  ozone  is  deter- 
mined by  means  of  standard  solution  of  potassium 
permanganate. 

Soon  after  the  discovery  of  ozone,  Schonbein, 
having  observed  that  the  air  of  the  country  fre- 
quently coloured  a delicate  ozone  test  paper  in  the 
same  manner  as  ozone  itself,  inferred  that  ozone  is 
a normal  constituent  of  our  atmosphere.  He  con- 
cluded that  the  amount  of  this  body  present  in 
the  air  is  different  in  different  localities,  and  in  the 
same  locality  at  different  times , and  with  great 
boldness  he  .attempted  to  connect  its  presence 
with  the  prevalence  or  rarity  of  certain  catarrhal 
affections. 

To  determine  the  actu.al  amount  of  ozone  in  the 
atmos{)here  is  a problem  of  surpassing  difficulty,  on 
account  of  the  extremely  small  proportion  in  which 
it  exists,  even  when  at  a maximum.  Its  presence 
can  be  easily  discovered  by  any  of  the  ordinary 
iodized  starch  p.apers,  or  even  more  readily  by  white 
bibulous  p.aper  which  has  been  moistened  with  a 
dilute  solution  of  iodide  of  potassium,  and  allowed 
to  dry  spontaneously  in  a diu-k  room.  If  a slip  of 
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this  p.aper  is  exposed  for  five  minutes  to  a current 
of  air,  which  will  often  be  supplied  by  the  wind,  or 
may  be  produced  by  walking  briskly,  it  will  be  found 
to  have  acquired  a delicate  red  tint  if  ozone  be  present 
even  in  the  smallest  quantities.  The  tint  will  be 
best  observed  by  comp.aring  the  slip  after  exposure 
with  another  slip  of  the  same  paper  which  has  not 
been  exposed.  The  action  of  the  diffused  light  of 
day  on  the  paper  is  rarely  perceptible  after  so  short 
an  exposure  ; but  this  source  of  error  can  be  easily 
avoided  by  inclosing  the  paper  in  a hollow  cylinder 
of  wood. 

Although,  with  the  experimental  resources  now 
at  our  command,  we  can  scarcely  venture  even  to 
estimate  the  actual  amount  of  ozone  at  any  time 
present  in  the  atmosphere,  yet  it  may  be  possible, 
as  Schonbein  long  ago  proposed,  by  applying  a 
chromatic  scale  to  the  indications  of  the  test-p.apers, 
to  ascertain  approximately  its  relative  amount  in 
different  localities,  and  its  variations  in  the  same 
locality.  Such  estimates  must,  however,  be  most 
uncertain,  since  the  shades  of  colour  produced  on 
test-papers  hardly  admit  of  being  defined  by  num- 
bers ; and  in  this  particular  case  they  are  liable  to  a 
special  source  of  error,  as  there  can  be  little  doubt 
that  a large  but  unknown  part  of  the  ozone  in  the 
air  which  comes  in  contact  with  the  paper  is  cata- 
lytically  destroyed,  and  produces  no  chemical  effect 
whatever.  At  the  same  time  the  ozonometer,  e.speci- 
.ally  when  used  with  an  aspirator,  does  unquestionably 
give  indications  of  v.alue  regarding  the  ozone  states 
of  the  atmosphere ; and,  till  more  accurate  methods 
are  devised,  these  observations  ought  certainly  to  be 
continued. 

Ozone  is  rarely  found  in  the  air  of  large  towns, 
unless  in  a suburb  when  the  wind  is  blowing  from 
the  country;  and  it  is  only  under  the  rarest  and 
most  exceptional  conditions  that  it  is  found  in  the 
air  of  the  largest  and  best  ventilated  apartments. 
It  is,  in  fact,  rapidly  destroyed  by  smoke  and  other 
impurities  which  are  present  in  the  air  where  large 
bodies  of  men  have  fixed  their  habitations.  Andrews 
has  observed  this  destructive  action  at  a distance  of 
one  or  two  miles  from  a m.anufacturing  town,  even 
in  fine  and  bright  weather. 

Ozone  is  rarely,  if  ever,  absent  in  fine  weather 
from  the  air  of  the  country ; .and  it  is  more  abun- 
dant, on  the  whole,  in  the  air  of  the  mountain  th.an 
of  the  plain.  It  is  also  said  to  occur  in  larger  qu.an- 
tity  near  the  se:i  than  in  inland  districts.  It  has 
been  found  to  an  unusual  amount  after  thunder- 
storms— a fact  which  is  favourable  to  the  view  th.at 
the  presence  of  ozone  in  the  atmosphere  is  due  to 
.the  action  of  the  free  electricity  of  the  Latter  on  the 
oxygen  of  the  air.  The  amount  of  ozone  in  the  air  is 
greater,  according  to  some  observers,  in  w'inter  th.an 
in  summer,  in  spring  than  in  autumn  ; according  to 
others,  it  is  greater  in  spring  and  summer  than  in 
autumn  and  winter. 

PAPER. — Papier,  French  and  German  ; Papijrits, 
I.atin ; Greek,  said  to  be  formed  from 

Tacu,  to  feed,  and  fire. — This  derivation  of  the 

Greek  name  for  the  plant  (papyrus)  clearly  indicates 
65 
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the  purpose  to  which  it  may  be  supposed  to  have 
been  formerly  applied. 

Before  the  use  of  papyrus  as  a material  on  which 
records  intended  for  a future  generation  might  be 
inscribed,  men  employed  stones,  either  forming  them 
as  commemorative  structures,  or  inscribing  upon 
them,  when  so  formed,  pictorial  hieroglyphics. 
Stonehenge,  in  Wiltshire,  may  be  taken  as  an  illus- 
tration of  the  former  use;  and  the  monuments  of 
Egypt,  supposed  to  have  been  erected  nearly  2000 
years  before  Christ,  are  illustrations  of  the  latter. 
The  soft  metals,  especially  lead,  were  also  in  use  in 
early  times. 

Papyrus. — Paper  as  an  article  of  manufacture  is 
said  to  have  been  known  to  the  Chinese  about  150 
years  B.C.  At  or  about  the  time  when  they  thus 
made  an  article  on  which  characters  could  be  inscribed 
the  Egyptians  began  to  employ  the  papyrus  plant. 
A manuscript  of  the  “ Antiquities  of  Josephus  ” on 
papyrus  still  exists;  and  it  has  been  proved  that 
paper  made  from  the  papyrus  plant,  1822  years  B.C., 
was  in  existence  in  the  eighth  century  a.d. 

The  papyrus  is  a bulrush  which  grows  in  the  Nile 
and  the  marshy  swamps  connected  with  that  river. 
Boats  as  well  as  paper  were  made  from  it.  Isaiah 
alludes  to  the  former  (chap,  xviii.  ver.  2) — “ in 
vessels  of  bulrushes ; ” and  to  the  latter  (xix.  ver.  7) 
— “ the  paper  reeds  by  the  brooks.”  It  was  in  one 
of  these  papyrus  or  paper  boats,  made  as  described 
in  Exodus  (chap.  ii.  ver.  3),  that  Moses  was  “ laid 
in  the  flags  by  the  river’s  brink.” 

Pliny  describes  the  mode  of  using  the  papyrus 
plant  for  the  making  of  paper  as  follows : — The 
jjapyrus  was  cut  before  reaching  maturity,  being 
then  in  a soft  and  spongy  state,  and  was  divided 
by  a peculiar  needle  into  thin  plates  or  pellicles, 
which  were  laid  lengthways  on  a table  alongside 
of  each  otlier,  with  their  edges  touching.  Another 
layer  was  laid  across  at  right  angles.  These  were 
moistened  with  warm  water  and  then  pressed,  which 
caused  them  to  adhere,  so  that  the  two  layers 
became  one  compact  sheet.  After  it  was  pressed,  it 
was  dried  in  the  sun,  and  was  then  steeped  in  a size 
or  starch,  made  by  pouring  boiling  water  on  bread 
and  filtering  the  liquor  through  a cloth,  after  which 
the  leaves  were  again  dried  in  the  sun.  Tlie  finer 
kinds  used  for  writing  arc  supposed  to  have  been 
made  from  the  inner  part  of  the  stem,  while  the 
coarser  were  made  from  the  outer  rind,  and  were 
used  for  packing. 

It  may  be  mentioned  that,  if  reliance  can  be  placed 
upon  Chinese  records,  the  very  early  history  of  their 
kingdom  was  written  upon  plates  of  bamboo,  which 
were  destroyed  in  one  of  their  dynastic  wars.  Books 
of  this  primitive  nature  may  be  seen  among  the 
curiosities  in  the  King’s  library  at  the  British  Mnseum. 
As  a vegetable  substance  for  writing  on,  bamboo  is 
more  ancient  than  pajiyrus.  Recent  experiments  in 
reference  to  this  plant  have  led  to  the  expectation 
that  it  may  be  profitably  employed  for  the  manufac- 
ture of  paper  in  the  present  day.  An  account  of 
the  proposed  method  will  be  given  in  its  proper  place. 

Parchment. — Jealousy  on  the  part  of  the  Egyptian 


authorities,  lest  in  other  countries  a library  equal 
to  that  at  Alexandria  should  be  formed,  led  to  a 
prohibition  of  the  export  of  papyrus.  This  is  said 
to  have  prompted  Eumenes,  king  of  Pergamos,  to 
utilize  the  skins  of  animals.  Little  change  has  been 
made  in  the  mode  of  preparing  skins  for  writing 
upon  ; but  a very  efficient  substitute  for  these  pre- 
pared piirchment  skins  was  proposed  by  Mr.  Gaine. 
The  manufacture  of  this  parchment  paper,  or  vege- 
table parchment,  as  it  is  sometimes  called,  has 
become  so  important,  that  an  account  of  the  plan 
adopted  is  given  below. 

The  skin  of  any  animal  might,  with  proper  treat- 
ment, be  converted  into  a suitable  material  for 
writing  upon ; but,  according  to  Dr.  Ure,  the  fol- 
lowing list  gives  the  only  skins  extensively  employed, 
and  the  uses  to  which  they  are  put. 


Skin  ot  Employed  (or. 

Sheep  or  she-goat, Parchment. 

Calves,  kids,  and  dead-born  lambs,.. . Vellnin. 

He-goat,  she-goat,  and  wolves, Drum-heads. 

Ass, Battledores. 


Vegetable  Parchment. — In  1857  Mr.  W.  E.  Gaine 
took  out  a patent  for  a very  interesting  and  im- 
portant process,  whereby  ordinary  unsized  paper, 
such  as  blotting  or  filtering  paper,  can  be  at  once 
converted  into  a tough  transparent  substance,  almost 
impervious  to  moisture,  and  possessing  several  valu- 
able and  remarkable  properties.  The  process  con- 
sists in  immersing  the  paper  in  a mixture  of  2 parts 
of  oil  of  vitriol  and  1 part  of  water  at  the  ordinary 
temperature  for  a few  minutes  ; and  it  is  found  that 
if  the  mixture  is  not  formed  exactly  in  this  proportion, 
or  even  if  one  portion  of  the  paper  treated  be  less 
moist  than  another  portion,  the  experiment  is  un- 
successful. Great  care  is  also  required  in  removing 
every  trace  of  acid  from  the  fibre;  and  with  this 
object  it  may,  after  being  carefully  washed,  be 
treated  with  a very  dilute  solution  of  ammonia,  the 
final  traces  of  sulphate  of  ammonia  being  removed 
by  further  washing,  and  traces  of  ammonia  by  lime 
or  baryta,  after  which  it  is  simply  dried. 

Leaves. — The  leaves  of  some  kinds  of  plants,  after 
undergoing  a process  of  drying  and  rubbing,  make 
a tolerable  writing  material ; and  Mr.  Herring  says 
that  the  natives  of  India  use  them  in  preference  to 
paper  for  ordinary  correspondence. 

Although  the  substances  previously  enumerated 
have  been  all  used  for  writing  upon,  they  would, 
however  suitable  for  that  purpose,  have  been  alto- 
gether useless  for  printing.  The  papyrus  was  too 
hard  and  brittle  either  to  receive  an  impression,  or 
to  resist  heavy  pressure.  The  mode  of  writing  upon 
it,  with  a style  or  sharp  metallic  point,  shows  that  it 
was  not  suitable  for  printing.  It  is  therefore  by  no 
means  wonderful  that  the  art  of  printing  was  not 
discovered  in  the  earlier  ages  of  the  world. 

Paper. — Very  little  information  can  now  be  ob- 
tained of  the  invention  and  early  progress  of  the  art 
of  paper-making.  The  earliest  accounts  do  not  agree 
either  in  regard  to  date  or  place;  but  there  is  little 
doubt  tliat  the  principle  of  the  modern  art  of  reduc- 
ing vegetable  fibre  to  a liquid  state  is  of  Chinese 


PAPER. — Manufacture.  Materials. 


origin,  dating  from  about  the  beginning  of  the  Chris- 
tian era.  The  first  accounts  of  paper  bearing  any 
resemblance  to  the  article  now  manufactured  date 
from  the  tenth  century.  Gibbon  says  that  the  know- 
ledge of  the  inestimable  art  of  making  paper  from 
linen  rags  was  diffused  from  the  manufactures  of 
Samarcand  over  the  western  world;  and  he  adds, 
that  the  librarian  Cassire  relates  from  credible 
testimony  that  paper  was  first  invented,  or  rather 
introduced,  at  Mecca  by  Joseph  Amru,  in  the  year 
706  or  710. 

The  art  reappears  in  Germany  during  the  four- 
teenth century  ; but  as  early  as  1290  a paper-mill  is 
said  to  have  existed  at  Ravensburg.  A mill  was 
erected  at  Nuremberg  in  Germany,  to  make  paper 
from  linen  rags,  by  Ullman  Stromer,  in  1390.  At 
this  time  the  process  was  kept  strictly  secret,  and 
the  workmen  were  sworn  not  to  divulge  it  or  carry 
it  on  on  their  own  account.  Notwithstanding  all  these 
precautions  to  keep  the  art  secret,  it  became  known, 
and  was  introduced  into  France,  Holland,  and 
Genoa,  in  all  of  which  it  seems  to  have  been  pro- 
secuted with  success,  particularly  in  France,  whence 
there  was  a considerable  quantity  exported  to  Eng- 
land and  other  countries.  The  trade  began  to  de- 
cline in  France  about  the  middle  of  last  century, 
as  other  countries,  particularly  Great  Britain,  were 
by  that  time  manufacturing  nearly  sufficient  for  their 
own  use. 

The  first  paper-mill  in  England,  of  which  there  is 
any  particular  account,  was  erected  at  Dartford  in 
Kent  in  1588,  by  Sir  John  Spielman,  a German 
jeweller  in  the  employment  of  Queen  Elizabeth. 
Herring  says  it  is  quite  certain  that  paper-mills 
were  in  existence  long  before  Spielman’s  time,  and 
adduces  a passage  in  Shakspeare’s  play  of  “ Henry 
the  Sixth,”  in  which  reference  is  made  to  a paper-mill 
at  least  a century  before  this ; and  while  he  admits 
that  the  chronological  accuracy  of  Shakspeare  is  not 
to  be  depended  on,  he  points  out  that  the  earliest 
traces  of  the  manufacture  in  this  country  occur  in  a 
book  published  by  Caxton  in  1^190.  The  mill  to 
which  reference  is  supposed  to  be  made  was  near 
Stevenage  in  Hertfordshire.  In  the  household  book  of 
Henry  VII.  there  is  an  entry  of  a reward  of  16,<.  8</. 
given  to  the  paper  mylne,  dated  25th  May,  1498  ; and 
again  in  1499  another  reward  of  6,s-.  Sd.  is  given 
to  Tate  of  the  Mylne,  sup[,osed  to  be  the  mill  at 
Stevenage. 

About  1685  white  paper,  of  which  little  had  been 
made,  began  to  be  more  generally  manufactured, 
and  the  quantity  rapidly  increased.  It  was  estimated 
that  about  300,000  reams  were  produced  in  1721, 
and  this  was  supposed  to  be  about  two-thirds  of  tlie 
consumption  of  the  country. 

Manufacture  of  Paper. — Materials. — Formerly 
vegetable  substiinces,  and  more  especially  linen  and 
cotton  rags,  which  could  be  obtained  with  compara- 
tively little  difficulty,  Avere  exclusively  employed  for 
the  manufacture  of  paper;  but  as  the  demand  for  it 
increased,  great  fears  were  entertained  that  tlie  sup- 
ply would  fall  short,  tlie  sources  from  which  it  was 
drawn  not  being  thought  to  be  of  so  elastic  a nature 
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I as  the  enormous  consumption  of  paper  rendered 
necessary. 

! llie  difficulties  in  finding  a thoroughly  efficient 
I substitute  were  very  great,  and  even  at  the  present 
^ day  no  material  has  been  found  which  satisfies  all 
requirements.  The  principal  advantage  possessed 
by  rags  is  peculiar,  and  consists  in  the  circumstance 
that  in  their  conversion  from  raw  vegetable  fibre 
into  « oven  fabrics  they  have  undergone  a thorough 
cleansing,  and  have  been  subjected  to  certain  opera- 
tions, all  of  which  tend  to  make  them  suitable  for 
the  manufacture  of  paper,  and  through  which  the 
raw  material,  if  used  directly  for  the  manufacture  of 
paper,  would  in  a modified  form  have  to  pass.  As, 
therefore,  the  cost  of  such  treatment  has  already 
been  met  in  the  purchase  of  the  new  material, 
whether  it  be  linen,  calico,  or  any  other  manufac- 
tured fibre,  the  paper  manufacturer  is  relieved  from 
this  expense  and  labour,  and  the  cost  of  finished 
paper  can  be  lowered  in  like  proportion.  Moreover, 
no  other  manufacturer  competes  for  the  purchase  of 
w'orn  out  linen  or  cotton  goods,  they  being  neither 
ground  up  to  make  shoddy,  as  are  some  descriptions 
of  old  woollen  goods,  nor  used  either  for  manure  or 
tinder.  It  is  a remarkable  fact,  and  abundantly 
proved  by  statistics,  that  although  the  quantity  of 
paper  produced  per  annum  increased  nearly  four- 
fold between  1830  and  1860,  the  price  of  rags 
remained  nearly  consfiint,  and  was,  in  fact,  slightly 
lower  in  the  latter  year:  in  1830  they  varied,  accord- 
ing to  quality,  from  £45  to  £10  per  ton,  and  in 
1860  from  £38  to  £10.  The  tax  on  paper  was, 
however,  repealed  in  1859,  and  its  influence  was 
very  perceptible  in  1861,  since  which  date  the  pro- 
duce of  paper  has  increased  very  much,  and  the 
price  of  rags,  &c.,  has  become  so  excessive  as  tO 
render  it  imperative  that  some  efficient  substitute 
should  be  found. 

The  following  list  of  the  principal  materials  which 
have  been  proposed  from  time  to  time  for  employ- 
ment in  the  manufacture  of  pulp,  is  taken  chiefly 
from  an  article  by  Professor  Archer  in  the  excel- 
lent series  of  manuals  on  British  Manufacturing 
Industries,  recently  issued.  Those  in  italics  are  now 
more  or  less  in  use  in  this  or  other  countries. 

Linen  rays,  flax,  fax  tow,  and  refuse. 

Cotton  rays  and  cotton  wool. 

Old  ropes  (junk),  oalum,  hempen  canvas,  and 
sacking. 

Old  sackiny  and  gunny  cloth,  made  of  jute. 

Alfa  or  Esparto  yrass,  wood  of  various  kinds,  straw, 
maize  husks. 

The  dwarf  palm  {Chamcerops  humilis). 

Leaves  of  American  aloes  {Ayave^. 

Leaf-stalks  of  the  banana,  plantain,  and  the  manila 
or  textile  banana  {Alusa  textilis). 

Bamboo  and  rattan  canes. 

Stems  of  the  horse  bean,  French  bean,  and  scarlet 
runner. 

Hopbines,  nettles,  thistles,  mallow  stems. 

New  Zealand  flax,  sugar-cane  refuse,  tobacco  and 
potato  stalks. 

Beet-root  refuse  from  the  sugar-works. 
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Grasses,  clover,  lupin  stalks,  sunflower  stalks. 

Various  ruslies,  the  yellow  iris,  bryony  roots. 

Twigs  of  the  common  broom  and  heather. 

Rhubarb  stalks,  mustard  stems  (after  thrashing). 

Pine -apple  leaves  and  the  sea -grass  (Zostera 
marina). 

The  bark  of  the  baobab  tree  {Adansonia  digitata). 

Gombo. 

Zizania  straw. 

Miscellaneous  substances,  vegetable  and  animal: — 

Peat,  moss,  and  bracken  fern. 

Sawdust,  spent  tan,  bast  matting. 

Barks  of  various  trees,  especially  the  paper  mul~ 
herrij. 

Floss  silk,  wool,  fur,  leather  waste. 

Asbestos,  cotton-seed  husks. 

Before  proceeding  to  give  an  account  of  the  several 
manufacturing  processes,  it  will  be  well  to  describe 
briefly  the  more  important  substances  contained  in 
the  above  list. 

According  to  Schutzenberger,  the  pulps  derived 
from  the  various  materials  other  than  rags  range 


themselves, 
order : — 

II! 

(3) 

(4) 
(6) 
(6) 
(7) 


as  regards  quality,  in  the  following 

Pulp  formed  from  Esparto  grass. 

" Wood. 

Rye. 

Wheat  straw. 

Oat  straw. 

Barley  straw. 

Buck  wheat  straw. 

Ragn. — The  system  adopted  in  the  sorting  of  rags 
will  be  presently  explained,  and  it  will  be  sufficient 
here  to  mention  a few  general  facts  with  reference 
to  them.  Their  quality  varies  much  with  the  locality 
in  which  they  are  collected.  Thus  those  from  great 
centres  of  population  are  fine  and  white,  and  the 
steps  taken  to  bleach  the  materials  have  reduced  the 
strength  of  the  fibre.  Country  rags,  on  the  contrary, 
are  coarse,  strong,  and  of  a greyish  colour,  and 
frequently  contain  pieces  of  newer  material  added 
for  repairs. 

Care  should  always  be  taken  that  the  rags,  if 
stored,  are  dry,  as  otherwise  they  are  liable  to  take 
fire  owing  to  the  heat  generated  by  fermentation  ; 
and  even  if  this  were  not  the  case  it  would  be  very 
detrimental  to  the  toughness  of  the  fibre.  Old  rags 
are  almost  pure  cellulose,  that  is,  their  composition 
is  as  follows : — 

Carbon, 44'44 

Hydiogeu, 6’18 

Oxygen, 49 '38 

100-00 

From  which  the  formula  will  be  seen  to  be 

^18^^30^15- 

Esparto  Grass.  — Of  the  various  materials  from 
time  to  time  suggested  for  the  purposes  of  the 
paper  manufacturer,  in  addition  to  or  as  a substitute 
for  rags,  none  have  attained  to  the  importance  of 
“Esparto,”  or  “Spanish  grass.”  In  18.56,  when 
first  introduced,  about  40  tons  were  imported,  and 
now  the  consumption  has  risen  to  nearly  150,000 
tons  per  annum.  The  first  price  was  £4  per  ton  ; it 


is  now  £10  per  ton,  and  there  is  every  reason  to 
expect  a still  higher  price.  This  rapidly  extended 
demand  for  an  article  which  was  deemed  of  little 
or  no  value  in  Spain,  and  which  was  considered  as 
cumbering  the  soil,  soon  began  to  tell  upon  the 
quantity  that  could  be  brought  into  the  market,  and  a 
considerable  amount  of  attention  was  dii  ected  to  the 
cultivation  of  Esparto,  Then  it  became  obvious  that 
no  ordinary  care  could  keep  production  in  advance 
of  demand,  for  the  young  seedling  was  not  only 
delicate,  but  its  growth  for  the  first  two  years  was 
scarcely  perceptible.  Indeed,  before  the  plant  de- 
velopes  serviceable  fibre  a period  of  ten  or  twelve 
years  must  elapse.  If  then  duly  cared  for  it  may 
live  to  a great  age. 

The  Esparto  is  indigenous  to  Spain,  where  it  grows 
wild  in  almost  all  parts,  and  resembles  very  much 
the  common  spear  grass  which  is  found  on  the 
sandy  shores  of  Lancashire.  It  has  long  been  used 
in  Spain  for  making  matting,  cords,  baskets,  &c.,  and 
appears  to  have  been  employed  for  such  purposes 
by  the  Phoenicians,  who  gathered  it  in  large  quanti- 
ties from  the  coasts.  It  grows  where  few  other  plants 
will  grow,  even  on  igneous  mountains  and  sterile 
rocks,  and  on  the  sea  shore.  It  is  also  met  with  in 
the  northern  districts  of  Africa. 

The  fibre  of  the  leaf  is  the  part  of  the  plant 
required.  The  leaves  are  carefully  separated  from 
the  plant  between  July  and  October,  and  it  is  essen- 
tial that  the  harvesting  take  place  in  dry  weather. 
In  wet  weather  the  stems  are  not  unlikely  to  be 
drawn  up,  and  sent  in  bulk  to  the  paper  manu- 
facturer ; thus  not  only  giving  him  what  is  useless, 
but  destroying  a plant  which  requires  so  long  to 
develop. 

Various  attempts  have  been  made  to  manufacture 
paper  from  Esparto  during  the  last  foi'ty  years.  No 
material  alteration  for  this  purpose  is  needed  in  the 
machinery  generally  used  ; indeed  much  less  power 
is  required.  The  successful  working  of  the  fibre 
seems  to  depend  mainly  on  the  careful  and  proper 
adjustment  of  the  quantity  and  strength  of  the 
chemicals  employed.  The  soda-ash  required  to 
neutralize  the  gummo-resinous  matters,  and  the 
bleaching  powder  to  bring  the  product  to  a suitable 
colour  for  printing,  are  five  or  six  times  as  much  as  are 
needed  for  bleaching  and  cleansing  the  coarsest  rags. 

The  grass  is  found  on  analysis  to  contain  in  100 
parts — 

Water 9-62 

Oil . 1-23 

Albuniinons  matter, 5-46 

Starch,  gum,  sugar, 22-37 

Mineral  substances, 5-04 

Fibre, 56-28 

Wood  yields  two  products  of  great  importance  in 
th  ; manufacture  of  paper.  They  are  (1)  the  so- 
called  mechanical  wood  tissue,  obtained  by  grinding 
wood ; and  (2)  the  cellular  tissue,  or  wood-cellulose, 
obtained  by  the  action  of  chemical  agents  on  the 
wood.  The  latter  of  these  yields  a substance  of 
striking  compactness,  and  can  be  used  for  making 
the  best  qualities  of  paper. 
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In  1865  a large  factory  for  the  preparation  of 
wood  by  ehemical  means  was  established  near  Phila- 
delphia ; but  owing  to  want  of  machinery,  &c.,  it 
was  found  impossible  to  prepare  the  pulp  at  a 
remunerative  cost.  Since  that  time,  however,  several 
mills  have  been  profitably  worked;  and  in  1871 
an  English  and  Swedish  Company  set  up  five  large 
factories  in  Sweden.  Germany  possesses  about  six  such 
factories.  Recently  mills  have  been  erected  for  pre- 
paring pulp  from  wood  in  Norway  and  Sweden,  thus 
avoiding  the  cost  of  transport  to  the  chief  paper- 
producing  countries  of  a large  quantity  of  useless 
material.  The  timber  is  converted  into  pulp,  either 
by  the  grinding  process  invented  by  Voelter,  or  by 
boiling  with  chemicals,  and  the  half-stuff  is  dried  and 
compressed  into  cakes  for  exportation.  It  is,  how 
ever,  not  used  extensively  in  this  country ; and  Bel- 
gium is  one  of  the  chief  producers  of  paper  from 
wood. 

Straw. — Although  straw  unmixed  with  rags  can 
be  used  for  the  manufacture  of  writing  paper,  it 
is  of  very  inferior  quality,  entirely  lacking  in  the 
strength  which  rags  impart.  A useful  brown  paper 
can,  however,  be  prepared  from  it,  and  it  is  exten 
sively  used  in  conjunction  with  rags. 


T’he  straw  most  suitable  for  conversion  into  paper 
is  that  obtained  from  wheat;  but  oats,  rye,  and 
barley  may  be  used.  The  principal  difficulty  in  thepre- 
paration  consists  in  the  removal  of  the  silica  present ; 
hence  wheat  straw,  which  contains  the  smallest 
quantity  of  this  substance,  is  the  most  easily  treated. 
Considerable  care  is  required  in  the  purchase  of 
straw  by  the  manufacturer,  as  the  value  is  materially 
diminished  if  it  has  been  exposed  to  the  weather, 
after  being  cut,  for  some  time,  as  this  causes  rotting 
to  ensue.  Care  should  also  be  taken  to  avoid  such 
as  has  been  carelessly  harvested,  so  as  to  include 
impurities,  such  as  grain,  weeds,  chaff,  &c.  It  may 
be  mentioned  that  only  oats,  wheat,  rye,  and  in 
some  districts  barley,  can  be  obtained  in  such  quan- 
tities as  to  be  of  service  in  the  manufacture. 

The  following  table  gives  the  results  of  a number 
of  experiments  made  by  C.  Schmidt,  in  order  to 
ascertain  the  relative  values  of  various  materials  to 
the  paper  maker ; and  it  shows  in  a striking  manner 
that  foliage  contains  but  a small  quantity  of  fibrous 
matter,  and  is  therefore  of  no  service ; whereas 
wheat  and  bean  straw,  and  in  a still  greater  degree 
rapeseed  straw,  are  eminently  suited  for  conversion 
into  pulp. 


Folmge 
of  Oak 
Trees. 

Poplar 

Bean 

Pea 

Barley 

Oat 

Lans 

Com 

Husks, 

Rape- 

Seed 

Straw, 

Rye 

Wheat 

Foliage. 

Straw 

Straw. 

Straw. 

Straw. 

Straw. 

Maize 

Straw. 

Straw. 

Stiaw. 

Parts  extracted  by  water, 

25-00 

28-00 

10-67 

46-60 

11-33 

20-67 

27-47 

17-00 

14-80 

2-80 

7-60 

Parts  extracted  by  a weak  lye  of  potash,. . 

.57-00 

48-36 

37-4-2 

-23-24 

38-24 

31-62 

34-16 

.57-03 

29-80 

49-08 

40-43 

Wax,  resin,  and  chlorophyll, 

Fibre, 

3-00 

2-88 

0-yi 

1-54 

0-78 

0-77 

1-27 

1-74 

0-50 

0-52 

0-47 

15-00 

20-76 

51-00 

28-62 

49-65 

46-94 

37-10 

24-23 

54-90 

47-62 

51-50 

Supply  of  Material.s. — To  investigate  the  causes 
which  have  influenced  the  demand  for  the  raw  material 
for  the  making  of  paper  during  the  last  twenty  years 
is  not  the  province  of  this  article.  It  may,  however, 
be  assumed  that  certain  causes  have  materially 
stimulated  every  industry  in  which  paper  is  involved; 
hence  the  necessity  for  a largely  increased  and  in- 
creasing supply.  Hitherto  vegetable  fibre  has  been 
considered  as  the  source  whence  to  look  for  this 
increase.  These  fibres  are  so  various  that  inquirers 
in  any  one  district  are  apt  to  appreciate  too  highly 
the  fibre  of  most  ready  access. 

This  may  account  for  the  sending  to  the  English 
market  of  many  fibres  which,  whilst  hopeful,  are  yet 
of  much  less  value  than  those  from  other  districts, 
and  which  can  be  imported  at  a less  price.  To  the 
Internationid  Exhibition  in  London  in  1872,  India 
sent  two  cases  containing  specimens  of  thirty-three 
fibres  from  that  country.  There  were  also  samples 
of  paper  made  from  twenty-eight  various  materials — 
all  products  of  the  vegehible  kingdom. 

The  geographical  area  from  which  rags — the 
original  raw  material  of  paper — are  now  collected 
is  of  very  remarkable  extent.  They  are  brought 
to  Great  Britain  from  almost  every  country;  they 
come  hither  even  from  Japan  and  the  most  remote 
stiites  of  South  America,  as  well  as  from  the  con- 
tinent of  Europe.  The  bags  containing  them  are 
generally  transmitted  in  the  condition  in  which 
they  have  been  imported  to  those  who  purchase 


them  for  paper-making.  The  rags  collected  in 
England  for  the  most  part  pass  through  the  hands 
of  wholesale  merchants,  who  are  chiefly  to  be  found 
in  London,  Liverpool,  Manchester,  and  Bristol, 
and  are  more  or  less  sorted  before  being  sent  to 
the  manufacturer.  The  trade,  however,  do  no  more 
than  this  rough  sorting ; no  process  is  adopted  by  the 
merchants  for  either  cleansing  or  disinfecting  the 
goods.  The  sorting  necessarily  discovers  certain 
rags  that  are  useless  for  the  paper  manufacturer. 
These  are  used  as  manure,  particularly  where  hops 
are  grown.  The  woollen  rags  are  not  generally 
mixed  with  the  cotton  ones,  although  when  in  the 
cloth  manufacture  flax  and  wool  have  been  com- 
bined, there  is  a process  by  which  such  rags  may 
be  converted  into  paper;  yet  as  a general  rule  the 
woollen  materials  (of  which  some  millions  of  pounds 
are  annually  imported)  are  formed  into  “shoddy.” 

Waste  paper,  old  ledgers,  railway  tickets,  and 
even  the  minute  disks  punched  from  postage 
stamp  sheets,  are  sent  with  rags  as  valuable  ma- 
terial for  the  paper  manufacturer.  Indeed,  the 
wish  to  utilize  waste  material  in  one  branch  does  at 
times  affect  the  industry  in  a distinct  branch.  For- 
merly all  the  refuse  blowings  and  droppings  from 
silk  and  cotton  mills  were  available  for  the  paper 
maker;  now  these  have  a high  textile  value,  and  form 
the  basis  of  a distinct  trade,  as  in  the  manufacture 
of  wadding,  common  carpets,  twine,  &c. 

Preparation  of  Rags. — We  shall  endeavour,  in 
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the  following  account,  to  make  some  mention  of 

Trieste. 

all  the  more  important  processes  now  in  use. 

S.F.  F.  B.M.  M.O. 

Thrashing. — The  large  quantities  of  dust  and  mis- 

0.  C.B.  C.C.  C.T. 

ceUaueous  refuse  unsuited  to  the  purpose  for  which 

Leguorx. 

the  rags  are  to  be  employed,  which  are  naturally 
present  from  the  circumstances  of  the  case,  and  are 

Linens,  P.L.  Cottons,  P.C.  S.C.  T.C, 

not  unfrequently  added  in  the  form  of  sand,  &c.,  to 

Alexandria. 

increase  the  weight,  render  it  necessary  that  they 
should  always  undergo  a preliminary  dusting ; and 

Cottons,  White.  Cottons,  Blue.  Coloured. 

this  is  the  more  desirable  on  account  of  the  health 

The  sorting  is  usually  performed  by  women, 

of  the  work-people,  and  of  the  preservation  of  the 

whose  duty  it  is,  not  only  to  classify  the  various 

machinery  through  which  the  rags  subsequently 

qualities,  but  to  remove  all  materials,  such  as  but- 

pass.  This  operation  is  usually  performed  in  a 

tons,  hems,  knots,  hooks  and  eyes,  India  rubber. 

rotating  wire  drum,  provided  with  beaters  inside. 

&c.,  which  would  either  be  detrimental  to  the  paper 

In  addition  to  the  loss  in  weight,  owing  to  the 

produced,  or  liable  to  injure  the  machinery. 

removal  of  impurities  during  this  operation,  a small 

The  rags  are  again  examined  by  women  called 

loss  of  the  fibre  also  occurs. 

overhaulers,  or  overlookers.  There  is  generally  one 

The  duster  subsequently  described  may  be  used 

overhauler  to  every  eight  or  ten  cutters.  Some 

for  this  preliminary  operation,  but  a specially  con- 

manufacturers  attach  great  importance  to  having 

structed  appliance  called  a thrasher  is  preferred. 

their  rags  cut  into  pieces  4 inches  square.  But  the 

One  form  of  this  apparatus  consists  of  a wooden 

mere  size  of  the  rags  is  a matter  of  indifference. 

box,  divided  horizontally  by  a semi-cylindrical  divi- 

The  principal  object  is  to  have  them  in  a state  which 

sion  of  gauze  or  perforated  iron ; in  the  upper 

will  insure  their  thorough  cleansing  in  future  pro- 

portion  the  box  is  provided  with  strong  teeth,  and  a 

eesses,  and  cause  them  to  float  among  water  in  the 

wooden  horizontal  drum  armed  with  similar  teeth  is 

rag-engine  without  twisting  and  warping  round  the 

caused  to  revolve,  so  that  the  fixed  and  moving 

roller.  Anything  smaller  than  is  necessary  for  this 

teeth  pass  alternately  between  each  other ; the  rags. 

purpose  causes  a greater  loss  of  fibre  in  the  willow 

being  introduced  through  doors  into  this  space,  are 

and  duster. 

effectively  purified,  the  dust  passing  into  the  portion 

Cutting. — When  this  process  of  dividing  the  rags 

of  the  box  below  the  gauze  division. 

into  small  fragments,  with  a view  to  their  being 

Sorting. — Several  circumstances  must  be  taken 

converted  into  pulp,  is  performed  by  hand,  as  is 

into  account  in  preparing  the  rags  before  they  are 

frequently  the  case,  it  is  usually  accomplished,  at  the 

passed  on  to  the  processes  necessary  for  the  manu- 

same  time  as  the  above  process  of  sorting,  by  women. 

facture  of  paper.  These  depend  on  the  nature  of 

Each  stands  in  front  of  an  oblong  box  covered  with 

the  fibre  composing  the  rags  ; that  is,  whether  they 

a coarse  wire  netting,  containing  three  threads  per 

consist  of  linen,  silk,  cotton,  hemp,  or  wool,  the 

linear  inch,  in  the  centre  of  which  is  fixed  one  or 

thickness  of  the  substance,  the  state  of  wear,  and 

more  large-bladed  knives,  with  their  backs  towards 

finally  the  colour.  Blue  rags  are  usually  separated 

the  operator.  She  is  surrounded  by  a number  of 

from  the  rest,  and  are  employed  for  the  manufacture 

small  boxes,  according  to  the  extent  to  which  the 

of  blue  paper,  whereas  most  of  the  others  require 

sorting  is  carried,  and  these  may  conveniently  be 

bleaching.  The  finer  qualities  are  set  aside  for 

mounted  on  wheels  in  order  to  facilitate  their 

writing  paper,  and  the  inferior  qualities  may  be  used 

removal.  The  immense  demand  for  paper  rendered 

separately,  or  mixed  in  various  proportions  according 

it  very  desirable  that  this  process  should,  if  possible. 

to  the  experience  of  the  manufacturer;  and  consider- 

be  accomplished  by  machinery ; but  it  is  a case  in 

able  skill  is  required  in  order  to  avoid,  on  the  one 

which  a certain  limited  amount  of  intelligence  is 

hand,  waste  of  the  better  qualities,  and  on  the 

essential,  and  although  machinery  has  been  intro- 

other,  an  inferior  colour  and  quality  in  the  paper 

duced  for  the  purpose,  it  is  only  employed  for  the 

produced.  The  canvas  sacks  in  which  the  rags  are 

coarser  papers,  and  cutting  for  writing  paper  is  still 

brought  to  the  mill  are  worked  up  into  the  coarser 

performed  by  hand.  Moreover,  it  is  evident  that 

qualities  of  paper. 

a machine  would  be  unable  to  always  divide  raw' 

British  paper  makers  usually  classify  the  rags 

material  in  the  direction  of  the  fibre,  a fact  which 

collected  at  home  under  the  following  fourteen 

would  occasion  some  waste  in  the  subsequent 

heads : — 

treatment. 

New  Cuttings,  Fines  (whites),  Outshots  (whites). 

Rag  cutters  of  various  forms  are  in  use.  Those 

Seconds  (whites).  Thirds  (whites).  Colours  or  Prints, 

provided  with  a self-acting  feed  are  evidently  much 

Blues,  Gunny  Clean,  Gunny  dirty.  Rope  (hard). 

to  be  commended,  for  the  accidents  arising  from  the 

Rope  (white).  Rope  Bag,  Bagging,  Hand-Stuff. 
And  the  foreign  rags  are  thus  denominated : — 

Hamburg. 

use  of  hand-fed  instruments  are  very  numerous. 
Fig.  1 represents  a cutter  provided  with  a feed 
roller.  A,  4 or  5 inches  in  diameter,  and  provided 
with  conical  pins  over  its  surface.  The  revolving 

S.P.FF.  C.S.P.FF.  C.F.B. 

S P.F.  S.F.X.  O.F  X. 

knives  are  of  cast  iron,  and  are  permanently  fixed 

FF.'  ’ L.F.B.  F.R. 

in  the  frame,  B.  They  pass  in  their  rotation  close 

L.F.X. 

to  the  projecting  steel  lip,  L,  and  they  remain 
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sufficiently  sharp ; it  is  therefore  only  necessary  to 
advance  them  from  time  to  time  by  means  of  the 
set  screws  shown  in  the  figure.  Motion  is  communi- 
cated to  the  shaft,  D,  and  this  causes  the  shaft,  e, 
to  rotate,  as  well  as  that  carrying  the  cutters  and  a 
small  roller,  M,  which  gives  motion  to  an  apron  in 

Fig.  1. 


order  to  convey  away  the  cut  rags.  E ana  D are 
provided  with  cone  pulleys,  in  order  to  regulate  the 
rate  of  feed  according  to  the  nature  of  the  rags 
under  treatment  E communicates  its  motion  both 
to  A and  to  the  apron,  H K,  by  which  the  rags  to  be 
operated  upon  are  introduced. 

The  rag  cutter  designed  by  B.  Donkin  & Co., 
shown  in  Fig.  2,  is  capable  of  cutting  from  8 to 

Fig.  2. 


10  cwts.  of  rags,  ropes,  hemp,  and  such  like  material 
in  an  hour.  The  materials  are  placed  in  a feeding 
trough,  and  pushed  forward  by  an  attendant,  until 
brought  under  a strong  leather  endless  band  pro- 
vided with  leather  cross  ribs.  This  band  passes 
over  a pair  of  grooved  wooden  drums,  and  under  a 
series  of  light  grooved  rollers;  and  an  intermittent 
motion  is  given  to  it  by  pawls  acting  on  ratchet 


wheels  fixed  on  the  axles  of  the  grooved  drums. 
The  cutting  is  effected  by  a large  knife  9 inches 
wide,  and  extending  the  whole  width  of  the  trough, 
supplemented  by  three  narrower  knives  at  right 
angles  to  it.  By  this  arrangement  a division  of  the 
material  in  two  directions  at  right  angles  is  simul- 
taneously effected.  All  four  knives  are  fixed  to  a 
strong  cross-head  working  between  guides,  and  the 
edges  of  the  blades  can  be  set  level  by  means  of 
adjusting  screws.  The  cross-head  is  coupled  by  two 
connecting-rods  to  a crank-shaft  below,  which  carries 
a spur  - wheel.  This  wheel  is 
driven  by  a pinion  on  the  same 
shaft  with  the  belt  pulleys. 

In  another  form  of  apparatus 
the  cutters  are  caused  to  revolve,  being  fixed 
at  the  circumference  of  a heavy  wheel,  and  this 
may  carry  two,  three,  or  four  knives.  It  is  pro- 
vided with  a self-acting  feed  of  the  ordinary 
construction,  and  some  makers  cover  the  whole 
in  by  an  iron  hood,  a precaution  which  avoids 
all  risk  from  the  cutters.  This  form  is  specially 
serviceable  for  treating  coarse  rags,  rope,  sail 
cloth,  &c. 

Willowing  of  Rags. — At  this  stage  the  rags  in  some 
mills  are  taken  to  the  icillow,  which  consists  of  two 
cast-iron  cylinders,  2^  feet  in  diameter,  and  3-^  feet 
wide,  covered  with  iron  teeth  projecting  about  4 
inches.  These  cylinders  are  set  one  behind  th« 
other.  Below  them  is  placed  a semi-circular  screen, 
and  a cover  of  the  same  shape  above.  This  cover 
is  also  provided  with  teeth,  and  is  ad- 
justed so  that  the  teeth  in  the  cylinders 
pass  those  in  the  cover  at  a distance  of 
half  or  three-quarters  of  an  inch.  In 
front  are  a pair  of  rollers  and  a revolving 
apron,  for  the  purpose  of  carrying  the 
rags  into  the  cylinders.  These  revolve 
with  a rapid  motion,  and 
the  rags,  being  thrown  by 
the  first  into  the  second, 
are  confined  in  the  cylin- 
ders about  twenty  seconds, 
when  a sliding  door,  which 
rises  three  times  in  one 
minute,  allows  them  to  be 
discharged  into  a duster. 
As  often  as  tins  sliding 
door  opens  tlie  revolving 
apron  moves  forward,  and 
c!  urges  the  willow  with  a 
fresh  supply  of  rags.  The 
latter,  being  thus  beaten 
and  teazed  i;i  the  willow, 
are  loosened  in  texture, 
and  a large  quantity  of  sand  falls  through  the 
screen  underneath. 

Dusting. — As  the  presence  of  miscellaneous  dust 
and  dirt  is  very  detrimental  to  the  paper,  it  is 
necessary  that  this  be  perfectly  removed  while  the 
rags  are  in  a dry  state;  and  even  when  they  have 
been  subjected  to  the  preliminary  process  of  thrash- 
ing it  is  necessary  that  they  pass  through  the 
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“ duster.”  This  is  usually  a wire  cage  or  drum 
inclosed  in  a box,  and  caused  to  rotate;  and  a num- 
ber of  arms  in  the  interior  rotate,  generally  in  the 
reverse  direction  to  the  drum  itself.  The  drum 
being  placed  on  an  incline,  the  rags,  which  are  intro- 
duced at  the  upper  extremity,  pass  through  it,  and 
escape  at  the  lower  end. 

The  “devil”  is  a more  powerful  appliance,  and 
is  specially  useful,  therefore,  for  the  treatment  of 
coarse  and  very  dirty  rags,  hemp,  oakum  rope,  &c. 
The  principle  on  which  it  acts  is  similar  to  that 
of  the  thrasher;  but  the  revolving  axle  is  conical, 
and  carries  a series  of  teeth  arranged  on  it  in  a 
spiral  form.  The  case,  also,  in  which  it  rotates  is 
circular  instead  of  being  square,  and  the  rags  are 
fed  continuously  instead  of  intermittently.  It  usually 
makes  about  300  revolutions  per  minute,  while  the  j 
thrasher  only  rotates  at  about  one-tenth  of  this 
velocity.  The  use  of  this  ajiparatus  facilitates  the 
subsequent  operations ; but  it,  of  course,  requires 
more  power  than  ordinary  dusters,  and  is  said  to 
cause  considerable  waste. 

Boding. — The  principal  object  of  this  operation 


is  to  remove  any  grease  the  rags  may  contain,  by 
means  of  a caustic  alkali ; and  the  process  consider- 
ably aids  the  subsequent  bleaching  in  that  it  weakens 
the  adherence  of  any  colouring  matters  to  the  fibres. 

Rags  are  boiled  also  for  the  purpose  of  killing 
minute  particles  of  the  stem  of  the  flax  and  shell 
of  the  cotton,  which  even  very  fine  cloth  contains. 
These  substances,  which  are  generally  called  shove,  are 
very  injurious  to  paper,  and  boiling  is  the  only  way 
to  get  rid  of  them.  It  also  loosens  the  dirt  in  the 
texture  of  the  rags,  and  considerably  improves  their 
colour.  A strong  flax  rag  will  lose  from  one-third 
to  one-fifth  of  its  weight  by  boiling  and  washing. 

The  boiling  was  formerly  conducted  in  a plain 
cast-iron  vessel  which  was  capable  of  containing 
about  1 cwt.  of  rags.  Various  modifications  were 
introduced  into  this  crude  apparatus,  and  now  either 
cylindrical  or  spherical  rotating  boilers  are  univer- 
sally employed,  the  heat  being  obtained  by  injecting 
steam,  which  may  or  may  not  be  superheated.  The 
i alkali  employed  is  usually  either  quenched  lime  or 
caustic  soda.  A caustic  alkali  prepared  by  boiling 
! lime  and  carbonate  of  soda  together  is  also  fre- 


Fig.  3. 


Fig.  4. 


qucntly  employed.  While  seething  it  should  be 
well  stirred  and  mixed,  and  afterwards  allowed  to 
stand  for  a few  hours,  until  the  sediment  falls  to 
the  bottom,  when  a clear  liquid  is  obtained.  The 
quicklime  is  first  thrown  among  the  hot  w^ater, 
and  some  think  it  improves  the  lye  to  introduce  the 
soda  immediately,  while  the  lime  is  slaking,  as  a 
high  degree  of  heat  is  then  evolved,  which  dis.solves 
the  soda  very  quickly.  Others  slake  the  lime  in  a 
cistern  by  itself,  and,  after  stirring  well,  allow  the 
heavier  and  undissolved  portion  to  fall  to  the  bottom, 
then  run  off  the  upper  portion,  which  has  the  ap- 
pearance of  a fine  thick  cream,  into  another  vessel, 
and  afterwards  put  in  the  soda.  Another  method  is 
to  dissolve  the  lime  as  above,  and  run  it  into  the 
boiler  among  the  rags ; the  quantity  of  soda  to  be 
used  is  then  put  into  a bag,  which  is  introduced  into 
the  boiler  and  its  contents  allowed  to  dissolve.  But 
the  general  way  is  to  mix  the  lime  and  soda,  and 
run  the  clear  liquid  into  the  boiler.  For  the  finest 
papers  this  liquid  should  be  quite  pure  : G to  10  lbs. 
of  soda,  and  3 to  5 of  lime,  are  generally  used  for 
1 cwt.  of  rags ; but  this  proportion  varies  according 


to  the  quality  of  the  rags,  and  every  manufacturer 
has  his  own  method  of  procedure. 

As  an  example  of  boiler  working  at  the  atmos- 
pheric pressure  we  may  mention  tlie  apparatus 
devised  by  Coupieu  in  1858.  It  consists  of  four 
cylindrical  boilers  provided  with  false  bottoms,  on 
which  are  placed  the  rags  saturated  with  lye.  The 
cylinders  are  closed  by  lids  from  which  rise  tubes 
provided  with  taps.  Steam  is  introduced  below  the 
false  bottom  of  each  boiler.  The  four  boilers  are 
so  connected  that  the  tube  from  the  top  of  each 
enters  one  next  to  it  in  the  space  between  the  two 
bottoms,  and  any  connection  can  be  closed  at  will 
by  the  above-mentioned  taps,  an  arrangement  which 
renders  it  possible  to  perform  the  different  stages  of 
the  operation  in  the  four  boilers  simultaneously. 
Thus,  calling  them  1,  2,  3,  and  4,  the  operations 
taking  place  at  any  given  time  will  be  as  follows ; — 

In  No.  1 steam  is  entering  between  the  bottoms, 
and  the  boiling  process  is  taking  place. 

In  No.  2 the  condensed  steam  from  No.  1 enters, 
and  gradually  passes  up  through  the  mass  which  has 
just  been  boiled,  and  washes  it. 
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In  No.  3 the  mass  is  being  withdrawn  from  the 
boiler. 

In  No.  4 a fresh  chiirge  is  being  introduced. 

When  tlie  boiling  in  1 has  been  sufficiently  pro- 
longed the  tap  between  1 and  4 is  opened,  that 
between  1 and  2 closed,  and  steam  introduced  at 
the  base  of  4 instead  of  1. 

AVhen  high-pressure  steam  is  employed,  the  cylin- 
drical or  spherical  boilers  above  re- 
ferred to  are  generally  used.  The 
artifice  of  giving  motion  to  the  boiler, 
in  order  to  insure  a thorough  admix- 
ture of  the  rags  and  tlie  liquor  with 
which  they  are  treated,  originated 
in  America,  and  was  first  introduced 
into  England  by  Bkvan  Donkin 
& Co.,  in  1854. 

FouuDiiiNiEit’s  revolving  cylindri- 
cal boiler  is  shown  in  Figs.  3 and 
4,  the  first  of  which  represents  a 
side  elevation  and  part  section,  while 
the  second  is  an  end  elevation.  The 
two  bearings  are  hollow,  and  at  each 
end  of  the  interior  of  the  boiler  are 
four  perforated  pipes  fixed  upon  a 
bonnet,  for  the  admission  of  clean 
and  the  escape  of  dirty  water ; and 
the  jacket  is  perforated  by  one  or 
more  man-holes,  and  suitable  open- 
ings for  the  introduction  of  water, 
steam,  or  alkali.  'I'he  whole  is 
caused  to  revolve  by  a spur  wlieel. 

Bryan  Donkin,  & Co.’s  spherical 
boiler  is  shown  at  Fig.  5.  It  is 
usually  about  8 feet  in  diameter, 
or  of  such  a size  as  to  treat  from  1 to  ton  at 
once,  and  its  spherical  form  renders  it  capable  of  i 
sustaining  a pressure  which  would  be  unsafe  in  a 
cylindrical  boiler  made  of  the  same  quality  of  iron ; 
the  form  is,  moreover,  convenient,  as  it  facilitates 
the  removal  of  the  rags  at  the  end  of  the  operation, 
it  being  only  necessary  to  rotate  the  boiler  without 
the  lid.  It  is  caused  to  rotate,  by  the  gearing  to 
the  left  of  the  engraving,  about  three  times  in  two 
minutes,  and  during  its  revolution  lifters  inside  ;igi- 
tate  the  rags.  The  trunnions  are  hollow  in  order  to 
admit  of  the  introduction  of  steam,  water,  or  the 
alkaline  lye,  and  they  are  carefully  turned  to  avoid 
cemented  or  run-lead  joints.  The  dirt  and  refuse 
are  removed  during  the  process  of  washing  by  strain- 
ers within  the  boiler.  It  is  usual  to  introduce  the 
unboiled  rags  through  a hole  in  the  floor  above, 
the  boiler  being  placed  in  a vertical  position  and 
the  lid  removed.  Another  form  of  boiler,  manu- 
factured by  Roeckner  & Co.,  of  Newcastle-on-Tyne, 
is  shown  in  Fig.  6.  As  will  be  seen,  an  oval- shaped 
boiler  is  placed  in  an  inclined  position,  and  is 
caused  to  revolve  in  such  a direction  as  that  the 
worm  elevates  the  rags  while  steam  is  introduced 
at  the  lower  end ; during  the  washing  water  enters 
at  the  top.  It  is  capable  of  operating  on  about  5 [ 
tons  of  rags  per  week. 

For  boiling  moderately  soiled  rags  Blanche  re- 
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commends  the  following: — For  500  parts  of  the 
j rags  take  6 parts  of  carbonate  of  soda  (indicating 
I 80°  on  the  alkalimeter),  and  3 jjarts  of  unslacked 
lime,  and  dissolve  the  lime  by  sprinkling  it  with  a 
little  water,  and  then  mix  with  soda.  Boil  the  whole 
three  or  four  hours  in  from  60  to  100  parts  of  water. 
A precipitate  of  carbonate  of  lime  is  formed,  and 
' free  caustic  soda  remains  in  the  solution. 


Iron  boilers  are  objected  to,  however,  in  some 
mills  where  the  best  qualities  of  paper  are  made,  on 
account  of  the  fact  that  small  particles  of  iron  rub 
off  and  discolour  the  paper.  In  these  cases  wooden 
vats  with  mechanical  stirrers  are  jireferred.  The 
boUers  of  Messrs.  Neyret,  Orioli,  & Fredel,  con- 
sist of  tw'o  vessels,  one  within  the  other,  and  the 


heat  is.  communicated  to  the  mass  in  the  inner 
vessel  by  steam  circulating  in  the  jacket  so  formed. 
This  system  has  the  advantage  of  preventing  any 
condensation  of  steam  in  the  lye,  by  which  its 
strength  is  materially  decreased. 

It  is  hardly  necessary  to  mention  that  a high 
pressure  is  desirable  for  coarse  and  strong  rags,  as 
this  naturally  implies  a high  temperature.  When 
60 
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the  finer  class  of  rags  are  being  treated  a lower 
pressure  is  recommended,  as  it  does  less  harm  to 
the  fibre. 

Preliminanj  WashiMj. — Some  manufacturers  pre- 
fer to  pass  the  stuff  after  it  leaves  the  boilers  through 
an  apparatus  whose  sole  function  it  is  to  remove  the 
sand,  &c.,  which  it  may  contain ; and  although  this 
additional  process  is  seldom  resorted  to,  at  least  in 
this  country,  it  may  be  well  briefly  to  describe  the 
arrangement  designed  by  Wriglet  and  Petrie  for 
this  purpose.  It  consists  essentially  of  a long  trough, 
provided  with  a finely-perforated  false  bottom.  At 
one  end  is  placed  a washing  cylinder,  similar  to  that 
subsequently  described  as  existing  in  the  rag  engine ; 
and  at  the  other  end  is  an  ingenious  arrangement  for 
raising  tlie  stuff  (which  is  introduced  automatically 
in  the  neighbourhood  of  the  washing  cylinder)  from 
the  water,  with  which  the  trough  is  nearly  filled.  A 
series  of  self-acting  rakes  carry  the  mass  gradually 
through  the  water,  and  the  thorough  washing  re- 
moves all  sand  and  other  fine  particles,  causing  them 
to  pass  through  the  meshes  of  the  false  bottom. 
Fresh  water  is  constantly  supplied  at  the  exit  end 
of  the  trough,  and  the  currents  of  water  and  rags 
thus  travel  in  opposite  directions;  the  stuff  is  de- 
livered to  the  rag  engine  in  a state  which  tends 
to  the  preservation  of  the  cutting  edges,  in  that  it 
is  freed  from  all  particles  of  a gritty  nature. 

In  other  mills,  again,  the  rags,  after  leaving  the 
duster  and  before  their  introduction  into  the  boilers, 
are  washed  with  the  same  object  in  view.  A very 
simple  form  of  apparatus  may  be  used,  consisting  of 
a rotating  druin  of  wire  gauze,  immersed  in  a tub, 
at  the  base  of  which  water  is  introduced  under 
pressure;  and  as  the  drum  contains  the  rags,  they 
are  thus  held  in  suspension  by  the  water,  while  at 
the  same  time  they  are  prevented  from  escaping. 

Washing  and  Rag  Engines. — The  apparatus  into 
which  the  rags  are  now  introduced — the  washing 
engine — performs  very  important  duties  in  the 
manufacture  of  paper.  It  more  thoroughly  cleanses 
the  rags,  and  reduces  them  to  what  is  technically 
known  as  “ half-stuif.”  Many  forms  of  apparatus 
have  been  devised  from  time  to  time  for  accomplish- 
ing this.  Formerly  it  was  done  by  what  were  known 
as  “ stampers  ” or  “ stocks  ; ” but  a great  advance 
was  made  when,  about  the  middle  of  last  century, 
the  Hollander  was  invented  by  the  Dutch.  The 
principle  of  this  machine  is  still  retained  in  tlje  Rag 
Engine.  Figs.  7 and  8 represent  a plan  and  longi- 
tudinal section  of  a rag  engine,  but  the  details  vary 
somewhat  with  different  makers.  The  vessel,  a a, 
10  feet  long,  4^  feet  wide,  and  2^  feet  deep,  is  com- 
posed of  eight  metal  plates  (or  it  may  be  formed  in 
one  casting),  bolted  to  a wooden  foundation,  and  is 
jjrovided  with  a division,  B B,  of  such  a length  as 
to  leave  a trough  of  a uniform  width  round  it.  A 
cylinder,  c,  rotates  in  one  trough,  and  may  be  driven 
either  by  toothed  wheels  or  belt  gearing.  It  is  pro- 
vided with  a number  of  blades,  arranged  in  pairs, 
and  extending  the  entire  width  of  the  cylinder,  c 
rotates  immediately  above  a metal  plate,  c,  e,  which 
carries  a number  of  steel  blades  firmly  embedded  in 
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it.  The  fixed  blades  make  a small  angle  with 
the  axis  of  the  cylinder,  and  the  distance  between 


the  two  sets  can  be  adjusted,  by  the  aid  of  level- 
ling screws,  according  to  the  degree  of  fineness 
desired  in  the  resulting  fibre.  The  cylinder,  rotat- 
ing in  the  direction  of  the  arrow  with  a velocity  of 
about  230  revolutions  per  minute,  causes  the  water 
and  rags  to  circulate  in  the  engine,  and  the  latter 
are  necessarily  subjected  to  the  action  of  the  blades. 
As  a very  thorough  washing  of  the  rags  takes  place, 
it  is  essential  that  fresh  water  be  constantly  supplied; 
the  dirty  water  is,  at  the  same  time,  removed  by  an 
arrangement  which  varies  at  different  mills.  Some- 
times a cylinder,  H,  is  arranged  in  the  portion,  F H, 
of  the  trough,  and  is  caused  to  rotate  either  by  the 
current  of  water  or  by  gearing.  When  driven  by 
gearing,  it  is  formed  of  two  discs  of  wood  or  copper, 
and  covered  with  fine  gauze,  which  allows  the  water 
to  enter,  but  keeps  back  particles  of  the  fibre.  A 
number  of  buckets  within  this  cylinder  conduct  the 
w'ater  to  a trough  in  the  axis  of  the  drum,  by  which 
it  is  led  away.  The  whole  can  be  raised  out  of  the 
vat  when,  as  is  the  case  in  certain  parts  of  the  pro- 
cess, the  removal  of  liquid  is  not  required,  or  its 
height  in  the  pulp  can  be  varied  at  pleasure.  In 
another  form  of  cylinder  a series  of  tubes  are  con- 
nected with  a central  hollow  axis ; this  is  connected 
with  a long  descending  tube,  external  to  the  engine, 
and  the  cylinder  is  allowed  to  rotate  under  the  influ- 
ence of  the  current;  the  tube,  therefore,  provided 
it  be  initially  filled  with  w'ater,  will  remove  the  dirty 
water  on  the  principle  of  the  syphon.  The  peculiar 
shaped  elevation,  D d',  only  exists  at  the  side  of  B B, 
at  which  c revolves,  and  is  technically  termed  the 
mid-feather ; a trough,  c/,  is  usually  cut  in  it,  which 
is  covered  with  a lattice,  and  is  for  the  purpose  of 
retaining  sand  and  other  heavy  bodies. 

Clean  water  is  introduced  from  a trough  or 
cistern,  provided  with  means  of  preventing  sand  and 
other  impurities  from  finding  their  way  into  the 
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engine.  It  should  be  here  noted  that  an  abundant 
supply  of  pure  water  is  very  essential  to  the  pro- 
duction of  the  finer  qualities  of  paper,  and  this  is 
the  reason  why  the  county  of  Kent  and  a few  other 
localities  on  the  chalk  formation  are  so  well  adapted 
for  tliis  particular  manufacture. 

As  regards  the  method 
of  driving  the  engines,  it 
may  be  mentioned  that 
formerly  toothed  gear- 
ing was  exclusively  em- 
ployed. Cog  wheels  with 
wooden  teeth  were  re- 
placed about  the  year 
1820  by  iron  spur-wheel 
gearing;  and  this  method 
enabled  the  manufac- 
turer to  drive  four  or 
more  engines  from  one 
source  of  power,  by  con- 
tinuing the  line  of  shaft- 
ing and  spur  wheels. 

Even  with  the  small 
rollers  of  about  26 
inches  diameter  the  wear  and  tear  on  this  system 
was  very  great ; and  it  is  quite  inadequate  to 
the  driving  of  a number  of  large  rollers,  about 
30  inches  in  diameter,  such  as  are  commonly  used 
at  the  present  day.  When  belt  gearing  is  sub- 
stituted for  toothed  wheels,  which  was  first  done  on 
a large  scale  about  thirty  years  ago  by  G.  and 
W.  Bertram,  of  Edinburgh,  it  is  found  that  the 
rags  are  broken  in  a much  more  regular  manner,  and 
in  a shorter  time,  as  the  rollers  work  more  steadily 
on  the  plates  than  with  any  system  of  wheel  gearing, 
and  that  the  roller,  bars,  and  plate  last  longer  when 
not  subjected  to  the  vibrating  action  of  wheel  gear- 
ing. In  several  large  mills  recently  fitted  with  belt 
gearing  by  the  above  firm  the  crank  shaft  of  the 
engine  (compound)  is  considerably  elongated,  and 
carries  the  same  number  of  driving  pulleys,  9 or  10 
feet  in  diameter,  as  there  are  engines  to  be  driven. 
The  steam  engine  revolves  at  an  uniform  rate  of 
about  70  revolutions  per  minute,  and  any  number 
of  rag  engines  is  thus  driven  by  the  use  of  a single 
spur  wheel.  The  pulleys  keyed  on  the  roller  sliafts 
are  about  3 feet  6 inches  or  4 feet  in  diameter.  As 
an  illustration  of  the  economy  of  power  on  this 
system,  it  may  be  mentioned  that  at  one  mill,  where 
only  steam  power  is  eni])loyed,  2 tons  15  cwts.  is 
the  entire  consumption  of  coal  required  to  produce 
1 ton  of  paper ; and  the  power  obtained  by  employ- 
ing only  one  steam  boiler  suffices  to  work  eight 
“ beaters,”  which  produce  sulficieiit  stuff  to  keep  a' 
102-inch  paper-making  machine  (such  as  that  de- 
scribed further  on)  at  work  night  and  day ; this 
represents  the  production  of  no  less  than  30  tons  of 
paper  in  a week. 

An  incidenfid  advantage  of  the  belt  system  con- 
sists in  the  facility  with  which  the  beating  rollers 
can  be  lifted  at  loth  ends  of  the  spindle  ; whereas 
when  the  toothed  gear  is  employed  it  is  necessary 
to  lift  at  one  end  only,  and  the  vibration  is  so  great 


that  the  lifting  gear  requires  to  be  constantly  under- 
going repairs. 

Fig.  9 represents  a general  view  of  a rag  engine, 


with  its  accessories,  as  manufactured  by  Bentley  & 
Jackson,  of  Bury,  near  Manchester.  It  is  pro- 
vided with  a washing  cylinder,  as  already  described, 
which  is  driven  by  a belt  from  the  main  shaft  of 
the  roller;  and  by  means  of  the  lifting  gear  shown 
in  the  diagram,  can  be  adjusted  to  the  required 
position  in  the  pulp. 

Figs.  10  and  11  represent  transverse  and  longi- 
tudinal sections  of  Hammond’s  form  of  washing 


Fig.  10. 
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cylinder,  which  consists  of  an  octagonal  drum,  F,  of  a 
solid  construction,  and  covered  with  fine  wire  gauze. 
It  is  divided  into  eight  compartments  by  the  scoops, 
C C C ; and  the  lower  portion,  D,  of  the  inner  tube 
consists  of  a hemi-cylinder,  which  is  suspended  freely 
by  arms,  n n,  and  bearings,  G G,  from  the  axis,  B. 
Externally  to  the  drum  a tube,  I,  is  attached,  within 
which  D rotates.  If  now  the  drum  be  caused  to 
rotate  so  that  the  scoops  tend  to  elevate  water,  it 
will  be  seen  that  each  scoop,  on  reaching  the  hori- 
zontal position,  will  discharge  its  contents  into  the 
trough,  D,  whence  it  will  be  led  away  through  the 


Fig.  9. 
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external  portion,  i.  It  is  hardly  necessary  to  add 
that  all  friction  at  G G must  be  avoided,  as  this  would 

Fig.  11. 


cause  D to  discharge  its  contents  back  into  the 
scoops,  and  nullify  the  action  of  the  apparatus. 

As  the  dimensions  of  the  rag-engine  vary  consider- 
ably, the  amount  treated  at  each  operation  is  not  the 
same  in  different  mills,  but  in  England  from  300  to  400 
lbs.  is  a usual  amount.  On  first  commencing  opera- 
tions, the  roll,  c (Fig.  7),  should  be  set  at  some 
distance  from  the  fixed  knives,  nearly  half  an  inch, 
and  gradually  brought  nearer  as  the  fibre  becomes 
disintegrated.  It  is  necessary  that  the  particles  be 
reduced  to  a certain  extent  in  this  process,  in  order 
to  prepare  them  for  the  bleaching,  which  next 
takes  place.  This  result  may  be  attained  either  all 
in  one  engine,  or  the  rags,  after  being  partially 
reduced,  may  be  transferred  to  a second  engine 
on  a lower  level,  where  the  preparation  for  bleach- 
ing is  completed.  All  the  engines  through  which 
the  pulp  passes  up  to  this  stage  are  technically 
known  as  breakers,  and  when  it  leaves  them  it  is 
known  as  half-stuff. 

Bkachiny  may  be  accomplished  either  by  the  use 
of  chlorine  gas  or  of  a solution  of  bleaching  powder, 
or  by  both  these  methods  combined.  It  is  neces- 
sary before  the  bleaching  commences  that  the  pulp 
be  drained,  in  order  that  it  may  be  more  per- 
meable to  the  bleaching  agent.  Although  in  some 
mills  draining  vats  are  employed,  they  occupy  a 
large  space,  and  various  forms  of  apparatus  have 
been  designed  for  conducting  artificially  this  opera- 
tion. The  older  form  consisted  of  a tub,  having  its 
sides  perforated,  and  provided  with  a piston.  When 
the  contents  of  an  engine  had  been  introduced,  the 
whole  was  subjected  to  pressure,  and  subsequently 
torn  into  shreds  by  iron  picks  ; but  by  this  method 
one  main  object  of  the  draining — namely,  the  ob- 
taining of  a spongy  mass — was  defeated.  On  a 
second  system  the  pulp  is  formed  into  a kind  of 
moist  board,  and  then  coiled  into  rolls,  thus  exposing 
a considerable  surface  to  the  action  of  the  bleacher. 
Unquestionably,  however,  the  best  artificial  process 
consists  in  employing  a revolving  drainer,  in  which 
case  the  moisture  is  very  thoroughly  removed  by 
centrifugal  force. 


Fig.  12  represents  Torrance’s  patent  drainer,  as 
made  by  J.  Bertram  & Son  of  Edinburgh,  which, 
however,  is  principally  used  for  draining  pulp  after 
the  bleaching  operation.  It  consists  of  a perforated 
cylindrical  box  inclosed  within  a fixed  case,  and  caused 
to  revolve  at  about  250  revolutions  per  minute.  It 
is  capable  of  treating  about  4 cwts.  in  half  an  hour. 


When  the  wet  process,  known  as  “sour  bleaching,” 
is  resorted  to,  the  chlorine  solution  is  generally  pre- 
pared in  cisterns  lined  with  lead,  or  covered  with  a 
thick  coating  of  white  lead.  The  hypochlorite  of  lime 
is  ground  with  two  or  three  times  its  weight  of 
w'ater,  the  heaviest  particles  are  allowed  to  subside, 
and  the  supernatant  liquid  is  transferred  to  a cis- 
tern ; this  operation  is  repeated  several  times,  and 
the  final  residue,  consisting  of  sand,  carbonate  of 
lime,  &c.,  is  thrown  away.  On  an  average  100  lbs.  of 
chloride  will  produce  about  1 gallon  of  solution, 
the  exact  amount  of  course  varying  with  its  quality. 

The  vats  employed  are  about  17  feet  long,  8 feet 
wide,  and  2 feet  deep,  and  capable  of  containing 
from  5 to  15  cwts.  of  half-stuff.  The  solution  having 
been  added  (to  the  amount  of  about  2 per  cent,  in 
the  case  of  white,  and  from  7 to  10  in  the  case  of 
coloured  rags),  sulphuric  acid,  diluted  with  about 
fifteen  times  its  weight  of  water,  is  usually  added, 
in  order  to  facilitate  the  liberation  of  the  gas.  The 
details  of  the  process  may  be  varied  to  a great 
extent ; but  the  following  will  give  a general  idea 
of  the  order  in  which  the  several  operations  take 
place : — 

The  requisite  volume  of  chlorine  solution  is  added, 
and  after  a definite  interval  the  suli)huric  acid  is 
introduced.  When  the  chemical  action  has  nearly 
ceased,  the  greater  portion  of  the  liquid,  considered 
as  spent,  is  allowed  to  drain  aw'ay,  and  fresh  solution, 
but  no  acid,  is  added.  The  amount  of  this  second 
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addition  will  depend  on  the  colour  and  general 
character  of  the  rags. 

In  some  mills  the  sour  bleaching  is  conducted  in  the 
rag-engine  itself,  and  in  this  case  a quantity  of  the 
solution  is  pumped  in,  the  motion  of  the  engine 
being  maintained;  but,  of  course,  the  addition  and 
withdrawal  of  water  being  stopped.  When  the 
ble.aching  of  the  pulp  has  been  carried  to  the  re- 
quisite extent,  the  whole  is  drawn  off  into  another 
and  considerably  larger  engine,  called  the  poacher, 
whose  function  is  to  tlioroughly  wash  the  pulp,  and 
remove  all  traces  of  the  bleaching  liquid  ; and  as  it 
is  not  required  further  to  reduce  the  pulp,  it  is  not 
provided  with  knives  as  in  the  former  case.  When 
washed,  the  pulp  passes  from  this  to  vats  provided 
with  perforated  bottoms,  in  order  that  the  water 
may  drain  away. 

When  bleaching  is  performed  by  the  aid  of 
chlorine  gas,  this  is  conducted  from  the  generator 
by  means  of  large  leaden  pipes  to  the  top  of  the 
vats,  which  contain  a quantity  of  the  pulp  dried 
by  one  of  the  methods  already  described.  The 
vats  are  formed  of  masonry  covered  with  a coating 
of  pitch,  and  they  are  about  16  feet  long,  5 feet 
wide,  and  4 feet  deep,  the  whole  being  covered  with 
flagstones.  Arched  chambers  are  also  at  times  em- 
ployed. Finally,  it  is  the  custom  in  some  mills  to 
spread  out  the  pulp  on  wooden  trays,  which  are  then 
introduced  into  the  chlorine  chambers. 

The  amount  of  gas  required  varies  considerably 
with  the  nature  of  the  rags ; but  it  is  calculated  that 
1000  lbs.  of  pulp  (free  from  water)  require  from 
50  to  140  cubic  feet  of  gas  for  their  treatment. 

The  introduction  of  gas  is  stopped  as  soon  as  the 
chamber  is  found  to  be  full,  and  it  is  gradually 
absorbed  by  the  pulp;  the  whole  is  then  transferred 
to  a washing  engine,  which  is  at  times  provided  with 
bronze  in  place  of  iron  blades,  as  the  latter  would 
be  attacked  by  the  hydrochloric  acid  contained  in 
the  pulp. 

The  bleaching  by  means  of  gas  frequently  takes 
place  in  the  same  drainers  that  are  used  for  bleaching 
by  solution.  The  latter  method  is,  however,  usually 
preferred ; as  in  addition  to  its  being  extremely  dis- 
agreeable to  work  with  the  g.os,  it  is  found  to  act 
with  great  violence  on  the  half-stuff,  entirely  destroy- 
ing some  of  the  finer  fibres  before  the  bleaching  of 
the  coarser  ones  can  be  completed.  Its  use  is 
nevertheless  recommended  for  the  coarser  class  of 
paper. 

Chlorine  gas  prepared  in  the  ordinary  way  by 
acting  on  binoxide  of  manganese  and  common 
salt  with  dilute  sulphuric  acid,  or  binoxide  idone 
with  hydrochloric  acid,  is  always  contaminated  with 
a small  quantity  of  hydrochloric  acid;  aud  as  this 
is  injurious  to  the  pulp  fibres,  it  must  be  removed 
either  by  passing  the  gas  through  water,  or  by 
causing  it  to  pass  over  pieces  of  the  binoxide,  which 
require  renewal  from  time  to  time.  The  purified  gas 
then  passes  into  the  chambers,  as  above  explained. 

The  complete  removal  of  the  chlorine  by  washing 
is  an  extremely  tedious  process,  and  as  its  presence 
would  be  very  detrimental  in  the  subsequent  pro- 


cesses, an  antichlor,  usually  hyposulphite  of  soda 
(protochloride  of  tin,  arsenious  acid,  sulphite  of  soda, 
or  sulphate  of  lime  might  also  be  used),  is  added, 
as  it  forms  soluble  compounds  with  the  chlorine 
present.  Although  the  repeated  washings  after 
bleaching  involve  a considerable  additional  expense 
to  the  manufacturer,  it  is  nevertheless  to  his  interest 
that  they  be  carefully  gone  through,  as  otherwise 
the  acid  formed  will  cause  a brownish  tint  in  the 
paper  produced.  The  antichlors  help  towards  the 
formation  of  such  acids.  Thus,  when  sulphite  of 
soda  is  used,  the  sulphite  liberates  sulphate  of 
soda,  common  salt,  and  sulphurous  acid,  as  the 
following  formula  indicates  : — 

2Na2S03  -I-  Clj  = 2NaCl  + NajS04  +SO2 

and  as  these  are  liberated  throughout  the  whole 
mass  of  the  pulp,  only  the  most  perfect  washing  can 
entirely  remove  them. 

M.  Gaunt  has  proposed  to  bleach  pulp  by  means 
of  bichromate  of  potash.  For  100  parts  of  dry 
pulp  he  recommends  50  of  bichromate  and  150  of 
hydrochloric  acid,  mixed  with  a sufficient  quantity 
of  water  to  make  the  pulp  float.  After  standing  for 
twelve  hours  the  chloride  of  chromium  is  washed  out 
by  means  of  clean  water,  and  the  pulp  treated  with 
a small  quantity  of  bleaching  powder  to  insure  a 
perfect  white.  The  chloride  of  chromium  having 
been  precipitated  by  an  excess  of  lime,  the  mixture 
is  calcined  in  a reverberatory  furnace,  and  converted 
into  chromate  of  calcium.  We  are  not  aware,  how- 
ever, that  this  method  has  been  ever  carried  out  on 
an  extensive  scale,  and  it  would  apparently  be  very 
costly. 

Beating  or  Rejiniiig. — When  the  washing  has  re- 
moved as  much  as  possible  of  the  chlorine  from  the 
pulp  (since  it  would  be  very  injurious  both  to  the 
machinery  through  which  it  subsequently  passes,  and 
to  the  paper  ultimately  produced),  the  mass  is 
drained,  aud  usually  passes  to  an  engine  called  an 
intermediate  engine,  similar  in  general  arrangement 
to  that  already  described,  but  having  the  knives 
both  on  the  roll  and  mid-feather  blunt,  though  care- 
fully adjasted,  in  order  to  rub  the  half-stuff  to  a 
finer  condition,  while  the  remaining  portions  of 
chlorine  are  being  removed.  On  leaving  this  the 
pulp  is  caused  to  run  into  the  beating  or  refining 
engine,  of  which  there  are  various  forms  ; but  the 
oldest  is  similar  in  all  essential  particulars  to  the 
ordinary  rag  engine,  the  principal  difference  being 
that  there  are  more  blades  on  the  rolls,  and  the 
velocity  of  rotation  is  greater.  When  a colour  is  to 
be  imparted  to  the  paper,  the  necessary  colouring 
matter  is  added  to  the  pulp  at  this  stage. 

A modification,  whereby  the  current  is  induced  in 
the  beating  engine  by  a supplementary  paddle  or 
elevator,  has  been  introduced  by  Debie,  Gkanger, 
and  Pasquiek.  A drum,  carrying  a series  of  curved 
blades,  rotiites  near  to  the  face,  d'  (see  Fig.  8),  of 
the  mid-feather  (which  is  made  of  a form  to  suit  it), 
and  in  close  2>roximity  to  the  cylinder,  C.  In  rotating 
it  raises  the  pulp,  causing  it  to  fall  between  the  fixed 
plate  and  cylinder , the  current  thus  takes  place  in 
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a direction  opposite  to  that  in  the  ordinary  form 
of  engine. 

The  principal  defect  of  the  beating  engine  arises 
from  this,  that  while  a certain  quantity  of  rags  is 
put  into  it  for  the  purpose  of  being  ground  to  fibre 
or  pulp,  these  rags  are  not  of  the  same  tenacity  ; and 
being  kept  under  the  action  of  the  grinding  process 
for  three  or  four  hours,  the  weaker  rags  are  reduced 
to  a finer  pulp  than  those  of  a stronger  texture. 
Also,  one  engine  may  be  emptied  into  the  reservoir 
already  containing  pulp  of  a longer  or  shorter  fibre. 
In  fact,  there  is  no  security  against  this  evil  but  the 
care  and  skill  of  the  workman  ; and  notwithstanding 
every  precaution,  it  sometimes  materially  affects  the 
quality  of  the  paper. 

To  overcome  this  difficulty,  Joseph  Kingsi.and, 
of  New  Jersey,  invented  the  centrifugal  pulp  engine, 
shown  in  part  section  and  part  elevation  in  Fig.  13. 
It  consists  of  a cylinder  closed  at  e.ach  end,  the 
diameter  of  which  is  considerable  in  comparison 
with  its  length.  Within  it,  and  almost  in  contact 
both  with  its  internal  faces  and  its  circumference, 
revolves  a disc,  and  all  the  contiguous  surfaces  are 
formed  with  grooves,  cutters,  or  knives,  or  teeth  of 
any  suitable  metallic  material,  to  aid  in  the  grinding 
process.  The  disc  is  keyed  to  a shaft  carrying  a 
pulley,  to  which  motion  is  communicated  from  the 
engine ; and  the  whole  is  capable  of  a slight  end 
movement,  so  that  the  disc  can  adjust  itself  at  any 


required  distance  from  either  internal  face  of  the 
drum,  and  the  length  of  this  path  is  regulated  by  set 
screws.  The  “ stuff,”  together  with  water,  is  intro- 
duced from  a vat,  elevated  about  4 feet  above  the 
engine,  and  entering  the  drum  near  its  centre,  is 
gradually  conducted  to  the  periphery  by  the  motion 
of  the  disc.  It  then  passes  round  to  the  back,  and 
on  approaching  the  centre,  escapes  by  the  discharge 
pipe  into  a suitable  receptacle.  It  will  thus  be  seen 
that  while  the  centrifugal  force  of  the  disc  tends  to 
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carry  the  particles  to  the  periphery  when  at  the 
front,  it  tends  to  check  their  escape  at  the  back  ; and 
as  this  cheejeing  effect  is  greater  on  the  larger 
particles,  they  are,  of  necessity,  subjected  to  a 
greater  amount  of  attrition,  and  consequently  there 
is  a tendency  to  bring  all  the  pulp  to  the  same 
degree  of  disintegration  on  leaving  the  engine.  The 
extent  to  which  the  pulp  is  thus  disintegrated 
depends  of  course  on  the  closeness  of  the  teeth,  the 
amount  of  feed,  and  the  velocity  of  rotation  of  the 
disc  ; and  the  rate  at  which  the  pulp  is  supplied  may 
be  varied  by  increasing  the  distance  between  the 
reservoir  and  the  engine.  This  arrangement  is  said 
to  be  specially  serviceable  when  large  quantities  of 


one  class  of  paper  are  required,  as  it  gives  great 
uniformity  of  pulp,  occasions  a moderate  loss  of 
material,  and  is  rapid  in  its  action. 

Modifications  in  the  general  construction  have 
been  introduced  into  this  machine  by  Stuart,  the 
principal  of  which  consists  in  fixing  the  exit  pipe  in 
such  a manner  that  its  distance  from  the  axle  of  the 
disc  can  be  varied,  in  order  to  increase  or  decrease 
the  period  during  which  the  pulp  remains  under 
the  action  of  the  grinding  surfaces.  Several  serious 
defects  of  the  ordinary  engine  are  avoided  by  this 
form  of  apparatus,  as  it  provides  for  withdrawing 
the  fibre  at  the  moment  at  which  it  is  sufficiently 
I acted  upon ; and  as  the  rate  at  which  the  stuff  is  intro- 
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duced  into  the  engine  is  independent  of  the  motion 
of  tl>e  grinding  disc,  the  rate  of  rotation  of  this  latter 
may  be  varied  at  will.  It  will  be  further  noticed 
that  the  slight  longitudinal  play  above  referred  to 
enables  the  grinder  to  adjust  itself  to  various  kinds 
of  stuff ; thus  in  case  a knot  of  fibre  enters,  the  disc 
at  once  moves  towards  the  opposite  end  of  the 
cylinder,  the  knot  passes  more  freely  towards  the 
periphery,  during  which  time  it  is  reduced  in  size ; 
and  the  feed  is,  at  the  same  time,  diminished  by  the 
partial  closing  of  the  exit  pipe,  so  increasing  the 
amount  of  grinding  action  to  which  the  knot  is 
subjected.  It  will  also  be  evident  that,  in  the  case 
of  easily  reduced  fibre,  the  mass  will  flow  readily 
through  the  engine,  and  the  disc  will  remain  almost 
in  the  middle  of  the  cylinder,  thus  increasing  the 
amount  passed  through  to  a maximum  ; when  tough 
fibre  is  under  treatment,  the  exit  pipe  will  be  partially 
closed,  thus  proportionately  increasing  the  amount 
of  action  to  which  the  stuff  is  subjected.  As  the 
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rate  of  flow,  with  a given  position  of  the  disc,  de- 
pends solely  on  the  height  of  the  liquid  column, 
and  as  this  latter  is  regulated  by  altering  the 
position  of  the  exit  pipe  radially,  it  is  evident  that 
the  rate  of  flow  can  be  varied  at  will  by  such  an 
adjustment.  By  means  of  a hand  wheel,  seen  at  the 
right  of  the  engraving,  a screwed  cylinder,  carrying 
one  of  the  internal  grinding  faces,  can  be  moved  in 
such  a manner  as  to  vary  the  distance  between  the 
two  fixed  grinding  faces  according  to  the  nature  of 
the  stuff  under  treatment. 

The  above  pulper,  though  producing  a thoroughly 
even  and  continuous  supply  of  pulp,  is  found  to 
exercise  a peculiar  cutting  action  on  the  fibres;  and 
the  following  form,  known  as  Cowpeu’s  pulper, 
avoids  this  objection ; and  as  it  opens  and  separates 
the  fibres  rather  than  cuts  them,  it  is  peculiarly 
suitable  to  the  treatment  of  pulp  from  wood,  straw, 
and  Esparto  grass.  It  is  seen  in  longitudinal  sec- 
tion in  Fig.  14,  and  consists  of  a closed  cylinder, 


T T,  provided  with  openings  at  its  opposite  ends  for 
the  introduction  and  escape  of  the  pulp.  A frame, 
F F,  carrying  bars,  D D,  and  nearly  filling  the  vessel, 
TT,  is  caused  to  revolve  by  motion  communicated 
to  the  shaft,  G,  provided  with  fast  and  loose  pulleys, 
N 0,  and  with  an  arrangement  at  K whereby  a 
slight  longitudinal  adjustment  can  be  given  to  it. 
The  shaft,  Q,  carries  bars,  E E,  which  pass  closely 
between  D n,  the  distance  between  the  two  sets 
being  varied  at  pleasure  by  the  arrangement  at  K. 
Q has  no  such  appendage,  but  is  provided  with  fast 
and  loose  pulleys.  The  rate  of  flow  depends  on 
the  difference  of  level  of  the  liquids  in  B and  C, 
and  may  therefore  be  varied  at  will.  The  two  shafts, 
it  need  hardly  be  added,  move  in  opposite  directions, 
so  that  the  bars  produce  opposing  currents,  thus 
dragging  the  fibres  apart,  and  exercising  no  cutting 
action  on  them. 

The  pulp  is  made  long  or  short  according  to  the 
quality  of  the  paper.  Newspapers,  which  require 
strength,  are  made  of  long  pulp.  Writing  paper,  or 


paper  of  a fine  texture,  is  made  of  shorter  pulp.  Indeed 
the  quality  of  the  paper  depends  very  much  on  the 
manner  in  which  the  pulp  is  prepared  in  the  engine. 
If  the  cutting  edges  are  brought  together  too  rapidly 
the  fibre  is  cut,  and  produces  a tender  paper ; and 
ow'ing  to  the  porous  nature  of  this  paper,  the  sizing, 
whether  for  printing  or  writing,  will  be  weak.  The  stuff 
should  be  what  is  called  mellowed  in  the  engine,  and 
this  is  effected  by  a judicious  working  of  the  roller, 
not  lowering  it  suddenly,  or,  much  at  one  time,  on 
to  the  plate ; but  equally  and  gradually,  until  the 
pulp  is  ground  as  fine  as  is  required.  This  is  gener- 
iilly  attained  in  three  and  a half  to  four  hours,  after 
which  the  pulp  is  caused  to  pass  through  a valve 
from  the  engine  to  a jmlp  vat,  which  is  large  enough 
to  receive  the  contents  of  several  engines.  The 
arrangement  of  this  vat,  and  its  connection  with  the 
paper-making  machine,  will  be  presently  described. 

Engine  Sizing. — If  the  pulp  prepared  as  described 
were  converted  direct  into  paper,  it  would  be  found 
to  have  a porous  surface,  causing  the  ink  to  run, 
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and  would,  in  fact,  be  blotting  paper,  quite  unser- 
viceable even  for  printing  purposes.  It  thus  becomes 
necessary  to  introduce  some  size,  such  as  gelatine, 
into  its  substance,  and  it  was  early  proposed  to  do 
this  in  the  beating  engine.  Gelatine,  however, 
could  not  be  so  employed,  as  any  excess  not  ad- 
hering to  the  pulp  itself  was  at  once  lost  in  the 
water.  A resinous  soap,  or  combination  of  resin 
with  an  alkali,  was  therefore  added,  and  this  being 
decomposed  in  the  engine,  by  the  addition  of  alum, 
left  the  fibres  in  a condition  for  producing  a pro- 
perly sized  paper.  Resinous  size  is  now  made  as 
follows: — Soda,  showing  80°  on  the  alkalimeter, 
having  been  dissolved  in  water,  is  rendered  caustic 
by  the  addition  of  a little  lime,  the  exact  amount  of 
this  depending  on  the  strength  of  the  first  named 
salt,  as  shown  by  the  alkalimeter.  The  liquid  is 
shaken,  and  the  supernatant  solution  introduced 
into  a tub  at  the  temperature  of  boiling  water. 
Powdered  resin  having  been  added,  the  whole  is 
stirred  for  two  or  three  hours,  when  it  is  run  into 
a receiver.  A portion  of  the  resinous  soap  so  pro- 
duced is,  when  required  for  use,  introduced  into 
water  heated  by  steam,  and  a quantity  of  starch 
mixed  with  lukewarm  water  is  also  added. 

It  is  occasionally  found  possible,  and  even  advan- 
tageous, to  size  some  of  the  commoner  qualities  of 
paper  by  adding  thoroughly  pulverized  resin  to  the 
contents  of  the  rag  engine;  but  the  method  requires 
considerable  judgment  in  practice.  Sizing  by  means 
of  resin,  however,  can  only  be  applied  to  the  com- 
moner qualities  of  paper,  and  when  a good  writing 
surface  is  desired  it  is  still  necessary  to  employ 
gelatine.  In  this  latter  case,  the  machine-made 
paper  is  caused  to  pass  through  a tub  containing 
the  sizing  liquid,  after  its  actual  manufacture  has 
been  com2Dleted.  This  method  will  be  explained 
more  fully  in  its  proper  place.  Resin  is  precipitated 
from  its  solution  by  means  of  alum ; this,  therefore, 
is  added  to  the  mass,  either  in  the  solid  form,  or 
preferably  as  a solution  of  known  strength,  ob- 
tained by  dissolving  the  crystals  in  water  at  about 
65°  C.;  a double  decompo.sition  takes  place,  and  a 
combination  of  resin  and  alumina  with  sodium  sul- 
phate is  formed. 

The  details  of  the  sizing  process  vary  considerably 
among  manufacturers;  but  the  following  may  be 
taken  as  about  an  average,  as  used  for  common 
writing  and  printing  papers  : — 

Per  lOO  Pnrts  of  Dried  Pulp. 

20  to  30  parts  of  starch 

10  to  12  “ resin 

10  to  12  “ alum. 

And  to  the  sizing  solution  are  usually  added  from 
30  to  50  parts  of  kaolin,  as  presently  to  be  explained. 
When  a colouring  matter  is  present  on  which  alum 
would  have  a prejudicial  effect,  this  is  usually  re- 
placed by  about  one-third  of  its  weight  of  sulphate 
of  zinc. 

Many  mineral  substances  have  from  time  to  time 
been  added  to  paper  stock,  principally  to  increase  its 
weight ; and  in  1858  Sholl  took  out  a patent  for 
adding  carbonate  of  lime,  a substance  which,  how- 

ever,  had  long  been  fraudulently  used  in  order  to 
increase  the  weight ; but  he  found  it  to  have  the 
jiroperty  of  fixing  the  ink  in  the  pores  of  the  paper, 
thus  rendering  it  immovable. 

But  the  only  really  useful  addition  is  kaolin  or 
China  clay,  or  some  similar  aluminous  compound,  as 
it  attaches  itself  to  the  fibre,  and,  while  giving  the 
requisite  opacity  and  a good  surface,  takes  both  print- 
ing and  writing  ink  well,  and  has  the  advantage, 
from  a manufacturer’s  point  of  view,  of  increasing 
the  weight. 

It  has  been  proposed  that  small  quantities  of 
glycerine  be  added  to  the  pulp  in  order  to  give  the 
paper  greater  flexibility,  and  especially  to  give  copy- 
ing paper  the  quality  of  taking  up  colour  readily. 
It  was  expected  that  the  necessity  for  damping 
paper  prior  to  being  printed  might  thus  be  obviated; 
but  the  experiments  have  not  been  very  successful. 

M.  Canson  patented  the  following  method  of 
sizing,  in  which  the  resin  usually  used  is  replaced  by 
white  wax.  The  wax  soap  is  prepared  by  dissolving 
0’5  kilo,  of  wax  in  1 litre  of  a solution  of  caustic 
soda  marking  5°  on  Beaume’s  hydrometer,  and  the 
mixture  boiled  till  the  wax  is  dissolved,  when  the 
whole  is  introduced  into  about  30  or  40  litres  of 
boiling  water,  and  3 kilos,  of  potato  starch,  tho- 
roughly mixed  with  water,  are  at  once  added.  The 
mixture  is  stirred  till  it  thickens,  and  may  be  pre- 
served for  a fortnight  in  a cool  place.  When  used, 
the 'mass  is  introduced  into  the  engine  containing 
30  kilos,  of  (dry)  pulp,  and  the  requisite  quantity  of 
water,  and  when  the  whole  has  become  thoroughly 
mixed,  from  300  to  500  grams,  of  alum  in  solution 
are  added. 

Colouring.  — Any  desired  shade  of  colour  may 
be  imparted  to  a paper  by  one  of  the  following 
processes — 

1.  By  intermixing  with  the  pulp  some  insoluble 
substance,  such  as  smalt  (a  sort  of  glass  coloured  by 
cobalt)  or  ultramarine. 

2.  By  adding  a coloured  liquid  which  simply  stains 
the  paper. 

3.  By  using  rags  which  are  already  coloured  about 
the  required  shade,  and,  of  course,  omitting  the 
process  of  bleaching. 

4.  The  best  plan  consists  in  employing  two  sub- 
stances which,  when  combined,  give  the  requisite 
tint.  The  first  having  been  caused  to  combine 
thoroughly  with  the  pulp,  the  addition  of  the  second 
at  once  produces  the  required  colour.  In  this  way  the 
common  buff  shade  is  obtained  by  using  sulphate  of 
iron  and  an  alkaline  solution. 

The  following  list,  given  in  Hokman’s  exhaustive 
treatise  on  the  “ Manufacture  of  Paper,”  includes  all 
the  substances  of  importance  which  are  used  by  the 
paper-maker  for  imparting  colour  to  the  paper ; and 
by  their  means,  either  alone  or  mixed  in  the  proper 
ju’oportions,  all  colours  are  produced — 

Prussian  blue. 

Ultramarine. 

Indigo  blue. 

Aniline  blue. 

Aniline  red. 
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Pink,  or  cochineal  red. 

Brazil  wood  (which  imparts  either  a fine  red  or 
an  orange-brown  colour,  according  to  the  treatment 
it  lias  undergone). 

Logwood  (for  violet  colours). 

Chrome  yellow  or  orange. 

Orange  mineral. 

Sesquisuljihate  of  iron. 

Copperas. 

Venetian  red. 

Yellow  ochre. 

Quercitron,  or  Oak  bark. 

Nutgalls. 

Lampblack. 

To  these  should  be  added  “ smalts,”  a finely  pul- 
verized and  levigated  glass  coloured  blue  by  oxide 
of  cobalt;  it  has,  however,  fallen  into  comparative 
disuse  since  the  discovery  of  a method  for  artificially 
producing  ultramarine. 

Blue. — The  coarser  class  of  paper  used  for  pack- 
ing is  made  of  rags  blued  by  indigo,  which,  when 
reduced  to  a pulp,  are  not  subjected  to  the  process 
of  bleaching.  The  finer  class  of  papers  may  receive 
a blue  colour  in  a variety  of  ways.  Formerly 
“smalts,”  as  just  mentioned,  was  principally  em- 
ployed; but  it  is  now  largely  replaced  by  artificial 
ultramarine.  Prussian  blue  may  also  be  used,  and 
it  is  usually  produced  directly  in  the  beating  engine 
by  adding  95  parts  of  sulphate  of  protoxide  of  iron 
and  100  parts  of  yellow  cyanide  of  potassium.  For 
the  best  class  of  papers  smalts  is  preferred  to  ultra- 
marine,  as  the  colouring  imparted  by  it  is  more  lasting. 

Yellow. — The  pulp  may  have  a yellow  colour  im- 
parted to  it  by  adding  chromate  of  lead  while  in  the 
engine,  or  this  may  be  actually  formed  there  by 
decomposing  the  carbonate,  chloride,  or  sulphate  of 
lead  by  means  of  red  chromate  of  potassium,  in  the 
proportion  of  about  4 parts  of  either  of  the  former 
to  1 part  of  the  latter. 

Red  or  Pink  Red. — A carmine  may  be  obtained 
by  the  following  process : — Boil  for  half  an  hour — 

1000  parts  of  crude  cochineal 
16  “ soda  (Alicante) 

39,000  “ water. 

Then  remove  the  vessel,  and  add 

50  parts  of  pure  alum 
10  “ cream  of  tartar. 

The  liquid  is  now  stirred,  decanted,  and  the  whites  of 
four  eggs  added  after  they  have  been  well  beaten ; and 
if  the  carmine  does  not  appear  on  the  surface  in  flakes 
the  mass  should  be  heated.  The  decanted  matter  is 
then  thrown  on  a cloth,  and  dried  at  about  30°  C. 
The  carmine  obtained  will  be  about  one-twentieth 
of  the  weight  of  cochineal  taken ; and  if  the  decanted 
liquid  be  boiled,  and  again  treated  with  the  whites 
of  four  eggs,  half  this  quantity  of  carmine  of  an  in- 
ferior quality  will  he  obtained. 

Buff. — To  colour  paper  light  buff,  a mixture  of  5 
parts  of  sulphate  of  iron  and  3 of  soda  (occasionally 
replaced  by  2 of  chloride  of  lime)  is  employed,  ciich 
salt  being  brought  separately  to  a state  of  solution ; 
or  these  salts  may  be  thrown  direct  into  the  rag 
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engine.  When  a darker  shade  is  required,  16  parts 
of  sulphate  of  iron  and  9 parts  of  soda  (replaceable 
1 by  6 parts  of  chloride  of  lime)  are  used  in  a similar 
manner. 

Green  is  obtained  by  mixing  yellow  and  blue  dyes, 
in  proportions  depending  upon  the  shade  required. 
Ultramarine  is  used  for  the  fine,  and  Prussian  blue 
for  the  commoner  qualities  of  paper. 

Brown.  — By  the  use  of  umbers,  ochres,  &c. 
Chloride  of  manganese  may  be  saturated  witli  car- 
bonate of  soda  and  filtered,  and  the  product  becomes 
brown  on  the  addition  of  chloride  of  lime. 

All  the  shades  of  colour  required  in  paper-making 
may  be  obtained  by  mixing  in  different  proportions 
two  or  more  of  the  three  primitive  colours — blue, 
red,  and  yellow,  with  or  without  the  admixture  of 
black,  in  order  to  adjust  the  shade. 

The  principal  colours  used  for  this  purpose  are — 

R/«e.— Cobalt  and  ultramarine. 

Yellow. — Chromate  of  lead,  already  referred  to. 

Red. — Ferric  oxide,  vermilion,  brazil  wood,  and 
madder  red. 

Black. — Lampblack,  purified  from  its  greasy  par- 
ticles by  caustic  soda  or  potash,  and  subsequently 
washed. 

Preparation  of  Pulp  from  Materials  other  than 
Rags. — Among  the  very  numerous  materials  which 
have  been  proposed  as  substitutes  for  rags,  whether 
entirely  or  partially,  in  the  manufacture  of  paper,  the 
most  important  are,  as  already  stated — straw,  wood, 
and  Esparto  grass.  The  preparation  of  these  is  to 
a certain  extent  analogous  to  that  of  rags,  already 
described ; but  differs,  especially  in  the  case  of  wood, 
in  several  important  particulars,  and  it  will  be  well 
to  describe  these  in  some  detail. 

Straw. — As  early  as  1801  Matthias  Koops  ob- 
tained a patent  for  the  manufacture  of  paper  from 
straw ; but  he  employed  it  unbleached,  and  a white 
paper  was  not  obtained  from  it  till  1841.  A good 
and  economical  method  for  working  straw  was  not, 
however,  devised  till  1851,  in  France;  and  the  pre- 
sent method  is  based  upon  the  one  then  patented 
by  MM.  CoupiER  and  Mellier.  The  following  is 
the  method  adopted  by  them: — The  straw,  after 
having  been  cut  into  small  pieces  by  a cliaff-cutting 
machine,  is  subjected  to  the  action  of  a boiling 
solution  of  soda  or  potash,  of  from  7°  to  10°  Beaume 
(1-051  to  1-075).  It  is  then  put  into  a tub  provided 
with  a perforated  false  bottom,  through  the  cover 
of  which  vessel  a pipe  enters,  terminating  in  a 
rose  head;  the  other  end  of  this  pipe  reaches  nearly 
to  the  bottom  of  a closed  iron  vessel,  capable  of 
containing  60  or  70  gallons.  Into  this  latter  the 
alkaline  solution  is  introduced,  and  kept  boiling 
by  high  - pressure  steam  traversing  a spiral  tube. 
A slight  escape  of  the  steam  within  the  vessel 
causes  the  solution  to  traverse  the  pipe,  and  pass- 
ing through  the  rose  head,  to  fall  in  streams  on  the 
vegetable  matter  in  the  tub.  The  iron  vessel  is  re- 
filled after  all  its  contents  have  been  forced  through 
in  this  manner,  and  the  operation  repeated  until  the 
tub  contains  30  or  40  gallons  of  solution  for  each 
cwt.  of  vegetiible  matter  present.  A second  pipe  con- 
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nects  the  base  of  the  vat,  or  kier,  with  the  base  of  the 
iron  vessel;  the  tap,  which  closed  this  during  the 
above  operation,  is  now  opened,  and  the  mass  of  | 
liquid  is  caused  to  circulate  between  the  two  vessels  ■ 
for  about  nine  hours,  when  it  is  drawn  off  by  a third 
pipe,  and  the  above  process  repeated  with  water  in 
place  of  the  alkaline  solution.  After  this  the  con- 
tents of  the  vat  are  washed  with  cold  water.  They 
are  now  transferred  to  another  vessel  to  be  bleached, 
by  mixing  with  a solution  of  hypochlorite  of  alu- 
mina, in  the  proportion  of  about  20  or  2.5  parts  of 
the  latter  to  100  of  the  former ; 70  gallons  of  water 
also  being  required  for  each  cwt.  of  vegetable  fibre. 
This  “ half-stuff,”  which  has  a good  colour,  is  now 
thoroughly  washed  with  boiling  water,  transferred 
to  a beating  engine,  and  converted  into  paper, 
either  alone  or  mixed  with  rag  pulp. 

The  process  now  generally  adopted  for  the  pre- 
paration of  straw  pulp  differs  but  slightly  from  that 
to  which  rags  are  subjected,  and  may  be  divided 
into  the  following  operations : — 

Cutting. — The  straw  after  being  examined  is  cut, 
usually  by  means  of  machines  similar  to  the  rag 
cutters  already  described,  into  short  lengths,  and 
the  cut  fragments  are  sometimes  allowed  to  fall  on 
a wire  grating,  to  which  a slight  shaking  motion  is 
communicated  in  order  to  free  it  from  grain  and 
other  impurities. 

The  short  lengths  are  then  introduced  into  a 
suitable  boiler,  similar  in  all  respects  to  those 
already  described,  and  treated  with  a lye  of  caustic 
soda.  This  may  be  made  by  mixing  788  lbs.  of 
soda-ash  of  93  per  cent,  with  637  lbs.  of  caustic 
lime.  These  are  dissolved  in  hot  water,  and  after 
the  sediment  has  settled  part  of  the  liquor  is  drawn 
off,  and  more  water  added  to  the  lye  in  order  to 
reduce  its  strength. 

In  the  earlier  experiments  the  straw  was  treated 
in  open  vessels,  and  frequently  by  lime  alone ; but 
it  was  soon  found  that  a high  pressure  is  necessary 
in  order  to  completely  disintegrate  the  straw,  and 
render  soluble  the  silex  which  coats  it,  as  well  as  to  ; 
break  down  knots,  &c.  This  is  the  only  point  in 
which  the  treatment  of  straw  differs  materially  from 
that  of  rags. 

Edward  A.  Cowper  patented  in  1872  consider- 
able improvements  in  the  apparatus  for  boiling 
under  pressure,  whereby  both  time  and  fuel  are 
saved.  He  adopts  the  device  of  feeding  the  boilers 
by  means  of  iron  boxes  containing  hot  soaked  straw, 
or  whatever  is  to  be  operated  upon,  thus  avoiding 
all  cooling  down  of  the  boiler.  Fig.  15  represents, 
in  section,  the  form  of  boiler  with  its  setting.  The 
boiler,  CC,  is  set  in  brickwork  in  a vertical  position, 
and  the  heat  of  a furnace,  F,  placed  at  a distance  to 
avoid  damaging  the  sides  of  the  boiler,  is  communi- 
cated through  the  flues,  G E,  the  chimney  being 
placed  at  Ej. 

The  wood  or  other  fibrous  substance  having  been 
packed  in  boxes,  such  as  k,  k,  k,  these  are  arranged  in 
a circle  in  a large  soaking  vat,  kept  hot,  vvhere  the  lye 
permeates  through  the  substance  of  the  material.  A 
crane  transfers  them  as  required  to  trucks  to  be  con-  i 


veyed  to  the  boiler,  into  which  they  are  introduced 
while  still  hot  by  a second  crane  provided  with  a 


spring  catch.  When  the  hot  caustic  solution  has 
been  introduced  the  lid  is  hermetically  closed  and 
the  boiling  allowed  to  progress.  A space  is  left  down 
the  centre  to  allow  a free  circulation  of  the  liquid. 

Washing. — The  straw  pulp  is  thoroughly  washed 
after  its  treatment  with  soda  lye,  as  any  alkali 
remaining  would  cause  a loss  of  chlorine  in  the 
subsequent  bleaching.  This  washing  takes  place 
either  in  a washing  engine  alone,  which  should  be 
provided  with  a smooth  bed-plate  and  blunt  blades 
on  the  cylinder;  or  prior  to  passing  through  such  an 
engine  it  may  be  treated  in  a vat  provided  with  a 
false  bottom,  which  is  covered  with  bagging  or  coarse 
matting.  The  pulp  is  now  passed  into  either  drainers 
or  stuff  chests. 

The  iceh  machine  into  which  straw  pulp  is  fre- 
quently introduced  from  the  stuff  chest  consists  of  a 
screen,  forming  cylinder,  and  web  felt,  such  as  are 
used  in  the  cylinder  paper-making  machines  described 
at  page  539.  By  the  use  of  it  the  costly  sorting  to 
which  the  straw  would,  in  the  first  instance,  have 
to  be  subjected,  is  in  great  measure  avoided. 

The  pulp  is  now  ready  for  bleaching,  and  this  pro- 
cess is  usually  conducted  in  the  engine  in  the  same 
manner  as  for  rags ; a considerably  greater  proportion 
of  bleaching  powder  is,  however,  found  necessary — 
from  15  to  25  parts  of  bleaching  powder,  and  a cor- 
responding quantity  of  sulphuric  acid,  being  used  for 
each  100  parts  of  paper  when  this  is  made  solely  from 
straw;  and  this  quantity  has  to  be  still  further  in- 
creased when  an  insufficient  quantity  of  soda  lye  has 
been  used.  Several  processes  for  bleaching  have  been 
patented  from  time  to  time,  the  principal  object  in 
view  being  the  economizing  of  soda  lye,  but  none 
appear  to  have  come  into  general  use. 

It  is  unneeessary  to  subject  the  pulp  to  any  fur- 
ther reduction  in  a beating  engine,  for  the  fibres  are 
generally  so  far  reduced  in  the  above  operations 
that,  after  the  chlorine  has  been  removed,  and  the 
necessary  size  and  colouring  matters  been  added  in 
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a beating  engine  (not  provided  with  cutting  edges), 
they  can  be  conducted  direct  to  the  paper  machine, 
'niis  is  similar  in  all  respects  to  that  described 
presently  (see  page  535),  except  that  it  is  often 
found  necessary  to  replace  the  iron  press  rolls 
usually  employed  by  some  of  wood,  in  consequence 
of  the  excessive  adhesion  between  the  straw  pulp 
and  metal.  India-rubber  has  also  been  used  for  this 
purpose. 

Treatment  of  Waste  Paper.  — It  will  only  be 
necessary  briefly  to  refer  to  the  several  processes 
connected  with  this  subordinate  but  very  important 
operation. 

The  collecting  and  sorting  is  conducted  in  the 
same  manner  as  in  the  case  of  rags,  the  number  of  | 
subdivisions  being  nearly  as  numerous.  The  paper 
is  first  passed  through  a duster,  whereby,  in  addition 
to  dust  and  impurities  being  in  great  measure  re- 
moved, the  pieces  are  separated  from  each  other  and 
reduced  to  a convenient  size  for  the  sorters.  All 
but  the  worst  qualities  are  boiled  with  soda,  in  order 
to  extract  printing  ink;  vrater  alone  would  suffice  for 
writing  ink.  A stiitionary  boiler  is  preferable  for 
this  purpose,  as  motion,  however  slight,  cannot  fail 
to  separate  a large  part  of  the  extremely  fine  fibres, 
which  thus  get  lost  in  the  wash  water,  a large  quan- 
tity of  which  is  necessary  in  order  to  remove  the 
black  liquid  resulting  from  the  removal  of  ink. 
Tubs  provided  with  false  bottoms  are  generally 
used  for  the  boiling  process,  the  heat  being  com- 
municated to  them  by  waste  steam.  The  mass,  in 
the  form  of  a large  cake,  is  removed  gradually  to  a 
washing  engine  with  blunt  knives,  and  here  numerous 
fibres,  threads,  &c.,  make  their  appearance  and  cause 
considerable  trouble,  but  they  can  in  great  measure 
be  removed  from  the  surface  by  a wooden  rake. 
The  pulp  is  then  bleached,  as  already  described,  in 
the  same  engine  ; and  the  subsequent  processes  are 
precisely  similar  to  those  already  explained  in  the 
treatment  of  rags. 

Preparation  of  Esparto  Pulp.  — The  raw  material 
is  first  sorted  by  hand,  and  all  roots  and  flowers 
removed,  after  which  the  treatment  is  identical  with 
that  of  straw.  It  is,  however,  introduced  direct  into 
the  boiler  without  there  being  any  necessity  for 
Ireakiny-doirv,  as  in  the  case  of  straw.  The  boiling  i 
usually  takes  place  in  vomiting  tubs,  similar  to 
those  employed  for  waste  paper  in  some  mills. 
They  are  provided  with  fiilse  bottoms  on  which  the 
material  rests,  and  steam  is  introduced  below.  A 
pipe  rises  from  the  centre  of  the  false  bottom,  and  the 
liquid  being  forced  up  this  is  distributed  in  a spray 
over  the  surface.  The  solution  of  soda  is  similar  to 
that  employed  when  straw  is  ojierated  upon. 

Mr.  JosEril  CAitnoNNiCLL,  of  Paris,  adopts  the 
following  j)rocess : — 2UU  lbs.  of  “raw”  Esparto  is  j 
placed  ill  a wooden  vat,  and  20  lbs.  of  alkali  and  ' 
30  lbs.  of  quick  lime  are  mixed  with  it,  and  the  vat  [ 
immediately  filled  with  cold  water  until  the  Esparto  j 
is  covered.  The  contents  are  then  kept  at  boiling 
temperature  for  four  hours  by  means  of  copper  jiipes  j 
in  the  vat,  which  ivre  perforated  with  a number  of  ! 
small  holes  for  steam  to  escape  and  mix  with  the 


contents  of  the  vat.  The  liquid  is  then  drained 
off,  and  the  Esparto  placed  under  a hydraulic  press. 
It  is  afterwards  mixed  with  clear  cold  water  in  an 
engine  similar  to  those  used  in  triturating  rags. 

After  fifteen  minutes  of  trituration  the  grass  is 
reduced  to  a fibrous  matter : 24  lbs.  of  chloride  of 
lime  dissolved  in  clear  water  are  then  introduced, 
and  the  cylinder  turned  in  order  to  thoroughly  mix 
the  mass. 

In  another  vessel,  lined  with  lead,  lb.  of  sul- 
phuric acid  (marking  06  per  cent.)  are  mixed  with 
3 lbs.  of  clear  cold  water.  This  liquid  is  by  degrees 
added  to  the  pulp,  which  immediately  assumes  a 
reddish  colour,  but  at  the  expiration  of  45  minutes 
becomes  perfectly  white,  and  the  pulp  is  ready  for 
the  paper-maker. 

Vo€ltcr''s  Proce.ss  for  the  Mechanical  Treatment  of 
Wood. — As  early  as  1756  Dr.  Sciiaeki'ER  of  Bavaria 
proposed  to  make  paper  from  saw'dust  and  shavings 
by  mechanically  forming  them  into  a pulp  ; but  the 
process  could  not  be  worked  profitably  with  the 
machinery  at  his  command. 

H.  VOELTER  in  I860  j>atented  (in  England)  an 
arrangement  whereby  a number  of  pieces  of  wood 
were  converted  into  pulp  by  pressing  them  against 
a grindstone.  He  has  since  taken  out  patents  in 
1865  and  1873. 

The  several  appliances  through  which  the  material 
passes,  as  shown  in  Fig.  16,  may  be  thus  briefly 
described : — A is  the  pulping  apparatus,  consisting 
of  a vat,  K,  in  which  the  stone,  S,  revolves,  the 
blocks  of  wood  being  held  against  it  by  P P ; water 
is  introduced  at  G,  and  the  rotation  of  the  stone 
carries  the  pulp  against  a screen,  E,  through  which 
the  finer  particles  pass.  The  portion  failing  to  do 
so  is  led  by  the  trough,  f,  to  tlie  first  refining 
cylinder,  I5,  previously  jDassing  through  an  oscillating 
basket,  w'hich  retains  the  coarser  portions.  From 
this  it  is  led  through  a distributing  apparatus  and 
hopper,  c,  to  be  uniformly  supplied  to  the  refining 
cylinder,  D — these  cylinders  being  of  the  usual 
consti’uction,  and  covered  with  fine  sieves.  That 
portion  which  fails  to  pass  through  is  transferred 
by  an  elevator  to  the  mill-stones,  E,  of  the  ordinary 
construction,  and  after  leaving  them  is  joined  by 
the  fine  fibres  which  passed  through  E (Fig.  16). 
The  whole  now  enters  a mixing  reservoir,  f,  whence 
it  is  thrown  on  to  the  cylinder,  g;  the  pulp  which 
passes  into  this  is  distributed  on  to  a similar  cylinder, 
H,  and  the  contents  of  this  again  pass  to  the  last 
cylinder,  i,  which  differs  from  the  others  in  being 
surrounded  in  its  lower  portion  by  an  impervious 
leather  jacket,  so  that  the  pulp  ascends  in  order 
to  enter  it.  The  reader  who  requires  further  infor- 
mation with  regard  to  this  apparatus  is  referred 
to  the  two  specifications  of  1860  and  1865;  Nos. 
3182  and  3041  respectively. 

Chemical  JToccsses  for  the  Treatment  of  Wood — 
The  processes  which  have  been  devised  for  obtaining 
pulp  from  wood  by  chemical  means  may,  according 
to  M.  SciiuTZENBERGER  (in  Wurtz’  “ Uictionnaire 
de  Chimie  ”),  be  conveniently  divided  into  the  two 
following  classes : — (1)  Those  in  which  the  wood  is 


532 


PAPER. — Wood  Pulpinct. 


treated  by  sulphuric  or  hydrochloric  acid  at  the 
normal  pressure,  with  a subsequent  cleansing  by 
means  of  steam.  (2)  Those  in  which  caustic  liquors, 
especially  soda,  are  employed  at  a high  pressure. 

Sinclair's  Method. —The  wood  having  been  cut  up 
into  pieces  about  1 inch  broad,  one-eighth  inch  thick, 
and  from  2 to  3 inches  long,  is  introduced  into  a 
boiler,  and  a solution  of  caustic  soda,  in  the  propor- 
tion of  600  gallons  to  10  cwts.  of  dry  wood,  is  poured 
over  it.  The  boiler  having  been  firmly  closed,  the 
heat  is  raised  till  a pressure  of  about  180  or  200  lbs. 
on  the  square  inch  is  attained,  when  the  fire  is  with- 
drawn and  the  boiler  allowed  to  cool,  after  which  the 
lye  is  blown  off,  the  top  door  removed,  and  the  con- 
tents scalded.  The  discharge  door  is  then  opened, 
and  the  pulp  transferred  to  a poaching  engine  to  be 
washed  with  pure  water;  when  the  resin,  &c.,  are 
easily  removed  and  the  clean  fibres  obtained,  which, 
are  said  to  be  longer  and  firmer  than  those  produced 
by  any  other  method.  This  method  is  also  very  econ- 
omical, both  as  regards  the  actual  working  and  the 
setting  up  of  the  necessary  plant.  That  required 
for  the  production  of  10  tons  of  pulp  weekly  costs 
about  £1200,  and  can  be  worked  by  four  men  of 
ordinary  skill.  The  entire  cost  of  producing  1 ton 
of  pulp  is  said  to  be  £15  5s.,  the  expenses  being 
distributed  as  follows : — £ s d 

43  cwts.  of  wood  at  30s.  per  ton, 3 4 6 

Caustic  soda,  for  boiling  the  above, at  14s.  perl 

cwt..  and  employing  28  lbs.  per  cwt.  of  C 7 10  6 

wood  (partly  recoverable), ) 

Bleaching  liquor, 3 0 0 

Labour  of  cutting  wood, 0 4 0 

Fuel,  15  cwts.  of  coal,  at  8s.  per  ton, 0 6 0 

Labour  of  boiling,  washing,  and  bleaching 1 0 0 

Total, £15  5 0 

Aussedat's  Process. — In  this  extremely  simple  pro- 
cess, the  wood  is  disintegrated  by  the  action  of  a 
jet  of  vapour.  In  one  end  of  a cylindrical  high 
pressure  boiler,  about  feet  in  diameter  and  10 
feet  high,  is  fixed  a false  bottom,  so  that  the  wood 
placed  on  it  may  be  removed  from  the  liquid  result- 
ing from  steam  condensed  in  the  chamber.  The 
whole  is  mounted  on  lateral  bearings,  which  serve 
for  the  introduction  of  the  vapour,  and  the  wood  is 
introduced  through  a man-hole  at  the  upper  end. 
Taps  exist  at  the  upper  and  lower  ends  for  the 
removal  of  the  liquid  and  any  uncondensed 
vapour  that  may  be  present. 

The  wood  having  been  intro- 
duced, the  jet  is  (jradualbj  turned 
on,  in  such  a manner  that  at  the  • x 

end  of  three  or  four  hours  the 
temperature  corresponds  to  5 at- 
mospheres— that  is,  about  150°  C.,  ^ 
at  which  point  it  is  maintained 
for  an  hour.  As  the  slightest 
contact  between  the  wood  and  the 
condensed  water  would  at  once 
discolour  the  former,  it  is  essential 
that  the  water  be  removed  from 
time  to  time  by  one  of  the  outlets  provided  for 
the  purpose. 


The  above  treatment  is  suitable  for  all  kinds  of 
wood ; and  although  the  usual  practice  is  to  intro- 
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duce  it  in  the  form  of  logs  about  a yard  long,  any 
waste,  such  as  chips,  shavings,  t&c.,  may  be  treated. 
Although  not  necessary,  it  is  preferable  to  remove 
the  bark ; but  all  rotten  wood  may  be  left,  as  it  is 
removed  in  the  condensed  water. 

The  logs,  after  being  thus  subjected  to  the  action 
of  the  steam,  whereby  the  fibre  is  disintegrated,  and 
the  sap,  as  well  as  all  matters  of  a gummy  or  resinous 
nature,  are  removed,  are  cut  up  by  any  suitable  means 
into  discs,  the  thickness  of  which  is  about  1 inch,  more 
or  less  according  to  the  nature  of  the  fibres  required. 
They  are  introduced  into  a breaker,  acting  on  the 
principle  of  an  ordinary  coffee  mill,  and  by  this 
means  are  converted  into  half-stuff,  which,  after 
being  mixed  with  a suitable  quantity  of  water,  is 
passed  through  mills  provided  with  conical  stones, 
in  order  to  reduce  it  to  whole-stuff. 

The  pulp  thus  pi-epared  is  principally  employed 
in  the  manufacture  of  the  best  qualities  of  card 
board,  especially  such  as  are  used  by  artists,  since 
the  light  brownish  shade  which  it  always  possesses 
is  found  to  improve  the  tone  of  the  colours,  and 
is,  at  the  same  time,  very  agreeable  to  the  eye. 
According  to  Bourdillat,  the  above  treatment  by 
vapour  has  a chemical  as  well  as  a mechanical 
action ; for,  in  addition  to  the  vapour  traversing 
the  cellular  tissue  of  the  wood  and  dissolving  a 
considerable  portion  of  the  cell  contents,  acetic 
acid  is  disengaged  by  the  heat,  and  this  assists  the 
vapour  in  its  action  on  the  internal  substance  of 
the  wood, 

Keegan's  ISIethod. — The  wood  used  is  soft  deal  or 
pine,  and  it  is  sawn  up  into  pieces  from  (i  to  12 
inches  long  and  half  an  inch  thick.  The  pieces 
should  be  all  of  the  same  size,  and  the  smaller  they 
are  the  more  rapid  is  the  operation.  They  are 
placed  in  a cylindrical  boiler,  which  turns  upon  a 
horizontal  axis  during  the  maceration.  In  a second 
boiler  is  prepared  a solution  of  caustic  soda,  of 
about  20°  Beaume  (1T61) ; and  this  is  introduced 
through  a tube  into  the  first  boiler,  which  is  sub- 
sequently closed  hermetically,  and  the  soda  is  forced 
into  the  pores  of  the  wood  by  means  of  a pump.  A 
pressure  of  50  lbs.  on  the  square  inch  is  sufficient 
when  the  wood  is  not  more  than  half  an  inch  thick, 
and  the  injection  is  completed  in  half  an  hour,  after 
which  the  superabundant  solution  is  pumped  back 
into  the  second  boiler  for  the  next  operation. 
AVhen  the  excess  of  solution  has  been  thus  removed 
from  the  wood,  steam  is  introduced  between  the 
double  sides  of  the  first  boiler,  and  the  tempera- 
ture of  the  wood  raised  to  from  150°  to  190° 
C.  The  wood  is  then  washed  in  the  ordinary 
way,  till  the  water  running  off  it  is  perfectly 
limpid  ; and  the  half-stuff  thus  produced  may  be 
converted  into  pulp  either  before  or  after  bleach- 
ing, according  to  the  quality  or  colour  of  the  paper 
to  be  produced. 

The  process  of  Baciiet-Machard,  belonging  to 
the  first  of  the  classes  above  alluded  to,  was  devised 
with  a view  to  saccharify  the  wood,  and  then  to 
obtain  pulp  iis  a bye-product  in  the  distillation  of 
alcohol ; but,  in  practice,  the  amount  of  the  latter 


produced  is  found  to  be  of  secondary  importance. 
The  wood,  cut  into  discs  about  an  inch  thick,  is 
introduced  into  vats,  each  of  about  200  cubic  feet 
capacity,  and  the  interstices  are  filled  in  with  a 
mixture  of  1 part  of  hydrochloric  acid  to  10  of 
water,  when  the  mass  is  left  to  stand  for  eighteen 
hours,  during  which  period  the  heat  is  raised.  Each 
charge  produces  about  18  cwts.  of  dried  pulp,  and 
requires  600  lbs.  of  acid  for  its  treatment.  After 
being  carefully  washed  to  remove  traces  of  acid,  the 
discs  are  reduced  to  pulp  in  the  manner  adopted  in 
Aussedat’s  process.  It  can  be  partially  bleached 
with  profit,  and  employed  in  the  manufacture  of 
inferior  qualities  of  paper,  either  by  itself  or  mixed 
with  other  stuff.  A method  has,  however,  not  been 
devised  for  thoroughly  bleaching  it  at  a moderate 
cost. 

At  Poncharac,  near  Grenoble,  a somewhat  dan- 
gerous process  is  employed  for  the  disintegration 
of  wood.  It  consists  in  adding  atpia  regia,  composed 
of  94  per  cent,  of  hydrochloric  acid  and  6 per  cent, 
of  nitric  acid,  to  the  wood  contained  in  vessels  of 
about  20  cubic  feet  capacity,  formed  of  burnt 
clay;  the  mass  is  allowed  to  stand  for  about  nine 
hours.  No  less  than  60  parts  of  acid  are  required 
for  each  100  parts  of  wood.  The  process  is  some- 
times modified  in  such  a manner  as  to  admit  of 
heat  being  applied,  when  the  consumption  of  acid 
is  considerably  diminished. 

It  has  also  been  proposed  to  treat  the  wood  with 
hot  ammonia  in  closed  vessels,  caustic  soda  being 
subsequently  added. 

M.  Tessie  de  Montag  proposes  that  the  wood, 
after  treatment  by  an  alkaline  lye  under  pressure, 
should  be  bleached  by  means  of  manganate  of 
sodium.  The  lignin,  or  incrusting  matter,  dissolved 
in  the  alkali  could  then  be  deposited  by  a current 
of  carbonic  acid,  and  the  regeneration  of  the  alkali 
would  thus  be  effected  at  a moderate  cost. 

According  to  M.  Fiztier,  the  usual  caustic  might 
be  replaced  by  sulphide  of  sodium,  which  would  act 
in  an  analogous  manner,  and  could  be  regenerated 
with  facility ; for  it  would  only  be  necessary  to 
evaporate  and  calcine  the  lye,  the  organic  matter 
would  be  destroyed,  and  the  alkaline  sulphide  would 
be  at  once  recovered. 

Paper  from  Bamboo. — The  following  information 
relative  to  the  manufacture  of  pulp  from  bamboo 
is  derived  from  a paper  published  in  1876  by  Mr. 
Routledge,  who,  it  should  be  added,  was  the  intro- 
ducer of  Esparto  as  a material  for  making  paper. 
He  is  of  opinion  that  this  new  material  will  prove 
as  superior  to  Esparto  as  that  is  preferable  to  straw, 
and  he  proposed  the  following  process  of  manu- 
facture : — The  young  and  fresh  cut  stems  having 
been  passed  through  heavy  crushing  rolls,  are  passed 
through  a second  series  of  rolls,  which  are  chan- 
nelled in  order  to  thoroughly  split  and  partially 
divide  them,  when  they  are  cut  into  suitable  lengths 
by  any  convenient  means,  and  delivered  to  the 
boiling  pans.  Both  the  boiling  and  washing  pro- 
cesses are  conducted  in  a series  of  pans  similar  to 
Gol'piek’s  boilers  already  described,  and  the  lye  of 
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caustic  alkali  can  thus  be  re-employed  until  ex- 

evenly  over  the  surface.  This  even  spreading  of  the 

hausted ; and  when  the  extractive  matter  contained 

water  seems  to  be  important ; for  to  insure  it  a 

in  the  fibre  is  rendered  sufficiently  soluble,  the 

small  quantity  of  common  lime  is  sometimes  added. 

washing  is  proceeded  with  in  a similar  manner,  hot 

although  the  colour  of  the  resulting  paper  is  slightly 

water  being  employed.  The  mass,  having  been 

affected.  To  clear  the  fibre  thus  jirepared  from  the 

rinsed  with  cold  water,  is  drained  in  presses,  and 

ash  with  which  it  has  been  boiled,  it  is  placed  in  a 

placed  in  a “devil”  or  “willow;”  here  it  is  thoroughly 

basket  through  which  running  water  is  allowed  to 

“teazed”  out,  and  assumes  a tow-like  appearance. 

percolate,  until  the  residue  of  the  ash  infusion  is 

After  this  has  been  dried  by  a blast  of  hot  air,  it  is 

thoroughly  expelled. 

packed  in  bales  for  exportation,  and  only  requires 

The  material  is  now  to  be  “ pounded.”  This  is 

to  be  bleached  and  mixed  with  other  stuff,  or 

done  by  women,  who  handle  sticks  about  3 feet  long 

worked  by  itself,  according  to  the  nature  of  the 

and  square  in  section,  except  at  the  handle.  The 

paper  required.  The  bamboo  thus  treated  yields  as 

pounding  takes  place  on  an  oak  or  cherry  wood 

much  ns  60  per  cent,  of  its  weight  of  fibre. 

table,  and  is  continued  for  about  an  hour.  A little 

The  inner  bark  of  the  bamboo  has  long  been  used 

rice  paste  is  mixed  with  the  fibre  before  pounding, 

by  the  Chinese  for  the  manufacture  of  paper  of 

or  what  is  better,  the  prepared  root  of  a plant 

excellent  quality,  which  is  celebrated  for  the  clear 

called  “ tororo.” 

and  delicate  impressions,  called  India  proofs,  which 

The  mode  in  which  paper  cloth  “ warranted  to 

it  takes  from  engraved  plates. 

wash  ” is  made  in  Japan,  is  thus  described ; — Take 

Manufacture  of  Paper  in  Japan. — The  inhabit- 

some  of  the  paper  called  “ hosho,”  or  some  of  the  best 

ants  of  Japan  have  been,  perhaps,  more  successful 

“ seuka,”  and  dye  it  of  the  colour  required.  Boil 

than  any  other  people  in  the  simplicity  of  the  means 

some  of  the  roots  called  “ kon-niaku-no-dama,” 

adopted  for  the  manufacture  of  paper,  and  in  the 

with  the  skins  on.  Try  them  with  the  inner  portion 

variety  of  uses  to  which  it  is  applied. 

of  a rice  stalk ; when  it  penetrates  easily,  they  are 

In  May,  1869,  Lord  Clarendon  directed  the 

sufficiently  boiled.  Peel  them,  let  the  water  run 

attention  of  H.M.  Consuls  in  Japan  to  the  subject 

off,  and  then  pound  them  into  a paste.  Spread  this 

of  paper  manufacture.  The  reports  of  these  gentle- 

paste  on  either  side  of  the  paper,  and  let  it  dry  in 

men  were  presented  to  Parliament,  and  have  been 

the  sun  till  quite  stiff.  Then  sprinkle  water  upon 

issued  as  a Parliamentary  Paper,  marked  “Japan 

it  till  it  is  thoroughly  damp,  and  leave  it  in  that  state 

No.  4 (1871),  Reports  on  the  Manufacture  of  Paper 

for  a night.  The  next  morning  roll  it  upon  a bam- 

in  Japan.”  The  following  information  is  derived 

boo,  of  the  thickness  of  the  shaft  of  an  arrow,  and 

from  these  documents — ■ 

force  it  with  the  hands  from  either  end  into  a 

The  fibre  chiefly  used  in  Japan  for  the  manu- 

crimple  in  the  centre ; unroll  it,  and  repeat  this 

facture  of  paper  is  that  of  the  Paper  Mulberry 

process  two  or  three  times,  rolling  it  from  each  side 

(^Broussonctia  papyrijera').  This  plant  was  introduced 

and  corner  of  the  paper.  Then  crimple  it  well  in 

into  the  island  about  a.d.  610.  Its  average  height 

the  hands  by  rubbing  it  together  till  it  becomes  quite 

is  6 feet,  and  cuttings  for  the  manufacture  are  taken 

soft,  and  then  sprinkle  water  on  it  again  to  damp  it. 

from  it  after  the  fifth  year’s  growth.  There  are  many 

Pull  it  out  straight  and  smooth,  fold  it  up,  and 

varieties,  and  the  fibres  are  selected  according  to  the 

pound  it  with  a wooden  mallet.  It  ma}^  then  be  put 

quality  of  paper  to  be  made.  The  mulberry  stalks 

into  water  as  much  and  as  often  as  is  desired  without 

being  cut  into  lengths  of  from  2 to  3 feet  are 

sustaining  injury,  having  become  a strong  and  last- 

steamed,  and  the  separation  of  the  skin  at  the  cut 

ing  material.  Boxes,  trays,  and  even  sauce-pans 

ends  indicates  that  the  steaming  process  is  com- 

may  be  made  of  this  cloth,  and  sauce-pans  thus 

pleted ; and  the  bark  is  peeled  off  and  used  for  the 

manufactured  sustain  no  injury  over  a strong  char- 

manufacture,  the  sticks  being  burned.  The  skins 

coal  fire.  Bags  may  be  made  of  it,  in  which  wine 

are  dried  by  being  tied  loosely  together  and  hung 

may  be  put,  and  heated  by  insertion  in  boiling 

on  transverse  poles,  and  after  this  they  are 

water.  Paper  thus  prepared  may  be  used  for 

washed,  by  being  left  in  running  water  for  a day 

papering  windows,  and  without  being  oiled  will 

or  longer.  'J’he  inner  fibre  can  then  be  separated 

withstand  the  rain. 

from  the  outer  skin,  by  drawing  the  slips  of  bark 

Papermaking  by  Hand. — The  sheet  of  paper  is 

under  the  edge  of  a knife ; and  paper  may  be  made 

made  by  a mould,  composed  of  a frame  covered  with 

of  either  the  inner  or  the  outer  fibre ; the  former 

fine  wire-cloth,  having  a movable  edge  called  a deckle. 

being  for  paper  of  the  best  quality.  The  process 

This  mould  the  workman  dips  into  the  vat  con- 

usually  takes  three  or  four  days,  but  adepts  can 

taining  prejiared  pulp,  lifting  a portion  of  the  pulp 

accomplish  it  in  two. 

on  its  surface.  The  water  flows  through  the  wire 

Parcels  of  fibres,  weighing  about  32  lbs.  each,  are 

cloth,  and  leaves  the  fibre  on  the  top.  The  work- 

well  washed  and  boiled,  so  that  they  are  no  longer 

man  then  removes  the  deekle,  and  passes  the  mould 

glutinous ; the  water  used  is  previously  infused 

to  another,  who  turns  it  over,  and  presses  it  on  a 

with  the  ashes  of  burnt  buck-wheat  husks.  Stirring 

felt,  to  which  the  sheet  adheres  ; the  mould  is  then 

is  continuously  maintained,  and  the  workman  is 

returned  to  form  a new  sheet. 

assured  of  the  conqdetion  of  the  process  it,  on  with- 

About  130  sheets  are  laid  in  alternate  layers  of 

drawing  the  stirring  sticks  from  the  bottom,  the  water 

felts  and  sheets,  and  the  whole  submitted  to  power- 

wells  up  through  the  holes  left  by  them,  and  spreads 

ful  pressure.  The  sheets  are  then  taken  out  of  the 
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felts,  and  being  laid  together,  are  subjected  to  another 
pressure,  after  which  they  are  parted  or  turned 
over,  to  prevent  their  adhering  to  each  other.  The 
paper  is  then  taken  to  a drying  house,  and  hung  up 
on  lines  to  dry.  It  is  ne.xt  sized,  gently  pressed,  and 
the  sheets  parted  from  each  other  and  hung  up  a 
second  time  to  dry  in  a loft  or  drying  house. 

There  are  only  a few  vats  working  in  this  country, 
generally  in  the  manufacture  of  paper  in  which 
great  strength  is  required. 

History  of  the  Paper  Machine. — The  paper 
machine  had  its  origin  in  France.  Louis  Robert 
was  the  first  who  appears  to  have  conceived  the  idea 
of  making  a continuous  web  of  paper  on  an  endless 
wire-cloth,  to  which  a rotary  motion  was  communi- 
cated, thereby  producing  a web  or  sheet  of  indefinite 
length. 

About  the  year  1798  Robert  constructed  a small 
model  of  a machine,  by  which  he  could  make  a 
narrow  continuous  strip  of  paper.  Subsequently  a 
machine  was  constructed  by  wliich  paper  24  inches 
wide  could  be  produced.  The  French  government 
presented  to  Robert  the  sum  of  8000  francs  as  a 
reward  for  his  invention,  and  the  right  to  it  was 
purchased  by  Didot,  his  employer,  for  the  sum  of 
25,000  francs.  In  England 
Messrs.  Fourdrinier  adopted 
the  invention,  and  with  tho 
help  of  Bryan  Donkin  they 
in  three  years  succeeded  in 
constructing  a machine  which 
made  a continuous  web  of 
paper;  but  after  three  years 
more  of  immense  labour,  and 
an  expenditure  of  £00,000, 
the  patentees  found  that  their 
machine  still  required  exten- 
sive alterations  and  improve- 
ments. They  therefore  applied 
to  Farliament  for  an  extension 
of  their  patent  for  fourteen 
years.  The  application  was, 
however,  owing  to  certain 
technical  difficulties,  practically  unsuccessful;  and 
thus  this  valuable  invention,  on  which  Messrs. 
Fourdrinier  had  expended  so  much,  became 
public  property,  and  largely  benefited  all,  ex- 
cept those  who  had  been  so  instrumental  in  its 
introduction. 

Present  Paper  Machine. — The  preparation  of  the 
pulp  having  been  completed  in  the  beating  engine, 
it  is  all  collected  in  the  stuff  chest,  or  reservoir  (see 
Plate  I.),  in  a condition  to  be  delivered  to  the 
machine  as  required.  The  stuff  chest  is  formed  of 
wood  or  iron,  and  is  usually  capable  of  containing 
lOUO  to  1200  lbs.  of  pulp.  AVithin  it  a vertical  shaft. 
Carrying  two  horizontal  agitating  arms,  each  extend- 
ing nearly  across  the  vat,  and  provided  with  a large 
bevel  wheel  at  its  upper  or  lower  end,  is  driven  by  a 
pinion  on  a horizonfid  sluift;  it  rotates  from  one  to 
three  times  per  minute,  according  to  the  quality  of 
the  pulp.  An  important  desideratum  in  paper  is 
uniform  thickness,  and  this  can  only  be  obtained  by 


a regular  supply  of  pulp  of  uniform  consistency,  and 
I a regular  speed  in  the  machine. 

! The  following  description  of  the  several  portions 
I of  the  machine  relers  in  great  part  to  the  engraving 
I (Plate  I.),  which  reiwesents  a very  elaborate  machine 
! of  the  most  modern  construction,  and  for  which  we 
are  indebted  to  IMessrs.  G.  & W.  Bertram,  of  Edin- 
durgh.  Such  an  apparatus  (known  as  a 102-inch 
machine)  is  capable  of  producing  the  finest  quality 
of  printing  paper,  in  a strip  94  inches  wide,  at  the 
rate  of  150  feet  per  minute,  or  30  tons  and  upwards 
per  week. 

Sand  Tables. — The  pulp,  on  leaving  the  stuff-chests, 
passes  through  the  regulatiny  box,  an  appliance  which 
has  the  effect  of  keeping  a regular  supply  of  pulp  on 
the  machine ; and  when  it  has  been  delivered  by  the 
stuff  pumps,  is  mixed  with  a certain  quantity  of 
water  drawn  from  the  pulp  immediately  preceding 
it,  and  this  mixture  is  then  made  to  pass  along  sand 
j tables,  or  spouting,  in  order  to  free  the  stuff  from 
any  gritty  matter  which  may  accompany  it  from  the 


beating  engines.  From  them  the  pulp  passes  into 
the  strainer,  an  appliance  which  has  in  recent  years 
been  very  materially  altered  in  construction. 

The  Knottiinj  Machine,  or  Strainer,  was  invented 
by  Ibotson,  an  English  paper-maker,  in  1830,  and 
is  very  essential  for  the  production  of  the  better 
class  of  papers,  as  by  its  means  the  knots  or  impuri- 
ties are  removed  from  the  paper  stuff  or  pulp,  thus 
avoiding  all  irregularity  in  the  paper  produced,  as 
well  as  the  great  waste  of  pulp  that  formerly  took 
place.  The  knotting  machine  has  been  now  brought 
to  so  high  a state  of  perfection,  that  the  ])ulp  flows 
from  the  vat  to  the  machine  with  perfect  uniformity 
of  substance. 

Fig.  17  shows  two  of  Ibotson’s  strainers  as  at 
present  constructed.  The  pulp,  enteting  at  the 
inlets,  A A,  j)asses  in  the  directions  indicated  by  the 
arrows;  and  the  finer  portions,  filtering  directly 
through  the  strainers,  jia-ss  to  the  lip  near  B,  whence 
they  are  distributed  evenly  on  the  machine.  All 
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knots,  lumps,  and  impurities  are  driven  by  the 
current  through  the  openings  at  tlie  end  of  the  first 
strainer,  opposite  to  that  at  which  they  enter ; 
and  after  traversing  in  like  manner  the  second 
strainer,  B,  they  enter  a pipe  conducting  them  to 
the  outlet  trough,  D,  by  which  they  are  carried  to 
an  auxiliary  strainer,  c,  placed  on  a lower  level  at  the 
back  of  the  apparatus.  The  movement  of  the  pulp 
is  facilitated  by -a  jogging  motion  communicated  to 
the  strainers,  by  means  of  small  ratchet  wheels  keyed 
on  shafts,  passing  beneath  the  machine ; and  when 
various  qualities  of  pulp  are  treated  it  is  necessary 
to  vary  the  size  of  the  perforations  in  the  strainer 
plates;  they  are,  therefore,  usually  made  movable, 
so  that  the  plates  can  be  changed  when  requisite. 

More  recently,  however,  it  has  been  found  advan- 
tageous, especially  in  the  manufacture  of  the  finer 
class  of  writing  and  printing  papers,  to  replace 
the  above  flat  jog  knotting  machine  by  revolving 
strainers,  accompanied  by  a separate  knotter.  The 
engraving  (Plate  I.)  shows  the  arrangement  intro- 
duced by  G.  & W.  Berti’vAM  in  plan  and  elevation. 

The  pulp  is  delivered  from  the  sand  tables  into 
the  patent  knotter,  whence  it  passes  into  three  vats 
containing  the  square  revolving  strainers,  each  of 
which  is  about  18  inches  square  and  7 feet  long,  and 
its  four  sides  are  covered  with  brass  strainer  plates 
perforated  with  extremely  fine  slits.  The  strainers, 
which  are  caused  to  rotate  by  suitable  gearing,  contain 
india-rubber  bellows,  worked  at  a high  speed  by 
pistons,  and  the  fine  pulp  is  thus  drawn  within  the 
strainers,  all  knots,  &c.,remaininginthevat.  Thepuri- 
fied  pulp  then  passes  out  through  a hollow  bearing  at 
the  opposite  end  of  the  strainer  to  the  piston,  and  its 
escape  is  so  regulated  by  a sluice  as  to  keep  the  pulp 
in  the  vat  at  a height  suitable  for  'he  working  of  the 
revolving  strainer,  which  moves  at  the  rate  of  about 
three  turns  per  minute.  It  will  be  evident,  that  as  they 
reject  any  stuff  not  properly  beaten,  such  as  strings, 
&c.,  these  substances  in  time  would  accumulate  in 
the  vats,  and  thus  prevent  the  proper  action  of 
the  apparatus,  were  it  not  for  the  knotter  above 
referred  to. 

It  should  be  mentioned,  that  in  revolving  strainers 
constructed  by  J.  Bertram  & Son  the  use  of  india- 
rubber  bellows  is  avoided,  and  they  are  replaced  by 
a perforated  tube  about  7 inches  in  diameter  run- 
ning the  whole  length  of  the  strainer,  the  holes  in 
which  are  so  graduated  as  to  distribute  the  suction 
evenly  within  the  strainer.  The  suction  is  effected 
by  means  of  a pump,  placed  outside  the  vat,  working 
very  rapidly  with  a short  throw ; it  is  connected  by 
a gland  to  one  of  the  hollow  bearings  of  the  strainer 
itself. 

The  Endless  Wire.  — The  pulp  on  leaving  the 
strainer  passes  into  a vat,  containing  a horizontal 
agitator  or  hog here  it  is  properly  mixed  and 
made  ready  to  flow  on  to  the  endless  wire  cloth, 
which  (in  the  machine  illustrated)  is  102  inches 
wide  and  35  feet  long.  It  is  so  supported  by  brass 
tube  rolls  as  to  render  the  layer  of  pulp  absolutely 
uniform,  thus  insuring  a constant  thickness  in  the 
finished  paper.  The  meshes  of  these  wire  cloths 

are  extremely  fine ; in  some  cases  there  are  as  many 
as  19,000  holes  per  square  inch ; but  the  principal 
meshes  employed  are  from  2000  to  6000  per  square 
inch,  and  the  ends  are  united  so  as  to  form  one 
continuous  sheet. 

Below  the  tube  rolls  is  the  sare-all  — a shallow 
box  which  receives  the  water  as  it  flows  through  the 
wire  cloth  from  the  pulp : for  a large  quantity  of 
water  is  necessary  in  order  to  float  the  pulp  along 
the  sand  tables,  through  the  strainers,  and  on  to  the 
wire  cloth.  The  pulp  being  partially  freed  from  water, 
a slight  side  shake  is  communicated  to  the  wire 
frame  for  the  double  purpose  of  getting  rid  of  water 
and  weaving  the  fibres  of  the  pulp  together  before 
the  water  has,  to  any  great  extent,  left  it,  the  decide 
straps  keeping  the  pulp  to  the  width  required  by 
forming  ledges  near  the  sides  of  the  web.  These 
bands  or  deckles  are  often  made  of  a number  of 
layers  of  cotton,  gummed  and  sewed  together,  being 
about  1 inch  in  width  and  half  an  inch  thick ; more 
usually,  however,  they  are  made  of  vulcanized  india 
rubber.  They  travel  along  with  the  wire,  one  on 
each  side,  and  by  their  flexibility  remain  in  contact 
with  it,  keeping  the  sheet  any  required  width.  They 
are  guided  by  a frame  which  stretches  across  the 
machine,  resting  on  its  framework ; and  the  breadth 
of  pulp  is  regulated  by  widening  or  narrowing  the 
frame. 

The  Dandy  Roll. — Travelling  with  the  wire,  the 
pulp  passes  to  the  dandy  roll,  which  is  simply  a 
cylinder,  the  two  ends  of  which  consist  of  brass 
hoops  fixed  on  a shaft,  and  having  wires  extended 
between  them  ; or  it  is  sometimes  formed  of  perfor- 
ated copper,  and  is  covered  with  fine  wire  cloth. 
It  is  generally  7 inches  in  diameter,  and  corre- 
sponds in  length  to  the  width  of  the  wire  upon 
which  it  rests.  The  journals  of  this  roll  turn  in 
slits  in  two  upright  stands ; one  behind  the  machine 
frame  and  the  other  in  front  of  it;  but,  as  the  roll 
actually  rests  with  its  whole  weight  on  the  wire,  it 
revolves  by  the  progressive  motion  of  the  latter, 
while  the  stands  prevent  it  from  participating  in 
the  lateral  motion.  This  roll,  by  running  on  the 
surface  of  the  pulp,  presses  out  a great  quantity  of 
water,  and  renders  the  paper  finer  and  closer  in 
texture.  It  is  also  by  this  part  of  the  mechanism 
that  the  water-mark  and  the  lined  appearance  which 
paper  often  presents  are  impressed. 

Suction  Boxes. — Beneath  the  dandy  roll,  and 
across  the  machine,  two  suction  or  pump  boxes  are 
placed,  open  at  the  top.  As  the  wire  travels  over 
these  boxes,  the  action  of  the  pumps  with  which 
they  are  connected  draws  the  wire  upon  them  with 
a pressure  sufficient  to  make  them  air-tight,  thereby 
extracting  a large  portion  of  the  water  which  the 
pulp  at  this  point  still  retains,  and  giving  to  it  such 
a degree  of  consistency  as  fits  it  to  bear  without 
injury  the  pressure  of  the  couch  rolls. 

The  water  so  extracted,  together  with  that  col- 
lected in  the  save-all,  is  added  to  a fresh  supply  of 
pulp  before  it  traverses  the  sand  tables. 

The  Conch  Rolls. — The  web  of  paper  now  arrives 
at  the  couch  rolls.  These  are  two  large  rollers. 
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usually  of  brass  covered  with  felt.  The  under  one 
revolves  inside  the  wire,  and  gives  the  motion  to  it ; 
the  upper  rests  on  the  lower,  and  thus  both  wire 
and  web  of  paper  pass  through  between  them,  re- 
ceiving a gentle  pressure,  which  renders  the  paper 
still  more  compact,  forcing  out  more  of  the  water 
in  it. 

At  this  point  the  paper  leaves  the  wire,  and  is 
received  on  a soft  woollen  blanket,  or  endless  web 
of  felt,  revolving  continuously  on  rollers ; it  is  about 
20  feet  in  length,  and  made  with  very  great  care. 

Press  Rolls. — This  endless  web  carries  the  paper 
between  two  heavy  iron  rollers,  called  press  rolls, 
which  still  expel  a quantity  of  water.  The  paper 
can  now  bear  its  own  weight,  and  may  be  handled 
gently  with  impunity.  The  sheet  then  passes 
through  the  second  set  of  press  rolls ; but  in  order 
to  bring  the  under  side  in  contact  with  the  upper 
press  roll,  it  will  be  seen  that  the  paper  is  inverted 
by  being  caused  to  pass  underneath  the  second  set 
of  rolls,  and  thus  these  rotate  in  the  reverse  direc- 
tion. This  arrangement  is  necessary,  in  order  to 
insure  that  the  under  side  shall  equal  the  upper  in 
smoothness ; for  it  is  found  that  the  wire  and  first 
press  roll  felt  have  a tendency  to  roughen  the  under 
side,  while  the  upper  surface  is  rendered  smooth 
from  being  in  direct  contact  with  the  roll.  This 
second  set  of  rolls  is  provided  with  an  endless  felt 
of  its  own,  which,  however,  is  usually  made  thicker 
and  stronger  than  that  employed  in  the  first  press 
rolls.  Both  felts  are  guided  through  their  respective 
sets  of  rolls  by  means  of  the  “ felt  rolls.”  It  should 
be  added  that  modern  experience  shows  it  to  be  better 
to  work  with  all  the  above-named  rolls  cold,  and 
not  to  heat  them,  as  was  formerly  the  practice.  In 
some  mills  each  press  roll  is  provided  with  an 
arrangement  for  preventing  the  web  of  paper  from 
adhering  to  the  metal,  and  so  passing  round  and 
increasing  the  diameter  of  the  roll.  These  are 
known  as  doctors,  and  consist  of  strips  of  metal,  or 
preferably  vulcanite,  held  against  the  rolls  b}"^  levers 
and  weight,  in  such  a position  as  to  scrape  the  sur- 
face of  the  roll.  The  paper  now  passes  to  the  drying 
cylinders. 

Steam  Drjiiug. — For  many  years  after  the  intro- 
duction of  the  paper  machine,  the  paper,  after  pass- 
ing through  the  press  rolls,  was  wound  on  reels,  cut 
into  sheets  by  hand,  and  then  hung  up  in  the  loft  to 
dry.  But  in  1821  a very  useful  improvement  was 
added  to  the  machine  by  T.  B.  Cro.mpton,  who  in- 
vented and  patented  a new  mode  of  drying  by  heated 
cylinders  and  a cloth  or  felt. 

Since  that  period  the  system  of  drying  by  steam 
has  been  brought  to  a high  state  of  perfection,  the 
number  of  cylinders  being  gradually  increased,  and 
the  heat  to  which  they  are  raised  proportionately 
decreased ; thus  avoiding  the  evaporation  of  size 
which  is  sure  to  take  place  with  rapid  heating,  but, 
at  the  same  time,  allowing  of  a very  rapid  speed 
being  maintained.  The  drying  cylinders  are  thus 
arranged  in  Messrs.  G.  and  W.  Bertram's  machine. 
They  are  each  4 feet  in  diameter,  and  being  eleven 
in  number,  afford  a very  large  amount  of  drying 
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surface ; for  it  is  essential  that  this  operation  be 
conducted  gradually,  especially  at  its  commencement. 
Three  of  the  first  section  of  cylinders,  having  no 
felt  on  them,  allow  the  moisture  coming  from  the 
paper  to  escape  freely  ; but  the  next  five  cylinders 
are  provided  with  felts,  which  hold  the  paper  against 
the  heated  surface,  thereby  smoothing  and  flattening 
it,  and  so  making  it  the  more  fit  for  introduction 
between  the  smoothing  rolls.  These  are  highly 
polished  cast-iron  rolls,  heated  by  steam ; and  as 
the  paper  reaches  them  in  a .slightly  moist  condition, 
they  cause  its  surface  to  assume  a fine  smooth  appear- 
ance. The  paper  now  passes  over  the  three  last 
cylinders,  all  provided  with  felts,  to  render  the  con- 
tact perfect,  and  thus  dry  up  any  remaining  moisture. 
By  placing  two  of  these  below  and  one  above  the 
paper,  its  under  surface  is  rendered  more  nearly 
equal  to  the  upper.  The  arrangement  here  des- 
cribed is  that  adopted  for  the  manufacture  of  the 
finest  quality  of  printing  paper. 

Calender  Rolls. — On  leaving  the  eyliuders  the  web 
passes  through  a number  of  rolls,  the  surfaces  of 
which  are  very  highly  polished.  In  the  machine 
shown  they  are  arranged  in  four  sets  of  three,  but 
the  exact  system  adopted  is  immaterial.  The  object 
of  these  calender  rolls  is  to  impart  a finished  glazed 
surface,  the  amount  of  this  glazing,  of  course,  de- 
pending on  the  number  of  rolls  employed.  They  are 
ordinarily  made  of  polished  cast  iron,  as  in  the  case 
of  the  smoothing  rolls,  but  recently  chilled  iron  rolls 
have  been  introduced.  Considerable  difficulty  is 
experienced  in  preserving  the  high  polish  on  the 
surface,  and  a suggestion  is  made  in  Ure’s  Dic- 
tionary that  the  surface  should  be  electro-plated 
with  nickel ; but  it  has  not,  so  far  as  we  are  aware, 
been  acted  on.  It  certainly  would  appear  to  be  well 
worth  a trial. 

From  the  calender  rolls  the  web  is  led  to  the 
reels,  which  are  made  of  wood,  and  when  an  empty 
reel  is  placed  in  the  machine  it  is  caused  to  rotate 
with  a greater  circumferential  velocity  than  that  at 
which  the  paper  is  delivered,  in  order  that  a solid 
roll  may  be  formed.  To  prevent  the  tearing  of  the 
paper  owing  to  this  extra  velocity,  a delicately- 
arranged  “ slipping  motion”  is  introduced,  and  this 
being  adjusted  when  the  filling  of  the  reel  com- 
mences, the  strain  on  the  paper  remains  constant 
throughout  the  entire  process.  Provision  is  made 
on  the  machine  for  accommodating  two  reels,  so 
that  when  one  is  full  the  other  can  be  at  once 
brought  into  action. 

The  full  reels  are  now  removed  to  another  room 
to  be  cut  to  any  size  sheets  required,  one  cutting 
machine  being  capable  of  cutting  eight,  or  even 
more  rolls  at  the  same  operation. 

Cutting  Machine. — Previous  to  the  introduction 
of  cutting  machines,  the  paper  was  uniformly  wound 
on  a reel,  the  diameter  of  which  could  be  diminished 
or  enlarged,  according  to  the  size  of  sheet  required. 
When  the  reel  was  filled,  an  empty  one  was  put  on, 
and  the  paper  was  cut  off  the  full  reel  by  hand. 
This  method  of  cutting  occasioned  a great  deal  of 
waste ; many  attempts  were  therefore  made  to  pro- 
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duce  a machine  which  would  cut  the  paper  into 
sheets  as  it  issued  from  the  machine,  or  as  it  was 
wound  off  a reel ; but  most  of  the  plans,  after 
repeated  trials  had  been  made  and  considerable  loss 
incurred,  were  laid  aside  as  iinjjracticable.  J.  B. 
CiiOMPTON  appears  to  have  been  the  first  who  pro- 
duced a really  useful  cutting  machine.  About  1821 
he  secured  a patent  for  cutting  paper  into  suitable 
lengths  by  a pair  of  shears,  as  it  issued  from  the 
machine;  and  in  1828  he  again  obtained  a patent 
for  cutting  paper  lengthwise  by  revolving  circular 
blades  fixed  on  a roller  parallel  to  a cylinder. 
Finally,  in  1849,  Amos  and  Clark  patented  a cutter 
which  obviated  the  difficulty  that  arose  from  the 
constantly  increasing  velocity  of  machines,  causing 
the  sheets  to  be  cut  into  irregular  lengths. 

The  first  operation  of  this  cutter  is  to  cut  the 
paper  lengthwise  into  such  widths  as  may  be 
required.  To  effect  this  object,  there  are  placed 
across  the  machine  two  shafts,  armed  with  circular 
blades,  which  may  be  moved  along  the  shafts  to 
adjust  them  to  any  required  width.  These  knives 
revolve  at  a much  greater  speed  than  the  paper, 
which,  as  it  issues  from  the  machine,  or  is  wound 
off  the  reel,  passes  between  the  two  shafts,  and  is 
cut  by  the  knives  very  exactly.  It  should  be  added 
that  the  knife  on  the  upper  shaft  is  larger  in 
diameter  than  that  on  the  lower,  and  as  they  revolve 
in  contact,  the  action  produced  is  similar  to  that  of 
a pair  of  scissors. 

The  web  being  thus  cut  lengthwise,  proceeds  over 
a large  drum  to  be  cut  across  into  the  lengths  required 
for  the  sheets.  From  the  velocity  with  which  it  travels, 
this  is  a difficult  operation,  and  requires  the  paper  to 
be  momentiirily  arrested  in  its  course,  at  regular  in- 
tervals, to  admit  of  the  sheet  being  cut  square.  With 
this  view,  the  drum  is  so  contrived  as  to  have  an  alter- 
nating nmtion ; atone  time  bringing  the  paper  forward 
the  required  length,  and  then  returning.  This  effect 
is  produced  by  a crank  arm,  which  can  be  adjusted 
at  pleasure  to  regulate  the  length  of  the  sheet.  In 
front  of  this  drum,  at  the  point  where  the  paper 
leaves  it,  is  placed  a solid  board  or  wooden  block, 
over  which  is  suspended  a movable  board  or  presser. 
The  paper  passes  between  these,  and  when  the  drum 
has  brought  forward  the  required  length  of  sheet, 
the  presser,  by  a particular  movement,  is  made  to 
descend  against  the  block,  and  holds  the  paper  fast, 
while  at  the  same  instant  a combined  motion  of  rolls 
and  levers  brings  a movable  knife  against  a fixed 
knife,  and  the  paper  is  cut  in  the  same  manner  as  by  I 
a pair  of  shears.  The  sheets  immediately  on  being 
CUD  are  caught  by  boys,  and  laid  straight  in  hand-  j 
fuls.  The  drum,  after  bringing  forward  the  required 
length,  immediately  travels  back,  while  the  pressers  ; 
prevent  the  paper  from  being  pulled  along  with 
it.  Three  rolls  covered  with  felt  are  placed  on  the  i 
top  of  the  drum  to  assist  in  bringing  forward  the 
paper,  and  the  moment  it  is  held  fast  in  the  pressers 
these  rolls  are  raised  by  a lever  and  connecting  rods, 
so  that  the  paper  is  left  loose  on  the  drum,  which  by 
this  arrangement  can  turn  back  without  dragging  the 
paper.  The  latter  is  continuously  passing  between  i 


the  knives,  and  while  the  drum  is  making  its  back- 
ward motion,  a dancing  roll  takes  up  the  slack  of  the 
paper. 

The  apparatus  is  invaluable  in  cutting  laid  paper 
on  which  is  a water-mark.  As  this  water-mark 
requires  to  be  in  the  centre  a portion  of  the 
machinery  can  at  any  time  be  stopped  by  hand,  and 
a small  part  of  the  sheet  cut  off,  thereby  bringing  the 
water-mark  again  to  its  proper  place,  if,  through  any 
cause,  it  happens  to  get  displaced. 

A very  useful  form  of  paper  cutter  is  now  generally 
adopted,  in  which  the  paper  from  six  or  more  rolls 
is  cut  simultaneously  into  sheets  of  any  required 
dimensions.  It  is  found  to  be  much  preferable  to 
use  some  such  appliance  rather  than  cut  the  paper 
at  once  on  leaving  the  machine,  for  a six  or  eight- 
reel  cutter  is  cajjable  of  cutting  as  much  paper  in 
nine  hours  as  the  machine  produces  in  twenty-four ; 
thus,  while  the  latter  works  day  and  night,  the 
former  need  only  be  in  action  during  the  day. 

In  that  made  by  G.  & W.  Bertraji  the  paper 
from  the  several  rolls  passes  through  a pair  of  cast- 
iron  drawing-in  rolls,  from  which  it  is  led  between 
slitting  knives  on  two  parallel  axes,  similar  to  those 
already  described.'  After  passing  through  tube  rolls, 
the  paper  is  cut  into  lengths  by  means  of  knives  set 
on  a revolving  drum,  and  the  sheets  are  delivered 
on  an  apron.  The  length  of  sheet  so  obtained  may 
be  varied  from  12  inches  to  the  largest  used  by 
altering  a change  pulley,  and  the  diameter  of  an 
expanding  pulley. 

Sizing. — Inferior  sorts  of  writing  paper  are  sized 
in  the  pulp,  by  the  same  method  as  printing  paper; 
but  to  produce  a good  writing  paper  it  is  necessary 
to  size  it  with  animal  size  after  it  is  made. 

Size  is  generally  made  at  the  mill  from  the  parings 
of  skins,  called  scrolls.  The  gelatine  can  also  be  ex- 
tracted from  any  of  the  various  fibres  and  membranes 
of  the  animal  body,  and  forms  a considerable  pro- 
portion of  the  bones  themselves.  These  various 
materials  are  first  soaked  for  several  days  in  large 
wooden  tubs  of  water,  after  which  they  are  placed 
in  a wooden  cylinder  from  4 to  6 feet  in  diameter 
and  10  feet  in  length,  revolving  on  a horizontal 
shaft,  which  is  hollow  to  admit  of  the  introduction 
of  water.  The  cylinder  itself  is  perforated,  and 
revolves  in  a trough,  and  a constant  stream  of  water 
passes  through  it. 

The  cleaned  clippings  are  now  put  in  a tub  pro- 
vided with  a false  bottom,  below  which  steam  is 
introduced,  but  the  water  should  never  actually  boil. 

The  method  generally  adopted  at  the  prc=-ent 
day  consists  in  boiling  these  scrolls,  pntes,  &c.,  in  a 
copper  for  a period  varying  according  to  the  nature 
of  the  membranes  under  treatment;  care  must  be 
taken  to  avoid  actual  contact  between  it  and  the 
boiler,  as  a yellow  shade  would  be  thereby  communi- 
cated to  the  size.  The  fatty  matter  which  is  extracted 
floats  on  the  surface  of  the  liquid,  and  must  be  care- 
fully removed.  After  the  requisite  period  (as  much 
as  twelve  or  sixteen  hours  in  the  case  of  ox  hides, 
&c.),  the  supernatant  liquid  is  removed  and  replaced 
by  a second  supply  of  water,  and  by  this  a weaker 
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solution  is  produced,  which  is  usually  added  to  the 
fir.st. 

The  solution  now  requires  clarifying,  in  order 
to  remove  the  numerous  substances  it  contains  in 
suspension.  A small  quantity  of  powdered  lime 
having  been  added,  the  liquid  is  stirred  and  then 
allowed  to  rest.  If  the  impurities  have  not  com- 
pletely settled  to  the  bottom  ^^^th  part  of  sulphuric 
acid  is  added,  which,  forming  an  insoluble  sulphate 
of  lime,  causes  the  solution  to  rapidly  become  clear, 
and  it  is  then  filtered  through  several  folds  of  felt. 
In  addition  to  gelatine,  the  liquid  now  contains 
chondrin,  a substance  which  was  long  supposed  to 
be  identical  with  gelatine ; and  as  this  is  a great 
obstacle  to  sizing,  it  becomes  necessary  to  remove 
it,  which  can  be  easily  accomplished  by  the  addition 
of  a concentrated  solution  of  alum  : sulphate  of 
alumina  or  of  iron  would  produce  the  desired  effect. 
After  this  the  size  is  again  filtered,  when  it  is  ready 
for  use. 

The  process  of  sizing  is  one  of  the  most  uncertain 
and  difficult  operations  of  paper  making,  as  it  is 
influenced  in  a very  remarkable  degree  by  atmos- 
pheric conditions,  both  of  heat  and  moisture,  and  by 
the  temperature  of  the  size  itself.  If  the  paper  is 
very  porous  it  is  also  generally  weak,  and  then  the 
sizing  occasions  a good  deal  of  waste.  If,  again,  the 
pajier  has  been  blued  with  ultramarine,  a strong  and 
offensive  smell  is  often  communicated  to  it.  The 
best  remedy  for  this  is  to  use  a size  which  has  not 
been  long  kept,  to  allow  the  paper  to  lie  some  time 
after  being  made,  and  after  sizing  to  dry  as  quickly 
and  as  perfectly  as  possible.  If  it  still  retains  any 
offensive  smell  this  may  be  partially  removed  by 
hanging  it  up  in  a place  where  it  is  exposed  to  a 
veiy  dry  atmosphere. 

Many  attempts  have  been  made  to  devise  a 
thoroughly  efficient  substitute  for  hand  sizing,  but 
no  method  yet  suggested  can  be  called  satisfactory 
The  usual  system  consists  in  drawing  the  paper,  as 
delivered  dry  from  the  machine,  through  a properly 
prepared  solution  of  size,  -the  web  being  led  into  the 
liquid,  contained  in  a flat  vat,  by  means  of  suitable 
rolls;  any  superfluous  size  which  may  have  been 
imbibed  is  forced  out  by  a pair  of  rolls.  It  is  then 
only  necessary  that  the  saturated  web  be  dried,  and 
this  is  done  in  the  manner  described  below. 

Hand  sizing  is,  however,  preferable  for  the  better 
qualities  of  papers ; but  the  practice  of  it  requires 
a considerable  amount  of  skill,  and  .an  apparatus  is 
frequently  employed,  even  for  the  sizing  of  hand- 
made papers,  in  which  the  sheets  are  passed  between 
two  continuous  felts  travelling  through  a solution 
of  size,  on  emerging  from  which  the  superfluous  j 
size  is  expelled  , the  sheets  are  then  slowly  dried  by  i 
being  hung  upon  lines. 

DiiYiNG. — In  the  case  of  haijd-made  paper,  the 
drying  takes  place,  as  just  mentioned,  in  a well- 
ventilated  room,  the  sheets  being  hung  from  lines 
specially  made  of  cow  hair,  in  order  to  avoid  dis- 
colouring the  paper. 

AVith  the  introduction  of  the  Fourdrinier  machine, 
however,  it  became  necessary  to  dry  in  the  web ; | 


and  this  is  accomplished  by  causing  the  web,  directly 
on  its  emerging  from  the  vat  of  size,  to  pass  into  a 
heated  chamber  containing  the  drying  machine.  This 
consists  of  a large  iron  frame  supporting  a number 
of  skeleton  reels,  furnished  with  fans  in  their  inte- 
rior to  agitate  the  air  of  the  chamber.  Over  these 
the  paper  slowly  passes,  and  it  is  found  that  the 
slower  the  drying  the  better  is  the  quality  of  the 
paper.  It  therefore  becomes  necessary  to  largely 
increase  the  number  of  these  skeleton  reels,  and 
chambers  are  frequently  made  containing  as  many 
as  272,  over  which  the  paper  travels  at  the  r.ate  of 
about  100  feet  per  minute.  Even  this  speed  may 
be  e.xceeded  in  the  case  of  common  papers. 

After  drjdng  the  paper  is  conducted  through  a 
series  of  rollers  heated  by  steam,  and  surfaced  ; the 
final  glaze  being  given  by  rolling  between  polished 
copper  or  zinc  plates,  in  the  manner  explained  below. 

Finishing. — In  finishing  writing  paper  after  it 
comes  from  the  cutter,  it  is  pressed  in  strong  hydraulic 
presses,  and  then  rolled  or  glazed.  The  operation  of 
rolling  and  glazing  consists  in  subjecting  the  paper  to  a 
heavy  pre.ssure  between  highly-polished  sheets  of  cop- 
per, zinc,  or  brass.  This  part  of  the  work  is  chiefly  per- 
formed by  w'omen,  who  take  one  sheet  of  copper  and 
another  of  paper,  altern.ately,  until  they  have  about 
forty  of  each,  which  is  called  a handful.  This  quantity 
is  then  passed  between  a pair  of  rollers  about  14 
inches  diameter,  set  in  a strong  iron  frame,  and 
driven  by  steam  or  water  power,  working  under  a 
pressure  of  upw^ards  of  20  tons.  When  the  handful 
has  passed  through  the  rollers,  the  machinery  is  so 
constructed  that  its  motion  can  be  reversed,  and  by 
this  means  the  handful  is  made  to  pass  forwards  and 
backwards  several  times,  according  to  the  smooth- 
ness or  gloss  of  surface  required.  The  construction 
of  such  a press  does  not  call  for  any  special  notice. 

Cylindeu  Pai’ek  Machine.— Although  very  seldom 
employed  at  the  present  day,  owing  to  the  fact  that 
Fouhduiniee’s  machine  can  be  worked  at  a much 
more  rapid  speed,  we  should  mention  the  existence 
of  the  process  of  manufacturing  paper  on  a cylinder, 
the  invention  of  Mr.  Dickenson.  The  apparatus 
consists  essentially  of  a polished  hollow  brass  cylin- 
der, perforated  with  holes  and  slits  and  covered  with 
wire  cloth,  which  is  caused  to  revolve  over  and  in 
contact  with  the  prepared  pulp.  The  inside  of  the 
cylinder  is  connected  with  a vessel  from  which  the 
air  has  been  exhausted,  and  this  partial  vacuum 
causes  a film  of  pulp  to  adhere  to  the  surface  of  the 
cylinder.  As  this  rotates  the  film  is  passed  on  to  a 
second  solid  cylinder  covered  with  felt,  which  carries 
it  under  a contiguous  revolving  cylinder,  thus  com- 
pressing the  pulp,  and  the  paper  then  passes  over 
drying  rolls.  The  machine  is  more  especially  used 
in  the  manufacture  of  thin  tissue  papers. 

Wateh-.mauk.- — Many  of  the  curious  terms  em- 
ployed in  describing  paper  are  derived  from 
the  very  old  practice  of  water-marking,  when  the 
different  m.akers  adopted  various  devices  to  dis- 
tinguish their  manufacture.  Thus  the  terms  hand, 
pot,  foolscap,  post  (from  a post  horn),  are  used  to 
desiguate  papers  of  definite  sizes  to  which  they  were 
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originally  confined ; the  water-mark,  moreover,  has 
on  several  occasions  been  the  means  of  detecting 
frauds  and  forgeries  of  various  kinds ; and  Ireland, 
in  his  “ Confessions,”  describes  the  stejis  he  took 
to  secure  paper  with  the  water-mark  prevalent  in 
the  reign  of  Queen  Elizabeth,  for  the  production  of 
his  Shakspeariaii  forgeries. 

The  ordinary  method  adopted  for  producing  water- 
marks consists  in  affixing  a stout  wire  of  the  form  to 
be  produced  to  the  surface  of  the  fine  wire  gauze  of 
which  the  mould  or  dandy  roll  is  constructed.  This 
process  would,  however,  be  unavailable  for  the  pro- 
duction of  the  finer  and  more  intricate  class  of 
water-marks,  such  as  those  in  bank  notes. 

Dr.  Ure  describes  the  two  following  processes  for 
preparing  a design  for  a line  water-mark.  In  the 
first  the  design  is  engraved  on  some  yielding  surface, 
in  the  same  manner  as  on  a copper  plate,  and 
afterwards,  by  immersing  the  plate  in  a solution  of 
sulphate  of  copper,  and  electrotyping  in  the  usual 
way,  all  the  interstices  are  so  filled  up  as  to  give  a 
casting  of  pure  copper.  This  casting,  on  its  removal,  is 
ready  for  attaching  to  the  wire  gauze.  In  the  second 
method,  which  is  preferable  when  absolute  uni- 
formity is  required,  the  design  is  first  engraved  on 
a steel  die,  the  parts  required  to  give  the  greatest 
effect  being  cut  deepest ; the  die  having  been  hard- 
ened is  forced  by  a steam  hammer  into  some  yielding 
material,  such  as  cojiper,  and  all  of  this  metal  which 
remains  above  the  plane  surface  of  the  steel  is  sub- 
sequently removed  by  suitable  means ; the  portion 
representing  the  design,  being  left  untouched,  would 
then  be  attached  to  the  wire  gauze  as  before.  Light 
and  shade  can  be  communicated  to  the  mark  by  a 
modification  of  the  above  process.  For  this  purpose 
an  electrotype  of  the  raised  surface  of  a design  is 
first  taken,  and  subsequently  a second  electrotype 
from  this  latter,  which  will  therefore  be  identical 
with  the  original  surface.  These  two  are  now 
mounted  on  lead  or  gutta  percha,  and  employed  as 
dies  to  give  impression  to  a sheet  of  fine  copper 
wire  gauze,  which  is  then  employed  as  a mould. 
Absolute  uniformity,  such  as  was  quite  unattainable 
on  the  old  system  of  stitching  wires  together,  is  now 
attained  in  bank  notes  by  the  adoption  of  the  above 
process.  It  may  be  of  interest  to  mention,  that 
when  the  moulds  were  formed  by  stitching  the  fine 
wires  together  in  the  form  of  the  design,  no  less 
than  1056  wires,  with  67,584  twists,  and  involving 
some  hundreds  of  thousands  of  stitches,  were  required 
to  form  a pair  of  five-pound  note  moulds,  and  it  was 
obviously  impossible  that  the  designs  should  remain 
absolutely  identical. 

Water-proofing  Papers. — M.  A.  Jouglet  has 
proposed  the  following  process  for  water-proofing 
paper,  based  on  the  solvent  action  on  cellulose  of 
a solution  of  oxide  of  copper  in  ammonia.  A quan- 
tity of  this  solution  is  placed  in  a tank,  and  the 
paper  rapidly  passed  just  over  and  in  contact  with 
the  surface  of  the  liquid,  by  means  of  suitably 
situated  rollers  in  motion.  The  paper  is  then  pressed 
between  a pair  of  rolls,  and  dried  by  the  ordinary 
drying  cylinders.  The  short  contact  of  the  felty 


substance  of  the  paper  with  the  liquid  occasions 
just  sufficient  solution  of  the  cellulose  to  form  an 
impermeable  varnish. 

Transparent  Paper. — Paper  may  be  rendered 
transparent  by  being  soaked  in  the  following 
composition : — 


Boiled  and  bleached  linseed  oil, 120  parts 

Lead  turnings, 6 “ 

Oxide  of  zinc 30  “ 

Venice  turpentine, 3 “ 


The  mass  is  mixed  and  boiled  for  eight  hours  ; after 
cooling  it  is  stirred,  and  the  following  ingredients 
added : — 


White  copal, 30  parts 

Sandarac, 2 “ 


Manufacture  of  Mill  and  Card  Board. — The 
various  kinds  of  boards  are  manufactured  by  one 
or  other  of  the  following  processes : — 

(1.)  Superposing  several  leaves  of  paper,  and 
uniting  them  by  an  agglutinating  substance. 

(2.)  Superposing  several  wet  leaves  at  the  time 
of  couching. 

(3.)  By  means  of  moulds  provided  with  very 
thick  deckles.  Or, 

(4.)  By  special  machines,  analogous  to  those  used 
for  the  manufacture  of  continuous  paper. 

The  refuse  material  of  all  kinds  existing  in  a 
paper-mill  may  be  employed  in  the  manufacture. 
The  first  step  is  sorting,  when  the  materials  are 
distributed  according  to  the  quality  of  boards  for 
which  they  are  suitable.  After  being  triturated, 
the  mass  is  mixed  with  varying  proportions  of  rag 
pulp,  kaolin,  chalk,  white  clays,  «&c.  The  third 
method  mentioned  above  is  only  adapted  for  boards 
of  moderate  thickness,  as  an  excess  of  pulp  would 
render  the  draining  difficult.  The  processes  adopted 
are  in  all  respects  similar  to  those  already  described 
in  the  manufacture  of  paper. 

Micrograpiiic  and  Chemical  Study  of  Paper 
Fibre. — According  to  Girard,  the  principal  sub- 
stances used  in  paper-making  may  be  divided  into 
five  classes — • 

1.  Bound,  rUibed  fibres,  as  hemp  and  flax. 

2.  Smooth  or  Jeebly-ribbed  fibres,  as  Esparto,  jute, 
phormium,  dwarf  palm,  hop,  and  sugar  cane. 

3.  Fibro-ceUular  substaiices,  as  the  pulp  obtained  from 
the  straw  of  rye  and  wheat,  by  the  action  of  caustic  lye. 

4.  Flat  fibres,  as  cotton,  and  those  obtained  by 
the  action  of  caustic  lye  upon  wood. 

5.  Imperject  substances,  as  the  pulp  obtained  from 
saw-dust. 

He  considers  that  the  absolute  length  of  the  fibres 
is  less  inqiortant  than  slenderness  and  elasticity, 
and  it  does  not  appear  that  the  fibre  need  possess 
tenacity  to  any  special  extent. 

The  nature  of  cotton,  linen,  and  hempen  rags 
may  be  determined  by  chemical  tests,  or  by  the 
microscope  when  the  material  is  comparatively  new. 

The  fibres  of  cotton  and  hemp  present  the  appear- 
ance of  rigid  cylindrical  tubes,  with  intercepted 
intervals,  like  straws,  reeds,  &c.  They  are  elong- 
ated cells,  glued  together  by  a material  of  denser 
texture,  which  is  acted  on  by  acids  and  alkalies. 
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Hemp  fibres  vary  from  -gjyth  to  of  a milli- 
metre in  diameter;  and  those  of  linen,  which  have 
a silky  appearance,  are  still  finer.  But  the  fibrillac 
of  cotton  are  transparent  tubes,  flattened  in  the 
middle  throughout  their  entire  length,  and  thus 
presenting  the  appearance  of  two  parallel  rolls 
united  by  a very  thin  partition.  The  diameter  of 
these  fibres  vary  from  -j-^tli  to  -jg-th  of  a milli- 
metre. When  the  latter  have  been  converted 
into  textures,  and  these  have  been  more  or  less 
worn,  they  lose  their  identity,  and  it  becomes 
necessary  to  resort  to  chemical  tests,  in  order  to 
ascertain  the  constituents  of  a given  substance. 
The  two  most  frequently  employed  are : — 

(1.)  A boiling  solution  of  potash  colours  the 
fibres  of  linen  a deep  yellow,  whereas  its  action  on 
cotton  is  very  feeble. 

(2.)  Concentrated  sulphuric  acid  rapidly  attacks 
cotton  fibres,  and  converts  them  into  dextrin,  while 
linen  fibres  remain  white  and  opaque.  M.  Vincent 
recommends  the  following  test  for  distinguishing 
the  fibres  of  linen  and  hemp  from  those  of  Pkor- 
mium  tenax; — The  texture  is  dipped  in  nitric  acid 
of  36°  B.  (1'33),  containing  hyponitric  acid,  when 
a red  colour  at  once  appears  on  the  raw  and  imper- 
fectly bleached  products  of  the  phormium,  whereas 
the  linen  and  hemp  are  very  slightly,  if  at  all, 
coloured. 

By  dipping  into  a saturated  solution  of  chlorine 
gas,  and  subsequently  pouring  a few  drops  of 
ammonia  on  the  sample,  the  threads  of  phormium 
assume  a violet-red  colour,  which  may  be  removed 
by  nitric  acid.  Hempen  threads  thus  treated  assume 
a slightly  rosy  shade,  while  linen  preserves  its 
original  colour. 

These  latter  reactions  can,  however,  only  be  relied 
upon  in  the  case  of  slightly  worn  fibres  ; in  practice, 
the  sorting  women  can  soon  distinguish  with  suffi- 
cient accuracy  by  the  touch. 

Varieties  of  Paper. — It  would  be  quite  impossible 
to  enumerate  even  the  more  important  varieties  of 
paper  at  present  in  use  ; it  is  estimated  that  a Lon- 
don wholesale  stationer’s  warehouse  never  contains 
less  than  from  1000  to  2000  distinct  kinds.  The 
principal  denominations  of  paper  in  the  three  classes, 
writing,  printing,  and  wrapping,  are  as  follows : — 


\V  riling 


,1 


Cream  wove. 
Yellow  wove. 
Blue  wove. 
Cream  laid. 
Blue  laid. 


Printing, 


( I-aid. 

I Wove, 
f Blue. 

Wrapping,  \ 

(.  Whitey-lirown. 


The  following  is  a list  of  the  sizes  of  writing  and 
printing  paper.  In  a few  cases  there  are  two  sizes 
in  use,  and  both  are  given ; — 

Inches. 

Pott 12J  l.y  15 

Foolscap, 17  by  13  J 

Foolscap — writing 16J  by  13J 

Post 18Jbyl5*orl9  by  I.5I 

Copy ..20  by  16 

Large  post, 20j  by  164 

Medium  post, 18  by  23  or  18  ,by  21^2 

Sheet-and-third  foolscap,..  24J  by  13^  or  22  by  13J 

Sheet-and-half  foolscap 13J  by  25 

Double  ioolscap — printing, 27  by  17 

Double  foolscap — writing,  16^  by  27 

Double  pott, 15  by  25 

Double  post, 30J  by  19 

Double  crown, 20  by  30 

Demy — writing, 20  by  15 

Demy — printing, 17|  by  22^ 

Medium, 22  by  17^ 

Medium — printing, 23  by  18J 

Boyal — writing, 24  by  19 

Royal — printing 20  by  25 

Super-royal — writing, 27  by  19 

Suiier-royal — printing, 21  by  17 

Imperial, 30  by  22  or  30J^  by  22 

Elephant, 28  by  23 

Atlas, 34  by  26 

Columbia, 344  by  23J 

Double  elephant, 26|  by  40 

Antiquarian, 53  by  31 


The  following  is  a list  of  coarse  papers,  such  as 


grey  and  brown  : — 

Inches. 

Tient  cap, 21  by  18 

Bag  cap, 194  by  24 

Havon  cap, 21  by  26 

Imperial  cap, 224  by  29 

Double  two  pounds, 17  by  24 

Double  four  pounds, 21  by  31 

Double  six  pounds, 19  by  28 

Middle  hand, 21  by  16 

Lumber  hand, 194  hy  22J 

Royal  hand, 20  by  25 

Double  small  hand, 19  by  29 

Of  purples  there  are — 

Inches. 

Copy  loaf, 16|  by  21| 

Powder  loat, 18  by  26 

Double  loat, I64  by  23 

Single  loaf, 2lJ  by  27 

Lump, 23  by  33 

Hambro’, 164  by  23 

Tiller 29‘  by  35 

Prussian,  or  double  lump 32  by  42 


Statistics. — The  following  table  is  compiled  from 
the  article  “Paper”  in  the  very  useful  series  of 
manuals  on  “British  Manufacturing  Industries,” 
edited  by  G.  P.  Bevan. 

Table  showing  the  imports  and  exports  of  paper 
and  raw  materials  from  1870—75: — 


Ykar. 

Imports. 

Exports. 

Paper 

(Printing  and  Writing). 

Raw  Material. 

Paper  (Except  Hangings 
and  Papier  Maohe). 

Raw  MateriaL 

Linen  and 

Esi>arto  and 

Tons. 

Value. 

Cotton  Rags 

Vegetable  Fibre 

Value. 

Tons. 

Value. 

Tons. 

Value. 

in  Tona 

in  Tons. 

1870, 

8,681 

£44.5,613 

22.394 

110.389 

£1.202.137 

8,884 

£530.646 

23,993 

£389,909 

1871, 

7.864 

407.480 

26,757 

143,313 

1,680.771 

11,445 

668,926 

33,060 

588,836 

1872 

10.187 

578,833 

22,309 

104,588 

1,176.435 

15.254 

878.592 

30.546 

.578,019 

1873 

9.767 

593.552 

16,151 

102,751 

1,128,814 

15.994 

973,617 

16,800 

297,864 

1874, 

9,610 

509.822 

17.209 

119.188 

1,265,276 

14,088 

874,114 

20.215 

302,332 

1875, 

9,401 

442,871 

15,879 

141,319 

1,384,397 

16,008 

941,243 

24,400 

326,778 
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The  rapid  increase  in  the  Esparto  trade  in  recent 
years  has  been  already  referred  to  {vide  anfe)\ 
but  its  amount  now  appears  to  have  become  nearly 
constant. 

It  is  estimated  that  there  are  in  Great  Britain  350 
paper  mills,  using  500  machines  and  producing  about 
134,000  tons  annually,  an  amount  which  is  nearly 
double  the  produce  of  twenty  years  ago;  and  the 
manufacture  of  the  various  qualities  of  paper  is  thus 
distributed  in  the  272  mills  situated  in  England — 


Writing  papers  (hand  made), 21 

Writing  papers  (machine  made), 22 

Printing,  news  and  long  elephant, 96 

Cartridge 29 

Grocery  papers  (white  and  coloured), 48 

t-mall  hands  and  caps, 50 

Browns, 108 


The  following  curious  information  relative  to  the 
production  of  paper  was  published  in  Venice  in 
1874. 

There  then  were  3960  paper  manufacturers  in  the 
world,  employing  80,000  men  and  180,000  women, 
besides  100,000  employed  in  the  rag  trade ; 1809 
millions  of  pounds  of  paper  were  made  annually,  and 
of  this  half  was  used  for  printing,  one-sixth  for 
writing,  and  the  remainder  for  packing,  &c.  In  the 
United  States  3000  machines  made  200,000  tons  of 
paper,  averaging  about  17  lbs.  per  head  of  the 
population.  The  average  for  an  Englishman  is  11^ 
lbs. ; for  a German,  8 lbs. ; a Frenchman,  7 lbs.;  an 
Italian,  3j  lbs. ; a Spaniard,  1^  lb. ; and  a Russitin 
only  1 lb.  annually. 

PARAFFIN.  See  Petroleum. 

PERFUMERY. — Parjiimerie,  French;  Parfumerien, 
German. — Perfumes  may  be  divided  into  two  groups 
— 1,  those  of  vegetable  origin,  and,  2,  those  of 
animal  origin.  The  perfumes  derived  from  plants 
may  be  subdivided  into  three  classes — 

Odoriferous  Gums  are  the  most  ancient ; they  con- 
sist of  the  various  gum-resins,  which  exude  naturally 
from  the  trees  which  yield  them ; and  to  increase 
the  yield,  the  trees  are  frequently  purposely  wounded. 
The  most  important  are  benzoin,  olibanum,  myrrh, 
and  camphor. 

Benzoin,  also  called  benjamin,  is  obtained  from  the 
Stijrax  benzoin,  and  is  imported  from  Borneo,  Java, 
Sumatra,  and  Siam. 

Olibanum,  the  frankincense  of  the  ancients,  is 
obtained  from  several  species  of  Boswellia  serrata, 
thurifera,  and  glabra. 

■ Myrrh  is  obtained  from  the  Balsamodendron 
myrrha,  described  by  Harris  as  growing  abundantly 
on  the  Abyssinian  coast  of  the  Red  Sea.  By  dis- 
tillation it  yields  an  essential  oil  or  otto ; 100  lbs.  of 
the  gum  yield  about  8 ozs.  of  the  otto,  of  which 
there  is  a sample  in  the  Kew  Museum,  placed  there 
by  Dr.  PiESSE. 

Camphor  is  produced  by  many  plants.  The  kind 
mostly  found  in  commerce  is  obtained  from  the 
Lauras  camphora  of  the  island  of  Formosa.  The 
camphor  exists  ready  formed  in  the  plant,  and  is 
extracted  by  chopping  the  branches,  and  boiling 
them  in  water ; the  camphor  rises  to  the  surface, 
and  becomes  solid  as  the  water  cools.  It  is  carried 


to  Canton,  from  which  port  the  markets  of  the  world 
are  supplied. 

' These  odorous  bodies  are  the  chief  ingredients  in 
! incense  and  in  pastilles,  and  it  is  from  the  early 
custom  of  burning  incense  upon  the  altar  that  our 
word  perfume,  from  per  fanus  (by  smoke),  has  been 
derived.  In  this  class  may  also  be  included  all 
, those  parts  of  plants  which  are  fragrant,  such  as  the 
1 long  seed-pod  of  the  Vanilla  plant.  Vanilla  planifolia, 

\ the  finest  of  which  comes  from  Mexico ; the  bean 
of  the  Dipterix  odorata  or  tonquin  bean,  which  our 
grandfathers  carried  in  their  snuff  boxes,  and  which 
is  still  used  for  perfuming  certain  varieties  of  snuffs 
and  tobaccos;  the  root  of  Iris  Jlorcntina,  or  orris 
root;  the  rizome  of  an  Indian  grass  known  as  Viti- 
vert,  or  Km-km ; fragrant  woods,  such  as  the  Santal, 
Santalum  album,  from  the  Santal  wood  islands  and 
the  island  of  Timor ; the  myall,  or  violet  wood  of 
Australia;  odoriferous  seeds,  such  as  the  caraway, 

' from  the  Carumcarid;  nutmeg  and  mace,  both  from 
the  nutmeg  tree.  This  class  includes  also  the  three 
balsams  of  Peru,  from  Myroxylon  peruiferum;  of 
Tolu,  from  Tohdferum  balsamum;  and  of  Storax, 
from  Liqiddambar  orientale. 

Perfumers  grind  these  various  dry  odoriferous 
bodies  to  powder,  and  mix  them  in  different  pro- 
portions ; the  results  are  the  various  sachet  powders. 

The  following  are  excellent  recipes,  and  may  be 
taken  as  examples ; — 

INCENSE. 

Santal  wood  powder, 1 lb. 

Cascarilla  bark  powder, J ‘ 

Benzoin  powder, | “ 

Myrrh, 2 ozs. 

Potash  nitrate,  powder, 2 “ 

Grain  musk, 

Thoroughly  mix,  and  sift. 

Ribbon  of  Bruges. — This  is  a great  improvement 
upon  ordinary  incense.  Undressed  tape  is  first 
steeped  in  a solution  of  potassium  nitrate,  and  dried ; 
then  steeped  in  a strong  tincture  of  gum  resins.  The 
ribbon,  cut  into  lengths,  is  now  coiled  into  vases, 
through  a slit  in  the  lids  of  which  an  end  of  the 
ribbon  projects.  On  lighting  the  projecting  end, 
and  blowing  out  the  flame,  the  ribbon  smoulders, 
and  the  fragrance  diffuses  itself  into  the  air.  The 
smouldering  is  extinguished  directly  it  reaches  the 
lid  of  the  vase. 

The  following  is  the  recipe  for  the  manufacture 
of  ribbon  of  Bruges,  as  given  by  Dr.  Septimus 
PiESSE,  its  inventor  : — 

NITRE  SOLUTION. 


Pure  nitrate  of  potash, 8 ozs. 

Water,  distilled, 1 gall. 

I'he  Tincture. 

Bottle  A — 

Gum  benzoin, lb. 

“ myrrh, 4 ozs. 

E.xtract  of  orris, 40  “ fl. 

Allowed  to  stand  for  one  month. 

Bottle  B — 

Alcohol,  60’  over  proof, 40  ozs. 

Pod  musk, 2 “ 

Oito  of  roses, ^ oz. 

Allowed  to  stand  for  one  month. 


The  contents  of  bottles  A and  B arc  then  mixed. 
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The  tape  is  steeped  for  twelve  hours  in  the  solu- 
tion of  nitre,  and  then  dried.  It  is  then  passed 
through  the  tincture,  and  again  dried,  when  it  is  ready 
for  use. 


SACHET  POWDERS. 
Frangipanni  Sachet. 


Orris  root  powder, 

Vitivert  powder, 

,....  i Ih. 

Saiital  wood  powder, 

X 

Musk  pod,  ground, 

Civet, 

....  i “ 

Otto  of  neroli,  I 

“ rose.  > of  each, 

“ santal,  ) 

Lavender  Sachet. 

Lavender  flowers,  ground, 

. . . . 1 lb. 

Benzoin  powder, 

....i  “ 

Otto  lavender, 

Essential  Oils. — Dintilkd  Perfumes. — As  soon  as 
the  Greeks  and  the  Romans  learned  the  use  of  the 
alembic  or  still,  which  was  an  invention  imported 
by  them  from  Egypt,  they  quickly  adapted  it  to  the 
separation  of  the  odoriferous  principle  from  the 
numerous  fragrant  plants  indigenous  to  Greece 
and  Italy.  An  essential  oil  or  otto,  thus  procured 
from  orange  flowers,  bears  to  this  day  the  name  of 
neroli,  supposed  to  be  so  named  from  the  Emperor 
Nero.  Long  before  his  time,  however,  fragrant 
waters  were  in  use  in  Arabia. 

Odour-bearing  plants  contain  the  fragrant  prin- 
ciple in  minute  glands,  or  sacs ; these  are  found 
sometimes  in  the  rind  of  the  fruit,  as  the  lemon  and 
orange ; in  others  it  is  in  the  leaves,  as  sage,  mint, 
thyme ; in  wood,  as  ro.se-wood  and  santal-wood ; 
in  the  bark,  as  cassia  and  cinnamon ; in  seeds,  as 
caraway  and  nutmeg.  These  bags,  or  glands,  may 
be  plainly  seen  in  a thinly  cut  stratum  of  orange 
peel,  from  which  the  otto  may  be  pressed  out  upon 
paper ; and  also  in  the  bay  leaf  (Laiirus  nubilis),  if  it 
be  held  up  to  sunlight.  The  otto  in  this  case  is 
obtained  chiefly  from  the  berries. 

These  substances  yield  by  distillation  an  otto 
peculiar  to  each.  Thus,  otto  of  patchouly,  from  the 
leaves  of  the  patchouly  plant  {Pogostetnou  patchoulif 
a native  of  Burmah ; otto  of  geranium,  from  the 
leaves  of  Gerunium  rosa ; otto  of  lemon,  from  lemon 
peel  (Citrm  limotium) ; and  a hundred  others  of 
infinite  variety. 

Some  plants  yield  different  varieties  of  oils,  de- 
pending upon  the  part  of  the  plant  treated,  and 
having  greatly  different  commercial  values.  Thus, 
the  orange  will  give  three  varieties — one  from  the 
rind  of  the  fruit,  called  “ Portugal,”  value  in  bulk 
about  14,v.  per  lb.;  one  from  the  leaves,  called 
“petit-grain,”  value  £2  Ss.  per  lb.;  and  one  from 
the  flowers,  called  “neroli,”  value  about  £8  per  lb. 

The, .process  of  distillation  is  very  simple.  The 
fragrant  part  of  the  plant  is  put  into  the  still,  and 
covered  with  water;  when  the  water  is  made  to 
boil,  the  ottos  rise  along  with  the  steam,  .and  are 
condensed  with  it.  The  distillate  is  received  into  a 
“separator;”  the  otto,  floating  upon  the  surface  of 
the  water,  rises  in  the  body  of  the  separator,  whilst 
the  water  flows  from  a pipe  at  the  bottom,  which 
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pipe  is  bent  up  to  nearly  the  level  of  the  top  of  the 
se[iarator;  the  separator  is  thereby  kept  always  full, 
thus  giving  the  first  quantities  of  otto  time  to  sepa- 
rate before  the  outflow  of  the  water  commences. 

All  ottos  are  very  slightly  soluble  in  water,  so 
that  in  the  process  of  distillation  the  water  which 
comes  over  is  always  fragrant.  Thus,  elder  water, 
rose  water,  orange  water,  and  dill  water,  are,  so 
to  speak,  the  residues  of  the  distillation  for  obtaining 
the  ottos. 

The  following  are  examples  of  the  quantities  of 
ottos  obtained  from  various  sources: — 100  lbs.  of 
the  fruit  peel  of  orange,  lemon,  and  bergamot  yield 
about  10  ozs.  of  otto ; 100  lbs.  of  cedar-wood  will 
give  about  15  ozs.  of  otto  of  cedar ; 100  lbs.  of  nut- 
meg will  give  about  60  to  70  ozs.  of  otto  of  nutmeg; 
100  lbs.  of  geranium  leaves  give  about  2 ozs.  otto 
of  geranium. 

The  oils  of  lemon,  bergamot,  and  orange,  are 
in  Italy  and  Sicily  obtained  by  pressure  from  the 
rasped  skins  of  the  fruits.  The  ottos  so  obtained 
are  much  finer  than  those  got  by  distillation. 

The  varieties  of  ottos  are  as  numerous  as  fragrant 
plants;  and  Dr.  Piesse  holds  that  there  is  a certain 
relationship  among  odours,  as  among  colours  and 
musical  sounds.  The  lemon-like  odours  are  the 
most  numerous,  such  as  verbena  {Aloysia  citriodora), 
lemon,  orange,  bergamot,  lemon-grass  (Andropogon 
nardus),  citron,  &c. ; then  the  almond-like  odours, 
such  as  heliotrope,  violet,  almond,  vanilla,  &c. ; 
then  the  spice  odours,  such  as  cloves,  cinnamon, 
mace,  cassia,  &c. 

Physical  Properties. — The  essential  oils  differ  con- 
siderably in  some  of  their  physical  properties.  Many 
of  them  are  perfectly  colourless  when  pure,  others 
are  yellow,  red,  or  brown,  and  a few  green  or  blue. 
All  have  a sharp,  burning,  aromatic  taste,  and 
powerful  odours — some  agreeable,  others  unpleasant. 
They  differ  from  fat  oils  in  not  feeling  greasy  to  the 
touch,  but  rather  make  the  skin  brittle  and  rough. 

As  will  be  seen  from  the  tables  which  follow, 
most  of  the  essential  oils  are  lighter  than  water,  the 
specific  gravities  of  the  crude  oils  given  lying  be- 
tween the  limits  1T423  and  0'8498. 

We  have  said  that  a few  of  the  oils  have  a green 
or  blue  colour.  These  are  principally  yielded  by 
plants  belonging  to  the  same  order  as  wormwood 
and  chamomile;  and  Gladstone  has  shown  that 
the  colour  is  due  to  a deep  blue  compound  called 
ccerulein,  which  can  be  obtained  in  more  concentrated 
solution  by  repeated  distillation,  but  which  has  not 
yet  been  separated  in  the  pure  form.  When  a 
solution  of  ccerulein  in  oils  or  alcohol  is  examined 
by  means  of  a hollow  wedge  and  prism,  it  gives  a 
very  characteristic  spectrum,  figured  in  Gladstone's 
original  paper. 

Essential  oils  possess  great  refractive  and  disper- 
sive power,  and  exhibit  peculiar  effects  when  sub- 
mitted to  the  action  of  a ray  of  polarized  light — 
some  being  dextro,  others  laevo  rotatory  in  various 
degrees,  while  a few  are  inactive.  In  the  following 
table  Gladstone  gives  the  refractive  indices  for  the 
lines  A,  D,  and  II  (or  G,  where  the  yellowness  of 
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the  liquid  prevented  H being  seen),  the  rotatory  is  lighter  and  more  volatile  than  the  other,  which 
power,  and  the  specific  gravity  of  a considerable  ‘ is  either  an  oil  containing  oxygen,  or  a camphor, 
number  of  essential  oils.  The  rotatory  power  is  ' Hence,  various  samples  of  crude  oils  may  show 
given  for  a tube  10  inches  long;  this  length  of  a | slight  differences  in  the  properties  here  given.  The 
solution  consisting  of  equal  parts  of  cane  sugar  and  history  of  the  specimens  used  in  the  determinations 
water  giving  a rotation  of  105°.  It  should  be  re-  (given  in  Table  I.)  was  generally  well  known ; and 
marked  that  the  product  obtained  by  any  one  of  the  examination  of  them  gave  no  reason  to  doubt 
the  ordinary  methods  of  preparation  rarely  consists  their  genuineness,  the  only  sign  of  impurity  being  a 
of  a simple  volatile  oil,  but  generally  is  a mixture  of  ! little  alcohol  in  one  or  two. 

two  or  more  oils.  One  of  these — a hydrocarbon — | It  has  been  thought  possible  that  some  of  these 

TABLE  I. 


Crude  Oils. 

Specific 
Gravity 
at  15®'6  C. 

Temperature. 

Refract! 

A. 

ve  Indices. 
D. 

H. 

Rotation. 

Anise, 

•9852 

16°-5 

1-5433 

1-.5566 

1-6118 

— 1° 

Atherosperma  moschatum, 

1 •04-25 

14° 

1-5172 

1-5274 

1-.5628 

-t-  7° 

Bay, 

■8808 

18°-5 

1-4944 

1-.50-22 

1-5420 

— 6° 

Bergamot, 

“ Florence, 

•8825 

22° 

1-4559 

1-4625 

1-4779 

G. 

+ 23° 

•8804 

26°-5 

1-4547 

1-4614 

1-4760 

G. 

+ 40° 

Birch  hark, 

■9005 

8° 

1-4851 

1-4921 

1-5172 

+ 38° 

Cajeput, 

•9-203 

25°-5 

1-4561 

1-4611 

1-4778 

0° 

Calamus, 

•9388 

10° 

1-4965 

1-5031 

1-5-204 

G. 

+ 43°-5 

Hamburg, 

•9410 

11° 

1-4843 

1-4911 

1-5144 

+ 42°  ? 

Caraway, 

•8845 

19° 

1-4601 

1-4671 

1-4886 

-f  63° 

“ Hamburg,  1st  dist., 

“ “ 2nd  dist., 

•9121 

10° 

1 •48-29 

1-4903 

1-5142 

— 

•8832 

10°-5 

— 

1-4784 

— 

— 

Cascarilla, 

•8956 

10° 

1-4844 

1-4918 

1-5158 

+ 26° 

Cassia, 

1-0297 

19°-5 

1 -5602 

1 -5748 

1-6243 

G. 

0° 

Cedar, 

•9622 

23° 

1-4978 

1-5035 

1-5238 

+ 3° 

Cedrat, 

•8584 

18° 

1-4671 

1-4731 

1-49.52 

-f  156° 

Citron, 

*•8914 

— 

1-4729 

1-4797 

1-5011 

? 

— 

Citronella, 

•8908 

21° 

1-4599 

1-46.59 

1-4866 

— 4° 

“ Penang, 

•8847 

15°-5 

1-4604 

1-4665 

1-4875 

— 1° 

Cloves, 

Coriander, 

1-0475 

17° 

1-5213 

1-5312 

1-5666 

- 4° 

•8775 

10° 

1-4592 

1-46.52 

1 -4805 

G. 

+ 21°  ? 

Cubebs,  

•9414 

10° 

1-49.53 

1-5011 

1-5160 

G. 

— 

Dill 

•8922 

lT-5 

1-4764 

1-4834 

1-.5072 

-f  206° 

Elder 

•858 1 

8°-5 

1-4686 

1-4749 

1-4965 

+ 14°-5 

Eucalyptus  amygdalina, 

“ oleosa 

•8812 

13°-5 

1-4717 

1-4788 

1-5021 

— 136° 

•9322 

13°-5 

1-4661 

1-4718 

1-4909 

-f  4° 

Indian  geranium, 

•9043 

2T-5 

1-4653 

1-4714 

1-4868 

G. 

— 4’ 

Lavender, 

•8903 

20° 

1-4586 

1-4648 

1-4862 

— 20° 

Lemon, 

•8498 

16°-5 

1-4667 

1-47-27 

1-4946 

+ 164° 

Lemon  grass, 

*•  Penang, 

•8932 

24° 

— 

1-4705 

— 

+ 3°  ? 

•8766 

13“-5 

1-4756 

1-48.37 

1-5042 

0’ 

Lign  aloes, 

Melaleuca  ericifolia 

*■8702 

— 

]•  46-20 

1-4679 

— 

— 

•9030 

9° 

1-4655 

1-4712 

1-4901 

+ 26° 

“ linarifolia, 

•9016 

9° 

1-4710 

1-4772 

1-4971 

+ 11° 

Mint, 

•9342 

19’ 

1-4767 

1 4840 

1-5015 

G. 

— 116° 

“ 

•9105 

14°-5 

1-4756 

1-4822 

1-5037 

— 13° 

Myrtle, 

•8911 

14° 

1-46-23 

1-4680 

1-4879 

+ 21° 

Myrrh, 

10189 

7°-5 

1-5196 

1-.5278 

1-5472 

G. 

— 136° 

Neroli, 

•8789 

18° 

1-4614 

1-4676 

1-4835 

G. 

+ 15° 

“ 

•8743 

10° 

1 -4673 

1-4741 

1-4831 

F. 

+ 28° 

Nutmeg 

“ Penang, 

•8826 

24° 

1-4644 

1-4709 

1-4934 

+ 44° 

•9069 

16° 

1-4749 

1-4818 

1-.5053 

+ 9° 

Orange-peel, 

“ Florence, 

•8509 

20° 

1-4631 

1-4699 

1-4916 

+ 32°  ? 

•8864 

20° 

1-4707 

1-4774 

1-4980 

■f  216° 

Parsley 

•9926 

8°-5 

1-5068 

1-5162 

1-5417 

G. 

— 9° 

Patchouli, 

•9554 

21° 

1-4990 

1-5050 

1-5194 

G. 

— 

“ Penang, 

•9592 

21° 

1-4980 

1-5040 

1-5183 

G. 

— 120° 

“ French, 

1-0119 

14° 

1-5074 

1-5132 

1-5202 

F. 

— 

Peppermint, 

“ Florence, 

■9028 

14° -5 

1-4612 

1-4670 

1-4854 

— 72° 

■9116 

14° 

1-4628 

1-4682 

1-4867 

— 44° 

Petit  grain, 

■8765 

21° 

1-4.536 

1-4600 

1-4808 

+ 26° 

Pimento, 

•1-0374 

— 

D5229 

1-.5325 

1-5660 

9 

— 

Kose 

•8912 

25° 

1-4567  ■ 

1-4627 

1-4835 

— 7° 

Kosemary, 

•9080 

16°-5 

1-4632 

1-4688 

1-4867 

+ 17° 

Rosewood, 

■9064 

17° 

1-4843 

1-4903 

1-5113 

— 16° 

Santalwood, 

•9750 

24° 

1 4959 

1-5021 

1-5227 

--■50° 

Thyme, 

Turpentine, 

•8843 

19° 

1-4695 

1-4754 

1-4909 

G. 



8727 

13° 

1-4672 

1 4732 

1-4938 

— 79° 

Verbena 

■8812  ■ 

20° 

1-4791 

1-4870 

1-5059 

G. 

— 6° 

Vitivert 

W intergreen, 

•1-0070 



1-5147 

1-.5218 





11423 

15° 

1-5163 

1-.5278 

1-5737 

+ 3° 

Wormwood, 

•9122 

18° 

1-4631 

1-4688 

1-4756 

F. 

* The  speciBc  gravity  and  refraction  of  citron,  lign  aloes,  pimento,  and  vitivert  is  given  for  the  temperatures 

10°,  18°,  10°,  and  19°'5  respectively. 
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physical  characters  may  be  of  service  in  detecting 
the  fraudulent  admixture  of  oils.  The  addition  of 
oil  of  turpentine  would,  in  almost  every  instance, 
have  the  effect  of  lowering  the  specific  gravity  and 
contracting  the  spectrum.  Again,  pure  oil  of  ber- 
gamot has  a low  refraction,  lower  doubtless  than 
those  mixtures  which  are  often  sold  under  its  name. 

Most  of  the  essential  oils  existing  ready  formed  in 
plants  contain  hydrocarbons  of  the  formula  nCjoH^g.  j 
In  some  cases  they  are  accompanied  by  a viscid  resin, 
which  is  a product  of  the  oxidation  of  the  hydro- 
carbons, while  in  others  the  relation  between  the 
two  constituents  of  the  oil  is  not  apparent.  In  the 
following  table  will  be  found  some  of  the  properties 
of  the  hydrocarbons,  prepared  from  the  crude  oils  by 
fractional  distillation  and  frequent  rectification  over 
sodium.  They  are  arranged  according  to  their 
specific  gravities  at  20°  C.  The  column  headed 
“ Dispersion  at  20°  C.”  gives  the  difference  between 
the  refractive  indices  of  the  lines  H and  A.  The 
sensitiveness  is  the  amount  of  diminution  of  the 
refractive  index  when  the  temperature  rises  10°  C. ; 
it  is  calculated  for  the  line  A,  and  the  number  48  is 
a short  expression  for  0'0048.  The  specific  refractive 
energy  is  the  refractive  index,  minus  unity,  divided 
by  the  density.  In  the  annexed  Table  II.  it  is  taken 


for  A;  that  is  to  say,  if  stand  for  the  refrac- 
tive index,  the  column  represents  ^ — 

It  will  be  seen  that  these  hydrocarbons  divide 
themselves  into  two  great  groups,  the  line  of  separa- 
tion being  between  those  from  rosemary  and  cloves. 
The  first  group,  with  a lower  specific  gravity,  has 
always  a far  lower  boiling  point,  a smaller  index  of 
refraction,  and  a higher  sensitiveness. 

And  these  large  groups  are  capable  of  subdivision. 
The  first  ten  hydrocarbons  in  the  table  resemble  one 
another  very  closely,  and  it  is  not  unlikely  that  some 
of  them  are  identical  rather  than  isomeric.  The 
hydrocarbons  from  wormwood,  anise,  thyme,  mint, 
and  laurel  turpentine  group  with  ordinary  turpentine 
bay,  myrtle,  and  rosemary  stand  alone,  each  having 
a low  refraction  and  dispersion,  but  they  differ  much 
in  specific  gravity. 

In  the  second  large  group  the  hydrocarbons  from 
cloves  and  rosewood  appear  nearly,  if  not  quite, 
identical  in  properties,  and  are  certainly  different 
from  patchouli,  calamus,  and  cascarilla.  Colophene 
differs  from  the  second  large  group  in  much  the 
same  way  as  that  differs  from  the  first,  though  to  a 
smaller  extent. 

The  groups  thus  distinguished  are  represented  by 
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Source  of  Hydrocai'bon. 

Specific 
Gravity 
at  20®  C. 

Boiling 

Point. 

Refractive 

Index, 

A at  20®  C. 

Dispersion 
at  20®  C. 

Sensitiveness. 

Specific 

Refractive 

Energy, 

Rotation. 

Orange  peel, 

“ Florence, 

•8460 

Degrees  C. 

174 

1 -4645 

•0277 

48 

•5490 

+ 154 

•8468 

174 

1-46,50 

•0281 

49 

•5491 

+ 260 

Cedrat, 

•8466 

173 

1-4650 

•0280 

49 

•5492 

+ 180 

Lemon, 

•8468 

173 

1-4660 

•0280 

49 

•5502 

+ 172 

Bergamot, 

•8166 

175 

1-4619 

•0295 

49 

■5456 

+ 76 

“ Florence, 

•8464 

176 

1-4602 

•0287 

48 

•5437 

+ 82 

Keroli, 

•8466 

173 

1-4614 

•0291 

47 

•5450 

+ 76 

Petit  grain, 

•8470 

174 

1-4617 

•0282 

46 

•5439 

+ 60 

Caraway,  Hamburg,  1st  dist.,  .. 

•8466 

176 

1-4645 

•0286 

48 

•5486 

4-  180 

Dill 

•8467 

173 

1 -4646 

•0288 

46 

•5486 

+ 242 

Cascarilla 

•8467 

172 

1-4652 

•0305 

49 

•5494 

0 

Elder, 

•8468 

172 

1-4631 

•0269 

47 

•5468 

+ 15 

Bay, 

•8508 

171 

l-4.‘=42 

•0260 

47 

•5338 

— 22 

Gaultherilene, 

•8510 

168 

1-4614 

•0271 

49 

•5422 

— 

Nutmeg, 

“ Penang, 

■8518 

167 

1-4630 

•0284 

47 

•5435 

+ 49 

•8.527 

166 

1-4634 

•0274 

49 

•5434 

+ 4 

Carvene, 

•8530 

166 

1-4610 

•0261 

48 

•5440 

— 20 

“ Hamburg,  2nd  dist., . . 

•8515 

— 

1-4641 

•0263 

48 

•5431 

+ 86 

Wormwood, 

•8565 

160 

1-4590 

•0253 

47 

•5359 

+ 46 

Terebene, 

•8583 

160 

1 4670 

•0275 

48 

•5440 

0 

Anise, 

•8580 

160 

1-4607 

•0268 

47 

•5368 



Mint, 

•8600 

160 

1-4622 

•0255 

48 

•5374 

+ 30 

Peppermint, 

•8602 

175 

1-4577 

•0267 

47 

•5321 

— 60 

I.Rurel  peppermint, 

•8618 

160 

1-4637 

•0260 

47 

•5380 

+ 94 

Thyme, 

•8635 

160 

1-4617 

•0282 

48 

•5346 

— 75 

Turpentine  I., 

“ 11., 

•8644 

160 

1-4612 

•0250 

47 

•5335 

+ 48 

•8555 

160 

1-4.590 

•0256 

47 

•5365 

— 87 

“ 111., 

•8614 

160 

1-46-21 

•0249 

— 

•5364 

— 90 

» IV 

•8600 

160 

1 4613 

•0254 

47 

•5364 

— 88 

Eucalyptus  aniygdalina, 

•8642 

171 

1-4696 

•0323 

49 

•5434 

— 142 

Myrtle, 

•8690 

163 

1-4565 

•0248 

47 

•5253 

+ 64 

Parslev, 

•8732 

160 

1-4665 

•0291 

46 

•5355 

— 44 

Rosemary, 

•8805 

163 

1-4583 

•0241 

46 

■5205 

+ 8 

Cloves, 

•9041 

249 

1-4898 

•0284 

45 

•5417 



Rosewood, 

•9042 

249 

1-4878 

•0277 

45 

■5395 

— 11 

Cubebs, 

•9062 

260 

1-4950 

•0302 

41 

■5462 

+ 59 

Calamus, 

•9180 

260 

1 -4930 

•0322 

42 

•5370 

-h  55 

“ Hamburg, 

•9275 

260 

1-4976 

•0337 

43 

•5365 

+ 22 

Cascarilla, 

•9212 

254 

1-4926 

•0307 

42 

•5347 

+ 72 

Patchouli, 

•9211 

254 

1-4966 

■0274 

42 

■5391 

— 

“ Penang, 

•9278 

257 

1 -4963 

•0275 

44 

■5349 

— 90 

“ French, 

•9255 

260 

1-.5009 

•0262 

42 

•5412 

— 

Colophene, 

•9391 

315 

1-5084 

•0309 

41 

•5413 

0 
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formulae  in  which  the  number  of  carbon  atoms  is 
different,  though  the  ratio  between  carbon  and 
hydrogen  remains  the  same,  and  Gladstone  has 
summed  up  in  the  appended  Table  III.  the  differences 
in  physical  properties  exhibited  by  them.  It  is 
probable  that  paracajputene,  as  weU  as  other  sub- 
stances, are  isomerides  of  colophene. 

There  is  no  difference  in  specific  refractive  energy. 

TABL 

The  various  members  of  the  10  and  15  carbon  groups 
have  powerful  odours,  and  rotate  the  plane  of 
polarization  strongly,  sometimes  in  one,  sometimes 
in  the  other  direction. 

Of  the  physical  properties  of  the  oxidised  con- 
stituents of  essential  oils  not  so  much  is  known. 
Table  IV.  embraces  most  of  the  determinations  made 
by  Gladstone: — 

E III. 

Formula 

Vapour  density, 

Character  of  liquid, 

Specific  gravity  at  20°  C., 

Refractive  index  for  A at  20°  C., 

10*Carbon  Group. 

15-Carbon  Group. 

20-Carbon  Group. 

CiqHiS 

4-7 

Limpid. 

0- 846— 0-880 

1- 457— 1-467 
About  0-027 

About  48 
160°— 176° 
Polymerizes. 
Freely  soluble. 
C,„Hie.2HCl 
and 

CioUia-HCl 

Cl5d24 

7-1 

Viscid. 

0- 904—0-927 

1- 488—1-497 
About  0-029 

About  43 
249°— 260° 
Doubtful. 
Sparingly  soluble. 
C15H24.2HCI 
and  in 

smaller  proportions. 

^20^32 

Very  viscid. 

0- 939 

1- 5084 
0-031 

41 

315° 

Kone. 

Insoluble. 

( Very  small 
r quantity. 

Sensitiveness 

Boiling  point, 

Action  of  sulphuric  acid, 

Solubility  in  aqueous  alcohol, 

Combination  with  HCl, "l 

TABLE  IV. 


Specific 
Gravity 
at  20®  C, 

Boiling 

Point. 

Kefractive 
Index 
A at  20®  C. 

Dispersion 
at  20«  C. 

Sensitiveness. 

Rotation. 

Citronellol,  Penang, 

0-8742 

200° 

1-4563 

0-0251 

50 



“ Ceylon, 

0-875 

200° 

1-4594 

0-0262 

46 

— 13 

Absinthol, 

0-9267 

217° 

1-4543 

0-0243 

43 

-P  134 

Cajeput, 

0-9160 

174° 

1-4532 

0-0213 

45 

— 2? 

Melaleuca  ericifolia 

0-8960 

173° 

1-4560 

0-0239 

48 

-f  30 

“ linarifulia, 

0-8985 

173° 

1-4651 

0-0263 

46 

+ 11 

Eucalyptus  oleosa, 

0-9075 

171°— 176° 

1-4.563 

0- 02-27 

44 

+ 10 

Carvol, 

0-9.530 

227° 

1-4886 

0-0345 

46 

+ 145 

Dill  carvol, 

0-9562 



1-4891 

0-0333 

45 

+ 108 

Menthol  I., 

0-9515 

225° 

1 4839 

0-0326 

44 

— 103 

“ II., 

0-9394 

225° 

1-4791 

0-0311 

42 

— 114 

Myristicol, 

0-9466 

224° 

1-4848 

0-0312 

46 

+ 31 

Rose, 

0-881 

216° 

1-4647 

0-0283 

47 

— 

Indian  geranium, 

Atherosperma  moschatum, 

0-884 

— 

1-4692 

0-0295 

59 

— 3 

1-0386 

224° 

1-5143 

0-0460 

46 

-P  10 

Lign  aloes, 

0-8640 

200° 

1 4601 

0-0280 

— 

— 

Menthol  and  myristicol  are  the  oxidised  oils  from 
mint  and  nutmeg  respectively. 

All  essential  oils  are  soluble  in  alcohol,  fat,  and 
fixed  oils,  the  principal  consumption  of  them  being 
for  scenting  soap,  and  the  manufacture  of  simple 
essences  by  dissolving  them  in  alcohol.  The  follow- 
ing are  examples  of  simple  essences  ; — 

ESSENCE  OF  LAVENDER. 


Otto  of  lavender  (English), 6 ozs. 

Alcohol,  60°  over  proof, 1 gallon. 

ESPRIT  DE  ROSE. 

Otto  of  roses, 3 ozs. 

Alcohol,  60°  over  proof, 1 gallon. 


Scented  Soaps. — For  scenting  of  soaps  the  per- 
fumer starts  with  fine  soaps  in  the  raw  state,  pur- 
chased from  the  soapmaker.  These  are  “ remelted,” 
perfumed,  and  coloured  according  to  the  product 
required,  in  the  following  way: — 

The  bar  soap  is  cut  up  into  thin  slabs  by  pressing 
the  bars  against  a fine  piano  wire,  made  taut  between 
two  screws  on  the  working  bench.  These  screws 
regulate  the  height  of  the  wire  from  the  bench,  and 


hence  the  thickness  of  the  slabs  cut  from  the  bars. 
The  melting  pans  are  iron  vessels  made  of  various 
sizes,  capable  of  holding  from  28  lbs.  to  3 cwts.,  and 
are  heated  by  a steam  jacket,  or  water  bath.  The 
soap  is  put  into  the  pan  in  “ rounds,”  that  is,  the 
thin  slabs  of  soap  are  placed  perpendicularly  all 
round  the  sides  of  the  pan ; a few  ounces  of  water 
are  introduced,  the  steam  of  which  assists  the  melt- 
ing. The  pan  is  then  covered,  and  in  about  thirty 
minutes  the  soap  will  have  ‘’rundown;”  another 
“ round”  is  then  put  in  and  melted;  this  is  repeated 
every  half  hour  until  the  “melting”  is  completed. 
When  different  soaps  are  being  remelted  together 
to  form  one  kind  when  finished,  the  various  sorts 
must  be  put  into  the  pan  in  alternate  rounds,  each 
round  consisting  entirely  of  only  one  variety,  to 
insure  uniformity  of  condition.  As  the  soap  melts 
it  is  stirred  from  time  to  time  with  a “ crutch.” 
The  form  of  this  instrument  is  indicated  by  its 
name  ; it  is  like  an  inverted  J_,  a long  wooden  handle 
with  an  iron  cross-plate  carved  to  fit  the  pan ; the 
colouring  matter  and  the  perfume  are  added  when 
the  soap  is  quite  melted ; and  when  well  crutched  in 
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the  soap  is  turned  into  a “frame;”  the  frame  is  a 
box  made  in  horizontal  sections,  so  that  it  can  be 
taken  to  pieces,  in  order  that  the  soap  may  be  cut 
up  when  cold,  which  will  be  in  about  thirty-six  to 
forty-eight  hours. 

Tlie  following  recipe  is  an  example  of  a remelted 
perfumed  soap,  known  as — 

ALMOND  SOAP. 

Finest  curd  soap 1 cwt. 

“ oil  soap, 14  lbs. 

“ marine  soap, 14  “ 

Otto  of  almonds, : “ 

“ cloves, ^ “ 

“ caraway J “ 

Melt  half  of  the  curd  soap,  then  add  the  marine 
soap ; well  crutch  this,  then  put  in  the  oil  soap,  and 
finish  with  the  remainder  of  the  curd.  When  the 
whole  is  quite  melted  crutch  in  the  mixed  ottos,  and 
turn  into  the  frame. 

For  the  production  of  very  highly  scented  soaps, 
with  ottos  of  an  expensive  character,  the  process  of 
scenting  them  cold  is  employed.  This  is  a far  more 
convenient  method  for  small  quantities,  and  much 
more  economical,  since  it  prevents  the  loss  by  evapora- 
tion of  the  ottos,  which  occurs  to  the  extent  of  about 
20  per  cent,  of  the  ottos  used  in  the  hot  process. 

The  cold  process  is  conducted  as  follows ; — About 
14  lbs.  of  .the  bars  of  the  finest  curd,  or  other  soap, 
previously  remelted  and  coloured  to  the  required 
tint,  are  reduced  to  shavings  by  being  pushed  across 
a plane  temporarily  fixed  over  a large  marble  mortar; 
the  requisite  quantity  of  perfume  is  then  added,  and 
the  whole  incorporated  with  a lignum  vitx  pestle  until 
it  is  of  one  uniform  consistence ; it  is  then  weighed 
in  quantities  of  the  proper  weight  for  the  size  of  the 
tablets  required.  Tliese  masses  are  roughly  moulded 
into  egg-shapetl  forms  by  hand,  and  allowed  to  dry 
for  about  forty-eight  hours,  after  which  they  are 
struck  in  a press.  The  following  are  the  substances 
used  to  colour  soaps : — 

Rose. — Curd  soap  stained  with  rosaniline. 

Blue. — Curd  soap  coloured  with  smalt  ground  in 
water. 

Green. — Palm  oil  soap  and  smalt  ground  in  water. 

Mauve. — Curd  soap  coloured  with  aniline  mauve. 

Brown. — Curd  soap  coloured  with  caramel. 

Some  soaps  become  sufficiently  coloured  by  the 
incorporation  of  the  ottos  used  to  perfume  them, 
such  as  “spermaceti”  soap  and  “lemon”  soap. 

The  following  recipes  will  serve  as  examples  of 
“ cold  ” scented  soaps ; — 

OTTO  OF  ROSE  SOAP. 

Curd  soap,  previously  tinted  pink, 4^  lbs. 

Otto  of  rose, 1 oz. 

“ santal, i oz. 

“ geranium, | oz. 

Essence  of  musk, 2 ozs. 

Mix  the  perfumes,  stir  them  into  the  soap  shav- 
ings, and  beat  together.  Retail  value  about  10.v. 
per  lb. 

T0N(JU1N  MUSK  SOAP. 

Curd  soap,  tinted  light  brown 5 lbs. 

Grain  musk, ^ oz. 

Otto  of  bergamot, 1 “ 


Rub  the  musk  with  the  bergamot,  and  then  add  it 
to  the  soap,  and  beat  up.  This  requires  to  be  at 
least  six  months  old  before  being  used. 

Dentifrices.!  ^c. — 

VIOLET  POWDER — FOR  INFANTS. 

Wheat  starch, 12  lbs. 

Orris  root  powder, 2 “ 

Otto  ot  lemon, J oz. 

“ bergamot, ^ “ 

“ cloves, 2 drs. 

Well  rubbed  together;  then  sifted  through  a fine 
sieve. 

PISI'ACHIO-NUT  TOILET  POWDER. 

Starch  of  pistachio  nuts, 7 lbs. 

French  chalk  (steatite  in  fine  powder), 7 “ 

Otto  rose  and  lavender,  each, 1 dr. 

Same  manipulation  as  above. 

TOOTH  POWDERS  (DENTIFRICES) — CAMPHORATED  CHALK. 

Precipitated  chalk, 1 lb. 

Orris-root  powder, ^ “ 

Powdered  camphor, J “ 

Reduce  the  camphor  to  powder  by  rubbing  it  in  a 
mortar  with  a little  alcohol ; then  sift  the  whole 
well  together. 

FARINA  PIESSE’s  COLOGNE  DENTIFRICE. 

Burnt  horn, 2 lbs.  ' 

Orris-root  powder, 2 “ 

Carmine, 1 dr. 

Very  fine  powdered  loaf  sugar, J lb. 

Ottos  of  lemon,  bergamot,  and  petit  grain  > j 

d’orange  (orange  peel),  each, / ^ 

Otto  of  neroli, J dr. 

“ rosemary, 1 “ 

Thoroughly  well  mix,  then  sift. 

Flower  Perfumes.  — These  are  the  perfumes 
proper.  It  will  have  been  observed  that  hitherto 
no  reference  has  been  made  to  the  fragrance  from 
Jiowers,  but  only  those  odours  which  are  derived 
from  either  the  leaves,  seeds,  wood,  fruits,  or  roots 
of  plants. 

Nearly  all  the  perfumes  derived  from  flowers  are 
made  by  the  processes  known  as  enfleurage,  or  in- 
flowering, and  maceration,  or  infusion. 

Enfleurage. — The  exhalation  from  the  flowers  is 
very  rapidly  absorbed  by  animal  fats  or  by  oils,  and 
upon  this  fact  is  founded  the  process,  which  is  thus 
conducted : — 

Lard,  or  beef-suet,  thoroughly  purified  by  melt- 
ing, washing,  &c.,  is  spread  upon  each  side  of  a 
chasse-en-verre  to  the  thickness  of  about  half  an  inch. 
The  chasse-en-verre  is  a frame  with  a glass  pane  in 
it,  as  near  as  possible  like  a window  sash,  except 
that  the  frame  is  2 inches  thicker,  so  that  when 
one  chasse  is  placed  upon  another  there  is  a space 
of  4 inches  between  the  glasses.  These  frames  are 
about  3 feet  long  and  2 feet  wide ; there  are  gener- 
ally about  3000  of  them  in  a flower  laboratory. 
When  the  grease  is  spread  upon  each  side  of  the 
glass  of  each  chasse,  it  is  sprinkled  with  fresh  blos- 
soms, the  chassis  being  piled  one  upon  another,  so 
that  the  flowers  are  inclosed,  having  the  grease  above 
and  below  them;  the  blossoms  are  changed  every 
day,  or  every  alternate  day,  as  regulated  by  the 
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flowering  of  the  plants.  The  same  grease,  however, 
remains  in  the  chassis  so  long  as  the  particular 
plant  being  used  yields  blossoms.  Each  time  that 
fresh  blossoms  are  put  on,  the  grease  is  “ worked,” 
that  is,  serrated  with  a spatula  or  a wooden  fork, 
so  as  to  expose  a fresh  surface.  The  grease  being 
thus  inflowered  for  three  weeks  or  more,  is  at  last 
scraped  off  the  chassis,  melted,  strained,  and  poured 
into  tin  canisters,  and  is  now  fit  for  exportation. 

For  the  tnfimrage  of  oil,  a chasse-en-fer  is  used ; 
the  place  of  the  glass  being  occupied  by  a wire  net, 
on  which  is  laid  a molleton,  or  thick  cotton  fabric 
soaked  in  olive  oil;  on  this  the  blossoms  are  laid 
just  as  upon  solid  grease. 

In  due  time  the  oil  becomes  fragrant,  and  it  is 
then  pressed  out  of  the  fabric  in  a screw-press. 

Maceration  is  infusion  of  the  flowers  in  oil  or 
melted  fat.  For  this  end  purified  fat  is  melted  in 
a bain-marie,  or  water-bath.  If  the  grease  is  just 
fluid  it  is  sufficiently  hot.  The  blossoms  are  infused 
for  several  hours,  then  the  spent  blossoms  are 
strained  away,  and  fresh  flowers  added  so  long  as 
they  can  be  procured.  Although  oil  does  not  require 
to  be  heated,  improved  results  are  obtained  when 
it  is  slightly  warmed.  Tuberose  and  jasmine  pro- 
duce perfumed  grease  best  by  enfleurage;  rose, 
orange,  and  acacia  give  best  products  by  macera- 
tion ; while  violet  and  jonquil  grease  is  best  obtained 
by  the  joint  processes  — enfleurage  followed  by 
maceration. 

In  order  to  obtain  the  perfume  of  these  flowers 
in  the  form  used  for  scenting  the  handkerchief, 
the  scented  fat  or  oil,  obtained  by  either  of  the 
methods  described  above,  is  infused  in  strong 
alcohol  of  60°  over  proof.  In  extracting  the  odour 
from  solid  fats,  they  have  to  be  chopped  up  fine, 
and  then  put  into  the  spirit,  and  left  to  infuse  for 
about  a month ; in  the  case  of  oils  they  have  to  be 
intermittently  agitated  with  the  spirit  during  the 
whole  of  the  month.  The  result  is  that  the  spirit 
extracts  all  the  odour  from  the  fatty  body,  becoming 
itself  perfumed,  while  the  fat,  or  oil,  becomes  again 
odourless.  Essence  of  jasmine,  essence  of  violets, 
&c.,  are  procured  in  this  way. 

It  is  a remarkable  fact  that  the  essences  of  the 
flowers  named  above  yield  perfumes,  which,  either 
separate  or  mixed  in  various  proportions,  are  the 
types  of  nearly  all  flower  odours.  Thus,  when 
jasmine  and  orange  flowers  are  blended,  the  perfume 
produced  is  that  of  the  sweet  pea;  when  jasmine 
and  tuberose  are  mixed,  the  resulting  odour  is  that 
of  the  hyacinth.  All  the  various  bouquets,  exem- 
plified in  the  following  recipes,  are  made  upon  this 
piinciple : — 

SWEET  BRIER,  OR  EGLANTINE. 

Alcoholic  extract  of  rose  pomatum, 1 pint. 

“ cassie  pomatum, — J “ 

“ fleur  d’oranger J “ 

Esprit  de  rose, J “ 

Otto  of  neroli, j dr. 

Otto  of  lemon  grass, | “ 

The  whole  to  be  mixed  ; it  is  then  fit  for  use. 

FRANGIPANNI — THE  ETERNAL  PEKFCME. 

Recipe  to  make  10  gallons. 

Alcohol,  60°  over  proof, 8|  galls. 

t Extract  of  orris, l|  gall. 

* Tonquin  beans,  chopped, lb. 

* Pod  musk, 2 ozs. 

* Vanilla  beans,  cut  fine, 10  “ 

* Ambergris, i oz. 

Alcoholic  extract  of  cassie,") 

tuberose,  fleur  d’  Granger,  V each. ...  1^  pint, 
and  rose  pomatums, ) 

Otto  of  rose  and  cedar,  each 4 ozs. 

“ geranium, IJ  oz. 

“ neroli, 2 ozs. 

“ Portugal, ^ oz. 

Not  to  be  used  till  about  two  months  old. 

RONDELETIA. 

Alcohol,  60°  over  proof, 1 gall. 

Otto  of  lavender, 2 ozs. 

“ cloves, 1 oz. 

“ roses, 3 drs. 

“ bergamot, 1 oz. 

Alcoholic  extract  of  musk,  > 

vanilla,  and  ambergris,!  ^ 

The  mixture  to  be  at  least  one  month  old  before 
being  used. 

Flower  Farming. — Roses. — In  the  valley  of  the  Var 
the  field  is  first  scantily  manured ; it  is  then  ploughed, 
with  oxen  at  the  yoke.  Young  plants  of  roses,  pro- 
cured from  layers  in  the  usual  way,  by  tongueing 
and  laying  at  a joint,  or  the  offshoots  from  the 
mother  plant,  are  planted  in  rows,  2 feet  from  each 
other,  the  rows  being  6 feet  apart.  Each  root  before 
being  planted  should  be  cut  down  to  within  two  or 
three  buds.  The  Cabbage  Provence  Rose  is  the 
kind  cultivated.  It  is  not  until  the  fourth  year  that 
they  are  fully  developed,  although  a considerable 
quantity  of  flowers  appear  in  the  second  year.  A 
plantation  of  roses,  if  well  tended,  will  last  from 
seven  to  eight  years.  About  7000  rose  plants  are 
required  to  cover  an  acre  ; and  this  acre  will  pro- 
duce in  an  average  season  about  5000  lbs.  weight  of 
blossoms,  of  the  value  of  about  five  farthings  per 
pound,  yielding  therefore  about  £30  per  acre. 

Cassie. — The  young  plants  are  raised  from  seed, 
sown  in  beds.  All  doubtful  plants  are  removed, 
leaving  only  the  most  vigorous.  In  the  third  year 
they  have  generally  a height  of  between  2 and  3 
feet ; they  are  then  planted  out  in  fields,  each  plant 
requiring  12  square  feet.  A situation  well  exposed 
to  the  sun  should  be  well  dressed  with  manure,  and 
dug  to  the  depth  of  4 to  6 feet,  in  which  to  plant 
the  young  cassie  trees. 

The  blossoms  of  cassie  are  successive ; that  is, 
some  are  ready  for  plucking  while  others  are  scarcely 
formed.  This  is  of  immense  advantage  to  the  fanner, 
as  it  enables  him"  to  gather,  and  pass  through  the 
laboratory,  one  lot  of  blossoms  before  the  others 
are  ready  for  plucking.  After  the  third  year  the 
tree  produces  flowers,  growing,  at  the  same  time, 
till  it  reaches  maturity,  when  it  attains  a height  of 

* The  substances  to  which  an  asterisk  is  prefixed  are  to  be 
placed  together  in  a thin  muslin  bag,  and  suspended  in  the 
spirit  lor  one  month. 

t Extract  of  orris  is  thus  made  : — 7 lbs.  of  broken  dried 
orris  root  are  infused  in  1 gall,  of  spirit  for  one  month. 
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10  to  12  feet,  with  a stem  3 or  4 inches  in  diameter, 
and  throwing  branches  6 feet  in  length.  Each  full- 
grown  tree  will  produce  annually  about  2 lbs.  weight 
of  flowers,  value  about  per  lb.,  say  £35  per  acre. 
Flowers  are  not  of  much  use,  practically,  in  the 
perfumer’s  laboratory  unless  they  grow  “succes- 
sive,” because  if  they  come  all  together  there  is 
not  sufficient  time  for  the  grease  to  be  iuflowered ; 
it  is  found  that  better  results  are  obtained  by 
“ repeating  ” a small  quantity  of  flowers  over  grease, 
than  inflowering  a large  quantity  of  blossoms  at 
one  time. 

Jasmine  is  cultivated  by  slips  of  the  wild  jasmine 
grafted  at  the  end  of  two  years  with  the  Spanish 
jasmine.  This  produces  a blossom  the  size  of  a 
shilling,  and  of  intense  fragrance.  Jasmine  requires 
a moist  soil,  or  to  be  so  situated  that  it  can  be 
freely  irrigated.  The  distance  of  planting  out  the 
jasmine  is  the  same  as  for  the  rose ; it  must  be 
liberally  pruned  each  year.  The  flowers  of  the 
jasmine  are  produced  from  July  to  the  end  of 
October,  but  those  of  August  and  September  are 
the  most  fragrant.  About  fifty  consecutive  daily 
inflowerings  j)roduce  the  finest  jasmine  fat.  It 
requires  about  8000  plants  to  stock  an  acre.  They 
are  planted  in  rows,  horizontal  poles  being  thrust 
between  them  for  support,  the  branches  being  woven 
in  and  out,  somewhat  as  the  raspberry  canes  are 
arranged  in  this  country.  The  plants  are  not  in  full 
bearing  until  the  second  year  after  grafting ; but 
when  mature,  every  thousand  plants  yield  about 
60  lbs.  weight  of  flowers  each  year.  An  acre  of 
land  will  yield  about  500  lbs.  weight  of  jasmine 
blossoms  of  the  value,  on  an  average,  of  Is.  3d.  per 
pound. 

Tuberose. — This  is  a bulbous  plant.  It  throws  out 
a stem  covered  at  the  extremity  with  fleshy  flowers 
like  those  of  a hyacinth.  It  is  the  most  difficult 
plant  on  the  farm  to  rear,  and  the  best  worth  rearing. 
It  requires  to  be  planted  in  a moist  soil,  or  where  it 
can  be  freely  irrigated.  About  6 lbs.,  weight  of  the 
flowers  are  required  to  perfume  2 lbs.  of  grease ; 
the  value  of  the  blossoms  being  about  2s.  per  pound. 

Orange. — This  tree  is  raised  from  seeds  or  pips ; at 
the  third  year  they  are  grafted  either  with  the 
sweet  Portugal  or  the  bitter  Bigaradier ; at  the  fifth 
year  they  are  transferred  to  their  permanent  resting- 
place.  Before  planting  the  orange  the  soil  on  which 
it  is  to  live  must  be  well  prepared ; it  must  be 
trenched  at  least  4 feet  deep,  and  well  manured. 
The  care  bestowed  upon  the  young  plants  wiU  be 
seen  fifty,  and  even  a hundred  years  afterwards. 
There  are  several  plantations  of  orange  trees  at 
Nice  more  than  a century  old,  and  at  Fontainebleau 
orange  trees  are  still  to  be  seen  planted  by  an 
ancestor  of  the  writer  two  hundred  years  ago.  The 
tree  requires  about  fifteen  years  to  come  to  maturity, 
but  will  produce  both  flowers  and  fruit  in  four  or 
five  years.  When  in  full  vigour  each  tree  yields  an 
average  of  25  lbs.  weight  of  blossoms  annually. 
There  is  at  Nice,  during  the  season,  a public  market 
for  orange  blossoms.  The  bitter  orange  flowers  fetch 
about  3d.  per  lb.,  and  the  sweet  2d.  During  the 
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season,  which  on  an  average  lasts  a month,  there 
are  sold  about  15  to  18  tons  of  flowers  daily. 
One  ton  of  flowers  will  yield  by  distillation  about  40 
ozs.  of  the  otto  (neroli),  which  is  computed  to  be 
worth  £20,  and  the  residuary  water,  saturated  with 
odour,  worth  about  £10. 

Violet. — This  plant  must  be  shaded  from  the  sun. 
It  is  propagated  by  division  of  the  roots,  which  are 
planted  so  as  to  grow  in  clusters,  about  a foot  apart 
all  round.  After  the  young  plants  are  set  out  and 
well  rooted  they  must  have  a dressing  of  liquid 
manure,  which  should  be  repeated  every  year  about 
two  months  before  they  come  into  flower.  The  old 
plants  should  be  removed  about  every  sixth  year, 
and  be  replaced  by  young  ones.  An  area  of  land 
equal  to  an  acre  of  plants  will  yield  about  180  lbs. 
to  200  lbs.  of  flowers,  annually  valued  at  about 
Is.  8fZ.  per  lb.  The  kind  grown  is  the  “ double 
Parma.”  The  violet  blossom  harvest  amounts  to 
about  25  tons  annually  at  Nice. 

Geranium. — The  rose  leaf  or  oak  leaf  geranium  is 
grown  for  the  sake  of  the  rose-like  otto  extracted 
by  distillation  from  the  leaves,  a ton  of  which  wiU 
yield  about  2 lbs.  of  the  otto.  It  is  largely  used  to 
adulterate  otto  of  roses ; it  is  in  its  turn  also  adul- 
terated with  ginger-grass  oil  {andropogon).  The 
value  of  the  last  is  about  6s.  per  lb.,  while  the  gen- 
uine geranium  leaf  otto  is  worth  about  5s.  per  ounce. 
The  plant  is  propagated  by  cuttings  made  in  Septem- 
ber, and  put  out  in  the  spring ; the  land  should  be 
pretty  well  dressed  with  manure,  and,  if  thfe  season 
is  dry,  the  plants  well  watered.  They  grow  to  a 
height  of  3 to  4 feet,  yielding  an  abundance  of  foliage, 
which  is  easily  gathered  by  the  sickle. 

Lavender  of  the  finest  quality  is  grown  in  Eng- 
land; farms  of  it  exist  at  Mitcham  in  Surrey,  at 
Hitchin  in  Hertfordshire,  and  at  Market  Deeping  in 
Lincolnshire.  About  3500  plants  are  required  to 
stock  an  acre,  which  yield  when  in  full  bearing  about 
6 or  7 quarts  of  otto  of  the  value  of  about  £2  14s. 
per  lb.  weight ; say  averaging  about  £32  per  acre. 
The  plants  are  propagated  from  cuttings,  and  require 
to  be  renewed  about  every  third  year. 

Rosemary,  Thyme,  and  Lavender  are  grown  to  a 
vast  extent  in  the  high  regions  of  the  maritime  Alps. 
They  can  scarcely  be  said  to  be  “ cultivated  ” singly, 
they  grow  like  the  heaths  on  the  wolds  of  Yorkshire. 
The  persons  who  seek  the  ottos  of  these  plants  carry 
the  distilling  apparatus  up  the  hills  on  the  backs  of 
mules,  and  encamp  themselves  in  tents  near  to  some 
snow  stream. 

Animal  Perfumes. — These  are  four  only  in  num- 
ber, viz.: — 1,  Musk;  2,  civet;  3,  castor;  4,  ambergris. 

Musk  is  a peculiar  substance  secreted  in  excret- 
ory follicles  about  the  navel  of  the  male  musk  deer 
{Moschus  moschatus).  This  animal  is  an  inhabitant 
of  the  great  mountain  range  which  belts  the  north 
of  India,  and  branches  out  into  Siberia  Thibet,  and 
China,  and  of  the  Altaic  range  near  Lake  Baikal, 
living  always  on  the  borders  of  the  line  of  per- 
petual snow.  In  the  perfumery  trade  the  little  bags 
containing  the  musk  are  called  “ pods”  ; as  imported 
it  is  known  as  “ pod  musk.”  When  the  musk  is 


PERFUMERY. — Animal  Perfumes. 


550 


removed  from  the  skin  containing  it,  it  is  called 
“ grain  musk.”  The  musk  deer  is  rather  more  than 
3 feet  long,  and  about  2 feet  high  at  the  shoulder. 
The  head  is  small,  the  ears  long  and  erect.  The 
male  has  a tusk  depending  from  each  side  of  the 
upper  jaw,  which  in  the  full  grown  animal  is  about 
3 inches  long,  the  thickness  of  a goose  quill,  sharp 
pointed,  and  curved  slightly  backwards.  The  general 
colour  is  a dark  speckled  brownish-grey,  deepening 
to  nearly  black  on  the  hind  quarters.  The  legs  are 
long  and  slender;  the  toes  (of  the  cloven  hoofs)  long 
and  pointed.  The  fur  is  composed  of  thick,  spiral 
hairs,  not  unlike  miniature  porcupine  quills.  The 
tail,  which  is  not  seen  unless  the  fur  is  parted,  is 
about  an  inch  long,  and  of  the  thickness  of  a thumb ; 
in  the  female  and  young  it  is  covered  with  hair ; but 
in  the  adult  male  it  is  bare,  with  the  exception  of  a 
slight  tuft  at  the  end. 

The  “ pod  ” is  placed  near  the  navel,  between  the 
flesh  and  the  skin,  and  is  composed  of  several  layers 
of  thin  skin  in  which  the  musk  is  confined.  There 
is  an  orifice  outwards  through  the  skin  into  which 
the  little  finger  will  pass,  but  it  has  no  connection 
whatever  with  the  body.  It  seems  probable  that 
musk  is  at  times  discharged  through  this  orifice,  as 
the  pod  is  frequently  found  not  half  full,  and  some- 
times nearly  void.  A weak  alkali,  such  as  soap,  is 
favourable  to  the  development  of  the  odour  of  musk ; 
but  if  a powerful  alkali,  such  as  a strong  solution  of 
caustic  potash,  be  poured  on  to  grain  musk,  am- 
monia ife  evolved,  and  the  true  smell  of  musk  lost. 
The  odour  of  musk  is  quickly  discharged  by  a solu- 
tion of  potassium  cyanide. 

There  are  three  qualities  of  musk  known  in  the 
London  market,  viz. : — 

Cahardien  or  Russian  Musk.  — Rarely,  if  ever, 
adulterated ; poor  in  fragrance ; value  about  8s.  per 
ounce  in  pod. 

Assam  Musk. — Very  strong,  but  with  a rank  smell ; 
pods  large,  and  of  irregular  shape  ; value  about  24,<!. 
per  ounce  in  pod. 

Tonquin  or  Chinese  Musk  is  the  finest  kind  ; more 
frequently  adulterated  than  No.  2 ; value  about  28s. 
to  38s.  per  ounce  in  pod. 

The  following  two  “extracts”  of  musk  are 
made : — 

EXTRACT  OF  MUSK. 


Grain  musk, 2 ozs. 

Alcohol,  60°  over  proof, 1 gallon. 


Infuse  for  one  month  before  using. 

EXTRA  IT  DB  MUSC. 

So  called. 

Extract  of  musk  (No.  1)  above, 1 pint. 

“ ambergris, J “ 

“ rose  triple, J “ 

Mix ; and,  if  necessary,  filter.  Fit  for  use  at  once. 

Civet. — This  is  the  peculiar  secretion  of  the  civet 
cat  ( Viverra  civetUi).  It  is  formed  in  a large  double 
glandular  receptacle  between  the  anus  and  puden- 
dum of  the  animal.  The  Dutch  used  to  keep  a large 
number  of  civets  alive  for  the  purpose  of  collecting 
the  perfume  when  secreted.  The  collection  took 


place  about  twice  a week  by  placing  the  animal  into 
a long  wooden  cage,  so  narrow  that  the  animal  could 
not  turn  itself  round ; the  cage  being  opened  by  a 
door  behind,  a small  spatula  or  spoon  was  intro- 
duced through  the  orifice  of  the  pouch,  which  was 
carefully  scraped,  and  the  contents  placed  into  a 
vessel.  The  yield  was  about  a drachm  each  time, 
the  quantity  being  infiuenced  by  the  quality  of  the 
food  supplied,  and  the  quantity  which  the  animal 
ate.  Its  favourite  food  was  boiled  meat,  eggs,  birds, 
and  small  animals,  and  particularly  fish.  There  is  a 
living  specimen  of  the  animal  in  the  gardens  of  the 
Zoological  Society,  Regent’s  Park.  The  civet  now 
brought  to  European  markets  comes  chiefly  from 
Calicut,  Bassora,  and  from  Abyssinia. 

Extract  of  Civet  is  prepared  by  rubbing  in  a mortar 
1 oz.  of  civet  with  1 oz.  of  orris  root  powder,  or  any 
other  material  that  will  divide  the  civet,  and  placing 
the  whole  into  1 gallon  of  alcohol,  of  60°  over  proof. 
After  infusion  for  one  month,  the  perfume  is  fit 
for  use : 4 to  8 fluid  ozs.  is  the  utmost  of  this 
extract  that  should  be  mixed  with  a gallon  of  any 
other  perfume. 

Castor  is  a secretion  of  the  Castor  fiber,  or  Beaver. 
It  is  imported  from  Canada  and  the  Hudson  Bay 
Territory.  The  substance  is  contained  in  small  pear- 
shaped  membranous  sacs  or  pouches,  hard  and 
brittle  in  this  country,  but  asserted  to  be  soft  and 
pasty,  like  civet,  when  taken  from  the  animal.  When 
dry,  the  castor  has  but  little  odour ; but  when 
infused  in  alcohol,  the  perfume  is  developed  to  a 
remarkable  degree.  Two  ounces  of  castor,  infused 
for  one  month  in  a gallon  of  alcohol  of  60°  over 
proof,  is  the  standard  extract.  Not  more  than  about 
4 to  6 ozs.  of  this  extract  should  be  mixed  with  a 
gallon  of  any  other  perfume,  or  its  characteristic 
odour  becomes  evident  above  all  the  others. 

Ambergris. — This  substance  is  found  floating  in 
the  sea.  near  the  islands  of  Sumatra,  Molucca,  and 
Madagascar ; also  on  the  coasts  of  America,  Brazil, 
China,  Japan,  and  the  Coromandel.  Large  pieces 
of  it  are  often  found  on  the  western  coast  of  Ireland. 
For  a long  time  it  was  supposed  to  be  the  fceces  of 
the  spermaceti  whale  {Physeter  macrocephalus),  be- 
cause good  specimens  of  it  were  found  to  contain 
the  horny  beak  of  cuttle-fish,  upon  which  the  whale 
is  known  to  feed.  It  appears  certain  now,  how- 
ever, that  the  ambergris  is  a sort  of  intestinal  cal- 
culus thrown  up  by  the  spermaceti  whale ; its 
characteristics  appertain  both  of  the  nature  of  biliary 
calculus  and  of  excrement.  It  appears  to  acquire 
its  peculiar  fragrance  from  oxidation  by  contact 
with  air. 

It  is  used  to  give  permanence  to  the  more  vola- 
tile and  fleeting  essences  for  the  handkerchief,  and 
is  much  valued  by  the  perfumer  for  this  purpose, 
who  uses  it  in  the  form  of — 

EXTRACT  OP  AMBERGRIS. 


Alcohol  60°  over  proof,  1 gallon 

Ambergris, 3 ozs. 


Allowed  to  stand,  with  occasional  stirring,  for  one 
month. 


PETROLEUM. 
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When  sold  to  the  consumer  it  has  to  be  “ sweet- 
ened,” and  it  is  then  called — 

EXTRAIT  D’AMBHE. 


Extract  of  ambergris, 1 pint 

“ vanilla 2 ozs. 

Esprit  de  rose,  triple, i pint 

Extract  of  musk, | pint. 


The  mixture  is  fit  for  immediate  use. 

PETROLEUM,  Tsrga,  a rock,  and  oleum,  or  possibly 
(Xic/cy  oil. — Pefroie,  French ; Sfemo/,  German. — Rock 
oil  is  a name  applied  to  the  several  bituminous  fluids 
which  are  found  in  many  parts  of  the  earth,  satura- 
ting the  soil,  exuding  from  it,  or  rising  from  its  sur- 
face as  oil  springs.  These  fluids  differ  greatly  from 
one  another  in  physical  characters — colour,  con- 
sistency, odour,  &c.,  though  chemically  they  are 
closely  allied  (see  also  Bitumen). 

Class  Characteristics. — Before  going  more  particu- 
larly into  the  characters,  &c.,  of  this  class,  it  will 
be  advisable  to  take  a general  view  of  the  whole 
field  of  bituminous  substances,  and  observe  the 
more  prominent  relationsliips  existing  between  the 
various  members  of  the  class  of  substances  fre- 
quently collectively  termed  bitumen. 

Bitumens  are  found  of  all  degrees  of  consistency, 
and  of  varying  shades  of  colour;  from  the  clear 
limpid  naphtha  of  Georgi  '.  on  the|Caspian,  to  the 
great  “ bitumen  lake  ” of  Trinidad.  Though  they 
differ  thus  physically,  in  chemical  composition  they 
are  all  either  hydrocarbons  or  the  products  of  the 
oxidation  of  hydrocarbons,  the  lighter  and  clearer 
consisting  wholly  of  carbon  and  hydrogen ; whilst 
the  heavier,  darker,  more  solid  varieties,  usually 
contain  oxygen  as  a constituent,  together  with 
these  elements.  They  are  still  more  intimately 
related  in  chemical  composition  than  this  fact  would 
indicate ; for  out  of  the  numerous  series  into  which 
the  great  family  of  hydrocarbons  has  been  divided, 
it  is  found  that  the  various  bituminous  products 
consist  almost  entirely  of  the  members  of  two  of 
these  series,  viz. — the  marsh  gas  and  the  olefiant 
gas  or  ethylene  series. 

The  different  members  of  which  these  series  are 
composed  differ  from  one  another  in  some  important 
particulars. 

The  lowest  members  are  gaseous  at  ordinary  tem- 
peratures, as  their  names,  which  are  used  in  desig- 
nating the  series,  would  indicate.  Next  in  order  we 
have  very  light  liquids,  with  a comparatively  low  boil- 
ing point,  and  which  will  be  seen  by  the  table  given 
further  on  to  have  a higher  formula — i.e.,  more  atoms 
in  the  molecule  than  those  preceding  them.  From 
these,  the  molecules  still  increasing  by  successive 
additions  of  one  or  more  increments  of  CHj,  we 
pass  through  a number  of  liquids,  which,  as  their 
formulae  become  higher,  steadily  increase  in  boiling 
point  and  si>ecific  gravity  till  we  reach  the  highest 
members,  those  consisting  of  20  or  more  carbon 
atoms  in  the  molecule,  which  are  the  substances, 
solid  at  ordinary  temperatures,  known  as  paraffin. 

The  lightest  of  these  liquid  bitumens  is  known  as 
native  naphtha.  It  is  found  in  its  purest  form  at 
Baku,  in  Georgia,  on  the  western  shore  of  the 


Caspian  Sea.  In  the  centre  of  the  tract  of  country 
which  yields  oil,  the  product  is  as  clear  and  pure 
as  if  distilled,  and  its  faint  yellow  tint  has  been 
compared  to  that  of  Sauterne  wine. 

The  term  naphtha  is  also  frequently  applied  to 
the  lighter  portions  distilled  from  heavier  oils,  from 
peat,  bituminous  shales,  and  other  oil-yielding 
sources,  and  must  not  be  understood  to  mean  this, 
unless  qualified  by  some  word  indicating  its  origin. 

The  specific  gravity  of  native  naphtha  varies 
between  -700  and  "850.  In  it,  as  might  be  ex- 
pected, only  the  lower  members  of  the  marsh  gas 
series  will  be  found ; the  first — marsh  gas  itself — 
constantly  escaping  by  innumerable  jets  from  the 
vicinity  of  the  spring,  sometimes  in  such  quantity 
as  to  form  a stream  of  inflammable  gas. 

We  next  come  to  the  various  qualities  of  crude 
oil,  correctly  designated  petroleum.  Those  from 
different  regions  of  the  earth,  and  even  those  from 
different  springs  in  the  same  district,  vary  consider- 
ably. In  some  cases  they  are  very  highly  coloured — 
though  the  essential  constituents  of  petroleum  are 
quite  devoid  of  colour — yellow,  reddish  brown, 
greenish,  and  black  are  found ; and  the  depth  of 
colour,  in  conjunction  with  the  odour  is  usually  an 
indication  of  the  amount  of  impurity  present,  which 
may  be  bitumenized  organic  matter,  sulphur  com- 
pounds, carbon,  &c.  The  density,  too,  varies  a 
good  deal,  the  purer  kinds  having  a lower  specific 
gravity  and  yielding  a larger  proportion  of  light  oil 
by  distillation ; whilst  the  more  highly  coloured, 
heavier  varieties,  contain  chiefly  higher  members  of 
the  two  series  of  carbon  compounds.  The  usual 
range  of  specific  gravity  of  petroleum  may  be  taken 
at  from  ‘782  to  -820  (Chandler,  Amer.  Chem.  ii. 
11,  411).  The  density,  however,  of  a sample  of  oil 
cannot  be  taken  as  a fair  criterion  of  its  value  for 
illumination  ; for  sometimes  oils  which  have  a high 
specific  gravity  contain  a considerable  proportion  of 
light  constituents,  but  the  preponderance  of  heavier 
hydrocarbons  imparts  to  the  whole  a high  density. 

In  odour,  again,  much  difference  is  observable. 
In  some  oils  certain  foreign  matters  are  present  in 
such  quantity  as  to  give  to  the  whole  quite  an 
offensive  odour.  Often  this  is  due  to  the  bitumin- 
ous material  spoken  of  as  affecting  the  colour; 
sometimes  to  sulphur  compounds,  as  sulphuretted 
hydrogen,  &c. 

Passing  by  almost  imperceptible  gradations  through 
the  denser  and  darker  varieties  of  petroleum,  we 
eome  to  maltha  or  mineral  tar  or  pitch.  This  is 
generally  considered  as  being  merely  petroleum  in 
which  so  much  bituminous  matter  is  either  dissolved 
or  suspended  as  to  impart  a black  colour  and  a semi- 
fluid viscous  consistence  to  it.  This  is  consequent 
upon  the  evaporation  of  the  more  volatile  oil,  and 
the  subsequent  oxidation  of  the  more  solid  con- 
stituents. Maltha  is  an  intermediate  variety  between 
petroleum  and  solid  bitumen  or  asphalt,  noticed  in 
the  article  Bitumen. 

Early  History. — Though  the  immense  traffic  in 
these  bituminous  substances  that  we  now  see  carried 
on  every  day  is  but  a recent  feature,  still  these 
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springe  and  deposits  have  been  known  from  very 
early  times. 

I’robably  the  earliest  account  we  have  of  the  use 
of  bitumen  is  found  in  the  writings  of  Herodotus 
respecting  the  building  of  Babylon.  The  same 
narrator  describes  the  collection  of  petroleum  in 
Zante,  one  of  the  Ionian  Islands,  then  called  Zakan- 
thus  or  Zacynthus.  He  calls  this  product  pitch,  and 
says  that  it  is  obtained  by  letting  down  a pole  into 
the  water,  with  a bundle  of  myrtle  tied  to  the  end. 
To  this  the  “ pitch  ” sticks.  As  this  spring  still 
yields  as  plentifully  as  ever,  there  can  be  no  doubt 
that  it  has  been  flowing  for  over  2000  years. 

Pliny  and  Dioscorides  described  the  oil  from 
Agrigentum,  in  Sicily,  the  latter  specially  stating  its 
use  in  lamps ; and  remarking,  with  reference  to  the 
name  it  had  gained — viz.,  Sicilian  Oil — that  “ those 
who  style  this  Sicilian  oil  commit  a manifest  error, 
because  it  is  nothing  but  a species  of  bitumen.” 

In  France  oil  springs  have  been  known  from  time 
immemorial,  at  Clermont  and  Gabian,  in  Languedoc 
(hence  the  name  Oleum  Gabianum).  Numerous 
springs  exist  also  in  Italy.  The  cities  of  Parma  and 
Genoa  were  for  a long  time  supplied  with  illuminat- 
ing oil  from  Amiano,  on  the  Taro,  and  other  places 
in  North  Italy.  Near  Ecbatana,  in  Persia,  was  a 
petroleum  lake,  which  Plutarch  saw  on  fire.  In 
China,  Thibet,  and  especially  in  Birmah,  near  the 
Irrawaddi,  are  extensive  wells  or  pools  of  petroleum, 
whose  products  have  afforded  a commodity  of  trade 
for  centuries.  Bakoo  (or  Baku),  in  Georgia,  on 
the  banks  of  the  Caspian,  has  from  distant  times 
furnished  petroleum  in  such  abundance  as  to  make 
it  an  article  of  commerce.  In  consequence  of  the 
numerous  springs,  streams  of  inflammable  gas,  and 
frequent  eruption  of  mud  from  the  “mud  volcanoes,” 
this  region  has  been  denominated  the  Field  of  Fire. 

In  North  America,  more  especially  in  the  region 
which  now  produces  so  large  a quantity — namely, 
Pennsylvania  — petroleum  has  long  been  known. 
Numerous  old  wells  are  found  in  Pennsylvania, 
Ohio,  and  Canada,  which  were  probably  dug  by  the 
race  of  people  who  worked  the  copper  deposits  of 
Lake  Superior  and  the  lead  ores  of  Lexington, 
before  the  time  of  the  Indians. 

Geoyraphiral  Dislribiilion. — These  substances  are 
found  very  widely  distributed  over  the  earth.  In 
North  America  and  some  parts  of  Asia  immense 
quantities  exist,  whilst  the  supply  from  the  other 
places  is  as  yet  comparatively  trifling.  In  Europe 
it  is  interesting  to  note  that  both  England  and  Scot- 
land furnish  small  quantities?. 

In  1847  a spring  was  discovered  in  Derbyshire, 
which  was  successfully  worked  by  J.  Young,  of 
Glasgow,  until  exhausted.  The  Odin  lead  mine, 
Derbyshire,  contains  a deposit  of  elastic  bitumen. 
This  appears  to  be  the  first  discovery  of  bitumen 
in  England,  and  was  made  by  Dr.  Lister  in  1673. 
In  Lancashire  it  is  present  to  some  extent,  strongly 
impregnating  the  peat  cut  on  Downholland  moss, 
in  the  vicinity  of  Ormskirk.  Several  bituminous 
springs  are  found  in  Shropshire  and  other  parts  of 
England.  In  Scotlaml  bitumen  is  found  at  the  coal 


mines  of  Hurlet,  near  Paisley,  where  it  incloses 
crystals  of  calcareous  spar. 

In  France  in  1840  a mania  prevailed  for  putting 
bitumen  to  industrial  purposes  (M.  Dumas).  Bitu- 
minous schists,  petroleum  localities,  &c.,  were  sought 
for  in  all  the  provinces,  and  in  1843  thirty  varieties 
were  exhibited  on  the  Bourse  by  different  Parisian 
companies.  Two  years  later  the  extraction  and 
purification  of  their  products  was  in  full  operation 
in  various  parts  of  the  country ; and  in  the  depart- 
ments of  Ain,  Landes,  Puy  de  Dome,  Bas  Rhin, 
and  Haut  Rhin  there  were  sixteen  mines,  employing 
489  men,  and  yielding  an  annual  revenue  of  nearly 
£30,000.  This  bitumen,  however,  did  not  answer 
all  the  purposes  promised,  and  many  who  put  capital 
into  the  undertaking  were  ruined. 

The  coal  basin  of  Autun  (Saone  et  Loire)  con- 
tains largely  worked  beds  of  bituminous  schists, 
from  which  an  illuminating  oil  can  be  profitably  pro- 
duced by  distillation. 

Large  quantities  of  mineral  tar  or  maltha  are 
found  at  Puy  de  la  Pege,  rendering  the  soil  so 
viscous  that  it  adheres  to  the  foot  of  the  traveller. 
This  is  also  found  in  the  Harz  mountains,  in  Germany. 

A very  similar  substance  is  that  obtained  from 
Bechelbronn,  called  also  Stein  oil,  and  sometimes, 
from  its  geographical  origin,  Strasbourg  grease.  It 
is  too  thick  to  be  made  of  profit  as  an  illuminator ; 
but  is  applied  for  many  advantageous  purposes, 
particularly  as  a substitute  for  grease  to  lessen  the 
friction  of  machinery,  and  also  for  greasing  the 
wheels  of  carriages. 

Seyssel  bitumen  is  found  in  calcareous  oolite,  from 
which  it  is  extracted  by  heating  fragments  of  the 
rock  in  large  cauldrons.  This  bitumen,  as  well  as 
that  from  Parc,  on  the  Rhone,  and  Lobsann,  on  the 
Rhine,  somewhat  closely  resembles  in  very  many 
particulars  that  from  Bechelbronn. 

As  before  stated,  Clermont  and  Gabian  have  long 
yielded  oil  for  illuminating  purposes.  Hatten,  on 
the  lower  Rhine,  the  departments  of  Auvergne, 
Nord,  and  probably  some  others,  also  furnish  bitu- 
minous products.  Neuchatel,  Switzerland,  and 
Tagernsee,  Bavaria,  are  said  to  yield  bitumen,  that 
from  the  former  place  being  considered  the  best 
concrete  that  can  be  obtained. 

In  Italy,  the  oil  of  Amiano,  in  the  Duchy  of 
Parma,  formerly  supplied  the  city  of  Genoa  with 
ligiit.  Springs  are  found  also  at  Saint  Zibio,  in  the 
Duchy  of  Modena,  and  in  the  island  of  Sicily. 

South  of  Vesuvius  a spring  of  petroleum  was 
observed  by  M.  Breislack  (Laboulaye)  bubbling 
up  through  the  sea ; here  it  is  apparently  connected 
with  volcanic  action,  and  the  oil  floating  upon  the 
surface  of  the  water  is  sometimes  seen  at  some 
distance  from  its  source.  The  sea  around  the  vol- 
canic isles  of  Cape  Verd  is  frequently  seen  covered 
with  an  oily  film  (Laboulaye).  At  Monte  Ciaro, 
near  Piacenza  (Italy),  naphtha  is  procured  by 
sinking  pits  in  the  horizontal  beds  of  argillite, 
which  gradually  fill  with  water;  the  oil  oozes  out 
from  the  rock,  and  floats  upon  the  surface,  from 
which  it  is  skimmed  off. 
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Dalmatia,  on  the  north-east  shore  of  the  Adriatic, 
in  the  Austrian  empire,  contains  large  deposits  of 
a limestone  so  charged  with  bitumen  that  it  can  be 
cut  like  soap.  Arlona,  in  Albania,  south  of  Dal- 
matia, has  also  furnished  a considerable  quantity 
of  bitumen. 

Wallachian  petroleum  has  not  yet  come  into 
extensive  use,  though  there  is  reason  to  believe  that 
very  large  quantities  may  be  procured  from  that 
district.  The  first  cargo  reached  London  in  Janu- 
ary, 18G4. 

Galicia  has  attracted  some  attention  as  a source 
of  mineral  oils.  In  West  Galicia  the  ground  is 
charged  with  an  oil  almost  identical  with  Penn- 
sylvanian petroleum.  The  tract  of  country  is  the 
mountainous  district  inclosed  by  Limanowa,  Neu- 
sandec,  Grybow,  Cieskowice,  Gorlice,  and  Sbyszyce, 
about  20,000  hectares  (nearly  50,000  acres)  alto- 
gether. From  here  in  1866  about  268  tons  were 
obtained.  The  wells  need  only  be  bored  to  a 
depth  of  10  or  15  feet  to  yield  an  abundant  supply. 
According  to  the  reports  of  the  American  engineers 
and  others  who  have  visited  the  spot,  the  little 
river  Dunajec  will  probably  some  day  become  the 
European  Oil  Creek.  The  eastern  portion  of 
Galicia  yields  also  a smaller  supply  of  oil,  which 
more  resembles  that  of  Canada.  Extensive  refining 
works  have  been  established,  and  several  wells  bored. 
On  an  average  the  wells  yield  from  70  to  140  gallons 
a day,  though,  in  a few  cases,  700  to  over  1000  gallons 
have  been  produced  daily.  The  oil  is  pumped  from 
the  wells,  which  are  not  more  than  300  feet  deep. 

With  reference  to  Zante  petroleum,  which  we 
have  already  said  was  described  by  Herodotus,  Dr. 
Paul  has  stated  that  five  barrels  a day  may  be  col- 
lected from  these  wells ; there  is  little  doubt  that 
if  proper  means  were  taken  this  quantity  might  be 
greatly  increased.  After  careful  explorations  it  has 
been  found  that  all  the  natural  oil  springs  of  Greece, 
both  in  the  islands  and  on  the  mainland,  can  be 
traced  originally  to  a locality  on  the  coast  of  Greece. 
The  petroleum  is  found  to  be  of  goo  1 quality,  and 
a company  was  formed  in  1865  for  the  development 
of  the  property. 

In  the  Crimea  the  principal  Russian  sources  of 
petroleum  are  found,  though  as  yet  they  have  not 
been  worked  in  such  a manner  as  to  indicate  any- 
thing like  their  real  value.  The  petroleum  springs 
are  entirely  confined  to  the  eastern  portion,  and 
almost  wholly  to  the  peninsula  of  Kertch.  In  some 
of  the  more  clearly  marked  belts  of  country  wells 
sunk  but  a few  yards  deep  yield  more  or  less 
naphtha  of  fair  quality.  The  position  of  the  petro- 
leum is  considered  to  be  indicated  by  lines  of  dif- 
ferent colour  to  the  rest  of  the  soil.  In  the  early 
part  of  the  spring  these  lines  are  greener,  and  in  the 
early  summer  they  are  yellower,  than  the  rest  of  the 
land.  The  whole  belt  of  land  reaches  from  the  Sea 
of  Azof  to  the  Black  Sea,  as  far  as  Arabat  and  Kaffa, 
and  very  possibly  it  stretches  even  farther  to  the 
west,  extending  into  the  steppes.  The  petroleum 
here  would  seem  to  be  stored  in  tertiary  rocks,  the 
only  rocks  to  be  found  in  the  region  ; and  in  conse- 
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quence  of  the  tilting  up  that  the  strata  have  under- 
gone, there  is  not  here  a layer  of  sandstone  or  shale, 
as  often  seen  in  the  American  oil  regions,  lying  over 
the  oil-bearing  rocks.  On  this  account  it  is  that 
the  method  of  obtaining  the  oil  differs  so  widely 
from  that  practised  in  America.  Some  marked, 
though  as  yet  untraced,  connection  is  seen  to  exist 
here  between  the  petroleum  springs,  the  salses,  or 
mud  volcanoes,  and  the  salt  lakes.  All  three  are 
very  abundant  in  this  region. 

The  naphtha  obtained  from  Beshevli  is  described 
as  being  of  a deep-green  colour,  thin,  and  trans- 
parent. 

The  Tatars,  who  formerly  peopled  the  Crimea, 
have  sunk  innumerable  small  wells,  which  are  mostly 
found  in  narrow  bands,  extending  usually  along  the 
axis  of  east  and  west  valleys,  midway  between  the 
limestone  cappings  of  the  north  and  south. 

It  is  found  that  when  the  modern  sinkings  are  in 
the  line  indicated  by  the  pits  of  these  Tatars  a yield 
may  be  expected;  whilst  in  most  cases  where  a devia- 
tion is  made  from  this  course  oil  is  not  found  in  the 
immediate  vicinity.  One,  bored  500  feet  to  the  north 
of  the  line  of  “ oil  crop,”  yielded  no  trace,  whilst  in 
the  line  itself  were  twenty  or  more  modern  sinkings, 
all  of  which  were  more  or  less  successful  (Ansted). 

Passing  now  into  Asia,  we  find  that  an  immense 
petroleum  district  exists  in  the  immediate  vicinity 
of  the  Caspian  Sea.  Baku,  in  Georgia,  on  the  west 
shore,  has  been  already  mentioned  as  having  been 
celebrated  from  early  times  for  the  inflammable  gas 
and  naphtha  naturally  exuding  from  the  soil.  The 
oil  region  here  embraces  a tract  of  country  about  25 
miles  long  and  half  a mile  in  width,  in  the  neigh- 
bourhood of  hills  of  volcanic  rock,  from  which  the 
heavier  sorts  of  petroleum  ooze  out.  Large  open 
wells  are  dug  into  this  tract,  which  consists  of  a 
porous  argillaceous  sandstone  belonging  to  the 
tertiary  period,  from  16  to  20  feet  in  depth,  into 
which  the  oil  slowly'  flows  from  the  surrounding  and 
subjacent  strata. 

It  is  observable  that  the  oil  which  is  collected 
from  the  centre  of  the  tract  is  very  clear  and  pure, 
and  is  generally  alluded  to  as  native  naphtha.  That, 
however,  which  is  obtained  from  the  sides  varies  in 
colour  and  consistence,  being  heavier  and  darker 
coloured  the  farther  from  the  centre ; that  which  is 
obtained  at  the  margin  of  the  tract  being  solid 
asp  hal  turn. 

Kinkier  says  that  “some  of  these  wells  yield 
1000  to  1500  lbs.  a day.”  They  are  in  a certain 
sense  inexhaustible,  for  they  are  no  sooner  emptied 
than  they  again  begin  to  fill,  the  naphtha  continuing 
to  flow  in  till  it  has  attained  to  its  former  level. 
The  natives  use  it  as  lamp  oil,  and  also  for  cooking 
purposes.  The  Russians  commenced  working  these 
springs  in  1858. 

Upon  the  east  shore  of  the  Caspian,  also,  the  store 
of  bituminous  products  is  no  less  considerable. 
These  have  been  only  recently  worked  systematic- 
ally, and  the  supply  seems  almost  without  limit. 
The  wells  are  frequently  side  by  side,  and  seem  to 
be  unaffected  in  many  cases  by  another  being  dug 
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in  the  immediate  vicinity;  one,  the  flow  from  which 
had  yielded  3400  lbs.  a day,  not  being  materially 
altered  by  the  diggmg  another  close  to  it,  from 
which  40,000  lbs.  daily  were  obtained.  Since  the 
American  method  of  boring  has  been  adopted  the 
quantities  have  been  very  much  increased,  the  oil 
being  driven  up  from  a depth  of  250  feet  below  the 
surface  with  such  force  as  to  spout  from  50  to  65 
feet  in  the  air. 

Leeds  remarks  that  this  vast  bituminous  for- 
mation has  its  origin  to  the  northward,  in  the 
Isles  of  Naphtha,  which  are  situated  on  the  eastern 
sliores  of  the  Caspian.  It  stretches  away  to  the 
westward  for  over  100  miles,  reappears,  on  the 
western  shore,  in  the  vicinity  of  Baku,  and  termin- 
ates in  the  hills  of  the  Crimea. 

This  Persian  naphtha  would  seem  to  be  of  two 
sorts,  distinguished  sometimes  as  black  and  white 
naphtha.  The  former,  found  around  Kerkook, 
ordinarily  resembling  pitch,  is  used  by  the  natives 
on  the  banks  of  the  Euphrates  and  Tigris  for  cover- 
ing the  bottoms  of  the  vessels  which  navigate  those 
rivers,  and  also  as  lamp  oil.  The  white  variety  is 
quite  different,  is  much  thicker,  and  described  as 
being  more  like  tallow  than  anything  else.  It  affords 
a better  light,  and  emits  a less  disagreeable  odour 
than  the  other.  It  floats  like  a crust  on  the  surface 
of  the  water.  A fountain  of  this  is  found  at  the 
foot  of  the  mountains  of  Buctiari,  half  way  between 
the  city  Shuster  and  the  valley  of  Ram  Horinouz. 
(Kinnier’s  “ Geographical  Account  of  Persia,”  p.  39). 

The  principal  petroleum  regions  in  Birmah  are 
those  near  the  towns  of  Yeynangyoung  and  Pagan. 
There  are  now  150  wells  worked  at  Yeynangyoung, 
which  yield  15,000  viss  daily  (a  viss  about  equals  3j 
pints),  an  amount  equal  to  6000  gallons.  The  total 
yield  is  about  9375  tons  per  annum.  In  Pagan  there 
are  fifty  wells,  which  daily  yield  1500  viss  of  oil, 
which  the  earth  oil  contractors  are  allowed  to 
purchase.  These  wells  yield  a more  liquid  oil,  which 
more  resembles  naphtha — of  a blackish  nature — and 
better  suited  for  light  than  Yeynangyoung  oil.  The 
total  supply  of  petroleum  now  in  Upi3er  Birmah  is 
10,312^  tons  annually.  This  is  usually  known  when 
purified  as  Belmontine.  When  this  is  purified  by 
distillation  the  more  volatile  portion  of  the  distillate 
is  separated,  and  used  as  a solvent  for  grease,  &c., 
under  the  name  of  sherwoodole. 

Thougli,  as  we  have  seen,  various  countries  of  the 
world  produce  supjflies  of  these  valuable  commodi- 
ties, the  vast  quantities  of  petroleum  annually 
exported  from  North  America  show  us  that  that 
Continent  must  be  emphatically  considered  the 
storehouse  of  the  world  for  these  bituminous 
products. 

In  South  America  compajatively  small  quantities 
are  found,  and  these  are  principally  deposits  of 
solid  bitumen.  The  countries  of  Venezuela,  New 
Granada,  Ecuador,  and  Peru  contain  some  of  these 
deposits.  Payta,  in  Columbia,  Magdalena,  and 
Coxitambo,  near  Cuen9a  in  Ecuador,  are  also  named 
as  small  sources. 

Some  of  the  islands  of  the  West  Indies  have  been 
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known  as  sources  of  asphalt  for  a very  long  period, 
Cuba  and  Trinidad  more  especially.  In  the  eastern 
portion  of  the  latter  island  petroleum  springs  are 
found  between  Holguin  and  Mayari,  and  also  in  the 
south -west,  near  Santiago  de  Cuba.  A single 
locality  of  bitumen  occurs  in  the  island  of  San 
Domingo ; this  is  about  three  miles  north  of  the 
town  of  Azua.  A little  bitumen  is  found  in  Barba- 
does,  and  also  a small  quantity  of  a greenish 
petroleum ; indeed,  one  of  the  names  that  is  frequently 
borne  by  this  substance,  viz.,  Barbadoes  tar,  is  a 
reference  to  this  geographical  origin. 

The  “ Great  Pitch  Lake  ” of  Trinidad,  already 
mentioned  in  the  article  Bitumen,  is  99  acres  in 
extent,  and  contains  millions  of  tons  of  asphalt. 
This  is  justly  considered  the  mo.st  wonderful,  as  it  is 
the  largest,  deposit  of  asphalt  in  the  world.  It  is 
situated  on  the  west  shore  of  the  island,  about  mid- 
way from  its  northern  to  its  southern  extremity. 

The  North  American  Oil  Regions. — A small  quantity 
of  petroleum  had  been  found  floating  for  time 
immemorial  on  the  surface  of  a pool  on  the  premises 
of  Messrs.  Watson  & Co.,  lumber  dealers  of  Titus- 
ville, Crawford  Co.,  Penn.,  and  it  was  the  custom 
to  collect  this  for  medicinal  purposes  by  absorb- 
ing it  in  blankets.  A company,  originated  by 
Messrs.  Eveleth  & Bissell,  and  designated  the 
Penn.sylvania  Rock  Oil  Company,  was  set  on  foot 
in  the  autumn  of  1854  for  turning  the  oil  to  « 
practical  account  as  an  illuminating  agent,  and 
for  lubricating  machinery.  In  the  winter  of  the 
same  year  Professor  J.  B.  Silliman,  jun.,  analyzed 
the  oil,  and  reported  so  favourably  upon  it  that  tlie 
company’s  stock  was  bought  up  freely.  For  several 
years,  however,  tlie  enterprise  did  not  answer,  and 
in  1858  Colonel  G.  L.  Drake,  the  superintendent  of 
the  company,  was  fortunate  enough  to  conceive  the 
plan  of  boring  the  land  that  had  already  given  so 
large  a surface  production  of  petroleum.  He  con- 
tinued his  operation  of  boring,  to  the  amusement  of 
his  friends,  into  1859,  and  on  the  26th  of  August  of 
that  year  “struck  oil”  at  a depth  of  71  feet.  The  drill 
sank  suddenly  into  a cavity  in  the  rock,  and  the  oil 
rose  to  within  5 inches  of  the  surface ; 400  gallons 
a day  were  obtained  at  first,  but  a larger  pump 
having  been  substituted  for  the  small  one  tiien  in 
use,  the  supply  was  increased  to  1000  gallons  daily. 
This  amount  was  obtained  regularly  without  inter- 
ruption for  several  weeks.  I’he  excellent  quality 
and  abundance  of  the  oil,  which  sold  for  55  cents  a 
gallon,  gave,  as  may  be  imagined,  great  value  to 
every  spot  of  ground  in  the  vicinity,  as  well  as  to  all 
those  places  whence  oil  had  ever  been  obtained,  or 
which  were  considered  likely  to  produce  it. 

The  creeks  in  the  vicinity  were  soon  explored,  and 
before  the  close  of  1860  there  were  2000  wells  in  this 
region,  and  74  of  these  produced  1165  barrels  daily, 
or  46,600  gallons,  each  barrel  containing  40  gallons. 

The  most  important  oil  regions  of  the  United 
States  are  undoubtedly  those  of  the  three  contiguous 
states  — Pennsylvania,  Ohio,  and  West  Virgini.a. 
Besides  these  Kentucky,  New  York,  Michigan 
Indiana,  Illinois,  Tennessee,  Colorado,  Oregon, 
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Montana,  and  California  have  been  indicated  as 
yielding  more  or  less  of  this  valuable  product;  in 
fact,  there  is  hardly  a state  in  the  union  that  has  not 
produced  some.  In  Pennsylvania  the  oil  region  is 
confined  to  the  north-west  portion  of  the  state,  the 
most  productive  wells  being  those  of  Oil  Creek ; 
some  of  these  have  discharged  500  to  2000  barrels  of 
oil  daily,  and  one  as  much  as  3000  barrels. 

The  total  yield  of  petroleum  from  the  whole 
Pennsylvanian  oil  region  during  the  years  1861-62 
had  an  average  of  8000  barrels  a day.  The  West 
Virginian  and  Ohio  supplies,  though  not  by  any 
means  so  plentiful  as  those  from  Pennsylvania, 
average  a much  greater  density,  and  command  a 
higher  price  as  a rule. 

In  California  the  springs  of  thick  and  tarry 
petroleum  are  usually  accompanied  by  surface  col- 
lections of  asphaltum.  The  largest  of  the  natural 
wells  here  is  about  30  feet  in  diameter,  and  is  situ- 
ated, together  with  several  smaller  outflows,  in  the 
midst  of  a great  field  of  asphaltum,  which  is  estim- 
ated as  being  equal  to  a square  mile  in  extent,  and 
a yard  deep.  The  wells  are  filled  with  the  thick 
black  oil,  which  is  kept  in  a constant  state  of  ebulli- 
tion by  the  escaping  marsh  gas.  A similar  bitumin- 
ous deposit  exists  in  Mexico. 

The  oil-bearing  strata  composing  this  great  oil 
region  are  situated  between  the  middle  of  the  car- 
boniferous system  above,  and  the  Hamilton  shale, 
which  directly  overlies  the  corniferous  limestone 
below,  that  of  North-western  Pennsylvania  standing 
higher  than  that  found  in  M^est  Virginia  and  Ohio. 

In  the  former  district  we  find  lowest  the  shales 
and  limestones  of  the  Portage  group,  yielding  oil  to 
the  deepest  wells  on  Oil  Creek.  At  this  place  these 
rocks  have  a thickness  of  1700  feet.  Above  them  ; 
alternate  the  argillaceous  shales  and  sandstone,  j 
the  latter  being  sometimes  replaced  by  limestone,  j 
wl’.ich  form  the  Chemung  group.  j 

A record  of  a well  sunk  in  this  region  is  taken  | 
from  the  note-book  of  Mr.  Leeds.  The  well  was 
situated  on  the  Alcorn  Farm,  Alleghany  River,  about 
3 miles  from  Oil  City,  county  Venango  (the  “heart 
of  the  West  Pennsylvanian  oil  region;”) — “75  feet 
of  a very  soft  rock,  of  the  nature  of  gravel,  very 
soft.  75  feet  of  a rock,  called  by  the  drillers  ‘ soap- 
stone.’ It  is  in  reality  an  argillaceous  shale.  It  has 
a somewhat  grey  colour,  and  is  harder  than  the  pre- 
ceding rock.  10  feet  of  sandstone,  known  every- 
where as  ‘ first  sand  rock.’  75  feet,  another  series 
of  shales  distinctly  argillaceous.  20  feet  ‘second 
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sand  rock.’  200  feet  argillaceous  shales.  15  feet 
‘ third  sand  rock.’  80  feet  argillaceous  shales,  which 
the  man  who  was  boring  described  as  ‘ shelly,’ 
meaning  that  they  were  in  thin  layers  of  alternately 
hard  and  soft  rocks.” 

The  total  depth  of  the  oil-bearing  formation  of 
this  region,  and  that  in  West  Canada,  may  be  taken 
at  about  6850  feet,  composed  of — 


50  feet  of  Corniferous  limestone. 


100 

Maroellus  slate, 

1000 

u 

Hamilton  group,  . . . . 

300 

u 

Genessee  slate, 

1700 

Portage  group 

1200 

Chemung  group,  . . . . 

800 

u 

Lower  coal  measures. 

1000 

u 

Middle  “ 

700 

6850 

(( 

Upper  “ 

y Middle 

I 

J 

Upper 


1 


Devonian, 


I 


Carboniferous. 


In  Canada  there  are  two  oil  regions,  one  in  the 
peninsula  of  Gaspe,  the  most  easterly  point  of 
Canada  East;  the  other,  the  mo.st  important,  around 
Enniskillen,  to  the  south  of  West  Canada.  The 
geographical  and  geological  relations  of  these  tracts 
are  treated  at  length  in  the  “ Report  of  the  Geological 
Survey  of  Canada  ” — volume  for  1863. 

Oil  springs  are  also  to  be  seen  in  Canada,  along 
the  banks  of  the  Thames  for  a distance  of  about  four 
miles,  in  the  township  of  Oxford  and  Mosa.  Near 
Tilsonburgh,  in  Dereham,  two  wells  were  sunk  in 
1861.  These  sources  have,  however,  yielded  very 
little  oil. 

Geological  Distribution. — It  will  thus  be  seen  that, 
though  throughout  other  parts  of  the  world  the 
more  recent  rocks  and  formations  yield  petroleum, 
yet  in  America  the  oil-bearing  rocks  are  found 
usually  in  Palaeozoic  formations.  In  California,  it 
is  true,  the  oil  tracts  are  spoken  of  by  Professor 
SiLLiMAN  as  being  pretty  certainly  cretaceous  or 
tertiary;  and  the  bitumens  of  Venezuela  and  of  the 
island  of  Trinidad  are  said’  to  be  not  lower  than  the 
Miocene  in  the  tertiary  formations.  Still  we  must 
consider  these  as  simply  exceptions  to  the  rule,  and 
admit  that  in  general  on  this  continent  the  more 
fluid  bitumens  are  not  to  be  found  in  higher  geo- 
logical strata  than  the  coal  measures.  The  oil  wells 
are  usually  most  productive  when  sunk  in  the  course 
of  an  anticlinal.  Thus,  E.  B.  Andrews,  in  speaking 
of  the  West  Virginia  oil  field  {Amer.  Jour.  Science, 
vol.  xlii.  pp.  34),  says  that  all  the  productive  oil 
wells  in  this  part  of  the  state  group  themselves 
along  the  anticlinal  line,  which  is  the  one  of  the 
greatest  fissuring  of  the  rocks.  Towards  its  northern 


and  southern  extremities  this  line  presents  the  form  i middle  part  there  is  a double  fracture,  the  lines  of 
of  a simple  anticlinal,  with  dipping  on  either  side  of  dislocation  inclosing  a somewhat  elliptical-shaped 
tlie  axis  at  angles  varying  from  5°  to  25°;  but  in  the  | area  about  10  miles  long  by  1 wide  (Fig.  1.). 
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A section  of  the  dislocated  strata  is  shown  in  Fig. 
2.  The  horizontal  rocks,  A A,  belong  to  the  higher 
strata  of  the  coal  measures.  The  dislocated  strata, 

Fig.  2. 


B B,  incline  in  opposite  directions,  at  angles  varying 
from  30°  to  60°,  and  have  a probable  thickness  of 
about  800  feet.  Above  c we  have  the  horizontal 
strata  within  the  break;  the  rocks  belong  to  the 
lower  coal  measures,  and  have  been  more  or  less 
flexed  by  lateral  pressure.  The  most  valuable  West 
Virginian  wells  occur  in  this  middle  part,  C;  those  in 
A A and  also  in  B B have  not  yet  yielded  any  oil. 
The  latter  do  not  appear  to  have  been  much  fissured 
in  the  disturbance  which  occasioned  this  anticlinal, 
but  rather  to  have  been  lifted  up  bodily.  There 
are  several  advantages  which  this  central  portion 
possesses.  1st.  It  is  many  hundred  feet  lower  in 
the  geological  series  than  the  rocks  on  either  side, 
and  consequently  so  much  nearer  the  probable 
sources  of  the  oil,  viz.,  the  Devonian  rocks.  And 
2nd.  The  strata  here  are  bent  and  more  or  less 
fissured;  and  again,  it  is  probable  that  the  disturb- 
ance and  Assuring  which  occur  here  are  not  confined 
to  these  surface  strata,  but  penetrate  down  to  the 
underlying  Devonian  strata,  thus  allowing  every 
facility  for  the  ascent  of  the  oil. 

The  presence  of  these  fissures  would  thus  seem 
to  be  necessary  if  oil  is  to  be  obtained  in  any 
quantity ; for  they  “ give  space  for  the  formation 
and  expansion  of  the  hydrocarbon  vapours,”  and 
also  furnish  receptacles  for  the  condensed  oil.  That 
they  are  connected  with  the  deeper  oil  sources  is 
shown  by  the  varying  condition  of  the  crude  pro- 
duct. If  they  have  any  surface  outlets,  the  oil 
within  them  is  thicker,  more  viscid,  and  of  greater 
specific  gravity,  in  consequence  of  the  gradual  escape 
of  the  more  volatile  ingredients.  Thus,  by  reason 
of  the  greater  or  less  evaporation  that  has  taken 
place,  we  have  oil  of  all  degrees  of  consistency ; as 
might  be  imagined,  that  from  shallower  wells  being 
thickest,  since  the  fissures  which  these  wells  strike 
will  be  more  likely  to  have  surface  outlets  than  the 
deeper  fissures. 

In  the  anticlinal  whose  course  we  have  followed, 
these  fissures  occur  most  abundantly  just  within  the 
line  of  fracture;  consequently  more  numerous  and 
more  productive  wells  are  found  here  than  at  any 
other  points. 

As  a rule,  the  contents  of  these  fissures,  or 
“ pockets,”  as  they  have  appropriately  been  termed, 
are  petroleum,  water,  and  uncondensible  gas,  these 
placing  themselves  in  the  order  of  their  gravities — 
the  water  being  lowest,  above  this  the  oil,  over 
which  the  gas  is  retained,  usually  at  very  consider- 
able pressure.  This  being  so,  it  will  be  seen  that 
a more  or  less  vertical  fissure  may  be  “ struck  ” at 
either  portion,  and  either  gas,  oil,  or  water  at  first 
obtained. 


If  the  portion  containing  oil  be  entered,  this  may 
by  the  pressure  of  the  gas  above  be  forced  up  to 
the  level,  or  even  spout  many  feet  above  the  surface. 
By  the  increase  of  space  afforded  by  its  escape,  how- 
ever, the  expansive  force 
of  the  gas  will  in  a short 
time  be  expended ; and 
then  artificial  means, 
A ■ - pumping,  will  be  resorted 

to  to  obtain  a supply.  At  first  by  this  means  the 
product  will  simply  be  oil ; but  eventually,  when  its 
supply  begins  to  diminish,  oil  and  water  will  pro- 
bably now. 

If  the  drill  enter  the  cavity  containing  gas,  this 
will  at  first  escape  with  great  rapidity;  then  the 
water  rushing  in  from  communicating  fissures  below, 
will  force  the  oil  into  the  lower  end  of  the  pipe ; 
this  may  then  be  pumped  out,  and  finally  a mixed 
product  will  be  obtained. 

When,  again,  the  boring  penetrates  that  portion 
which  contains  water,  the  first  result  will  probably 
be  an  upward  rush  of  water  by  the  expansive  force 
of  the  imprisoned  gas,  which,  unless  the  gas  has 
spent  its  power  in  driving  out  the  water,  will  be 
followed  by  a similar  rush  of  oil,  as  soon  as  the  latter 
is  forced  down  to  the  level  of  the  vent  hole.  If, 
however,  the  power  of  the  gas  is  not  adequate  to 
this,  by  pumping,  the  junction  of  water  and  oil  may 
be  kept  even  with  or  below  the  lower  end  of  the 
pipe,  and  so  either  oil  or  a mixture  of  oil  and  water 
may  be  obtained. 

The  facts  adduced  with  regard  to  the  Canadian 
borings  would  show  that  the  cavities  containing  oil 
cannot  have  a great  horizontal  extent,  but  must  be 
more  or  less  vertical  in  general  direction ; for  there 
can  be  no  doubt  that  the  number  of  cases  in  which 
adjoining  wells  interfere  with  one  another  is  com- 
paratively small.  The  qualities  of  the  oil,  too,  from 
contiguous  wells  often  vary  very  much ; and  bor- 
ings made  in  the  same  region,  whether  in  horizontal 
or  upheaved  strata,  are  very  seldom  any  two  of  them 
of  the  same  depth,  so  that  from  the  position  of  these 
cavities  the  chance  of  striking  oil  is  but  small  even 
in  these  oil  regions  themselves. 

Professor  Evans,  concerning  this,  says : — “ It  is 
one  chance  out  of  many  to  strike  oil  at  all,  even  in 
the  neighbourhoods  where  it  exists  in  abundance, 
j The  drill  as  it  enters  the  cavity  sinks  variously  from 
4 to  5 inches  to  as  many  feet,  sometimes  sticking 
fast,  as  if  between  the  oblique  sides  of  a narrow 
, fissure.  But  there  are  facts  connected  with  the 
i history  of  oil  wells,  particularly  their  intermittent 
I action  and  their  interference  with  one  another, 
which  serve  to  show  the  existence  in  many  cases  of 
systems  of  cavities  connected  together  by  channels 
of  communication  more  or  less  free,  running  some- 
times along  the  strata  and  sometimes  across  them. 
The  productiveness  of  a well  depends  upon  its 
entering  either  one  of  its  main  reservoirs  or  some 
one  of  its  important  connections.” 

Indications  of  Petroleum. — Those  accustomed  to 
petroleum  boring  look  for  certain  natural  signs  or 
I indications  which  they  consider  point  to  the  fact 
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that  petroleum  is  to  be  found  in  the  region.  There 
are  no  infallible  criteria  by  which  they  may  be  assured 
of  its  presence  in  sufficient  quantity  to  prove  re- 
munerative ; but  experience  has  shown  that  where 
certain  phenomena  present  themselves,  the  existence 
of  oil  in  the  region  is  rendered  a very  strong  pre- 
sumption. These  signs  we  might  characterize  as 
geological  and  oil  indications  proper.  Amongst  the 
former  it  is  necessary  to  take  into  account  the  nature 
of  the  formation,  to  consider  whether  in  other  places 
oil  has  been  obtained  in  quantity  from  it,  and  the 
fact  of  lines  of  upheaval  of  the  strata;  these  affording 
evidence  of  disturbance,  which  is  likely  to  have  left 
cavities  or  gaps,  serving  as  reservoirs  of  oil.  With 
these  we  might  also  class  the  presence  of  salt  water 
springs,  which,  though  their  direct  connection  with 
petroleum  cannot  be  traced,  are,  nevertheless,  almost 
constantly  found  in  all  the  great  oil  regions ; and, 
in  fact,  as  we  have  seen,  the  first  accounts  we  have 
of  petroleum  in  America  mention  its  discovery 
when  boring  for  salt  water,  and  indicating  the  con- 
tinual source  of  annoyance  it  was  to  those  thus 
engaged. 

The  more  important  oil  indications  proper  are  gas 
springs,  oil  springs,  surface  collections  of  bitumen, 
surface  collections  of  oil,  either  impregnating  the 
soil  or  floating  upon  stagnant  pools,  and  the  so-called 
show  of  oil  obtained  during  the  process  of  boring 
a well.  With  reference  to  the  first,  it  is  by  many 
considered  that  the  presence  of  a jet  of  inflammable 
gas,  whether  constant  or  intermittent,  issuing  from 
a fissure  in  the  rocks,  coming  up  with  a water  spring, 
or  exuding  from  the  soft  soil,  affords  a most  valuable 
indication  of  petroleum.  It  is  almost  certain  to 
consist  either  wholly  or  in  great  part  of  marsh  gas, 
the  connection  of  which  with  petroleum  we  have 
already  noticed.  It  is  this  connection  between  the 
two  that  makes  its  presence  valuable  as  a “ sign ; ” 
and  therefore  before  any  gas  spring  is  held  as 
evidence  of  the  presence  of  oil,  it  must  be  shown  to 
be  inflammable ; for,  as  Richardson  has  pointed 
out,  carbonic  acid  gas  is  a very  frequent  exhalation 
from  the  boggy  marsh  lands  of  West  Virginia  and 
other  parts  of  the  United  States,  and  must  not  be 
considered  of  any  value  as  an  indicator.  The  pro- 
bability is  that  oil  will  be  found  in  the  rocks  below 
such  an  inflammable  jet;  but  this  is  not  necessarily  the 
case,  for  gas  is  believed  under  certain  circumstances 
to  travel  laterally  by  communicating  fissures,  occa- 
sionally for  some  distance.  On  this  account,  before 
boring  it  is  necessary  to  consider  well  the  “ nature, 
position,  and  peculiarities  of  the  surrounding  and 
subjacent  rocks,”  so  as  to  determine  the  probable 
place  of  the  oil  fissures  or  basins. 

Of  course,  since  the  water  and  oil  which  such 
fissures  contain  tend  to  seek  their  own  level,  these 
will  be  more  likely  to  flow  laterally  than  the  gas,  so 
that  the  existence  of  a cavity  at  some  distance  from 
such  a jet  is  rendered  rather  improbable.  On  the 
other  hand.  Professor  Hunt  remarks  about  the  West 
Canadian  oil  wells,  that  “ the  inflammable  gas  which 
issues  from  the  wells  is  not  necessarily  connected 
with  the  petroleum,  inasmuch  as  it  is  an  almost 


constant  product  of  the  decomposition  of  organic 
matters,  and  is  copiously  evolved  from  rocks  which 
are  destitute  of  bitumen.  It  is  similar  to  the  gas  of 
marshes  and  the  fire-damp  of  coal  mines.”  The 
character  of  the  jet  and  the  quantity  evolved  must 
therefore  be  considered  before  it  be  taken  as  any 
indication  of  petroleum.  It  is  well  to  remember 
here  that  this  marsh  gas  is  almost'  always  found  to 
accompany  bituminous  products  in  all  parts  of  the 
world.  The  jets  at  Baku,  in  the  Crimean  oil  region, 
and  in  the  West  Indies,  may  be  instanced  as  examples 
of  its  very  general  presence  in  large  quantities  in 
these  oil-producing  tracts. 

Another  important  indication  is  the  presence  of 
oil  floating  on  pools  or  streams,  or  oozing  from  the 
soil  or  rock  - crevices ; this,  technically  known  as 
“ surface  oil,”  is  a sign  very  commonly  sought  for  in 
the  great  American  districts.  It  is  liable  to  error 
both  as  to  the  amount  and  position  of  the  oil;  for 
sometimes  rocks  from  which  petroleum  oozes  are 
composed  of  a limestone  impregnated  with  a bitumen 
more  than  usually  fluid,  and  when  floating  oil  is  met 
with  it  has  often  been  carried  by  the  water  to  a very 
considerable  distance  from  its  source. 

The  surface  bitumen  often  surrounding  oil  springs 
which  may  be  flowing  or  have  ceased,  the  springs 
themselves,  whether  of  oil  simply  or  water  springs 
with  which  oil  also  ascends,  are  considered  indica- 
tions of  more  or  less  value ; but  though  they  cer- 
tainly show  that  oil  has  been  or  is  accumulated 
somewhere  beneath  the  surface,  they  do  not  say 
anything  as  to  the  distance  at  which  such  a supply 
may  be,  or  at  what  depth  it  may  be  found. 

Formerly  it  was  considered  a valuable  indication 
to  obtain  a little  oil  from  the  upper  strata  when 
boring  the  wells;  now,  however,  in  consequence  of 
the  fact  that  large  wells  have  often  had  no  prelimin- 
ary show  of  oil,  whilst  in  other  cases,  when  the 
“show”  has  been  abundant,  it  was  merely  super- 
ficial, and  unconnected  with  the  deeper  and  larger 
supplies,  this  is  not  regarded  as  at  all  decisive  for  a 
successful  result.  According  to  Professor  Evans, 
the  value  of  this  test  varies  with  the  depth,  it  being 
of  greater  value  with  the  greater  depth  at  which  the 
oil  is  obtained. 

In  most  cases  the  landowner  leases  for  thirty  years 
the  right  to  raise  the  oil,  and  such  right  of  way  as 
may  be  necessary,  for  a royalty  of  from  one-tenth 
to  one-half  the  oil.  A bonus  of  from  5000  to  10,000 
dollars  is  also  sometimes  paid  to  the  landowner. 
The  lessee  binds  himself  to  begin  operations  within 
sixty  days.  If  he  fails  to  prosecute  the  work  either 
to  success  or  abandonment  within  a reasonable  time 
after  beginning,  the  lease  is  forfeited. 

In  West  Virginia  the  value  of  petroleum  lands 
upon  which  indications  have  been  found  varies  from 
200  to  1000  dollars  per  acre.  In  Venango  county. 
Pa.,  the  heart  of  the  oil  region,  the  lands  on  the 
creeks  are  worth  1000  dollars  an  acre.  In  less 
highly  appreciated  spots  100  to  300  dollars  per  acre 
may  be  obtained.  These  lands  were  worth  about 
twenty  dollars,  or  less,  per  acre,  previously  to  the 
discovery  of  petroleum. 
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Well  Boring.* — The  site  of  the  proposed  well  being 
selected,  a frame  of  timber  called  a “ derrick,”  40 
feet  high,  formed  of  four  posts,  inclining  towards 
each  other  at  the  top,  set  upon  a frame  of  logs  8 or 
10  feet  square,  or  sunk  into  the  ground,  is  set  over 
it.  These  derricks  are  prominent  objects  in  the 
landscape  of  an  oil  region.  At  the  top  of  the  der- 
rick is  a pulley,  over  which  a rope  is  passed  when 
the  boring  tools  or  tubing  are  to  be  hauled  up.  A 
steam-engine,  usually  of  six  or  ten  horse  power,  is 
placed  near  the  derrick,  and  its  power  is  applied  by 
means  of  a belt  from  the  fly-wheel  of  the  engine  to 
a large  wheel  and  crank;  the  crank  giving  motion  to 
a walking-beam,  at  the  end  of  which  boring  tools  or 
pump-rods  are  attached,  as  may  be  required.  The 
lower  part  of  the  derrick  is  closed  in  sometimes  with 
boards. 

The  first  thing  done  is  the  driving  in  of  the  soil- 
pipe.  This  pipe  (Fig.  3)  is  4 inches  in  diameter,  made 
in  10  feet  lengths,  fitted  at  the  ends,  and  driven  by 


Fig.  8.  Fig.  4.  Fig.  5.  Fig.  6.  Fig.  7.  Fig.  8.  Fig.  9. 


part  of  the  jars,  which  slide  together,  and  the  auger 
stem  and  bit  afford  weight  to  do  the  drilling.  The 
downward  stroke  of  the  walking  beam  releases  the 
auger  stem  and  bit  for  an  instant  as  the  jars  slide 
together,  and  they  fall  the  distance  necessary  to 
penetrate  tlie  rock,  and  are  again  lifted  by  the  jars 
on  the  upward  stroke,  falling  again  as  the  stroke 
descends. 

The  soil  pipe  is  cleared  of  its  contents  by  the 
tools  and  sand  pump  (Fig.  9),  which  is  a hollow 
tube  with  a valve  at  its  lower  end.  This  permits  it 
to  fill  with  the  finely  pulverized  detritus  made  by 
the  drill,  and  it  is  alternately  lowered  into  and 
raised  from  the  well  and  emptied,  until  the  well  is 
clear  for  the  tools  again.  When  the  soil  pipe  is  clear, 
drilling  the  rock  is  begun  in  the  way  described. 
An  ordinary  set  of  tools  weigh  900  or  1000  lbs.  A 

* Our  accounts  of  this  and  of  some  refining  operations  are 
abstracted  from  Gesner’s  Treatise  on  Coal,  Petroleum,  and 
other  Distilled  Oils,  to  which  we  are  also  indebted  for  many 
of  the  accompanying  illustrations. 


means  of  a heavy  block  of  wood  as  in  pile-driviug. 
The  lengths  follow  each  other  in  succession  until  the 
rock  is  reached.  This  is  sometimes  30  feet  below 
the  surface,  and  the  soil-pipe  has  to  penetrate  earl'.j, 
sand,  and  loose  slate,  &c.  The  drilling  tools  are 
attached  to  each  other  by  means  of  a screw  connec- 
tion in  the  following  order : — Bit  (Fig.  4),  or  reamer 
(Fig.  5) ; auger  stem  (Fig.  G) ; jars  (Fig.  7) ; sinker 
bar  similar  to  auger  stem,  but  shorter;  rope  socket 
(Fig.  8),  to  which  the  rope  is  attached  at  one  end, 
and  at  the  other  to  the  temper  screw  (Fig.  11).  The 
annexed  diagram  gives  the  position  of  the  engine, 
V Iking-beam,  and  connection,  as  they  are  commonly 
arranged,  together  with  the  relative  positions  of  the 
boring  tools  when  in  use  (Fig.  16.). 

The  temper  screw  is  attached  to  a rope  which 
connects  with  the  end  of  the  walking  beam,  and 
serves  to  regulate  the  descent  of  the  drill  without 
the  inconvenience  of  lengthening  tlie  rope  at  short 
intervals.  The  sinker  bar  gives  weight  to  the  upper 


Fig.  10.  Fig.  11.  Fig.  12.  Fig.  13.  Fig.  16. 


circular  motion  is  given  to  them  by  means  of  a lever 
passed  through  the  rope  near  the  temper  screw  at 
the  top  of  the  well,  and  moved  round  gradually  by 
one  of  the  workmen.  The  reamer  is  used  to  enlarge 
the  hole  made  by  the  bit. 

Occasionally,  in  drilling,  the  tools  will  enter  a 
crevice  in  the  rock  and  become  wedged  so  tightly 
that  they  are  often  lost  for  want  of  means  to  extricate 
them.  Numerous  appliances  have  been  invented  to 
accomplish  this.  The  “ lazy  tongs  ” (Fig.  10)  is  one 
of  these.  It  is  attached  by  .a  screw  pin  to  the  sinker 
base,  or  other  suitable  rod  of  iron,  and  lowered  so 
as  to  catch  the  end  of  the  missing  tool  in  its  jaws. 
It  is  said  by  the  workmen  that  to  sink  100  or  200 
feet  is  comparatively  easy,  but  that  at  400  feet  the 
risk  of  loss  of  tools  is  much  increased.  At  that 
depth  the  jar  of  the  falling  bit  and  auger  stem  is 
not  nearly  so  perceptible  at  the  well  top,  the  elastic 
rope  taking  it  up.  The  well  having  heen  sunk  to 
the  oil,  which  does  not  always  manifest  itself  by 
flowing,  it  is  tubed  with  2 inch  wrought-iron  pipe 
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(Fig.  14)  fastened  together  by  screw  joints  in  10  or 
12  feet  lengths.  i 

The  first  length  sent  down  is  the  brass  or  iron 
cylinder,  which  constitutes  with  its  valves  the  “ oil 
pump”  (Fig.  13).  This  is  about  the  same  size  as 
the  well  tube,  and  has  at  the  bottom  a ball  valve 
fitted  into  a brass  plug  having  a screw  top.  The 
pump  rods,  which  are  tough  wooden  rods  fitted  i 


together  by  iron  sleeves  and 
screws,  connect  at  the  lower  end 
with  the  upper  valve  of  the  oil 
pump,  whicli  has  a screw  socket 
at  its  lower  end,  so  that  it  can  be 
lowered  down  to  the  bottom  valve, 
screwed  over  its  top,  and  pulled 
up  when  necessary. 

The  dotted  lines  of  the  oil  pump 
(Fig.  13)  show  the  position  of  its 
valves  when  the  up  stroke  is  at 
its  highest  pitch.  When  the  oil 
pump  is  adjusted,  the  required 
lengths  of  tubing  are  connected  one 
by  one  and  the  tube  lowered  into 
its  place.  In  some  wells  a strainer 
of  wire  cloth  is  placed  round  the 
lower  part  of  the  oil  pump.  The 
pump  rods  work  through  a stuffing 
box  (Fig  15),  which  is  screwed  to 
the  top  of  the  well  tube.  The  oil 
pump  is  not  allowed  to  rest  on  the 
bottom  of  the  well. 

To  prevent  communication  be- 
tween any  particular  portion  of  the 
well  and  the  tube,  a bag  of  lin- 
seed, called  a seed  bag,  is  sent 
down  to  the  required  place.  This 
bag,  encircling  the  tube,  soon 
swells  by  the  water  which  is 
always  present,  and  forms  a water- 
tight joint  in  the  well.  For  in- 
stance, when  it  is  desirable  to 
prevent  the  water  beds  from  one 
of  the  upper  rocks  from  flooding  the  oil  bed  of  the 
lower  strata,  the  seed  bag  is  inserted  below  where 
tlie  water  is  supposed  to  be,  and  prevents  it  from 
reaching  the  oil  pump  at  the  bottom  of  the  well. 
For  drawing  the  tube  a “swivel”  (Fig.  12)  is  used. 
It  screws  into  the  tube. 

When  the  soil  is  not  deep,  a circular  excavation  is 
made  down  to  the  rock  bed,  and  a hollow  log  or 
“gum,”  as  it  is  called,  placed  in  it  on  one  end.  The 


I 


base  is  surrounded  with  clay  to  prevent  the  influx 
of  surface  water.  The  seed  bag  is  also  used  to  keep 
the  lower  part  of  the  well  free  from  water. 

When  steam  engines  are  not  to  be  had  con- 
veniently, a spring  pole  is  used  to  give  the  proper 
motion  to  the  boring  tools.  It  is  worked  by  two 
men,  while  another  gives  the  circular  motion  to 
the  tools  by  turning  the  lever  at  the  top  of  the  rope. 

Some  improvements  have  been  suggested  in  drill- 
ing and  pumping,  which  are  in  some  places  coming 
into  use.  An  air  pump  is  sometimes  used  to  force 
a current  of  air  through  a tube  carried 
to  the  bottom  of  the  well  tube,  and 
in  this  way  compel  the  oil  and  water 
to  flow  out  without  the  use  of  pump- 
ing rods  and  valves.  The  improve- 
ments in  drilling  ar-i  designed  to 
remove  the  detritus  without  the 
loss  of  time  and  the  inconvenience 
of  using  the  sand  pump,  and  to  bore 
the  well  with  an  auger  instead  of  a trip  hammer 
motion. 

Under  favourable  circumstances  the  wells  are 
sunk  at  the  rate  of  6 or  8 feet  per  day. 

A drilling  apparatus  has  been  invented  which  has 
the  bit  shank  hollow.  The  bit  itself  has  three  cut- 
ting edges  formed  by  stout  pieces  of  steel,  set  so  as 
to  radiate  from  a common  centre.  In  the  angle 
formed  by  these  pieces,  which  are  3 inches  deep, 
and  where  they  join  the  hollow  shank  or  stem,  there 
are  brass  valves  which  permit  the  detritus  to  enter 
the  stem.  In  this  way  it  is  proposed  to  combine 
the  drill  and  sand  pump.  This  drill  is,  with  its 
auger  stem,  worked  by  a wire-rope,  which  is  passed 
through  an  upright  shaft  at  the  top  of  the  well. 

The  cost  of  sinking  a petroleum  well  600  feet  is 
estimated  at  7000  dollars ; but  an  allowance  must  be 
made  for  contingencies,  loss  of  tools,  &c. 

In  many  cases,  especially  during  the  first  year  or 
two  of  the  petroleum  working,  1858  to  1860,  pump- 
ing has  not  been  needed  at  first ; the  force  of  the 
imprisoned  gas  being  sufficient  to  cause  the  oil,  alone 
or  mixed  with  water,  to  rise  like  a fountain.  Many 
thousand  gallons  have  been  wasted  for  want  of  proper 
provision  for  such  an  occurrence  as  this;  and  on  more 
than  one  occasion  disastrous  accidents  have  followed 
the  ignition  of  the  petroleum  vapour  that  thus  im- 
pregnated the  atmosphere  near  the  well’s  mouth. 

Nothing  can  be  more  capricious  than  these  “flow- 
ing wells,’’  the  oil  supply  varying  with  age,  prox- 
imity of  other  wells,  &c.,  in  such  a manner  as 
sometimes  to  lead  the  most  experienced  oil  miner 
completely  astray. 

A short  account  of  the  Enniskillen  wells  will 
illustrate  this.  The  great  “ Shaw  ” well  began  to 
flow  in  January,  1862,  and  when  oil  was  struck  the 
flow  was  too  great  to  be  accurately  estimated ; when 
it  was  controlled  it  amounted  to  over  55  gallons  a 
minute.  This  well  continued  to  flow  spontaneously 
for  ten  months. 

Some  time  after  the  Shaw  well  flowed  so  success- 
fully, a second  well  was  bored  into  the  rock  to  the 
same  depth  at  about  100  yards  distance ; this  yielded 
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a copious  discharge  of  oil ; but  this  second  well  had 
the  immediate  effect  of  reducing  very  materially  the 
flow  from  the  Shaw  well.  When  either  was  plugged 
the  other  yielded  a full  discharge ; but  when  both 
were  allowed  to  flow,  each  gave  only  a partial  supply. 
A third  party,  owning  a small  lot  between  the  two 
wells,  commenced  boring  on  a line  drawn  from  the 
one  to  the  other,  at  a distance  of  30  yards  from  the 
Shaw,  naturally  expecting  to  rob  both  wells.  In 
fact,  however,  this  third  well  proved  an  utter  failure, 
though  the  rock  was  bored  to  a much  greater  depth 
than  the  other  two  wells. 

In  the  middle  of  1863  the  supply  had  entirely 
ceased,  a total  yield  of  about  35,000  barrels  having 
been  obtained.  Within  a year  from  the  boring  of 
this  (Shaw)  well  thirty  more  had  been  sunk  in  the 
neighbourhood,  and  at  the  period  of  the  greatest 
activity  as  much  as  12,000  barrels  a day  was  pro- 
duced in  this  region.  Of  these  wells,  before  the 
close  of  the  year,  all  but  two  had  ceased  to  give  any 
oil,  and  the  total  supply  from  these  was  but  400 
barrels  daily.  One  of  the  wells,  sunk  200  feet,  when 
first  opened  yielded  2000  barrels  in  twenty -four 
hours. 

A curious  fact  has  been  noticed  regarding  the 
stoppage  of  the  discharge  of  oil  from  these  wells. 
The  deepest  wells  have  invariably  been  those  which 
have  first  given  out,  and  the  two  out  of  the  thirty 
above-mentioned  which  are  now  flowing  are  the  two 
shallowest.  Thus  in  nine  wells  the  depth  was  as 
follows : — 

Well  G, 230  feet  in  the  rock. 

“ 1 208  “ 

“ B, 200  “ “ 

“ C, 182  “ 

“ H, 180  “ “ 

“ D, 162  “ » 

“ A, 158  “ 

“ E, 1091  ,,  . „ . 

,,  p’  At  present  nowmg. 

G failed  first,  after  discharging  only  4000  barrels. 
I failed  next,  then  B and  C,  then  H and  various 
intermediate  wells;  and  the  only  old  well  now  flow- 
ing is  F,  at  a depth  of  109  feet  under  the  rock  sur- 
face ; and  E,  recently  made,  within  20  or  40  yards, 
and  to  the  same  depth  in  the  rock,  yields  a copious 
supply.  It  must  be  remembered  that  the  depths 
under  the  rock  surface  are  given,  since  this  is  very 
even  ; whilst  the  surface  of  the  ground  above  is  very 
uneven,  the  depth  of  the  clay  varying  from  40  feet 
in  the  flats  of  the  creek  to  80  feet  on  the  banks. 

No  indication  is  given  when  the  wells  are  about  to 
cease  discharging  oil.  The  fact  is  known  merely  by 
the  liquid  flowing  from  the  bore  suddenly  changing 
its  character,  and  instead  of  petroleum  salt  water 
issues.  In  many  cases  the  regular  flow  from  the 
wells  consists  of  oil  and  water,  the  latter  being 
almost  invariably  saline  in  the  deeper  ones ; others, 
when  recently  opened,  yield  petroleum  only,  and 
after  a while  water  accompanies  the  oil. 

Crude  Petroleum — Qualities. — The  first  oil  ob- 
tained from  a well  is  usually  very  impure ; earth, 
sand,  water,  and  other  foreign  matters,  often  occurring 
mixed  with  it.  After  a short  time,  how'ever,  all 


these  substances  cease  to  accompany  the  flow,  except 
water,  which  generally  continues  with  the  oil,  its 
proportion  relatively  increasing  with  the  age  of  the 
well. 

This  mixed  product  is  pumped  into  tanks  capable 
of  containing  30  to  1000  barrels,  where  it  is  allowed 
to  rest,  and  soon  the  oil,  rising  to  the  surface, 
assumes  its  characteristic  colour.  The  products 
from  different  localities  vary  much  in  tint.  In  the 
Oil  Creek  region  a greenish  hue  commonly  prevails, 
though  very  light  samples  often  have  a reddish  tint. 
Here,  as  in  other  places,  the  products  of  different 
wells  differ  slightly  in  specific  gravity,  those  from 
deeper  wells  being  lightest.  The  amount  of  dis- 
solved bitumen  which  those  oils  obtained  from  the 
bituminous  coal-fields  contain  gives  to  them  a dark- 
brown  colour.  This  is  seen  from  W.  Virginia  and 
S.E.  Ohio,  and  also  occasionally  in  the  West  Can- 
adian product. 

The  accompanying  table  of  the  density  and  colour 
of  the  oil  from  some  of  the  best  known  localities  is 
from  Dr.  Chandler’s  report  on  petroleum  oil  to  the 
health  department  of  New  York  city — 


liocality. 

Specific 

Gravity 

Colour. 

Oil  Creek,  Pennsylvania,.. 
Pithole  Creek,  “ 

•782  to  -804 
■745  to  -778 

Greenish-brown. 

(( 

Alleghany  River,  “ 

•824  to  -848 

French  creek,  “ 

•864  to  -881 

Burning  Spring,  West  ■( 
Virginia, j 

•804  to  ^808 

i( 

Enniskillen,  Canada,  ..... 

•804  to  -808 

Blackish-brown. 

Mecca,  Ohio,  

•881  to  ■891 

Yellow. 

Amiano,  Italy, 

•773  to  -898 

Red  to  straw. 

A very  heavy  lubricating  oil  is  obtained  from  several 
wells  in  Ohio  and  Pennsylvania,  of  specific  gravity 
•860  to  -880,  or  even  higher.  Some  of  these  heavy 
oils,  as  the  “Mecca  oil,”  remain  fluid  even  at  very 
low  temperatures. 

An  oil  is  obtained  from  the  wells  of  the  Taren- 
tum  Oil,  Salt,  and  Coal  Co.,  of  specific  gravity  '795, 
which  is  of  a dark  amber  colour,  and  will  burn  for  a 
time  in  lamps  without  being  previously  refined. 

A very  heavy  oil  is  obtained  from  near  Crestline, 
Ohio.  This  resembles  the  “ Mecca  oil.”  The  wells 
at  Franklin,  Pennsylvania,  produce  heavy  oils.  Oils 
which  are  quite  equal  in  colour  to  the  best  refined 
paraffin  oils  are  found  on  Duck  Creek,  Ohio,  and 
Smith’s  Ferry,  Pennsylvania. 

The  crude  oil  of  Enniskillen  is  not  by  any  means 
so  pure  as  that  from  the  Pennsylvanian  oil  region ; 
in  fact,  it  has  such  an  abominable  odour  that  at  one 
time  it  was  feared  that  this  would  prevent  its  ever 
coming  into  general  use.  By  the  improved  methods 
of  purification  now  employed,  however,  this  is 
almost  entirely  removed,  and  the  refined  product  is 
no  more  objectionable  than  the  oil  from  any  other 
of  the  North  American  sources.  The  alliaceous 
odour  which  the  crude  oil  possesses  is  probably  due, 
in  some  part,  to  some  sulphuretted  compound ; for 
when  it  is  rapidly  decomposed  at  a red  heat,  the 
gas  produced  is  invariably  found  to  contain  more  or 
less  sulphuretted  hydrogen. 
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This  Canada  oil  is  sometimes  very  lieavy,  its  Some  Californian  petroleum,  of  specific  gravity 

density  reaching  -820  to  ‘850  (Norman  Tate),  or  -927,  was  found  by  J.  H.  White,  of  San  Francisco, 
even  ’860  to  -880  (Gesner).  to  yield — 

The  influence  of  depth  upon  the  physical  characters  . . . Percent. 

of  the  oil  IS  well  shown  in  a paper  by  Mr.  John  F.  Lubricating^oil,’  ^ ^ -92i;.’ 48 

Carle,  of  the  Geological  Survey  of  Pennsylvania.  Pitch, 10 

He  says,  “ These  oil-producing  sands  form  a group  Water 4 

of  themselves,  with  well-defined  beds  of  slates  and 
shales  at  least  100  feet  in  thickness,  both  above 

and  below  it ; and  whether  composed  of  three  mem-  Gilbert  states  that  the  Californian  product  loses 

bers,  as  on  Oil  Creek,  where  they  were  named  first,  cent,  by  volume  in  rectifying,  and  gives 

second,  and  third  sands,  or  split  into  five  or  six  analysis 

' ' A Per  C6nt 

members,  as  they  usually  are  to  the  south-east  and  op  (naphtha),  specific  gravity  -713,. . . 5 ' 

east  of  the  central  line  of  the  group,  they  all  lie,  as  Burning  oil,  “ -869  to  860,  50 

a general  rule,  within  a vertical  range  of  350  feet.  Light  machine  oil,  “ 

Each  one  of  these  three  sand  rocks,  when  they  he 

in  clearly  defined  beds,  furnishes  an  oil  peculiar  to  Some  Barbadoes  tar,  examined  by  C.  Humfret, 

itself ; the  first  sand,  a heavy  lubricating  oil  of  was  of  a dark  brown  colour,  very  viscid,  with  a 
80°  to  35°  gravity  (-870  to  '843  specific  gravity) ; specific  gravity  of  -940.  It  gave — 
the  second  sand,  an  oil  of  about  40°  gravity  (specific 

gravity  -819) ; the  third,  the  usual  light  od  of  from  ^atev . . . . .^.  — 50 

4o  to  50  gravity  (specific  gravity  *795  to  *773).  “ 2 “ *927,  40 

But  while  each  sand  has  its  own  characteristic  pro-  Coke, 5 

Auction,  the  oil  varies  somewhat  in  colour  and 
gravity  in  different  localities  in  the  same  horizon. 

Thus,  the  third  sand  produces  a green  oil  from  its  No.  1 when  refined  gave  four-fifths  of  its  weight 

lower  member  and  a black  oil  from  its  stray  or  of  a fine  pale,  sweet  oil,  of  specific  gravity  ‘908. 
upper  member,  where  the  rocks  lie  in  their  normal  No.  2 yielded  three-fifths  of  its  weight  of  a dark 
positions,  as  on  Oil  Creek ; but  where  the  stratification  coloured  oil,  which  had  a slight  empyreumatic  smell ; 
varies — thus  changing  the  relations  of  the  several  if®  specific  gravity  was  '918. 

members  to  each  other,  both  as  to  thickness  and  Norman  Tate  examined  a sample  of  African 

composition — the  oil  is  changed  in  colour  accordingly,  petroleum  imported  from  one  of  the  Red  Sea  ports. 

“ At  Pleasantville,  where  the  lower  member  is  'i'hi®  was  of  a dark  brown  colour,  faint  and  some- 
thicker  than  the  upper,  but  fine  and  muddy,  and  what  pleasant  odour ; specific  gravity -912.  It  com- 
the  upper,  or  stray,  is  coarse  and  gravelly,  and  pro-  menced  to  give  off  inflammable  gas  at  180  Fahr.  It 
duces  the  oil — its  colour  is  nearly  black.  At  Pithole,  yielded  on  distillation — 

Cash  Up,  and  Fagundus,  where  the  lower  has  fined  Percent, 

down  to  a thin  layer  of  argillaceous  flags,  and  the  0*^  suitable  for  illuminating  purposes,  > gg.Q 

upper  member  thickened  into  a pebbly  sandstone,  nervier  oil  for^ubricating  purposes,  { .q.- 

the  oil  is  of  a lighter  colour.”  specific  gravity  '887, J 

The  various  proportions  of  light  and  heavy  

constituents  found  in  the  crude  oil  from  various  i.nce’  i.a 

localities  are  in  accordance  with  the  above ; some  

proximate  analyses  are  given  below,  others  will  be  lOO  O 

found  in  the  section  in  which  the  chemistry  of  xhe  same  chemist  has  selected  the  following 

petroleum  is  more  fully  dealt  with.  from  a large  number  of  analyses,  as  showing  the 

M.  \ OHL  has  analyzed  Rangoon  oil.  The  sample  average  composition  of  most  of  the  petroleum  im- 
was  of  specific  gravity  '885,  and  yielded  on  distilla-  ported  into  this  country  from  Canada  and  the 
tion  and  rectification — Percont  United  States.  The  specific  gravity  of  the  spirit 

Illuminating  oil,  specific  gravity  '830...  40'705  and  burning  oil  he  fixed  at  '735  and  '820  respec- 

Lubricating  oil, 40  999  tively;  these  being  in  his  opinion  the  best  points  at 

Asphalt  which  to  nx  the  limits  between  spirit  and  burninsf 

Loss  (probably  light  oils  uncondensed),..  7 '620  oil,  and  between  burning  oil  and  lubricating  oil. 

No.  1 was  Pennsylvanian  petroleum.  Colour, 
dark  greenish  ; odour,  strong  and  ethereal,  but  not 
Dr.  Sheridan  Muspratt  found  Canadian  petro-  unpleasant.  An  inflammable  vapour  was  evolved 
leuin  (Enniskillen  oil)  to  yield-  ordinary  temperatures. 

Light  coloured  naphtha,  specific  gravity -794,  20  No.  2.  Pennsylvanian.  Colour,  dark  greenish; 

Heavy  jellow  naphtha,  “ -837,  50  odour  somewhat  unpleasant.  Yielded  inflammable 

Lubricating  oil,  rich  in  paraffin, 22  * 

T*r  . . vapour  at  ordinary  temperatures. 

Charcoal, 1 No.  3.  Canadian.  Colour  dark  brown ; odour 

-J ^ powerful,  resembling  garlic  somewhat.  Evolved 

100  inflammable  vapour  at  ordinary  temperatures. 
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No.  4,  United  States  petroleum  (locality  unknown). 
Coloitr,  dark  greenish;  odour,  faint  and  pleasant. 
Yielded  inflammable  vapour  at  86°  Fahr.  (not 
under). 


1. 

2. 

3. 

4. 

Sp.  Gr,  -802. 

Sp.  Gr.  -815. 

Sp.  Gr.  '835. 

Sp.  Gr.  -820. 

Spirits,  sp.  gr.  -735, . . 

14-7 

15-2 

12-5 

4-3 

Lamp  oil,  sp.  gr.  820, i. 

41-0 

39-5 

35-8 

44-2 

Lubricating  oil, 

39-4 

38-4 

43-7 

45-7 

Paraffin, 

2-0 

3 0 

3-0 

2-7 

Coke, 

2-1 

2-7 

3-2 

2-2 

Loss, 

•8 

1-2 

1-8 

•9 

100-0 

100-0 

100-0 

100-0 

This  oil,  from  the  wells  of  the  Tarentum  Oil,  Salt, 
& Coal  Co.,  yields  on  distillation  5 per  cent,  naphtha 
and  90  per  cent,  lamp  oil.  The  New  York  Produce 
Exchange  has  decided,  for  commercial  purposes, 
that  by  the  term  “crude  petroleum”  is  to  be  under- 
stood pure  natural  oil,  neither  steamed  nor  treated, 
and  free  from  water,  sediment,  or  any  adulteration ; 
and  of  a gravity  of  44°  to  48°  Beaume  (-800  to  -782 
specific  gravity).  In  general  the  New  York  crude 
oil  is  of  a specific  gravity  varying  from  '790  to  ‘800 
(A.  Bourgougnon,  American  Chemist,  September 
26,  1876). 

About  one-sixth  of  the  whole  American  produce 
of  crude  oil  is  refined  in  New  York;  and  in  all 
commercial  transactions  this  oil  has  to  be  analyzed. 


the  inspectors  being  licensed  for  this  purpose  by 
the  New  York  Produce  Exchange.  Generally  the 
inspectors  examine  the  density  and  odour,  and  how 
the  oil  feels  with  the  fingers,  and  make  a fractional 
distillation  in  tenth  parts,  giving  a report  stating 
that  the  oil  does  not  contain  more  than  17  per  cent, 
of  naphtha. 

The  expansion  of  this  oil,  both  crude  and  refined, 
is  very  considerable,  its  co-efficient  varying  from 
0-00082  to  0-00086  per  degree  Centigrade.  The 
variation  is  according  to  the  amount  of  naphtha 
contained  in  the  oil.  A knowledge  of  this  is  impor- 
tant, as  otherwise  the  barrels  filled  too  full  may 
burst  from  the  expansion  consequent  upon  the  rise 
of  temperature  on  shipboard  or  during  storage.  A 
space  amounting  to  nearly  2 gallons  should  be  left 
in  each  40-gallon  barrel;  this  would  allow  for  a 
rise  of  50°  C.  in  temperature. 

Bourgougnon,  one  of  the  inspectors,  has  rejected 
this  system  of  distilling  in  tenths,  as  it  does  not 
show  the  exact  proportion  of  naphtha  in  the  oil ; 
and  this  is  important,  since  the  crude  oil  is  taxed 
in  some  countries  according  to  the  proportion  of 
this  ingredient.  He  makes  the  distillations  in  one 
hundredth  parts,  and  states  that  this  is  the  only  way 
to  obtain  the  real  percentage  of  naphtha,  benzine, 
burning  oil,  &c.  The  following  analysis  made  by 
him  on  tins  plan  shows  the  average  composition  of 
the  crude  petroleum  of  the  New  York  market ; — 


DISTILLATION. 


Per  Cent. 

Gravit7. 

BeaumS. 

Per  Cent. 

Gravity. 

Beaum^. 

Per  Cent. 

Gravity. 

Beaum4. 

Per  Cent. 

Gravity. 

Beaum^. 

1 

0-679 

78-0 

26 

0-737 

61-3 

51 

0-778 

51-0 

76 

0-825 

40-3 

2 

0 680 

77-7 

27 

0-742 

60-0 

52 

0-780 

,50-6 

77 

0-826 

40-1 

3 

0-685 

76-2 

28 

0-746 

.59-0 

53 

0-781 

50-3 

78 

0-827 

39-9 

4 

0-690 

74-6 

29 

0-749 

,58-2 

54 

0-782 

50-1 

79 

0-828 

39-7 

5 

0 693 

73-7 

30 

0-750 

58-0 

55 

0-783 

49-9 

80 

0-829 

39-7 

6 

0-695 

73-1 

31 

0-751 

57-7 

56 

0-784 

49-6 

81 

0-830 

39-4 

7 

0-698 

72-3 

32 

0-753 

57-2 

57 

0-785 

49-4 

82 

0-830 

39-4 

8 

0-700 

71-7 

33 

0-7.54 

.56-9 

58 

0-786 

49-2 

83 

0-829 

39-7 

9 

0-703 

70-8 

34 

0-755 

56-7 

59 

0-788 

48-7 

84 

0-827 

40-1 

10 

0 705 

70-2 

35 

0-7.56 

56-4 

60 

0-790 

48-2 

85 

0-826 

40-3 

11 

0-707 

69-6 

36 

0-758 

55-9 

61 

0-792 

47-8 

86 

0-825 

40-5 

12 

0-709 

69-1 

37 

0-760 

55-4 

62 

0-794 

47-3 

87 

0-823 

40-9 

13 

0-711 

68-5 

38 

0-761 

55-2 

63 

0-796 

46-9 

88 

0-825 

40-5 

14 

0-712 

68-2 

39 

0-763 

54-7 

64 

0-798 

46-4 

89 

0-824 

40-7 

15 

0-714 

67-7 

40 

0-765 

54-2 

65 

0-800 

46-0 

90 

0-825 

40-5 

16 

0-717 

66-8 

41 

0-766 

.53-9 

66 

0-804 

45-1 

91 

I 

17 

0-719 

66-2 

42 

0-768 

53-5 

67 

0-806 

44-6 

92 

18 

0-721 

65-7 

43 

0-769 

53-2 

68 

0-8H8 

44-2 

93 

19 

0 723 

65-1 

44 

0-770 

53-0 

69 

0-810 

43-7 

94 

20 

0-728 

63-8 

45 

0-771 

52-7 

70 

0-815 

4-2-6 

95 

Residuum  or 

21 

0-730 

63-2 

46 

0-772 

52-5 

71 

0-817 

42-2 

96 

' loss. 

22 

0-732 

62-7 

47 

0-773 

52-2 

72 

0-819 

41-8 

97 

23 

0-734 

62-1 

48 

0-775 

51-8 

73 

0-821 

41-3 

98 

24 

0-735 

61-7 

49 

0-776 

51-5 

74 

0-823 

40-9 

99 

25 

0-736 

61-6 

50 

0-777 

51-3 

75 

0-8-25 

40-5 

100 

The  composition  of  the  crude  oil  furnished  by  the 
above  distillation  is  as  follows : — 

Naphtha, 0-700  specific  gravity,  17  per  cent. 

Benzine, 0-730  “ “ 9 “ 

Burning  oil 0 783  “ “ 64  “ 

Residuum — loss, 10  “ 

The  specific  gravity  of  the  crude  oil  was  0-7982  at 
15°  C.  (59°  Fahr.) 

The  crude  oil  very  often  does  not  contain  so  much 


naphtha ; but  generally,  according  to  Bourgougnon, 
New  York  oil  will  furnish — 

12  to  15  per  cent,  naphtha  cl  0-700  specific  gravity. 

9 to  12  “ benzine  at  0-730  “ “ 

and  about  60  “ burning  oil  at  0-795  “ “ 

The  residuum  contains  about  2J  per  cent,  (calculated 
on  the  oil)  of  dry  paraffin. 

As  has  heen  stated,  much  gas  usually  accompanies 
petroleum,  often  causing  its  free  flow,  and  always 
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escaping  from  it  when  it  has  been  put  into  the  tank 
to  settle.  These  gases  have  been  analyzed  by 
Professor  Henry  Wubtz,*  and  more  recently  by 
Samuel  P.  SADTLER.t  Their  results  are  appended 
in  a tabular  form  : — 


Carbonic  acid, 

Carbonic  oxide, .... 
Illuminating  hydro- 
carbons of  C Hjn. 

Hydrogen, 

Marsh  gas, 

Ethyl  hydride, . . . , 
Propyl  hydride, .... 

Oxygen, 

Nitrogen, 


Well  In 
West 
Bloom- 
field. 
K.Y. 
Wurt*. 

Buros’ 

WeU 

Gas. 

Sadtler. 

Leech- 

burg 

Gas. 

Sadtler. 

Harvey 

WeU 

Gas. 

Sadtler. 

Cherry 

Tree 

Gas. 

Sadtler. 

10-11 

-34 

-35 

-60 

2-28 

— 

trace 

-26 

trace 

— 

|2-94 

— 

-56 

— 

— 

6-10 

4-79 

13-50 

22-50 

82-41 

75-44 

89-65 

80  11 

60-27 

— 

18-12 

4-39 

5-72 

6-80 

— 

trace 

trace 

trace 

— 

-23 

— 

— 

— 

-83 

4-31 

— 

— 

— 

7-32 

100-00 

100-00 

100-00 

99-99 

100-00 

Petroleum  Refining. — ^The  crude  petroleum  is  but 
seldom  fit  for  any  of  the  purposes  for  which  its 
various  products  are  utilized,  and  therefore  its  pre- 
paration for  subsequent  employment  has  given  rise  to 
the  comparatively  new  industry  of  petroleum  refin- 
ing. The  immediate  object  of  the  refiner  is  to 
separate  from  the  natural  oil  — 1st,  those  lighter 
hydrocarbons  which,  by  their  easy  inflammability, 
would  render  the  oil  dangerous  ; 2nd,  those  heavier 
constituents  which  are  more  useful  as  lubricating 
oil,  and  which  contain  paraffin  in  solution  ; 3rd,  to 
deprive  it  of  colouring  matters,  foreign  substances 
communicating  to  the  oil  an  unpleasant  odour,  and 
tarry  matters,  which  otherwise  would  incrust  the 
wick.  The  means  employed  are  usually  three. 

Fractional  distillation  enables  the  refiner  to  effect 
the  first  two  objects  ; whilst  by  treatment  with  acid 
and  alkali  of  the  liquid  from  which  both  the  heavier 
and  lighter  constituents  have  been  removed,  it  is 
rendered  fit  for  use  as  an  illuminating  agent. 

This  refining  is  but  seldom  carried  on  near  the 
wells;  more  often  the  natural  product  is  conveyed 
in  round  wooden  tanks  by  rail  (one  or  two  tanks 
occupying  a car)  to  one  of  the  great  refining  centres, 
of  which  Cleveland,  New  York,  Baltimore,  and 
Pittsburg  are  the  principal. 

This  transport  by  means  of  railway  cars  has  in 
some  cases  been  replaced  by  a system  of  pipes.  A 
company  was  formed  some  years  ago  in  Pennsyl- 
vania to  convey  the  oil  from  the  wells  to  the  sea- 
ports on  the  Atlantic.  This  company  now  intends 
to  construct  a tube  of  4 inches  diameter  and  of  some 
300  miles  in  length,  connecting  the  wells  with  the 
sea.  The  practical  possibility  of  the  plan  is  proved 
by  works  which,  for  a distance  of  250  miles,  are 
already  in  use.  Baltimore  v/as  the  first  city  with 
which  these  new  canals  were  connected.  The  oil  is 
forced  through  the  pipes  at  a pressure  of  900  lbs.  on 
the  square  inch  ; and  at  intervals  of  15  miles  large 
steam  pumps,  of  10-horse  power,  assist  the  motion 

• Silliman’s  Journal  (2),  xlix.  p.  336. 
f American  Chemist,  September,  1876,  p.  98. 
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of  the  stream.  At  Baltimore  the  canal  ends  in 
enormous  tanks,  and  these  are  in  direct  communi- 
cation with  the  refining  tanks.  The  cost  of  the 
new  canal  and  accessories  is  calculated  at  1,250,000 
dollars. 

As  in  many  minor  details  the  methods  adopted  by 
different  firms  vary  considerably,  we  shall  supple- 
ment a resume  of  the  more  important  features  of 
the  process,  first,  by  a more  detailed  account  of  the 
varieties  of  plant  employed,  and  then  by  the  abstract 
of  an  account  furnished  by  the  late  Professor  E. 
Parrish,  of  Philadelphia,  of  the  modus  operandi  at 
the  Franklin  Oil  Works,  near  that  city. 

From  the  wooden  tanks  we  have  mentioned  the 
oil  is  pumped  into  large  underground  reservoirs, 
in  which  it  is  allowed  to  stand,  so  that  any  sand  or 
the  heavy  impurities  may  sink.  From  these  it  is 
transferred  either  into  what  are  called  the  “naphtha 
stills”  (large  wrought-iion  stills  or  upright  cylin- 
ders of  a capacity  of  12,000  gallons  each),  in  which 
by  simple  steam  heat  some  15  per  cent,  of  the  lighter 
constituents,  collectively  termed  naphtha,  is  separ- 
ated ; or  more  usually  into  stills  of  wrought  iron 
inclosed  in  brickwork,  capable  of  holding  variously 
from  1000  to  140,000  gallons.  That  in  Plate  “ Petro- 
leum ” holds  a charge  of  19,000  gallons,  and  is  heated 
by  eight  fires  underneath.  These  stills  are  heated  by 
fires,  the  residual  “ coke  ” of  previous  operations 
generally  furnishing  the  fuel.  The  still  is  connected 
with  a condenser,  a wrought-iron  pipe  submerged 
in  water  or  ice,  according  to  circumstances.  Sufficient 
heat  having  been  applied  to  cause  the  oil  to  boil,  the 
more  volatile  compounds  speedily  begin  to  come 
over.  The  lightest  of  these  are  sometimes  allowed 
to  escape,  more  often  utilized  as  fuel,  as  at  the  works 
we  more  particularly  describe;  and  sometimes  col- 
lected, either  by  surrounding  the  condenser  with  ice, 
or  by  compressing  the  vapours  with  a powerful  air- 
pump  in  a very  strong  receiver.  The  very  volatile 
liquids  known  as  rhigolene  and  cymogene  are  thus 
obtained. 

Immediately  succeeding  these  the  lighter  portions, 
which  may  be  condensed  at  the  usual  atmospheric 
temperature,  begin  to  appear.  The  oils  first  obtained 
have  a specific  gravity  of  about  '630  at  60°  Fahr.,  the 
product  gradually  becoming  heavier  as  distillation 
proceeds.  When  it  is  of  specific  gravity  varying 
with  different  refiners  from  -725  to  -750,  the  stream 
is  diverted  from  the  naphtha  tank  into  which  it  has 
been  flowing  into  the  kerosene  receiver,  where  it  is 
collected  until  its  gravity  reaches  about  "840 ; after 
which  its  direction  is  again  changed,  and  the  paraffin 
oil  tank  receives  it  till  tliere  is  nothing  further  to 
come  off.  The  last  products  have  a specific  gravity 
of  about  -907.  The  residue  in  the  still,  usually, 
though  improperly,  termed  coke,  is  largely  composed 
of  earthy  matters  and  carbon,  and  though  by  itself 
nearly  incombustible,  may  be  utilized  for  fuel  by 
admixture  with  bituminous  coal. 

The  crude  naphtha  is  subsequently  separated  by 
distillation  into  three  products — gasoline,  the  light- 
est, next  naphtha,  and  finally  benzine.  When  steam 
is  employed  in  the  first  instance,  four  products  are 
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usually  obtained,  called  respectively  gasoline,  A,  B, 
and  C naphtha,  the  first  of  which  is  often  redistilled 
for  rhigolene. 

In  some  cases,  however,  when  burning  oil  is  the 
sole  object,  this  crude  naphtha  is  sold  to  well  pro- 
prietors, who  pour  it  down  the  wells,  nominally  to 
clean  them,  but  practically  to  sell  it  once  more  as 
“crude  oil”  to  the  refiners.  Frequently,  too,  the 
dishonest  practice  of  pouring  it  directly  into  the 
“ crude  oil  tank”  is  resorted  to.  According  to  Dr. 
C.  F.  Chandler  this  adulteration  averages  15  per 
cent.* 

The  crude  “ kerosene  ” (an  American  generic  term 
for  the  burning  oil,  whether  crude  or  refined),  is 
then  mixed  in  a suitable  vessel  with  sulphuric  acid 
and  thoroughly  agitated,  so  as  to  remove  both  tlie 
odour  and  colour  which  it  .stiU  has.  The  proportion 
of  oil  of  vitriol  is  about  2 per  cent,  by  volume.  The 
mixing  is  effected  either  by  revolving  stirrers  or  by 
forcing  atmospheric  air  rapidly  through  the  liquid. 
After  standing  till  the  dark  tarry  sediment  which 
formed  has  subsided,  the  clear  oil  is  drawn  off  and 
agitated  with  water ; then  with  solution  of  alkali, 
soda,  or  ammonia ; and  finally,  this  is  thoroughly 
washed  by  more  water,  leaving  the  oil  “ sweet.”  A 
few  firms  submit  the  product  to  a final  distillation; 
but  most  of  the  commercial  oil  is  sold  without  fur- 
ther purifying.  It  is  very  important  to  completely 
wash  out  the  chemical  agents  employed,  as  otherwise 
the  oil  deteriorates  in  value  with  age,  through  acquir- 
ing more  or  less  colour. 

In  many  cases  the  point  at  which  to  divert  the 
stream  into  the  paraffin  oil  tank  is  determined  by 
the  colour  of  the  distillate,  it  being  allowed  to  run 
into  the  kerosene  tank  no  longer  than  it  continues 
to  run  “light,”  or  whiter  still,  of  a “light  straw” 
tint. 

The  distillation  is  sometimes  continued,  as  we 
have  said,  till  nothing  more  can  be  obtained.  At 
other  works  it  is  stopped  as  soon  as  the  “ residuum  ” 
reaches  the  consistency  of  very  thick  oil  or  fluid  tar; 
this  is  generally  the  case  when  very  large  stills  are 
employed.  The  distillate,  crude  lubricating  oil, 
requires  more  careful  treatment  than  either  of  the 
preceding  products.  According  to  S.  Dana  Hayes,! 
it  is  first  agitated  with  sulpliuric  acid  and  then  dis- 
tilled with  caustic  soda,  the  product  being  mostly 
dense  paraffin  oil.  This  is  placed  in  wooden  barrels 
in  icehouses,  where  it  remains  for  from  seven  to  ten 
days ; and  during  this  time  the  paraffin  wax  crystal- 
lizes, so  that  the  masses  retain  the  form  of  the  bar- 
rels when  they  are  removed.  It  is  now  put  into  bags 
made  of  strong  cloth,  which  are  arranged  one  above 
another,  with  sheets  of  iron  between  them ; and 
when  submitted  to  heavy  pressure  it  yields  crude 
scale  paraffin  wax  remaining  in  the  bags,  and  heavy 
oil  pressed  out.  The  crude  paraffin  is  refined  by 
repeated  solution  in  naphtha,  recrystallizing,  an  1 
pressing,  until  it  is  perfectly  white  and  pure,  ready 
for  sale. 

In  some  establishments  neither  the  lightest  nor 

* American  Chemist,  vol.  ii  12,  447, 

1 Amer.  Chemist,  vol.  ii.  No.  11,  p.  405. 

the  heaviest  constituents  of  petroleum  are  separately 
obtained,  the  natural  oil  being  resolved  into  three 
products  only,  viz.,  1,  crude  naphtha;  2,  burning  oil; 
3,  residuum.  The  operation  by  which  the  heavier 
hydrocarbons  are  converted  into  burning  oil,  tech- 
nically known  as  “cracking,”  was  accidentally  dis- 
covered by  Mr.  Joshua  Merrill,  one  of  the  great 
promoters  of  the  coal  oil  refining  in  America,  who 
was  annoyed  by  finding  that  the  heavier  oils,  from 
which  he  was  endeavouring  to  obtain  lubricating 
oil  by  distillation,  invariably  split  up  into  lighter 
hydrocarbons  which  were  useless  for  his  purpose. 
In  trying  to  ascertain  conditions  by  which  this  could 
be  prevented,  he  found  that  “a  continuous  pro- 
duction of  light  distillates  having  a specific  gravity 
of  ‘818  was  effected  from  hydrocarbon  oils  of  specific 
gravity  -880,  in  an  apparatus  holding  1000  gallons,  by 
properly  regulating  the  heat  applied  ; the  other  pro- 
ducts being  only  uncondensed  gases  and  deposited 
carbon,  left  in  the  apparatus  at  the  end  of  the 
distillation.”  * 

The  very  last  distillates  obtained  from  all  the 
products  are  heavy,  dark-coloured  liquids,  known  as 
“cokings.”  They  are  mixed  and  generally  distilled 
when  a sufficient  quantity  has  accumulated,  yielding 
crude  lubricating  oil.  The  residuum  of  most  of  the 
operations  consists  of  carbon  mainly,  with  which 
much  of  the  soda  employed  will  remain  ; it  is  there- 
fore burned  in  a suitably  constructed  fireplace,  and 
the  alkali,  now  carbonate,  is  obtained  by  lixiviating 
the  ashes. 

The  black  acid  liquid  containing  the  oil  of  vitriol 
employed,  technically  termed  “ sludge,”  is  generally 
sold  to  manure-makers  for  the  manufacture  of 
superphosphate. 

With  regard  to  the  stills  employed  in  petroleum 
refining,  no  settled  form  is  universally  employed. 
Generally  they  are  made  of  east  iron,  though  wrought- 
iron  stills  are  probably  most  economical;  cast  iron,  if 
cooled  suddenly,  being  so  liable  to  fracture,  a cur- 
rent of  air  from  an  open  furnace  door  will  often 
cause  the  bottoms  to  crack  (Gesner).  In  such  case 
the  mode  of  repairing  is  by  a plate  of  boiler  iron 
being  bolted  over  the  fracture.  Stills  made  of  boiler 
plate  have  been  tried ; but  when  a high  heat  is 
required  and  they  are  exposed  to  the  direct  action 
of  the  fire  they  are  soon  destroyed,  or  commence 
leaking  at  the  rivets.  When  the  heat  exceeds  560° 
Fahr.,  which  is  necessary  in  the  distillation  of  the 
heavier  oils  and  paraffin,  they  are  in  danger,  unless 
they  are  protected  by  the  admission  of  steam,  and 
guarded  against  the  fire  of  the  furnace.  Whether 
the  still  be  of  cast  or  sheet  iron,  it  is  always  unsafe 
to  run  the  oil  down  so  as  to  “ coke  ” the  bottom. 

Gesner  is  of  opinion  that  the  largest  stills  em- 
ployed for  distilling  the  crude  oils  as  they  come 
from  the  retorts  or  oil  springs,  should  not  have  a 
greater  capacity  than  1600  gallons.  The  diameter 
may  be  8j  feet  and  height  4J.  The  crown  should 
be  moderately  concave  upwards  to  the  neck.  In  the 
cut  adjoining  (Fig.  17)  a valve  is  represented  upon  the 
goose  neck  at  D.  This  has  been  used  to  blow  out  the 
* American  Chemist,  ii.  11,  402. 
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tarry  contents  of  the  still  by  the  pipe  F,  by  admit- 
ting steam  by  the  pipe  e,  closing  valve  D,  and  opening 
the  valve  or  pipe  f.  a,  gooseneck ; B,  dome ; C, 
kettle;  and  G,  manhole.  When  the  still  bottoms  are 

Fig.  17. 


1 foot  3 inches  wide  where  it  is  fastened  to  the  dome, 
and  tapering  down  to  8 inches  where  it  joins  the 

Fig.  19. 


made  convex,  however,  the  ordinary  pipe  and  cock 
can  be  used  to  draw  off  the  residuum.  The  draw-off 
pipe  may  be  of  wrought  iron  of  2 inches  diameter, 
inserted  into  the  si.ie  of  the  still  by  a screw,  and 
secured  on  its  inner  end  by  a lock  nut. 

Wlien  high  temperatures  are  required  so  as  to  distil 
various  oils  to  a pitch  or  coke,  the  still  shown  in 
Fig.  18  may  be  employed.  The  bottom,  a,  is  2 inches 


thick,  and  is  flanged  to  the  side,  B,  with  three-quarter 
inch  bolts  6 inches  apart.  The  sides  are  flanged  to 
the  dome  or  cover,  c,  in  the  same  way.  The  sides 
form  a cylinder  when  cast,  and  the  outlet  pipe,  D,  3 
inches  in  diameter  and  1 foot  long,  is  cast  with  it. 
This  still,  7 feet  in  diameter  and  4 feet  deep,  has 
been  used  in  distilling  both  candle  tar  and  coal  tar. 
In  both  cases  the  distillation  was  carried  on  until  a 
coke  remained,  and  the  heat  was  such  as  to  maintain 
the  still  bottom  in  a state  of  bright  redness.  The 
bottom  was  burned  through  every  two  months,  and 
a new  one  bolted  to  the  sides. 

Such  a still,  in  connection  with  its  worm  or  con- 
denser, is  shown  in  section  in  Fig.  19.  This  still  is 
a cylinder  of  cast  iron,  7 feet  in  diameter  and  1 inch 
in  thickness,  sitting  in  a groove,  v,  which  is  carried 
around  the  bottom,  b.  This  bottom  is  1^  inch 
thick.  The  dome,  c,  is  low,  not  rising  more  than  1 
foot  5 inehes  above  the  level  of  the  top  of  the  side. 
The  goose-neck,  d,  is  three-quarters  of  an  inch  thick. 


pipe  which  connects  it  with  the  worm,  E.  The  pipe 
connecting  the  goose-neck  and  worm  tapers  from 
8 to  4 inches  where  it  joins  the  worm,  E.  The  worm 
is  a spiral  coil  of  wrought-iron  pipe,  fastened  securely 
by  iron  stays,  F,  into  the  worm  tank,  G.  The  worm 
coil  contains  100  feet  of  pipe,  tapering  from  4 inches 
in  diameter  at  h to  2|  inches  at  the  tail  pipe,  i. 
It  is  made  by  joining  equal  lengths  of  4-inch, 
3-inch,  and  2^-inch  pipe.  Where  the  tail  pipe 
i passes  through  the  worm  tank,  it  is  secured,  and 
I leakage  round  the  pipe  prevented,  by  two  lock-nuts, 
one  on  each  side  of  the  stave,  a thread  of  sufRcient 
length  having  been  cut  on  the  pipe  to  allow  the 
lock-nuts  to  be  applied. 

The  worm  tank  is  made  7^  feet  in  diameter  and 
6 feet  deep ; made  of  3-inch  staves,  and  bottom, 
and  hooped  with  four  hoops,  3 inches  wide  and 
three-quarters  of  an  inch  thick. 

The  still  is  heated  by  the  furnace,  J,  when  open 
fire  is  used.  The  fire  bars,  k,  are  4 feet  in  length, 
and  cover  1 foot  6 inches  in  width.  The  furnace 
door,  L,  is  1 foot  4 inches  high,  and  1 foot  3 inches 
wide.  The  ash-pit,  M,  corresponds  with  it  in  size. 
The  water  pan,  N,  corresponds  with  the  ash-pit  in 
width,  and  is  6 inches  deep.  The  length  of  the 
ash-pit  and  pan  is  the  same  as  that  of  the  furnace 
bars.  The  space,  0,  round  the  still  is  4 inches  wide, 
and  the  walls,  p,  one  brick  thick.  The  throttles,  Q, 
are  8 inches  deep  and  4 inches  wide.  They  are 
small  flues  which  distribute  the  heat  round  the  still. 
The  still  bottom  rests  upon  the  fire-tiles,  R,  which  cover 
the  throttle,  and  are  laid  in  a circle.  The  bridge,  s, 
prevents  the  heat  from  escaping  at  once  by  the  flue, 
T,  to  the  chimney,  and  brings  it  forward  around  the 
front  of  the  still.  The  wall,  u,  is  the  division  wall 
between  the  still-house  and  the  refinery. 

The  still  commonly  employed  (Gesner)  by  the 
American  petroleum  refiners  is  shown  in  Fig.  20. 
It  is  a cylinder  of  boiler  iron.  A,  12  feet  long  and  9 
feet  in  diameter.  Its  working  contents  are  80 
barrels,  or  3200  gallons.  The  goose-neck,  b,  is  a 4-inch 
elbow,  connected  with  a 4-inch  wrought-iron  pipe. 
The  draw-off  cock  is  at  the  bottom  end,  furthest 
from  the  fire,  which  is  applied  much  in  the  same 
way  as  to  a steam  boiler.  The  plates  are  12-inch 
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lengths,  and  present  no  rivetted  seams  to  the  action 
of  the  fire. 


Messrs.  E.  E.  Prentiss  & Co.,  of  Birkenhead, 
have  patented  a “ continuous  still  ” (Fig.  21),  for 
the  cut  and  description  of  which  we  are  indebted  to 
Korman  Tate,  aaa  are  three  stills,  placed  one 


Fig.  21. 


above  another.  Each  still  consists  of  a steam  chest 
and  a chamber  for  containing  the  oil  to  be  distilled. 
The  division  between  the  steam  chest  and  the  oil 
chamber  may  be  seen  in  the  top  still,  bbb  show 
the  position  of  the  steam  cocks  and  pipes,  by  means 
of  which  steam  is  introduced  into  the  still ; c C are 
syphon  pipes,  for  conveying  oil  from  the  upper  to 
the  lower  still ; D d D are  pipes  for  the  escape  of 
vapour  ; E E E are  pipes  for  carrying  away  the  water 
which  condenses  in  the  steam  chambers. 

The  three  stills  are  kept  at  different  temperatures. 
The  first  is  kept  at  a temperature  sufficiently  high 
to  drive  away  the  spirit ; the  second  is  kept  at  a 
temperature  high  enough  to  distil  the  burning  oil ; 
the  third  is  kept  at  a temperature  sufficient  to  distil 
all  the  heavier  portion  of  the  oil. 

In  the  highest  still  all  the  oil  which  is  not  con- 
verted into  vapour  by  the  temperature  at  -which  the 
still  is  kept  passes  by  means  of  the  syphon  tube,  C, 
into  the  stiU  next  below  it ; and  then,  owing  to  the 
temperature  being  higher,  a portion  of  it  is  con- 
verted into  vapour,  and  distils  over.  There  is, 
however,  some  of  the  oil  yet  remaining,  and  this 
requires  a little  higher  temperature  for  its  distilla- 
tion. It  is  therefore  conveyed  by  the  syphon,  C, 
into  the  lowest  still,  and  there  distilled.  Only  a 
thin  layer  of  oil  is  kept  in  each  still,  so  that  evapora- 
tion proceeds  very  rapidly.  Since  this  still  has  been 
in  use,  hot  air  has  been  found  a more  suitable  heat- 
ing agent  than  steam. 

Connected  with  this  still  is  a condensing  apparatus 
(Fig.  22),  the  invention  of  the  same  firm,  so  arranged 


Fig.  22. 


as  to  collect  separately  the  different  products  of  the 
distillation.  A is  the  entrance  from  the  still,  the 
arrows  showing  the  course 
taken  by  the  vapours  until 
their  exit  at  B,  from  whence 
they  proceed  to  the  next 
column.  The  bottom  of  the 
column  is  divided  by  a cast- 
iron  partition,  c,  made  tight 
to  the  plate,  d,  which  supports 
the  tubes.  The  position  of  the 
tube  is  shown  in  section 
(Fig.  23).  E is  a copper  case 
for  the  application  of  steam  to 
heat  the  contents  of  the  col- 
umn ; F is  a copper  vessel  to 
contain  the  air,  the  action  of 
which  helps  to  regulate  the 
heat  of  the  column  ; G shows 
an  arrangement  for  admitting 
cold  liquor  to  cool  the  con- 
tents of  the  column  when 
required  ; H is  an  overflow  ; 

I is  a steam  pipe  for  keeping 
that  part  of  the  column  warm ; 

J J are  exit  pipes  for  the 
condensed  liquors.  Three  or 
four  such  columns  are  con- 
nected with  each  still,  each 
column  being  kept  at  a differ- 
ent temperature  to  the  others, 
the  heat  being  so  arranged 
that  the  product  may  be  con- 
densed and  collected  separ- 
ately in  the  column  set  apart 
for  the  purpose  (Norman 
Tate,  “Pe- 
troleum and  23. 

itsProducts.” 
p.  76). 

The  most 
practical  con- 
densing ar- 
rangement is 
that  of  seve- 
ral tiers  of  cast-iron  pipes,  contained  in  a light 
malleable  - iron  tank,  through  which  the  water  is 
allowed  to  circulate;  the  turning  in  the  pipes 
being  effected  by  means  of  snail  bends.  When 
the  heavier  oils  which  contain  much  paraffin  are 
being  condensed,  it  is  necessary  to  keep  the  water 
at  70°  to  80°  Fahr.,  to  prevent  the  paraffin  from 
solidifying  and  obstructing  the  passage. 

The  washers  or ' agitators  may  be  either  vertical 
or  horizontal.  The  vertical  washer  is  of  light  boiler 
iron,  ha-ving  a concave  bottom  to  assist  the  drawing 
off  of  the  tarry  matter  thrown  down  by  these 
reagents.  A shaft  with  fans  of  wood  or  iron,  placed 
obliquely  as  in  a ship’s  screw,  is  turned  by  gearing. 
Breaks  of  wood  6 inches  wide  and  1 inch  thick  are 
secured  to  the  side.  These  serve  to  break  the  cur- 
rent produced  by  the  fans,  and  make  the  agitation 
more  thorough.  The  bottom  should  be  surrounded 
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by  a steam  jacket,  to  admit  of  its  being  kept  at  90° 
Fahr.  when  in  use. 

This  washer  has  the  merit  of  simplicity,  and  in 
this  respect  is  better  than  tlie  horizontal  form.  For 
general  use,  however,  the  best  agitator  is  the  air 
agitator,  Fig.  24.  It  consists  of  a vessel  of  thin 


boiler  iron.  A,  surrounded  at  the  bottom  and  part 
of  the  sides  by  a steam  jacket,  B.  A 2-inch  wrought 
iron  pipe,  C,  communicates  with  a blowing  fan,  such 
as  are  used  for  small  blast  furnaces,  or  with  an  air- 
pump.  The  pipe,  C,  enters  a perforated  iron  vessel, 
D,  or  may  be  left  coiled  up  with  its  end  open  on  the 
bottom  of  the  agitator.  This  arrangement  leaves 
the  interior  of  the  agitator  clear  of  all  obstructions. 
A steam  pipe  and  valve  admit  steam  to  the  jacket. 
The  drip-cock,  G,  carries  off  the  condensed  steam. 
The  cock,  C,  is  the  outlet  for  the  oil  after  agitation, 
where  a settling  vessel  is  used,  or  the  oil  is  dis- 
charged into  another  agitator,  as  in  coal-oil  refining. 
The  pipe,  i,  is  the  inlet  from  the  pump.  The  cock, 
H,  is  for  drawing  off  the  acid  residuum.  The  draw- 
ing represents  an  agitator  7 feet  in  diameter  and 
6 feet  high  (Gesner,  “ Coal  Oil,”  p.  84). 

A washer  invented  by  Gouldie,  of  the  Albion 
Oil  W orks,  Birkenhead,  may  be  described  here.  A 


Fig.  26. 


Teasel  (Fig.  25)  is  divided  into  two  compartments 
by  means  of  a partition,  E,  down  the  centre  ^ this 
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partition,  however,  does  not  quite  reach  to  the 
bottom.  Sulphuric  acid  is  first  run  into  and  occupies 
the  bottom  of  the  vessel,  up  to  the  point  indicated 
by  the  dotted  line,  A.  The  oil  is  now  run  into  com- 
partment, B,  and  as  soon  as  there  is  a sufficient 
weight  of  oil  in  it  is  forced  through  the  acid,  and 
rises  into  the  other  compartment,  C,  from  which  it 
is  pumped  back  again  by  means  of  the  pump,  D;  and 
the  process  goes  on  in  this  way  until  the  oil  has 
been  sufficiently  treated  (Norman  Tate,  “Petro- 
leum and  its  Products,”  p.  73). 

When  agitating  with  soda  solution  it  is  preferable 
to  use  manual  labour,  stirring  it  with  a rake  or 
plunger,  as  the  use  of  machinery  is  apt  to  convert 
the  mixture  into  a jelly  like  substance,  thus  spoiling 
the  product.  The  hand  stirring,  when  carefully 
performed,  effectually  robs  the  oil  of  all  acid  traces. 

The  operations  of  petroleum  refining  are  con- 
ducted in  the  Franklin  Oil  Works,  Philadelphia, 
as  follows: — “In  the  frame  building,  a (see  Plate 
I.),  are  four  pumps  worked  by  steam — one  for 
pumping  water,  one  crude  petroleum,  one  kero- 
sene, and  one  for  forcing  a powerful  current  of  air 
into  the  rectifier,  and  into  pipes  communicating  with 
the  several  reservoirs  and  the  still.  By  these  pumps 
the  crude  oil  is  transferred  from  the  receiving  tank 
to  that  marked  B,  thence,  as  required,  to  the  still; 
and  the  main  portion  of  the  distillate  is  sent  to  the 
rectifier,  thence  to  the  bleaching-house,  and  thence 
to  the  large  tank,  J,  all  without  labour,  loss  by  eva- 
poration, or  danger  from  fire.  The  still,  C,  wrought 
iron  with  a steel  bottom,  of  19,000  gallons  capacity, 
is  situate  at  the  southern  end  of  the  inclosure.  It 
is  inclosed  by  brickwork  in  which  are  eight  fur- 
naces ; this  reaches  to  within  about  6 feet  of  the  top, 
which  is  somewhat  drum-shaped,  and  has  two  necks, 
through  which  the  vapour  is  conveyed  to  the  cooler. 

Besides  these,  which  carry  off  the  more  volatile 
vapours,  there  is  a pipe  inserted  lower  down  in  the 
still,  which  conducts  the  heavy  lubricating  and  paraf- 
fin oils  coming  over  towards  the  end  of  the  process, 
through  the  worm  and  tub,  d,  to  an  iron  receiver, 
d d.  To  aid  in  collecting  these  least  volatile  pro- 
ducts, which  are  for  the  most  part  condensed  in  the 
top  of  the  still,  a ledge  extends  round  the  inside, 
just  at  the  point  of  insertion  of  this  pipe. 

The  main  cooler  consists  of  several  courses  of  iron 
pipe,  running  horizontally  through  a closed  wooden 
trough  80  feet  long,  into  which  a stream  of  cold 
water  is  conveyed  by  a pipe,  shown  in  the  drawing, 
from  near  the  top  of  the  adjacent  building,  in  the 
basement  of  which  there  is  a pump  for  its  supply. 
The  inclination  of  this  water-pipe  causes  it  to  empty 
itself  whenever  the  pump  ceases  to  act,  thus  prevent- 
ing its  bursting,  when  out  of  use,  by  freezing.  Sur- 
mounting the  cooler,  several  small  vertical  pipes 
arise  from  the  lower  line  of  the  horizontal  condens- 
ing pipes  for  the  escape  of  non-condensable  vapour 
which  passes  of,  especially  near  the  beginning  and 
close  of  the  operation. 

As  this  heavy  vapour,  when  allowed  to  escape,  is  a 
waste  material  and  a frequent  cause  of  conflagration, 
it  is  desirable  to  collect  and  utilize  it;  for  which 
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purpose,  over  the  open  end  of  each  of  the  vertical 
pipes  a pipe  of  larger  bore  is  set,  and  these  are  con- 
nected with  a main  which  is  led  into  the  adjacent 
boiler-house,  E,  where  a jet  of  steam  is  discharged 
into  it  in  the  direction  of  the  fire-box,  a draught 
being  thus  created  by  which  the  highly  inflammable 
vapour  is  carried  under  the  boiler,  and  by  its  com- 
bustion made  to  aid  in  generating  the  steam  required 
for  working  the  pumps. 

The  pipe  which  conveys  the  steam  to  the  distant 
pumps  is  inclosed  in  an  elevated  wooden  trough, 
filled  with  sawdust  to  prevent  condensation  ; and 
this  is  also  used  for  the  support  of  the  pipes  con- 
necting the  air  pump  with  the  reservoirs  and  still. 
The  other  pipes,  used  for  the  conveyance  of  petro- 
leum, are  laid  on  the  surface  of  the  ground,  where 
any  leakace  may  be  easily  discovered.  The  taU 
frame  building  to  the  left  of  the  terminus  of  the 
main  cooler  is  appropriated,  on  the  lower  floor,  to  a 
pump,  as  before  stated  ; on  the  second  floor,  to  the 
separator,  which  is  a cast-iron  box  open  for  the 
reception  of  the  distillate,  and  connected  through 
the  bottom  with  pipes  leading  to  the  receivers  for 
benzine  and  kerosene,  respectively.  Here  these 
liquids  are  tested  by  their  specific  gravities,  and 
separated  previous  to  undergoing  further  treatment. 

The  benzine  and  gasoline  receivers  and  stills  are 
located  near  this  building  on  either  side.  One  is 
shown  in  the  Plate,  marked  F.  A steam  pipe 
passes  into  this  still,  and  the  still  communicates,  by 
another  pipe,  with  a refrigerated  coil  in  the  third 
story  of  the  above-mentioned  building.  This  coil  is 
constructed  with  a view  to  separate  the  distillate  to 
be  sold  as  gasoline  from  that  to  be  sold  as  benzine. 

A pipe  leaves  the  coil  midway,  through  which  the 
more  easily  condensable  portion  of  the  mixed  product 
is  collected  (the  worm  above  this  being  surrounded 
with  water  at  80°  Fahr.,  and  below  with  water  not 
above  60°  Fahr.),  while  the  gasoline,  which  is  only  ] 
condensed  by  passing  through  the  entire  length  of 
the  coil,  is  delivered  into  an  appropriate  receiver, 
mostly  underground,  and  covered  by  a shed. 

Following  the  line  of  pipe  from  the  separator,  and 
passing  the  crude  petroleum  tank,  B,  we  come  to  the 
receiving  tank  for  the  great  body  of  the  distillate,  H. 
The  portion  designed  for  kerosene  being  received 
here  is  transferred  to  the  refinery  in  the  upper  part 
of  the  building,  A.  This  consists  of  an  open 
wrought-iron  boiler  lined  with  lead,  in  which  225 
barrels  (of  44  gallons  each)  of  the  distillate  are 
agitated  with  10  carboys  of  sulphuric  acid,  by  means 
of  atmospheric  air  forced  in  at  the  bottom.  A strong 
odour  of  sulphurous  acid  is  given  off  during  the 
ebullition,  and  the  kerosene  is  found  to  have  lost 
an  objectionable  adhesive  property,  and  to  be  less 
liable  to  “gum.” 

By  subsequent  continued  agitation  with  water, 
and  lastly  with  soda,  the  acid  is  removed.  The 
air-pump  now  being  shut  off,  the  oil  rises  to  the 
surface,  and  is  drawn  off  to  the  bleaching  house, 
which  is  a large  shed,  M,  shown  in  the  ground  plan, 
having  a roof  partially  of  glass,  and  covering  an 
open  tank  about  25  feet  in  diameter.  Here  the 


kerosene  is  exposed  to  the  sun’s  rays,  and  to  a 
temperature  somewhat  above  110°  Fahr.,  produced 
by  a steam  pipe,  which  is  protected  from  direct  con- 
tact with  it  by  a 3-inch  cast-iron  pipe  in  which  it 
is  inserted.  The  effect  of  10,000  gallons  of  this 
bifilliant  liquid  with  the  sun  shining  directly  upon  it 
is  most  striking ; the  refraction  of  the  light  gives  to 
the  bottom  of  the  tank  the  appearance  of  a con- 
stantly changing  concavity,  with  the  greatest  apparent 
depth  nearest  the  point  of  observation.  The  opal- 
escence or  fluorescence  is  superb. 

From  the  bleaching-house  the  kerosene  is  forced 
by  the  appropriate  pump  from  the  tank,  J (not  shown 
in  the  ground  plan),  whence  it  is  drawn  for  bar- 
relling. 

An  ingenious  automatic  faucet  is  used  for  filling 
the  barrels ; this  being  inserted  tightly  into  the 
bung  the  escape  of  air  is  through  it,  and  as  soon  as 
this  ceases,  from  the  barrel  being  full,  a leather 
diaphragm  subsides  and  releases  a cut  off  held  by  a 
cord,  so  that  the  flow  of  liquid  stops. 

The  agitator,  K,  receives  the  refuse  and  any  por- 
tions of  the  distillate  uusuited  to  go  into  either  of 
the  finished  products,  that  it  may  be  mixed  and 
prepared  to  be  returned  to  the  still.  The  lantern, 
L,  is  elevated  so  as  to  be  removed  from  escaped 
vapours : when  lighted  it  throws  a strong  light  into 
the  separator,  a part  of  the  apparatus  whieh  it  is 
very  necessary  to  inspect  and  adjust  at  night,  as  well 
as  by  daylight. 

Twice  a week  a charge  of  the  crude  oil  is  forced 
into  the  still.  The  fires  are  then  kindled,  water 
turned  on  in  the  main  cooler,  the  jet  turned  into 
the  gas-pipe  communicating  with  the  fires  under  the 
boiler,  and  the  pipes  connected  with  the  separator 
arranged  to  collect  the  parts  of  the  distillate  designed 
to  be  converted  by  fractional  distillation  into  benzine 
and  gasoline. 

During  the  early  part  of  the  process  the  specific 
gravity  of  the  condensed  material  is  taken  from 
time  to  time  at  the  separator  ; and  when  it  reaches 
85°  Beaume  (specific  gravity  ’661),  the  pipe  com- 
municating with  the  gasoline  receiver  is  closed,  and 
it  runs  into  the  benzine  receiver  until  it  reaches  66° 
B.  (specific  gravity  ’720),  after  which  it  passes  on  to 
the  larger  distillate  receiver.  Sometimes  the  heavier 
portions  of  the  benzine  are  returned  to  the  still,  and 
thus  become  mixed  with  the  kerosene  distillate  in  a 
subsequent  part  of  the  process ; and  if  there  is  no 
market  for  gasoline,  this  may  also  be  returned,  and 
may  add  to  the  uncondensed  vapour  consumed  under 
the  boiler,  and  perhaps  to  the  available  condensed 
products. 

According  to  B.  J.  Crew,  who  has  had  experience 
in  this  process,  crude  petroleum  gives  off  uncon- 
densable vapour  from  60°  Fahr.  to  160°  Fahr. ; from 
160°  to  280°,  the  benzine  or  naphtha  comes  over; 
from  280  to  600°,  the  oil  suitable  for  illumination ; 
and  above  600°,  paraffin  oil. 

Petroleum  Products. — The  proportion  of  the  various 
products  obtained  at  the  Franklin  Oil  Works  is 
approximately  as  follows  : — Gasoline,  8 per  cent. ; 
benzine  or  naphtha,  12  per  cent. ; paraffin  or  lubri- 
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eating  oil,  5 per  cent.,  and  the  remainder  is  kerosene. 
The  fixed  residuum  varies  in  quantity  and  consis- 
tence with  the  persistence  of  the  operation  and  tlie 
quantity  of  crude  oil ; from  one  charge  of  19,000 
gallons,  an  average  of  about  barrels  is  obtained. 

The  accompanying  table,  abridged  from  Dr.  C. 
F.  Chandler’s  report  * to  the  Health  Department, 
New  York  city,  will  show  the  percentage,  &c.,  of 
the  different  products  obtained  from  crude  oil  by 
destructive  distillation : — 


PRODUCTS  OP  THE  DISTILLATION  OF  CRUDE  PETROLEUM. 


Pnee.  in  Bulk,  14  cents  per  OuUon. 


Name. 

Percent* 

age 

Yielded. 

Specific  Gravity. 

Cymogeue, 

— 

•690 

Rhigolene, 

— 

•625 

Gasoline, 

1-5 

•650  to  -665 

Naphtha, 

10 

•695  to  -705 

Benzine, 

4 

•725  to  -737 

Kerosene  or) 
refined  pet-  ^ 
roleum,  ) 

55 

•802 

Paraffin  oil. 

19-5 

•880 

Coke,  gas, ) 
and  loss,  / 

10 

— 

Mode  of  Condensation,  Uses, 
Synonyms,  &c. 


(■  Conflensed  by  pump ; 

(made  by  one  firm 
only  for  an  ice  ma- 
chine ; boils  at  32° 
Fahr. 

■ Condensed  by  ice  and 
salt ; used  as  an  an- 
m-thetic  ; boils  at 
6.“)°  Fahr. 

' Condensed  in  worm 
by  cold  water;  used 
in  “ air  gas  ma- 
chines ” and  “ gas 
^ carbonizers.” 

'For  oil  cloths,  clean- 
ing, &c.  i so-called 
“safety  oil,”  “Dan- 
forth’s  oil,  ” “Ameri- 
can safety  gas.” 
&c. ; for  adulterating 
kerosene,  cleaning 
oil  wells,  &c. 

(For  varnishes  and 
f paints. 

Ordinary  oil  for  lamps. 

r Semi  - solid  when 
cold ; chilled  and 
\ pressed  to  separate 
paraffin  ; oil  used 
[ for  lubricating. 


The  paraffin  would  probably  amount  to  ’2  per 
cent,  of  the  natural  oil.  The  above  table  must  not 
be  considered  as  applying  to  all  samples,  but  only 
as  an  average  yield  for  Pennsylvanian  petroleum 
of  about  -807  specific  gravity.  By  cracking,  the 
same  oil  would  yield — 

Per  Cent. 


Crude  naphtha, 20 

Burning  oil, 60 

Coke  and  loss, 14 


100 


Of  these  products  a few  call  for  a more  extended 
notice. 

Rhigolene. — This  very  volatile  liquid,  a discovery 
of  Joshua  Merrill,  made  in  1866,  was  at  that 
time  considered  the  lightest  of  the  petroleum  hydro- 
carbons. According  to  S.  Dana  Hayes,  it  was 
made  at  the  instigation  of  a Boston  surgeon  of  note. 
Dr.  Henry  J.  Bigelow,  who  wanted  to  try  if  such 
an  agent  could  be  used  to  produce  local  aniesthesia. 


as  ether  is  still  constantly  used,  during  short  surgical 
operations.  Its  use  was  attended  with  success,  and 
many  hundred  gallons  have  since  been  thus  em- 
ployed. It  boils  at  65°  Fahr.,  has  a specific  gravity 
of  ’625,  and  evaporates  so  rapidly  as  to  depress  the 
mercury  in  a Fahrenheit  thermometer  in  twenty 
seconds  to  19°  below  zero. 

Benzine,  known  also  as  “petroleum  spirit”  and 
“turpentine  substitute,”  is  a colourless,  highly 
volatile  liquid,  with  usually  a pleasant  ethereal 
odour.  Gravity,  ’720  to  '740.  It  is,  of  course,  very 
inflammable.  It  would  appear  to  be  a very  good 
substitute  for  turpentine;  paint  made  with  it  flowing 
more  freely  from  the  brush,  drying  more  quickly, 
and  being  free  from  objectionable  odour.  The  best 
samples  as  they  evaporate  leave  a deposit  as  a shining 
bituminous  varnish,  which  both  adds  to  the  beauty 
of  the  paint  and  serves  as  a protection.  On  the 
other  hand,  “ benzine  ” sometimes  contains  sulphur, 
which,  forming  black  sulphide  of  lead,  communicates 
a brownish  tint  when  this  liquid  is  used  for  lightish- 
coloured  paints.  Also,  if  the  sample  employed  be 
a very  light  one,  its  great  volatility  will  cause  the 
paint  to  dry  almost  before  it  leaves  the  brush. 

A good  sample  of  petroleum  spirit  should  leave 
no  permanent  stain  on  paper  on  which  it  has  been 
dropped.  The  best  specimens  for  paint  purposes 
have  a specific  gravity  of  from  '725  to  '735  (Norman 
Tate). 

ITiis  distillate  is  also  successfully  used  for  dis- 
solving india-rubber,  &c.,  for  water-proof  materials; 
also  for  removing  grease  spots  from  dresses,  &c. 
It  can  never  come  into  the  general  employment 
that  it  merits  until  its  composition  is  uniform, 
which  at  present  is  far  from  being  the  case. 

So  called  “mineral  sperm”  oil  is  an  interesting 
instance  of  the  application  of  the  cracking  operation. 
It  is  a heavy  oil  (specific  gravity  usually  about  ‘850), 
and  is  so  far  from  being  a volatile  oil,  that  it  will  not 
burn  unless  raisetl  to  a temperature  of  300°  Fahr., 
nor  does  it  give  off  an  inflammable  vapour  at  any 
lower  temperature  than  262°  Fahr.  Its  great  safety 
may  be  seen  by  the  fact,  that  the  flame  of  a ball  of 
yarn  saturated  with  oil  and  ignited,  is  immediately 
extinguished  by  being  plunged  beneath  the  surface 
of  this  oil,  even  when  it  has  been  heated  to  200° 
Fahr.*  It  is  made  from  heavy  paraffin  oil,  which  is 
“ passed  through  a partially  destructive  distillation, 
cracking  it  enough  to  lessen  its  viscidity,  but  not 
enough  to  render  it  volatile  ; its  increased  mobility 
causing  it  to  ascend  the  wicks  freely,  whilst  it  still 
preserves  its  character  as  a fixed  oil.”  The  high 
appreciation  of  its  qualities  may  be  gathered  from 
the  fact,  that  in  1871  the  quantity  manufactured 
was  estimated  by  its  discoverer,  J.  Merrill,  who 
patented  the  process  both  in  America  and  Great 
Britain,  as  being  a quarter  of  the  whole  petroleum 
production,  or  160,000  gallons  daily. 

To  the  enterprise  and  ingenuity  of  this  gentleman 
is  owing  another  important  petroleum  product, 
which  is  valued  on  account  of  its  lubricating  pro- 
perties, viz.,  “ neutral  heavy  lubricating  oil.”  When 


* Amer.  Chem.  ii.  12,  p.  446. 
VOL.  II.  


* Amer.  Chem.  ii.  11,  404. 
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in  consequence  of  the  discovery  of  petroleum  the 
coal  oil  industry  began  to  be  to  a great  extent 
abandoned,  the  supply  of  material  for  the  manu- 
facture of  heavy  lubricating  oil  became  very  small, 
and  recourse  was  had  to  the  heavy  paraffin  oil, 
which  was  more  frequently  sold  by  most  makers  of 
burning  oil  than  rectified.  The  objection,  however, 
which  for  a long  time  attended  its  use,  was  the 
offensive  odour  and  unsightly  appearance  of  the 
products.  In  November,  18G7,  as  the  result  of  an 
accident,  a method  was  discovered  of  obtaining  an 
oil  suitable  in  all  respects  for  lubricating,  and  per- 
fectly unobjectionable  in  the  particulars  we  have 
mentioned. 

The  distillation  of  900  gallons  of  this  heavy 
paraffin  oil  was  being  proceeded  with  at  the  South 
Boston  Works,  under  J.  Merrill’s  management, 
when  it  was  found  that,  owing  to  some  partial  stop- 
page in  the  condenser,  the  presence  of  vapour  was 
forcing  some  of  the  oil  through  the  joints  at  the 
bottom  of  the  still,  whence  it  oozed  into  the  fire 
beneath.  As  the  matter  appeared  to  increase,  an 
attempt  was  made  to  empty  the  still  by  very  slow 
distillation ; this  was,  after  some  250  gallons  had 
passed  into  the  receiver,  abandoned,  and  the  fire 
gradually  withdrawn.  On  the  next  day,  on  remov- 
ing the  oil  left  in  the  still,  it  was  found  to  be  clear, 
odourless,  neutral,  and  dense.  It  was  discovered 
tlius  that  by  slow  heat  and  its  gradual  removal  all 
the  lighter  hydrocarbons  which  conferred  the  odour 
might,  without  decomposition,  be  separated,  leaving 
merely  the  heavy  oils  with  which  they  had  been 
mixed.  Subsequently  the  means  for  the  removal 
of  the  odorous  bodies  were  perfected  by  introducing 
steam  into  the  body  of  the  oil  in  the  still,  which 
greatly  facilitates  the  escape  of  the  lighter  consti- 
tuents. So  great  is  the  demand  for  this  product,  that, 
in  1871,  50,000  gallons  of  tliis  oil  were  imported 
into  England  for  lubricating  machinery. 

As  has  been  indicated,  the  safety  of  a given 
specimen  of  petroleum  is  not  dependent  upon  its 
specific  gravity,  but  upon  the  temperature  at  which 
it  gives  off  an  inflammable  vapour,  in  other  words, 
upon  “its  flashing  point;”  and  there  can  be  no 
c.oubt  that  the  amount  of  unsafe  oil  annually  sent 
from  the  refineries  is  mostly  to  be  laid  to  the  charge 
of  the  refiners,  who,  because  there  is  no  sufficient 
market  for  naphtha,  do  not  allow  the  distillate  to 
run  into  the  naphtha  tank  until  all  those  hydrocar- 
bons which  would  render  the  oil  unsafe  have  passed 
over,  but  transfer  it  prematurely  into  that  for  crude 
burning  oil.  Dr.  Chandler  speaking  on  the  subject 
says — “ On  every  gallon  of  naphtha  run  into  the 
kerosene  tank  there  is  a profit  to  the  refiner  of 
20  cents  (lOf/.),  or  on  every  per  cent,  of  naphtha 
added  to  the  kerosene  a reduction  of  one-fifth  per 
gallon  of  the  cost  of  production,  which,  with  ker- 
osene at  25  cents  (l.v.  ^d.)  per  gallon,  amounts  to 
l:f  per  cent.  For  every  gallon  of  naphtha  sold  as 
kerosene,  the  refiner  can  afford  to  throw  away  4 
gallons.  Nothing  can  be  more  desirable  than  the 
discovery  of  some  use  to  which  the  naphtha  can  be 
put,  which  will  make  such  a demand  for  it  as  to 


raise  its  value  above  that  of  kerosene,  that  it  might 
be  the  interest  of  the  refiner  to  separate  as  much 
instead  of  as  little  as  possible.” 

A safe  oil  might  be  made  with  ease  by  running  off 
the  naphtha  till  a specific  gravity  of  58°  Beaume  is 
reached  in  the  distillate,  instead  of  65°  to  62°  Beaume, 
the  usual  point,  and  then  exposing  the  oil  in  shallow 
tanks  to  the  sun  for  a few  days ; the  increased 
expense  in  refining  would  not  amount  to  more  than 
3 or  4 cents  or  'Id.)  per  gallon. 

The  important  influence  upon  flashing  point 
which  a small  percentage  of  naphtha  has,  is  seen 
by  reference  to  the  experiments  of  Dr.  B.  W.  White, 
president  of  the  Board  of  Health  of  New  Orleans, 
on  this  subject. 

He  worked  with  an  oil  which  flashed  at  113°  Fahr., 
and  found  that  an  addition  of — 

Degrees 

Fahr. 

1 per  cent,  of  naphtha  caused  it  to  flash  at 103 

2 “ “ “ “ ....  92 

5 “ “ “ “ ....  83 

10  “ “ “ “ ....  59 

20  “ “ “ “ ....  40 

After  the  addition  of  20  per  cent,  of  naphtha,  the 
oil  burned  at  50°  Fahr. 

Ordinary  kerosene  is  said  to  have  a gravity  of 
47°  Beaume,  and  to  flash  at  86°  Fahr. 

The  refined  product  is,  when  freshly  prepared, 
colourless  and  nearly  odourless,  of  a specific  gravity 
varying  from  '780  to  '825  (Norman  Tate).  When 
any  considerable  bulk  is  observed  by  transmitted 
light,  the  phenomenon  of  fluorescence  is  seen  to  be 
very  marked,  imparting  a beautiful  azure  tint  to  the 
liquid. 

It  mixes  in  all  proportions  with  strong  alcohol, 
ether,  fixed  and  essential  oils,  is  not  miscible  with 
water,  but  communicates  to  it  its  own  odour  and 
taste.  It  dissolves  sulphur,  phosphorus,  iodine,  cam- 
phor, most  resins,  wax,  and  fats,  and  softens  india- 
rubber  into  a glairy  varnish. 

Chemical  Composition. — The  present  state  of  our 
knowledge  respecting  the  composition  of  petro- 
leum, though  still  imperfect,  is  an  accumulation  of 
the  results  obtained  by  many  observers,  whose 
labours  we  will  now  briefly  notice. 

As  far  back  as  1788  Winterl  examined  a thick 
black  variety  of  petroleum  occurring  between  Pek- 
lenicza  and  Moslowina  in  Hungary,  reporting  that 
he  obtained  from  it  by  distillation  a colourless  oil,  a 
yellow  oil,  and  a buttery  mass.* 

The  Galician  product  was  examined  in  1791  by 
MARTiNOViCH,t  and  in  1817  Saussure  investigated 
the  petroleum  from  Amiano.j;  Twelve  years  later, 
in  1829,  Unverdorben  submitted  Persian  oil  to  dis- 
tillation, and  concluded  that  “ it  consisted  of  a mix- 
ture of  several  oils,  together  with  a small  quantity  of 
a kind  of  solid  fat  (paraffin?),  resin,  and  an  indifferent 
coloured  substance. ”§  Results  similar  to  these  were 
obtained  subsequently,  in  1831,  by  Christison  and 

* Crell’s  Chem.  Annal.  i.  493  Ibid.  i.  72. 

J Bibl.  Univ.  S.  et  A.  iv.  16. 

§ Watt’s  Diet.  Chem.  vol.  iv.  p.  383  (from  Schweig  Journ. 
57-243). 
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Gregory  with  “Rangoon  tar;”*  in  1833,  by  Blanch- 

HOURS  the  two  (ethylic  hydride,  C2Hg,  and  propylic 

EXT  and  SELLt  with  Persian  oil;  by  Torosiwiecz, 

hydride,  CjHg),  which  he  obtained  from  the  gas 

about  1836,  with  the  petroleum  from  Niebylow  in 

found  floating  over  the  surface  of  the  petroleum  in 

Galicia ; J by  Kobell  in  the  same  year,  after  inves- 

the  barrels  in  which  it  is  imported.  He  found  that 

tigating  the  properties  and  nature  of  tlie  product  of 

the  Canadian  variety  did  not  yield  evidence  of  these 

Tageru  lake  in  Bavaria.  § Pelletier  and  Walter, 

lower  constituents.*  Schorlemmer  treated  with 

also,  in  1840,  examined  the  Italian  oil,  ||  and  Hess 

nitric  acid  and  found  “ nitrobenzol  (from  which 

that  from  Baku;Tf  and  even  later,  Ure  and  Mans- 

aniline  was  prepared),  nitrotoluol,  and  binitrotoluol. 

FIELD  that  from  the  Alfreton  Coal  Mine,  Derby- 

and  small  quantities  of  fatty  acids  produced  from 

shire,**  without  throwing  more  light  upon  the  sub- 

traces  of  olefines,  which  are  probably  contained  in 

ject,  substantially  corroborating  the  statement  of 

the  crude  oils.” 

Unverdorben,  that  it  was  a more  or  less  pure  solu- 

Olefines  he  decided  to  be  in  very  small  quantity. 

tion  of  bitumen  in  a varying  mixture  of  liquid  hydro- 

probably  because  the  oils  he  examined  were  the 

carbons  of  different  densities. 

very  light  products  known  as  turpentine  substitute. 

In  1857  Messrs.  Warren  de  la  Rue  and  Hugo 

in  reality  the  first  distillates  in  rectifying  the  crude 

Muller  published  a report  of  the  investigation  they 

oil.  The  specific  gravity  of  this  lies  between  -7  and 

had  been  engaged  in  of  Rangoon  tar.  They  found 

•75.  The  nitric  acid  treatment  was  in  consequence 

it  to  contain  11  to  12  per  cent,  of  solid  matter,  which 

of  no  definite  boiling  points  being  attained  in  this 

they  regarded  as  paraffin ; and  after  unsuccessfully 

liquid.  The  hydrides  obtained  were ; — 

trying  to  separate  the  liquid  constituents  by  frac- 

tional  distillation,  they  resorted  to  a mixture  of 

Amyl  hydride, 34°  C C5H12 

nitric  and  sulphuric  acids  as  a means  of  separating 
some,  which  would  form  nitro  compounds  from  the 
remaining  hydrocarbons,  which  would  be  unaffected. 

Hexyl  “ 68°  C C6H14 

Heptyl  “ 98°  C C^Hig 

Octyl  “ 119°  C CgH]8 

In  this  way  they  succeeded  in  obtaining  evidence  of 

It  was  also  concluded  that  butyl  hydride,  C^H^g,  was 

the  presence  of  benzene  and  its  homologues — viz.. 

present  in  small  quantities. 

toluene,  xylene,  and  cumene,  though  they  found 

This  experimenter  found  that  the  boiling  points 

these  in  but  small  quantity,  and  indicated  the  pro- 

of  the  hydrocarbons  of  petroleum  are  altered  very 

bability  of  Burmese  naphtha  containing  several 

considerably  by  even  traces  of  foreign  substances 

radicals  or  their  hydrides,  belonging  either  to  the 

being  present,  and,  doubtless,  the  want  of  agreement 

marsh  gas  or  ethylene  series,  ft 

between  the  boiling  point  assigned  to  any  one  con- 

EisenstuCK  examined  the  Sehnde  petroleum  (Han- 

stituent  by  different  experimenters,  is  in  the  main 

over)  in  1858,  and  stated  that  it  consisted  of  homo- 

due  to  the  cause  indicated. 

logues  of  ethylene,  and  a substance  which  he  called 

From  these  facts,  taken  in  conjunction  with  the 

petrol,  of  formula  CgHj^.ft 

phenomenon  of  gas  springs,  the  main  constituent 

Uelsman,  working  on  the  same  oil,  came  to  a 

of  which  is  marsh  gas,  we  should  infer  that  the 

different  conclusion  — viz.,  that  the  hydrocarbons 

whole  group,  at  least  as  far  as  C^gHgg,  is  produced 

were  not  of  the  olefine  or  ethylene  series,  but  of 

in  the  course  of  the  decomposition  resulting  in 

the  paraffin  series — homologous  with  marsh  gas.§§ 

petroleum. 

Freund  and  Pebal,  continuing  the  research  on 

Still  more  recently  an  American  chemist,  C.  M. 

Galician  petroleum,  found  three  series  present — 

AVarren,  has  very  carefully  and  thoroughly  inves- 

viz.,  the  olefines,  the  benzene  homologues,  and  a 

tigated  the  subject,  and  has  in  many  respects  been 

third,  consisting  of  members  homologous  with 

led  to  conclusions  different  from  those  that  former 

phenol. II II 

observers  arrived  at.  He  states  that  the  above 

Pelouze  and  Cahours  then  took  up  the  subject. 

series  of  hydrocarbons,  which  he  terms  the  naphtha 

and  in  a series  of  papers  sent  to  the  Royal  Academy  of 

group,  does  not  extend  farther  than  nonylic  hydride. 

Sciences,  Paris,  in'  have  contributed  more  to  our 

Cgll2g,  and  that  all  higher  members  belong  to  the 

knowledge  of  the  matter  than  any  previous  investiga- 

ethylene  series,  in  which  the  ratio  of  hydrogen  to 

tors.  They  concluded  that  Pennsylvanian  petroleum 

carbon  atoms  is  always  two  of  the  former  to  one  of 

— tlie  only  kind  they  examined  — contained  at  least 

the  latter.  Of  this  group  he  enumerates  four  mem- 

twelve  members  of  the  homologous  series,  of  which 

bers  only,  viz.,  those  from  CjgH.,g  to  C^jHgg  inclu- 

marsh  gas  is  the  first  term.  They  succeeded  in  isolating 

sive.  The  accuracy  of  his  analyses,  and  the  close 

these  bodies,  and  showed  that  the  regular  succession 

approximation  of  the  vapour  density  he  obtained. 

from  C^Hjg,  butylic  hydride,  up  to  C J5II32.  was  present 

with  those  theoretically  assigned  for  the  formula 

in  American  oil.  Shortly  after  this  Ronalds  added 

mentioned,  together  with  the  improved  apparatus 

to  those  members  indicated  by  Pelouze  and  Ca- 

employed  by  him  in  the  research,  give  to  these  con- 

* Trans.  Roy.  Soc.  Edin.  xiii.  118,  124. 

elusions  very  considerable  weight.  With  respect  to 

t Ann.  Chem.  I’harm.  vi.  309.  J Report,  liv.  15;  Ixi.  398. 
g J.  pr.  Chem.  viii.  305.  |1  J.  Pharm.  xxvi.  549. 

Pogg.  Ann.  xxxiv.  417. 

the  liquids  in  the  first  series,  moreover,  he  asserts 
that  two  isomeric  groups  exist  naturally  in  the  oil. 

**  Pharm.  J.  and  Trans,  vii.  485,  and  Chem.  Soc.  Quart. 

The  naphtha  group,  identical  with  the  first  six  pro- 

Jour.  i.  248. 

ft  Proc.  Roy.  Soc.  viii.  221.  Ann.  Ch.  Pharm.  cxiii.  151. 

ducts  obtained  by  Pelouze  and  Cahours  ; and  the 

§§  Ann.  Ch.  Pharm.  cxiv.  279.  ||||  Ann.  C'l.  Pharm.  cxv.  19. 
Comptes  Rendus,  vol.  liv.  124;  Ivi.  505;  Ivii.  62. 

* Jour.  Chem.  Soc.  xviii.  p.  54. 
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Beta  naphtha  group,  composed  of  five  members 
similar  in  composition  to  the  first  five  of  the  naphtha 
group,  but  differing  from  them  in  that  their  boiling 
points  (which  this  chemist  determined  with  great 
exactitude)  were  relatively  8°  higher  than  those  of 
the  corresponding  members  of  the  latter  group. 

He  finds  that  these  two  groups  occur  as  con- 


stituents of  all  the  lighter  kinds  of  petroleum,  and 
that  the  proportion  of  oils  belonging  to  the  ethylene 
series  increases  with  the  increase  in  density  and 
viscidity. 

The  most  reliable  results  of  the  proximate  ana- 
lyses of  petroleum  are  subjoined  in  the  following 
table : — 


NAPHTHA  GROUP. 


Name. 

Formula. 

Boiliug  Point. 

Specific  Gravit7. 

Vapour  Density. 

Composition. 

Pelouze  & 
Cahours. 

Warren. 

Pelouze  & 
Cahours. 

Wan°en. 

Pelouze  & 
Cahours. 

Warren. 

Carbon. 

Hydro- 

gen. 

Ethylic  hydride — ethane 

Gaseous 

Gaseous 

Gaseous 

Gaseous 





80-00 

20-00 

Propylic  hydride — propane,.. 

CaHg 

“ 

»( 

— 

— 

81-81 

18-19 

Bulylic  hydride  — quartane 
or  tetrane 

C4H10 

f 5°  to  10°  \ 
(.0°  to  4°*/ 

— 

•600  at  0°  » 

— 

2-110* 

— 

82-80 

17-20 

Amylic  or  pentylic  hydride, 

C5H1S 

30° 

30°-2 

•628  at  0° 

•640  at  0° 

2-538 

83-33 

16-67 

or  pentane, 

Hexylic  or  caproylic  hyd- 
ride, or  hexane 

CeHu 

68° 

61°-3 

•669 

•676 

3-050 

3-053 

83-72 

16-28 

Heptylic  or  cenanthylic  hyd- 
ride, or  heptane, 

C7R16 

92°  to  94° 

90°-4 

•699 

•718 

3-616 

3-547 

84-00 

16-00 

Octylic  or  caprylic  hydride, 

or  octane, 

Nonylic  or  pelargoiiic  liyd-' 

CsHis 

116°  to  118° 

119°-5 

•726 

•737 

4-009 

3-992 

84-21 

15-79 

1 

C9H20 

136°  to  138° 

150°-8 

•741 

•756 

4-541 

4-460 

84-38 

15-62 

ride,  or  nonane, 

Rutylic  hydride,  or  decane, . . 

C10H.22 

160°  to  162° 

— 

•7.67 

— 

5-040 

— 

84-51 

15-49 

Endecane, 

C11H24 

180°  to  184° 

— 

•766 

— 

5-458 

— 

84-61 

15-39 

Hydride  of  lauryle,  or  do- 
decane, 

C12H28 

196°  to  200° 

— 

•776  at  20° 

— 

5-972 

- 

84-70 

15-30 

Hydride  of  cocinyle,  or  tri-' 

decane, 

Hydride  ot  myristyle,  or 
tetradecane, 

C13H28 

216°  to  218° 

— 

•792  at  20° 

— 

6-569 

- 

84-78 

15-22 

C14B30 

236°  to  240° 

- 

- 

— 

7-019 

— 

84-85 

15-15 

Pentadecane, 

C15H32 

*-16^^34 

2.05°  to  260° 

— 

— 



7-5-23 

30-16 

84-90 

15-10 

Cetyl  hydride, 

•825 

-837 

— 

— 

Candle  paraffin, 

C.^H5.2 

Solid,  melting  point  130°  F. 
“ “ 136°  F. 

•870 

12-19 

85-23 

14-77 

Ceryl  hydride, 

C27H5S 

85-26 

14-74 

C30H52 

^ “ . ... 

‘ 143°  F. 

1.  •890 

14-61 

85-31 

14-69 

( DOiling  point  by»  P . 

* Ronalds. 


The  last  three  hydrocarbons  in  the  above  series 
are  constituents  of  the  white  crystalline  paraffin 
which  is  obtained  from  the  residuum  after  the  lighter 
illuminating  oils  have  been  distilled  off.  Probably 
the  missing  members  from  Cj^^llgg  to  C24Hjq  are 
also  present,  as  well  as  those  with  26  and  28  carbon 
atoms  in  the  molecule ; but  sufficient  evidence  of 
their  actual  existence  is  still  wanting.  The  first 
member,  marsh  gas,  is  too  volatile  a body  to  remain 
in  the  petroleum ; no  attempts  to  liquefy  it  thus  far 
have  been  attended  with  success.  It  is  doubtless 
the  agent  by  whose  pressure  the  oil  is  forced  up  to 
the  surface  when  a fissure  is  struck  by  the  drill. 


warren’s  beta  naphtha  group. 


Boiling  Point. 

Specific  Gravity. 

Vapour  Density. 

C4H10 

8°  to  9° 

•611  at  0° 



,37°-0 

•645 

2-514 

68°-5 

•689 

3-038 

98"-l 

•730 

3-551 

C’sHjg 

127°-6 

•752 

3-990 

Average  rise  of  temperature  of  boiling  point  for  the  addition 
of  UHj  z=  29°-9. 


The  main  physical  difference,  therefore,  between 
these  two  groups  is,  as  has  been  said,  that  the 
members  of  the  latter  are  relatively  about  8° 
higher  in  boding  point  than  their  isomers  in  the 


former,  the  average  increment  of  temperature  for 
each  addition  of  CHj  to  the  formula  remaining 
about  the  same  (30°T6  and  29°'9)  (Warren). 


TABLE  OF  THE  THIRD  SERIES  (ETHYLENE  OR  PITTOLIUM 
SERIES)  OP  HYDROCARBONS  PRESENT  IN  PENNSYLVANIAN 
PETROLEUM. 


Decatylene  or  I 
rutvlene, ( 

C10H20 

174°-9 

• 

Endecatylene  or) 

195°*8 

C.  H. 

margaryleue,..  j 

85-71  14-28 

Dodecatylene  or) 

laurylene, j 

^12^24 

Decabrity  lene  or  ) 

235° 

cocinylene,  . j 

'^13^26 

Average  rise  of  temperature  of  boiling  point  for  the  addition 
ofCHj  = 20°-6. 


Some  observers  have  stated  that,  besides  these 
series,  benzol  and  its  homologues  are  present  in 
crude  petroleum.  . Warren  de  la  Rue  and  Hugo 
Muller  obtained  evidence  of  their  presence ; and 
later,  Schorlemmer  has  demonstrated  the  existence 
of  these  hydrocarbons  in  Canadian  petroleum,  f 
The  portion  of  oil  which  came  over  under  150°  C., 
when  the  thick  black  Canadian  rock  oil  was  dis- 
tilled, was  treated  with  concentrated  nitric  acid, 
which  acted  on  it  violently.  The  acid  liquid  was 
diluted,  and  the  vater  separated  from  the  heavy 
t Proc.  Royal  Soc.  vol.  xiv.  p.  168. 
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nitro-products,  which  possessed  the  odour  of  bitter 
almonds.  “These  nitro-comp ounds  were  treated 
with  tin  and  hydrochloric  acid,  and  the  solution  thus 
obtained  was  distilled  with  caustic  potash.  The 
aqueous  distillate,  in  which  some  drops  of  an  oily 
liquid  were  suspended,  had  the  odour  of  aniline, 
and  gave,  with  a solution  of  bleaching  powder,  the 
most  distinct  aniline  reaction.  The  beautiful  rosani- 
line  reaction  could  also  easily  be  obtained  by  heating 
one  of  the  oily  drops  with  bichloride  of  mercury. 
Canadian  petroleum  contains,  therefore,  the  series 
of  benzol  hydrocarbons.” 

The  question  whether  this  series  exists  in  Cana- 
dian petroleum  in  sufficient  quantity  to  make  it 
worth  while  to  attempt  the  manufacture  of  aniline 
from  the  oil,  is  one  felt  to  be  of  much  importance. 
U[)on  results  like  the  foregoing  the  Canadian  Rock 
Oil  Company  set  forth  this  as  a probability  in 
their  prospectus ; but  from  the  fact  that  so  many 
observers  have  never  found  any  of  these  hydro- 
carbons, it  must  be  considered  that  the  amount  pre- 
sent, if  any,  is  so  slight  as  not  to  afford  any  prospect 
of  a scheme  for  the  aniline  dye  manufacture  proving 
remunerative.  According  to  the  “Annual  American 
Encyclopiedia”  for  1864,  the  statement  was  current 
that  the  Humboldt  Petroleum  Co.  of  New  York 
had  works  for  this  manufacture  then  (1864)  in  pro- 
cess of  erection  at  Plummer,  on  Cherry  Run,  Ven- 
ango County,  Pennsylvania ; and  that  the  company 
had  already  produced  several  superior  aniline  dyes. 
We  are  not,  however,  aware  that  any  corroboration 
of  this  statement  exists.  For  details  of  the  pro- 
perties and  reactions  of  this  doubtful  series  of  con- 
stituents we  will  commend  our  readers  to  any  manual 
of  organic  chemistry. 

As  has  been  remarked,  the  name  paraffin  has  been 
given  to  the  group  of  hydrocarbons  forming  the 
main  portion  of  natural  petroleum,  in  consequence 
of  the  fact  that  the  members  are  not  easily  affected 
by  chemical  reagents. 

In  the  cold  they  are  not  acted  on  by  any  of  the 
more  powerful,  commonly  recurring  acids,  even  a 
mixture  of  fuming  nitric  and  sulphuric  acids  being 
powerless  to  effect  oxidation.  By  the  aid  of  heat, 
however,  they  may  be  oxidised,  even  by  dilute 
nitric  acid,  carbonic  acid  gas  and  water  being  the 
principal  products,  accompanied  by  small  quantities 
of  fatty  acids,  succinic  acid,  and  nitriles. 

When  chromic  acid  is  heated  with  them,  more  or 
less  acetic  acid  is  found  amongst  the  products 
(SciiOULEMMEu).  When  chlorine  and  bromine  act 
upon  these  bodies,  substitution  products  are  formed; 
two  atoms  of  chlorine  usually  sufficing  to  withdraw 
one  hydrogen  atom,  which  unites  to  form  hydrochloric 
acid  with  the  one,  and  is  itself  replaced  by  the  other. 

Thus  from  marsh  gas,  ClI^,  the  four  substitution 
products,  CllgCl,  CII2CI2,  CIICI3,  and  CCl^,  have 
been  obtiined.  Similarly  the  six  hydrogen  atoms 
of  the  second  member  (ethane,  C^IIg)  have  been 
severally  replaced  by  chlorine.  Propane  and  hexane 
have  thus  far  only  yielded  compounds  in  which  part 
of  the  hydrogen  is  thus  replaced,  the  highest  con- 
taining six  chlorine  atoms. 


It  is  difficult  to  obtain  a pure  monochloride  by 
passing  chlorine  into  the  liquid  paraffin,  in  conse- 
quence of  the  portions  of  monochloride  first  formed 
being  attacked  and  converted  into  compounds  con- 
taining two,  three,  or  four  chlorine  atoms  before  all 
the  hydrocarbon  has  been  acted  on.  This  com- 
plication may,  however,  be  prevented  by  bringing 
chlorine  in  contact  with  the  vapour  of  the  boiling 
hydrocarbon ; the  less  volatile  monochloride,  con- 
densing as  soon  as  it  is  formed,  escapes  the  further 
action  of  the  gas  (Schorlemmer). 

Iodine  has  no  action  at  all  on  these  bodies,  and 
that  of  bromine  is  similar  in  kind  but  much  less 
energetic  than  that  of  chlorine. 

A substitution,  inverse  to  that  described  above, 
takes  place  when  such  chlorides,  bromides,  or  iodides 
(which  can  be  obtained  by  other  means),  are  treated 
with  zinc  and  hydrochloric  acid,  the  nascent  hydrogen 
replacing  the  chlorine,  &c.,  with  which  a further 
portion  unites  to  form  hydrochloric,  hydrobromic, 
or  hydriodic  acid. 

By  the  action  of  potash  or  soda  upon  these  chloro-, 
broino-,  or  iodo-  derivatives  of  the  paraffins  (haloid 
derivatives,  as  they  are  called),  the  haloid  element 
may  be  replaced  by  the  grouping  (OH),  and  a series  of 
bodies  (CH3OH,  C2H5OH,  CgH^OH,  &c.)  formed, 
known  as  the  class  of  monatomic  alcohols.  The 
best  known  members  are  methylic  alcohol,  CH3OH 
(hydrate  of  methyl),  which  occurs  in  wood  spirit, 
ethylic  alcohol,  C2H30H  (hydrate  of  ethyl),  which 
forms  the  basis  of  all  ordinary  alcoholic  liquors,  and 
the  fifth  member,  amylic  alcohol,  CjHjjOH  (hydrate 
of  amyl),  which  forms  the  principal  constituent  of 
fusel  oil. 

These  bodies  differ  from  the  corresponding  par- 
affins (which  are  often  regarded  as  the  hydrides  of 
the  radicals  mentioned  here)  in  that  each  contains 
an  atom  of  oxygen  united  to  the  elements  forming 
the  hydrocarbon. 

The  other  constituents  of  petroleum  may  be  sepa- 
rated from  the  paraffins  by  treating  the  mixture  of 
oils  with  sulphuric  acid,  and  afterwards  with  fuming 
nitric  acid,  or  a mixture  of  nitric  and  sulphuric  acids, 
the  other  substances  being  either  oxidised  or  con- 
verted into  nitro-compounds,  which  are  either  dis- 
solved by  the  acids  or  are  much  less  volatile  than  the 
hydrocarbons.  After  washing  with  water,  drying 
over  caustic  potash,  and  rectifying  over  sodium, 
the  distillate  will  consist  only  of  paraffins  (Schor- 
lemmer). 

The  members  of  series  of  radicals  known  as  ole- 
fines (€211^,  &c.)  are  acted  on  readily  by  chlorine, 
bromine,  and  iodine,  the  first  uniting  with  them 
to  form  dichlorides — compounds  isomeric  with  the 
dichloro-substitution  products  of  corresponding  par- 
affins— the  other  two  forming  similar  combinations. 
Hydrochloric,  hydrobromic,  and  hydriodic  acids 
also  unite  with  them,  forming  compounds  identical 
in  composition  with  the  mono-substitution  products 
of  the  paraffins.  With  other  acids,  too,  these  bodies 
unite  no  less  readily;  with  sulphuric  acid  coinpound.s 
analogous  with  sulphovinic  acid,  C2H3lISO^,  may  be 
formed  ; the  action  of  hypochlorous  acid  upon  ethy- 
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lene  (or  ethene)  results  in  the  formation  of  ethylene 
chlorhydrate,  CgH^ClOH.  Ilypobromous  acid  acts 
similarly. 

A series  of  alcohol  may  be  obtained  from  the 
haloid  derivatives  of  the  olefines  by  reactions  analo- 
gous to  those  employed  in  the  former  case.  Thus, 
ethene  iodide,  C2H^l9,  treated  with  silver  acetate, 
yields  ethene  diacetate  and  silver  iodide;  the  former 
may  be  decomposed  by  an  alkali  with  formation  of 
ethene  dihydrate,  or  ethene  alcohol  and  acetate  of 
the  alkali  metal.  The  members  of  this  series  of 
alcohols  possess  a very  sweet  taste,  and  are  accord- 
ingly known  as  glycols. 

Illuminating  Power. — This  has  been  examined  by 
Dr.  C.  F.  Chandler,  in  conjunction  with  Dr.  J.  G. 
PoHLE  and  E.  G.  Kelly,  and  from  the  results  they 
obtained  we  abstract  the  following : — 

A sperm  candle  burning  2 grains  per  minute  was 
taken  as  the  standard  of  comparison.  The  oils  tested 
were  entered  for  competition  at  the  American  In- 
stitute Fair,  the  gentlemen  we  have  named  being 
appointed  judges  of  their  relative  values.  These  oils 
may  be  taken  as  the  safest  varieties  of  American 


oils,  as  may  be  seen  from  the  statement  of  their 
flashing  and  burning  points. 


Siteciflo 

Gravity. 

Flashing  Point. 

Inflammable 
Vapour  Evolved. 

Burning  Point. 
Oil  takes  Are. 

Registered  by  the  Board  I 
of  Health  Ordinance,  j 

100°  Fahr. 

110°  Fahr. 

Standard  kerosene 

46°  B. 

115°  “ 

128°  " 

Astral  oil, 

49°  B. 

125°  » 

138°  “ 

Mineral  sperm, 

36°  B. 

262°  “ 

300°  » 

The  standard  kerosene  and  astral  oil  are  superior 
varieties  of  kerosene.  The  mineral  sperm  has  been 
described  under  petroleum  products.  Its  high 
gravity  prevents  its  being  readily  taken  up  by  the 
usual  flat  wick,  and  renders  it  much  more  service- 
able when  burned  in  an  Argand  lamp  with  circular 
wick,  in  which  the  level  of  the  oil  more  nearly 
approaches  the  top  of  the  wick.  The  dual  burner, 
also,  which  contains  two  flat  wicks  side  by  side, 
burns  this  oil  very  readily  and  completely. 

The  following  table  shows  the  rate  of  consump- 
tion and  illuminating  power  of  these  oils  : — 


Name  of  the  Oil. 

Houni  required  to 
Buru  1 Gallon 

of  oa 

Average  Candle 
Power  of  the 
Flame. 

Pounds  of  Candles 
equivalent  to  1 
Gallon  of  Oa 

Hours  required  to 
Burn  a Gallon, 
at  rate  of  Eight 
Caudles  Power. 

I.  Low  glass  lamp,  -g  inch  flat  wick — 

Standard  kerosene, 

200 

4-26 

14-60 

106-5 

Astral  oil, 

II.  High  glass  lamp,  f inch  flat  wick — 

179-5 

4-77 

14-67 

107- 

Standard  kerosene, 

109 

8-9 

16-63 

121 

Astral  oil, 

112 

7-7 

14-78 

108 

III.  German  student  lamp,  argand  circular  wick — 

Standard  kerosene, 

69 

14-7 

17-38 

127 

Astral  oil, 

81-6 

11-1 

15  52 

113 

Mineral  sperm, 

IV.  Merrill’s  patent  lamp,  argand  circular  wick — 

90 

11-6 

17-89 

130-5 

Standard  kerosene, 

94-5 

12- 

19-44 

142 

Astral  oil 

102-5 

11-47 

20-15 

147 

Mineral  sperm, 

V.  High  glass  lamp,  “dual  burner”  A,  2 flat  wicks 

105-5 

11-83 

21-39 

156 

^ inch  wide — 

Standard  kerosene, 

93 

9-60 

15-30 

112 

Mineral  sperm, 

VI.  High  glass  lamp,  “dual  burner”  B,  2 flat  wicks 

130 

8-16 

18-18 

133 

5 inch  wide — 

Standard  kerosene 

59 

17-50 

17-70 

129 

Mineral  sperm, 

78 

14-30 

19-12 

139-5 

Summarizing  these  results,  it  would  appear  that 
in  flat-wicked  lan)ps  of  the  usual  size  the  illuminating 
power  of  the  kerosene  flume  equals  that  of  eight  to 
nine  sperm  candles ; with  the  round  wick,  that  of 
eleven  to  fifteen  ; with  the  dual  burner,  from  nine 
to  seventeen ; and  that  a gallon  of  oil  lasts  from 
59  to  109  hours  in  such  lamps,  and  gives  an  amount 
of  light  equivalent  to  that  which  is  afforded  by 
from  14-|-  to  20  lbs.  of  sperm  candles. 

A gallon  of  mineral  sperm  is  thus  seen  to  give  an 
amount  of  light  equal  to  that  of  from  18  to  21-|^  lbs. 
sperm  candles,  and  to  this  it  adds  the  advantage  of 
equalling  whale  oil  in  degree  of  safety. 

Premising  that  an  ordinary  burner,  burning  5 feet 
of  gas  per  hour,  gives,  if  the  gas  be  of  good  quality, 
a light  equal  to  sixteen  candles,  we  may  argue  that 
the  light  given  by  these  varieties  of  refined  oil,  as 


compared  with  that  of  coal  gas,  is  given  in  the 
following  table : — 


Kind  of  Lamp. 

One  Gallon 
Standard 
Kerosene 
Equals. 

One  Gallon 
Astral  Oil 
Equals. 

One  Gallon 
Mineral 
Sperm 
Equals. 

Feet  Gas. 

Feet  Gas. 

Feet  Gai. 

In  flat-wick  lamp,  ...... 

302 

270 

— 

In  German  student  lamp. 

317 

282 

326 

In  Merrill’s  lamp, 

355 

367 

390 

In  dual  wick  “ 4 inch,. 

280 

— 

332 

<(  u X 

322 

— 

319 

Average, 

315 

306 

349 

Dr.  Frankland  has  experimented  upon  the  illu- 
minating power  of  petroleum  and  other  lighting 
materials,  and  concludes  that  the  quantities  of  dif- 
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ierent  substances  required  to  produce  the  same 
amount  of  light  are  relatively  as  follows: — 

Young’s  paraffin  oil 1 gallon 

American  rock  oil,  No.  1, 1'26  “ 

“ “ 2, 1-30  “ 

Paraffin  candles  18'6  lbs. 

S])erm  “ 22'9  “ 

Wax  “ 26  4 “ 

Stearic  “ 27-6  “ 

Composite  “ 29'5  “ 

Tallow  •*  36-  “ 

From  these  results  the  comparative  cost  from 
different  sources  of  the  light  of  twenty  spermaceti 
candles,  each  burning  for  ten  hours,  at  the  rate  of 
120  grains  per  hour,  may  be  calculated — 

s.  d. 

Wax 7 2J 

Spermaceti, 6 8 

Tallow, 2 8 

Sperm  oil, 1 10 

Coal  gas, 0 4^ 

Cannel  gas, 0 3 

Paraffin, 3 10  * 

Paraffin  oil, 0 5 

Rock  oil, 0 6^ 

Thus,  in  an  economical  point  of  view,  the  rock 

oil  and  the  paraffin  oil  approach  gas  much  more 
closely  than  any  other  illuminating  agent  hitherto 
invented ; while  the  enormous  quantities  in  which 
they  are  now  being  produced  cannot  fail  to  make 
them  still  lower  in  price.  Therefore  we  may  look 
upon  them  as  very  formidable  rivals  of  gas  light. 

In  the  third  table  we  have  the  amount  of  carbonic 
acid  and  heat  generated  per  hour  by  various  illu- 
minating agents,  each  giving  the  light  of  twenty 
sperm  candles — 

Carbonic  Acid.  Heat. 

Tallow lO’l  cubic  feet  ....  100 

^ermaceti.| g.g  „ __  __  gg 

Paraffin, 67  “ ....  66 

Coal  gas, 5’0  “ ....  47 

Cannel  gas, 4’0  “ ....  32 

Paraffin  oil,..-) „ 29 

Kock  oil, . . . . J 

This  table  shows  to  what  extent  the  atmosphere  of 
rooms  is  deteriorated  by  these  illuminating  agents. 
It  shows  also  that,  from  this  point  of  view,  paraffin 
and  rock  oils  stand  out  as  the  best  sources  of  light. 

Experiments  have  been  from  time  to  time  insti- 
tuted with  a view  to  the  profitable  production 
of  illuminating  gas  from  petroleum.  George 
Rower*  has  given  much  time  to  this  problem,  and 
concludes  that  petroleum  gas,  though  not  so  cheap 
as  coal  gas,  is  very  much  less  costly  than  either 
tallow  or  the  oil  as  ordinarily  burnt  in  lamps. 

In  order  to  obtain  the  maximum  of  illuminating 
power  from  petroleum  gas.  Bower  uses  what  is 
known  as  the  double  form  of  retort,  without  any- 
thing in  it  (the  use  of  coke,  broken  bricks,  &c.,  to 
give  surface  having  been  tried  and  abandoned). 
The  retort  is  heated  to  a moderate  heat,  dull  cherry- 
red  by  daylight;  and  though  the  yield  of  gas  is  small, 
it  gives  more  than  double  the  light  obtained  from 
gas  produced  at  a higher  temperature.  Ilis  estimate 
of  the  cost  of  petroleum  gas  is  as  follows : — 

• Joam.  Soo.  Arts,  July,  1863,  p.  617. 

8.  d* 

15  gallons  of  oil  at  I5 15  0 

Coke  to  heat  the  retorts,  3 cwts.,  at  Is.  3 0 

Labour,  part  of  a lad  or  man’s  time,  1 6 

Wear  and  tear, 0 9 

Interest  on  capital, 0 4 

Fund  to  maintain  plant  in  perpetuity,  0 6 

Net  cost  of  1200  cu'oic  feet £1  1 1 

“This  is  about  five  times  what  coal  gas  would 
cost  made  on  the  same  scale ; but  as  the  illumin- 
ating qualities  of  the  1200  cubic  feet  are  equal  to 
about  3500  of  ordinary  coal  gas,  the  oil  does  not 
compare  very  unfavourably.” 

This  manufacture  of  petroleum  gas  is  in  actual 
operation  in  New  York  and  other  United  States 
cities ; the  naphtha  which  cannot  be  safely  used  in 
oil  lamps  being  thus  turned  to  profitable  account. 
The  gas  so  produced  is  not  used  alone,  however, 
but  is  mixed  with  coal  gas  in  the  gasholders  con- 
nected with  the  mains. 

In  the  works  of  the  New  York  Mutual  Gas 
Company  “ the  liquid  naphtha  flows  from  the  reser- 
voir to  the  retort  house,  where  it  is  received  in  four 
stills,  within  which  are  steam  pipes.  The  vaporized 
naphtha  passes  next  to  a row  of  clay  retorts,  forty- 
eight  in  number,  similar  to  those  used  for  making 
coal  gas,  except  that  they  are  double.  In  the  same 
building  there  are  240  retorts  for  making  the  coal 
gas  that  is  to  be  mixed  with  the  naphtha  gas.  The 
passage  of  the  vaporized  naphtha,  through  and  over 
the  red  hot  retorts,  converts  it  into  as  rich  an 
illuminating  gas  as  that  from  the  best  cannel  coal. 
Thence  the  gas  passes  into  the  condensers,  thence 
to  a station  meter,  and  thence  to  the  gasholders, 
where  it  mixes  with  the  ordinary  coal  gas. 

Use  as  Fuel. — Besides  its  primary  use  as  an  artificial 
illuminant,  petroleum  has  been  found  to  subserve  to 
many  useful  purposes,  notably  as  a fuel.  In  some 
of  the  periodicals  specified  below  a great  deal  has 
been  written  on  the  question  of  the  practicability  of 
employing  it  for  heating  the  steam  boilers,  both 
of  ordinary  locomotive  engines  and  of  sea-going 
steamers,  and  from  these  sources  we  extract  the 
more  important  conclusions  at  which  some  of  the 
writers  have  arrived. 

MM.  H.  Sainte  Claire  Deville  and  C.  Dieu- 
DONNe  have  tested  the  practicability  of  employing 
petroleum  and  coal  oil  in  locomotives,  and  report 
very  favourably  thereon.  A lengthy  description  of 
the  modifications  necessary  to  be  adopted  in  using 
this  species  of  fuel  in  the  usual  locomotive  engine  will 
be  found  in  the  “ Comptes  Ilendus,”  vol.  Ixviii.  p.  350 
(Feb.  15,  1869),  and  vol.  Ixix.  p.  933  (Nov.  2,  1869), 
and  in  the  “ Annales  de  Chimie  et  de  Physique,”  Sept. 
1868.  The  application  of  the  principle  involved  is 
due  to  M.  Paul  Audouin,  the  writer  of  the  last 
mentioned  article,  and  in  the  present  instance  the 
alterations  were  made  by  M.  Dieudonne  under  M. 
Deville’s  direction.  The  cost  of  making  such 
alterations  did  not  exceed  900  francs  (£37) ; one 
of  the  two  engines,  placed  at  the  disposal  of  the  two 
latter  gentlemen,  was  tried  between  Epernay  and 
Paris,  and  was  found  to  travel  at  a speed  of  46 
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kilometres  (28^  miles)  an  hour,  on  a line  of  which 
the  greatest  ascent  was  8’8  feet  per  mile.  The  con- 
sumption of  oil  was  remarkably  uniform,  12  lbs.  per 
mile.  During  its  service  (which  continued  for  some 
time)  at  the  depot  at  Flamboin,  the  amount  of 
consumption  of  oil,  as  compared  with  the  distance 
travelled,  was  21  lbs.  per  mile;  whilst,  during  the 
same  period,  the  amount  of  coke  used  by  engines  of 
the  same  kind  was  32^  lbs.  per  mile. 

With  regard  to  its  use  as  a fuel  for  steamers, 
much  has  been  said  on  both  sides.  Three  commis- 
sioners, including  the  chief  engineer  of  the  United 
States  navy,  were  appointed  by  the  American  gov- 
ernment to  look  into  this  subject.  They  were 
instructed  to  report  on  “ the  relative  evaporative 
powers  of  the  oil  as  compared  with  anthracite  coal, 
the  practicability  of  its  use.  if  unattended  with  danger, 
and  to  set  forth  its  advantages,  if  any.”  In  reply  to 
the  first  inquiry,  they  stated  that  it  is  103  per  cent, 
superior  to  anthracite  coal ; that  the  time  required 
for  generating  steam  to  20  lbs.  pressure  was  only 
28  minutes,  against  60  for  anthracite.  The  commis- 
sioners recommended  the  secretary  of  the  navy  to 
introduce  the  oil  on  board  one  of  the  government 
steamers,  to  determine  practically  its  economical 
efficiency.  The  advocates  for  its  introduction  con- 
tend that,  in  a vessel  like  the  Cunard  steamer  Persia, 
the  saving,  taking  into  account  the  smaller  space 
required  and  all  other  advantages,  would  amount  to 
£2400  per  trip.  The  process  for  adapting  the  oil 
for  this  purpose  was  patented  by  Shaw  and  Linton 
of  Philadelphia.  These  calculations  as  to  economy 
seem  to  have  been  based  on  the  idea  that  even  with 
the  increased  demand  the  price  of  petroleum  would 
remain  as  it  was,  and  also  upon  the  cost  of  coal  in 
America,  not  in  England.  “ Should  the  results,” 
it  is  added,  “ equal  what  may  be  fairly  anticipated, 
steam  navigation  will  be  revolutionized ; a war 
steamer  with  oil  fuel  could  hold  the  sea  twice  as 
long  as  now,  and  lines  of  commercial  communication 
now  too  far  apart  from  the  difficulty  of  carrying 
a sufficient  quantity  of  coal,  would  be  then  formed 
with  ease.  Direct  lines  from  New  York  to  Australia, 
and  between  California  and  China,  would  then  be  of 
easy  accomplishment.” 

This  report  was  criticized  on  this  side  the 
Atlantic  with  considerable  warmth,  and  not  a few 
persons  believed  that  in  a short  time  coal  would  be 
superseded  altogether  as  a fuel  for  the  vessels  of 
our  navy.  In  a few  months  experiments  were  set 
on  foot  at  Woolwich  Dockyard  to  test  the  value  of 
these  hydrocarbons  for  steam  fuel ; and  whilst  these 
experiments  were  going  on  Dr.  B.  II.  Paul,  and 
some  others  who  had  specially  studied  the  subject, 
put  the  matter  in  its  true  light,  and  showed  con- 
clusively that  the  scheme  was  utterly  impracticable. 
Dr.  Paul  says,*  “ In  the  first  place,  one  of  the  chief 
alleged  advantages  of  petroleum  over  coal  was  that 
it  would  lie  in  small  compass  and  make  a less  demand 
on  space  and  tonnage  than  coal  does ; since  with 
petroleum  in  the  place  of  coal  two-thirds  of  the 
space  required  for  fuel  in  a steam  vessel  would  be 
* Chem.  News,  vol  x.  p.  292.  See  also  vol.  xi.  p.  63. 


saved  and  steam  ships  might  keep  at  sea  three  times 
as  long  as  at  present.  Then,  coal  depots  would  be 
^ unnecessary  for  steam  packets  on  the  longest  lines 
I of  ocean  navigation ; and  since  no  stokers  would 
be  needed  in  using  petroleum,  a whole  army  of 
employes  might  be  dispensed  with. 

“ Now  the  specific  gravity  of  coal  is  from  1-24  or 
1‘44  to  1-6,  while  that  of  petroleum  is  from  '800 
to  'SfiO,  consequently  the  weight  of  a cubic  foot 
of  these  materials  would  be  respectively  about  as 
follows ; — 


Lbs. 

Lbs. 

Lbs. 

Coal, 

90 

100 

Petroleum, 

50 

53 

But  since  petroleum,  being  liquid,  lies  in  a more 
compact  manner  than  coal,  in  estimating  the  spaces 
occupied  by  these  materials,  allowance  should  be 
made  for  the  interstices  or  empty  spaces  between 
the  lumps  of  coal.  Taking  this  as  amounting  to 
one-third  of  the  whole  bulk  of  a heap  of  coal — 
which  is  a liberal  allowance — the  contents  of  a 
cubic  foot  would  be  as  follows ; — 

Lbs.  Lbs.  Lbs. 


Coal, 52  60  70 

Petroleum, — 60  53 


So  that  the  spaces  occupied  by  equal  weights  of  coal 
and  petroleum  would  be  as  1 is  to  1-2  or  1-4. 

“ Then  the  relative  heating  power  of  equal  weights 
of  coal  and  petroleum  would  depend  upon  their 
respective  chemical  composition,  which  may  be  com- 
pared as  follows  for  100  parts  : — 


Coal. 

83  . , 

Petroleum. 

85 

5 .. 

15 



— 

100 

100 

Accordingly  the  relative  heating  power  of  equal 
weights  of  coal  and  petroleum  would  be  in  the 
following  ratio  : — 

CoaL  Petroleum. 

Calorific  power, 1-02  1‘50 

And  the  spaces  occupied  by  quantities  of  petroleum 
and  coal,  having  equal  heating  power,  would  be  in 
the  ratio  of  1 to  1-16. 

“ The  difference  in  favour  of  petroleum  is  in 
itself  too  small  to  admit  of  any  advantage  being 
gained  in  regard  to  stowage,  and  it  is  more  than 
doubtful  whether  there  be  any  other  advantageous 
difference  between  petroleum  and  coal  for  fuel. 

“ It  must  also  be  considered  how  far  the  difference 
between  the  prices  of  petroleum  and  coal  would 
have  the  effect  of  neutralizing  the  above,  or  any 
other  advantage  to  be  gained  by  the  use  of  petroleum 
as  fuel.  The  price  of  petroleum  varies  from  £15  to 
£20  a ton,  while  that  of  coal  for  steam  vessels  is 
under  £1  per  ton  at  any  part  of  the  British  coast, 
and  even  at  the  coaling  stations  in  the  East  it 
does  not  exceed  £2  lO.s-.  to  £3  10.?.  per  ton. 

“ In  addition  to  this,  the  highly  inflammable 
nature  of  petroleum  must  be  considered.  Its 
storage  on  board  a ship  would  require  the  use  of 
air-tight  vessels,  and  even  then  there  might  be 
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considerable  risk  of  the  production  of  explosive 
mixtures  of  petroleum  vapour  and  air.  But  what 
would  be  the  condition  of  a ship  of  war  provided 
with  petroleum  as  fuel  if  a shot  penetrated  the 
vessel  containing  the  petroleum,  and  allowed  it  to 
escape  into  the  proximity  of  the  boiler  fires?  ” 

A writer  in  the  American  Artizan  * adds  to  these 
pretty  conclusive  reasons  the  enormous  cost  of 
applying  the  apparatus  known  as  Foote’s  retort 
apparatus  for  burning  the  oil  to  steam  vessels,  the 
cost  probably  amounting  to  from  40,000  dols.  to 
60,000  dols.  per  ship.  The  high  temperature,  too, 
to  which  this  apparatus  is  necessarily  exposed  would 
make  it  requisite  that  portions  should  be  constantly 
renewed;  and  the  deposition  of  carbon,  coke,  and 
incombustible  matter  within  the  retorts  and  pipes 
is  so  great,  that  in  one  cose  the  pipes  became  so 
choked  in  less  than  forty-eight  hours  that  the  fire 
went  out,  and  could  only  be  renewed  by  taking  the 
fixture  apart  and  cleaning  it. 

Moreover,  the  evaporative  power  obtained  in 
actual  practice  is  not  so  different  from  that  of  coal 
as  theory  would  indicate.  The  experiments  carried 
on  with  the  machinery  of  the  United  States  gunboat 
Valos  in  Boston  harbour  show  this.  The  result  of 
these  trials  was,  that  if  the  evaporative  power  of 
anthracite  be  represented  by  1,  that  of  petroleum 
is  1-38,  and  not  1 835,  as  we  might  suppose  from 
theoretical  considerations. 

In  accordance  with  these  opinions,  and  after 
careful  and  long-continued  trials,  the  secretary  of 
the  United  States’  navy  finally  reported  against  the 
use  of  petroleum  as  a fuel  in  steamships.  He  says  : 
— “ The  Act  approved  April  17,  1866,  appropriated 
5000  dollars  for  testing  the  use  of  petroleum  as  a 
fuel  for  marine  boilers.  An  elaborate  series  of 
experiments  has  been  made  at  the  New  York  and 
Boston  navy  yards.  The  conclusion  arrived  at  is, 
that  convenience,  comfort,  liealth,  and  safety  are 
against  the  use  of  petroleum  in  steam  vessels,  and 
that  the  only  advantage  thus  far  shown  is  not  a 
very  important  reduction  in  bulk  and  weight  of  fuel 
carried.”  For  furtlier  information  on  this  subjeet 
we  refer  our  readers  to  articles  by  Dr.  Raul  in  the 
Journal  o/  the  Society  of  Arts,  vol.  xvi.  pp.  401  and 
837  ; by  Professer  Rankine,  Journ.  of  the  United 
Service  Institution,  xi.  218  ; and  by  Captain  Selwyn, 
R.N.,  and  C.  J.  Richardson,  Journ.  Soc.  Arts,  vol, 
xvi.  pp.  407  and  504. 

Tlie  use  of  naphtha  or  benzine  under  the 
name  of  turpentine  substitute  has  been  already 
mentioned.  The  varying  nature  of  tlie  liquid  has 
caused  corresponding  difference  of  opinion  respect- 
ing its  utility ; but  wo  believe  that  when  a good 
sample  is  procured,  it  may  be  most  efficiently  em- 
ployeil  by  {lainters. 

In  America  mucli  of  this  light  oil  is  sold  after 
having  been  subjected  to  some  ridiculous  and  totally 
inefficient  process  (protecteil  by  a patent),  wliich 
professes  to  rob  the  oil  of  its  dangerous  constitu- 
ents. “ Liquid  gas,”  “ aurora  oil,”  “ safety  gas,” 
“pusoliue,”  &c.,  are  some  names  of  such  danger- 
• Chem.  News,  vol.  xvii.  224. 
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ous  oils.  By  their  use  many  terrible  accidents  have 
arisen. 

Curriers  use  an  oil  prepared  from  petroleum  for 
finishing  leather,  which  is  said  to  be  preferable  to 
the  fish  and  neatsfoot  oil  hitherto  employed.  A soap 
for  toilet  use  has  also  been  made,  which  contained 
petroleum  incorporated  with  the  fat  and  alkali.  Its 
manufacture  has  not  yet  proved  a perfect  success, 
owing  to  the  odour  derived  from  the  original  pet- 
roleum. The  hopes  of  those  who  trusted  to  employ 
the  oil  as  a source  of  aniline  colours  has  not,  as  far 
as  we  can  ascertain,.yet  been  realized. 

In  medicine  and  pharmacy  gasoline  has  been 
employed  as  a disinfectant.  Dr.  Day,  of  Geelong, 
states  that  it  either  contains  a large  quantity  of  per- 
oxide of  hydrogen  or  possesses  the  property  of 
generating  this  valuable  oxidising  agent.  When 
uuglazed  paper  or  any  porous  substance  is  brushed 
over  with  gasoline,  it  will  at  once  give  the  reaction 
for  hydrogen  peroxide,  and  will  continue  to  do  so 
for  a year  or  more.  Dr.  Day  recommends  that 
books,  newspapers,  &c.,  that  have  been  used  by 
fever  patients,  or  kept  in  their  apartments,  be  dis- 
infected by  brushing  them  over  with  gasoline. 

Preparations  have  recently  been  introduced,  as 
bases  for  the  various  ointments,  under  the  names  of 
“ cosmoline  ” and  “ vaseline,”  which  are  the  softer 
paraffins  of  native  petroleum  purified  by  treatment 
with  animal  charcoal.  The  fact  that  they  do  not 
become  rancid,  like  so  many  natural  fats  hitherto 
employed,  renders  them  very  applicable  to  this 
purpose. 

In  view  of  the  danger  to  be  apprehended  from 
the  careless  storage,  &c.,  of  petroleum,  an  Act  is  in 
force  to  prevent,  as  far  as  possible,  accidents  from 
this  cause.  It  is  intituled  “An  Act  for  the  Safe 
Keeping  of  Petroleum  and  other  Substances  of  a 
like  Nature,  21st  August,  1871.”  From  it  we  extract 
some  of  the  more  important  sections  : — - 

3.  For  the  purposes  of  this  Act,  the  term  “Petro- 
leum” includes  any  rock  oil,  Rangoon  oil,  Birmah 
oil,  oil  made  from  petroleum,  coal,  schist,  shale, 
peat,  or  other  bituminous  substances,  and  any  pro- 
ducts of  petroleum,  or  any  of  the  above-mentioned 
oils;  and  the  term  “petroleum  to  which  this  Act 
applies,”  means  such  of  the  petroleum  so  defined  as, 
when  tested  in  manner  set  forth  in  Schedule  One 
to  this  Act,  gives  off  an  inflammable  vapour  at  a 
temperature  of  less  than  100°  Fahr. 

5.  The  owner  or  master  of  any  ship  carrying  a 
cargo,  any  part  of  whicli  consists  of  petroleum  to 
whicii  this  Act  applies,  on  entering  any  harbour 
witliin  the  United  Kingdom,  shall  give  notice  of  the 
nature  of  such  cargo  to  tlie  harbour  authority  having- 
jurisdiction  over  such  harbour.  If  such  notice  is 
not  given,  the  owner  and  master  of  such  ship  shall 
each  incur  a penalty  not  exceeding  the  sum  of  £500, 
unless  it  is  shown  to  the  satisfaction  of  the  court 
before  which  the  case  is  tried  that  neither  the  owner 
nor  the  master  knew  the  nature  of  the  goods  to 
which  the  proceedings  relate,  nor  could  with  reason- 
able diligence  have  obtained  such  knowledge. 

6.  Where  any  petroleum  to  which  this  Act  applies 
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(a.)  is  kept  at  any  place,  except  during  the  seven 
days  next  after  it  has  been  imported  ; or  (J>.)  is  sent 
or  conveyed  by  land  or  water  between  any  two 
places  in  the  United  Kingdom ; or  (c.)  is  sold  or 
exposed  for  sale ; the  vessel  containing  such  petro- 
leum shall  have  attached  thereto  a label  in  con- 
spicuous characters,  stating  the  description  of  the 
petroleum,  with  the  addition  of  the  words  “ highly 
inflammable;”  and  with  the  addition,  (u.)  in  the  case 
of  a vessel  kept,  of  the  name  and  address  of  the 
consignee  or  owner  ; (/;.)  in  the  case  of  a vessel  sent 
or  conveyed,  of  the  name  and  address  of  the  sender ; 
(f.)  in  the  case  of  a vessel  sold  or  exposed  for  sale, 
of  the  name  and  address  of  the  vendor.  All  petro- 
leum to  which  this  Act  applies  which  is  kept,  sent, 
conveyed,  sold,  or  exposed  for  sale,  in  contravention 
of  this  section,  shall,  together  with  the  vessel  con- 
taining the  same,  be  forfeited;  and  in  addition 
thereto,  the  person  keeping,  sending,  selling,  or 
exposing  for  sale,  the  same  shall  for  each  offence  be 
liable  to  a penalty  not  exceeding  £5. 

7.  Save  as  hereinafter  mentioned,  after  the  passing 

of  this  Act,  petroleum  to  which  this  Act  applies  shall 
not  be  kept,  except  in  pursuance  of  a license  given 
by  such  local  authority  as  is  in  this  Act  mentioned. 
All  petroleum  kept  in  contravention  of  this  section 
shall,  together  with  the  vessel  containing  the  same, 
be  forfeited ; and  in  addition  thereto,  the  occupier 
of  the  place  in  which  such  petroleum  is  so  kept  shall 
be  liable  to  a penalty  not  exceeding  £20  a day  for 
each  day  during  which  such  petroleum  is  so  kept. 
This  section  shall  not  apply  to  any  petroleum  kept 
either  for  private  use  or  for  sale,  provided  the 
following  conditions  are  complied  with  : — (1.)  That 
it  is  kept  in  separate  glass,  earthenware,  or  metal 
vessels,  each  of  which  contains  not  more  than  a pint, 
and  is  securely  stopped : (2.)  That  the  aggregate 

amount  kept,  supposing  the  whole  contents  of  the 
vessels  to  be  in  bulk,  does  not  exceed  3 gallons. 

8.  The  following  bodies  shall  respectively  be  the 

local  authority  to  grant  licenses  under  this  Act  in 
the  districts  hereinafter  mentioned ; (that  is  to  say) 
(1.)  In  the  city  of  London,  except  as  hereafter  in 
in  this  section  mentioned,  the  court  of  the  lord 
mayor  and  aldermen  of  the  said  city : (2.)  In  the 

metropolis  (that  is,  in  places  for  the  time  being 
within  the  jurisdiction  of  the  Metropolitan  Board 
of  Works  under  the  Metropolis  Management  Act, 
1855),  except  the  city  of  London,  and  except  as 
hereafter  in  this  section  mentioned,  the  Metropolitan 
Board  of  Works ; (3.)  In  any  borough  in  England 

or  Ireland,  except  as  hereafter  in  this  section  men- 
tioned, the  mayor,  aldermen,  and  burgesses,  acting 
by  the  council : (4.)  In  any  place  in  England  or 

Ireland,  except  as  hereafter  in  this  section  mentioned, 
within  the  jurisdiction  of  any  trustees  or  improve- 
ment commissioners  appointed  under  the  provisions 
of  any  local  or  general  Act  of  Parliament,  and  not 
being  a borough  or  comprising  any  part  of  a borough, 
the  trustees  or  commissioners : (5.)  In  any  place 

in  England,  except  as  hereafter  in  this  section  men- 
tioned, within  the  jurisdiction  of  a local  board, 
constituted  under  the  Local  Government  Act,  1858, 


and  not  being  any  of  the  districts  before  mentioned 
or  comprising  any  part  of  any  such  district,  the 
local  board : (6.)  In  any  borough  in  Scotland, 

except  as  hereafter  in  this  section  mentioned,  the 
town  council : (7.)  In  any  place  in  Scotland, 

except  as  hereafter  in  this  section  mentioned,  within 
the  jurisdiction  of  police  commissioners  or  trustees 
exercising  the  functions  of  police  commissioners 
under  any  general  or  local  Act,  and  not  being  a 
borough  or  comprising  any  part  of  a borough,  the 
police  commissioners  or  trustees  : (8.)  In  any  har- 

bour within  the  jurisdiction  of  a harbour  authority, 
whether  situate  or  not  within  the  jurisdiction  of  any 
local  authority  before  in  this  section  mentioned,  the 
harbour  authority,  to  the  exclusion  of  any  other 
local  authority : (9.)  In  any  place  in  which  there  is 

no  local  authority  as  before  in  this  section  defined, 
in  England  or  Ireland,  the  justices  in  Petty  Sessions 
assembled,  and  in  Scotland  any  two  or  more  justices 
of  the  peace  for  the  county  sitting  as  judges  in  the 
Justice  of  Peace  Court. 

9.  Licenses  in  pursuance  of  this  Act  shall  be  valid 
if  signed  by  two  or  more  of  the  persons  constituting 
the  local  authority,  or  executed  in  any  other  way  in 
which  other  licenses,  if  any,  granted  by  suchautliority 
are  executed.  Licenses  may  be  granted  for  a limited 
time,  and  may  be  subject  to  renewal  or  not  in  such 
manner  as  the  local  authority  think  necessary. 

11.  Any  officer  authorized  by  the  local  authoiity 
may  purchase  any  petroleum  from  any  dealer  in  it, 
or  may,  on  producing  a copy  of  his  appointment, 
purporting  to  be  certified  by  the  clerk,  or  some 
member  of  the  local  authority,  or  producing  some 
other  sufficient  authority,  require  the  dealer  to  show 
him  every  or  any  place,  and  all  or  any  of  the  vessels 
in  which  any  petroleum  in  his  possession  is  kept,  and 
to  give  him  samples  of  such  petroleum  on  payment 
of  the  value  of  such  samples. 

The  directions  for  testing  petroleum  in  order  to 
ascertain  if  it  come  within  the  Act  or  not  are  given 
in  Schedule  One  of  the  Act,  as  follows ; — 

Directions  for  Testing  Petroleum  to  ascertain  the 
Temperature  at  which  it  gives  off  Inflammable  Va/nnir. 
— The  vessel  which  is  to  hold  the  oil  shall  be  of  thin 
sheet  iron  ; it  shall  be  2 inches  deep  and  2 inches 
wide  at  the  opening,  tapering  slightly  towards  the 
bottom  ; it  sliall  have  a flat  rim  with  a raised  edge 
one  quarter  of  an  inch  high  round  the  top ; it  shall 
be  supported  by  this  rim  in  a tin  vessel  inches 
deep  and  4^  inches  in  diameter ; it  shall  also  have  a 
thin  wire  stretched  across  the  opening,  which  wire 
shall  be  so  fixed  to  the  edge  of  the  vessel  that  it 
shall  be  a quarter  of  an  inch  above  the  surface  of 
the  flat  rim.  The' thermometer  to  be  used  shall  have 
a round  bulb  about  half  an  inch  in  diameter,  and 
is  graduated  upon  the  scale  of  Fahr.,  every  10“ 
occupying  not  less  than  half  an  inch  upon  the  scale. 

The  inner  vessel  shall  be  filled  with  the  petroleum 
to  be  tested,  but  care  must  be  taken  that  the  liquor 
does  not  cover  the  flat  rim.  The  outer  vessel  shall 
be  filled  with  cold,  or  nearly  cold,  water ; a small 
flame  shall  be  applied  to  the  bottom  of  the  outer 
vessel,  and  the  thermometer  shall  be  inserted  into 
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the  oil  so  that  the  bulb  shall  be  immersed  about  1^ 
inch  beneath  the  surface.  A screen  of  pasteboard 
or  wood  shall  be  jdaced  round  the  apparatus,  and 
shall  be  of  such  dimensions  as  to  surround  it  about 
two-thirds,  and  to  reach  several  inches  above  the 
level  of  the  vessels. 

When  heat  has  been  applied  to  the  water  until 
the  thermometer  has  risen  to  about  90°  Fahr.,  a very 
small  flame  shall  be  quickly  passed  across  the  surface 
of  the  oil  on  a level  with  the  wire.  If  no  pale-blue 
flicker  or  flash  is  produced,  the  application  of  the 
flame  is  to  be  repeated  for  every  rise  of  2°  or  3°  in 
the  thermometer.  When  the  flashing-point  has  been 
noted,  the  test  shall  be  repeated  witli  a fresh  sample 
of  the  oil,  using  cold,  or  nearly  cold,  water  as  before  ; 
withdrawing  the  source  of  heat  from  the  outer  vessel 
when  the  temperature  approaches  that  noted  in  the 
first  experiment,  and  applying  the  flame  test  at  every 
rise  of  2°  in  the  thermometer.  This,  the  English 
standard  tester,  is  represented  in  Fig.  26. 


Fig.  26. 


Much  dissatisfaction  has  been  felt  and  expressed 
about  the  offieial  method  of  testing  j)etroleum  ; and 
in  1876  Professor  Abel  was  requested  by  the  govern- 
ment to  ascertain  by  experiment  whether  the  method 
was  such  as  uniformly  to  insure  reliable  and  satis- 
factory results ; if  not,  could  a method  be  devised 
which  would  do  tliis,  remembering  that  in  many 
cases  the  examination  would  be  carried  on  by  com- 
paratively inexperienced  persons.  I’rofessor  Abel 
considered  that  the  method  referred  to  was  not 
“ such  as  uniformly  to  insure  reliable  and  satisfac-  ^ 
tory  results.”  With  this  opinion  Roveuton  Red-  | 
WOOD,  secretary  to  tlie  Petroleum  Association  ; T.  ' 
W.  Keates,  chemist  to  the  Metropolitan  Board  of 


Works;  Dugald  Campbell,  and  others  much  ex- 
perienced in  petroleum  testing,  fully  coincided. 
After  much  investigation.  Professor  Abel  contrived 
an  apparatus,  which  is  stated  by  two  of  the  gentle- 
men just  mentioned,  as  well  as  by  others,  to  remedy 
the  defects  of  the  former  system. 

The  new  system  proposed  has  the  following 
peculiarities  : — The  water  bath  is  provided  with  an 
external  air  chamber,  and  a similar  air  space  sur- 
rounds the  oil  cup.  The  experiment  is  commenced 
witli  water  in  the  bath  at  a temperature  of  130°,  and 
the  oil  is  slowly  raised  to  its  flashing  point,  without 
the  aid  of  a lamp,  by  the  transmission  of  heat 
through  the  air  surrounding  the  cup,  while  the  loss 
of  heat  by  radiation  from  the  external  surface  of  tlie 
water  bath  is  prevented  by  the  outer  air  space.  The 
oil  cup  is  strictly  a closed  vessel,  provided  with  a 
central  orifice  covered  by  a slide.  A small  swinging 
test  lamp,  supported  by  trunnions  on  a couple  of 
standards  fixed  to  the  lid  of  the  cup,  is  kept  con- 
stantly burning  during  the  experiment,  with  a flame 
0T5  of  an  inch  in  diameter.  The  little  lamp  is  fed 
with  colza  oil,  or  gas  may  be  used  where  convenient. 
As  the  slide  which  covers  the  central  oiifice  is  with- 
drawn in  testing,  a pin  or  stud,  fixed  to  its  upper 
surface,  comes  into  contact  with  the  swinging  lamp, 
and  causes  it  to  be  tilted  so  that  the  test  flame  is 
brought  to  the  opening  in  the  lid  of  the  cup.  At 
the  same  time  that  the  central  orifice  is  thus  un- 
covered, a smaller  opening  on  either  side  is  disclosed, 
and  these  serve  to  admit  fresh  air  to  the  vapour 
chamber.  The  movement  of  the  slide  is  timed  by 
a pendulum  (a  weight  fastened  to  a cord  2 feet  in 
length)  placed  in  front  of  the  operator,  the  slide 
being  slowly  drawn  open  during  three  oscillations, 
and  closed  during  the  fourth.  The  test  flame  is  to 
be  applied  in  this  manner  once  for  every  rise  of  1° 
in  the  thermometer.  A standard  apparatus  is  to  be 
placed  in  charge  of  some  authority  (e.//.,  the  Weights 
and  Measures  Office),  and  every  apparatus  is  to  be 
tested  and  stamped,  so  as  to  be  identified  as  a legal 
aiiparatus. 

IVith  a view  of  indicating  the  reliable  character 
of  the  new  test,  a table  is  given  of  the  flasliing  points 
of  a number  of  samples,  determined  in  dupilicate 
and  triplicate,  the  results  showing  in  many  cases  an 
exact  concordance,  and  in  no  c..se  a larger  variation 
than  1°. 

This  mode  is  in  reality  a “close  test,”  i.e.,  the 
petroleum  vapour  is  not,  whilst  the  oil  is  being 
heated,  allowed  to  diffuse  into  the  atmosphere,  but 
is  confined;  the  cover  only  being  removed  wiien  the 
light  is  applied.  One  difficulty  up  to  the  present 
has  been  in  the  fact,  that  under  these  circumstances 
the  oil  does  not  “ flash  ” at  the  same  temperature  as 
when  the  “ open  test  ” (that  legally  directed)  is  em- 
ployed ; and  experts  have  never  been  agreed  what 
number  of  degrees  of  temperature  should  be  allowed 
for  this  difference.  Now,  however,  T.  W.  Keates 
(who  devised  a close  test  in  1.872,  of  which  this  is 
a modification),  Bovekton  Redwood,  and  Pro- 
fessor Abel  are  of  the  opinion  th.at  in  the  apparatus 
just  described,  the  temperature  73°  Fahr.  is  equiva- 
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lent  to  100°  Fabr.  under  the  “open  test'’  of  the 
Petroleum  Act.  In  a short  time,  therefore,  there  is 
every  probability  that  Professor  Abel’s  apparatus 
■will  replace  this. 

Commerce  in  Petroleum. — The  production  of  petro- 
leum increased  very  rapidly,  from  the  time  of  its 
assuming:  a commercial  importance  in  1859,  until 
1874;  since  then  it  has  fallen  off  a little,  as  the 
following  tiible  will  show : — 


PRODUCTION  OF  CRUDE  PETROLEUM  IN  THE  PENNSYLVANIA 
OIL  REGIONS  (BOURGOUGNON). 


Year. 

Barrels 

(42  Galloas  each). 

Year. 

Barrels 

(42  Galluus  each). 

1859 

82,000 

1868 

3,715.700 

1860 

500,000 

1869 

4,215,200 

1861 

2,113,600 

1870 

5,659,000 

1862 

3,0,56,700 

1871 

5.800.000 

1863 

2,611,300 

1872 

6,300.000 

1864 

2,116,100 

1873 

9,883,000 

1865 

2,497,700 

1874 

10,925,973 

1866 

3,597,700 

1875 

8,788,506 

1867 

3,347,300 

1876 

8,968,306 

Of  the  present  production,  about  31,000  barrels 
daily  average,  by  far  the  greater  portion  is  refined 


in  the  United  States,  which  consumes  6000  barrels 
of  the  refined  oil ; two-thirds  being  supplied  by  the 
Cleveland  refineries.  New  York  and  Pittsburg  refin- 
ing one-sixth,  and  other  small  places  the  remainder. 

The  total  exports  of  petroleum,  crude  and  refined, 
and  naphtha  from  the  United  States,  for  the  years 
1873,  1874,  and  1875,  were — 


Exports. 

1873. 

Gallons. 

1874. 

Gallons. 

1875. 

Gallons. 

Crude, 

19,643,740 

14,430,851 

15.141,295 

Refined, 

209,021,305 

208,635.382 

203.471.470 

Naphtha, 

10,250,547 

10,617,268 

13,799,112 

Total, 

238,91.5,.592 

233, 683.  .501 

.':!2.4f  1,877 

Germany  has  been  and  continues  to  be  the  chief 
European  customer  for  petroleum,  taking  in  1874 
42,000,000  gallons  from  the  port  of  New  York  alone, 
whilst  the  United  Kingdom  took  20,000,000  gallons. 

The  following  numbers  will  give  the  amounts  of 
the  various  petroleum  products  imported  into  the 
United  Kingdom  during  the  past  six  years;  they  are 
taken  from  the  Oil  Trade  Review.  The  barrels  con- 
I tain  each  42  gallons,  the  cases  10  gallons. 


Year. 

Befined. 

Kerosene. 

Lubricating  OiL 

Besiduum. 

Petroleum  Spirit.  Benzoline, 
or  Naphtha. 

Barrels. 

Cases. 

Barrels. 

Barrels. 

Barrels. 

Cases. 

1871 

I 

London, 

119,291 

10,605 

2,555 

! — 

29,934 

3,125 

1 

[Total, 

218,049 

19,900 

4,275 

3,172 

76,792 

16,625 

1872 

J 

London, 

59,640 

8,362 

504 

— 

33,010 

400 

i 

Total 

141.076 

8,812 

1.953 

4.355 

66,906 

1,900 

1873 

j 

London,  

209.451 

18,828 

7,828 

— 

44,555 

— 

[Total, 

368,715 

19,700 

12,038 

12,180 

80,900 

6,250 

1874 

j 

London, 

259,005 

15,765 

9,2.54 

150 

51,219 

100 

i 

[Total, 

486„559 

20,175 

9,315 

47,139 

103,584 

700 

1875 

J 

London, 

169,762 

3,2.50 

2,511 

1,000 

53,173 

— 

^Total, 

326,963 

7.484 

3,346 

39,745 

101,289 

— 

1876 

232,505 

480,917 

7,283 

15,233 

5,663 

6,920 

1.286 

61,211 

124,185 

200 

i 

Total, 

56.803 

200 

The  distribution  of  this  to  the  various  ports  was  in  1876  as  follows : — 


Petroleum,  Oil,  &c. 

Lubricating  Oil. 

Besiduum. 

P.  S.  or  Benzoline. 

Barrels. 

Cases. 

Barrels. 

Barrels. 

Barrels. 

Cases. 

London, 

232,505 

7,283 

5,663 

1,286 

61,211 

200 

Liverpool, 

150,494 

6,950 

434 

50,324 

41,052 

— 

Hull 

25,566 

— 

— 

— 

6,851 

— 

Bristol, 

47,701 

1,000 

, 

— 

15,071 

— 

Clyde  and  Leith, 

280 

— 

823 

5.193 

— 

— 

Dublin, 

24,371 

— 

— 

— 

— 

— 

Of  the  petroleum  coming  into  London  by  far  the 
largest  part  is,  before  being  sold,  tested  by  the 
chemist  of  the  Petroleum  Association,  at  present 
Mr.  Boverton  Redivood,  to  whom  we  are  indebted 
for  much  valuable  information.  This  association 
during  the  twelve  months  ending  May  31,  1877, 
tested  samples  representing  a total  of  234,728  barrels, 
against  219,960  barrels  for  the  previous  year,  and 
136,758  for  the  twelve  months  ending  May  31,  1875. 
The  amount  rejected  on  account  of  its  objectionable 
odour  or  colour,  or  low  flashing  point,  was  in  year 
1876  to  1877,  of  the  United  States  oils  -73  per  cent., 
and  of  the  Canadian  product  6'37  per  cent,  of  the 
whole  amount  examined. 

PARAFFIN. — This  name  is  chemically  applied  to 


the  whole  class  of  hydrocarbons  of  the  general 
formula,  CnHjn  ji  of  which  class  marsh  gas,  CII^, 
is  the  flrst  member,  and  the  members  of  which  are 
present  in  the  various  kinds  of  petroleum.  It  is, 
however,  more  generally  restricted  to  the  members 
of  that  series  which  have  many — twenty  or  more — 
carbon  atoms  in  the  molecule,  and  which  form  at 
ordinary  temperatures  a solid  white  crystalline  mass. 
The  heavy  oil  containing  this  in  solution  is  termed 
“ paraffin  oil.”  It  is  in  this  sense  that  the  word 
paraffin  is  used  in  this  article,  the  other  members  of 
the  chemical  class  paraffins  ha-ving  been  noticed 
under  Petroleum. 

As  has  been  indicated  (vide  ante.  Petroleum 
Products).!  paraffin  is  contained  in  and  prepared  from 


PETROLEUM. — Paraffin. 


581 


petroleum,  1 to  2 per  cent,  of  the  crude  oil  being  its 
usual  proportion.  By  far  the  greater  proportion, 
however,  of  that  in  commerce  is  obtained,  not  from 
the  natural  oil,  but  from  the  oils  distilled  by  artificial 
means  from  bituminous  shales. 

In  1830  Reichenbach  obtained  from  the  tar 
produced  when  the  wood  of  the  red  beech  was 
destructively  distilled  a white  crystalline  body,  to 
which  he  gave  the  name  of  “paraffin,”  on  account 
of  its  being  I'ifficultly  acted  on  by  chemical  agents. 
A year  later  Dr.  Chuistison  of  Edinburgh  obtained 
the  same  substance  from  Rangoon  petroleum,  and 
named  it  “petroline.”  From  these  sources  it  was 
obtained  in  small  quantities  and  with  much  labour, 
so  that  it  remained  for  many  years  merely  a chemical 
curiosity.  In  1847,  however,  James  Young  of 
Glasgow  having,  at  Dr.  Lyon  Playfair’s  request, 
examined  a petroleum  exudation  in  a coal  mine 
near  Alfreton,  Derbyshire,  found  paraffin  in  it,  and 
established  works  there  to  refine  the  oil  and  bring 
this  new  product,  paraffin,  into  commerce. 

In  a few  years  the  supply  of  oil  was  exhausted, 
and  Young  conceived  the  happy  idea  of  seeking  in 
the  oil,  which  had  even  before  that  time  been  dis- 
tilled from  coals,  for  this  substance  which  he  had 
been  obtaining  from  the  natural  oil. 

The  distillation  of  bituminous  shale  for  illuminating 
oils  had  originated  more  than  a century  and  a half 
before  this,  for  in  1694  a patent  was  granted  to 
Hancock,  Portlock,  and  Martin  Eele,  for  the 
manufacture  of  “pitch,  tar,  and  oils,”  from  a kind 
of  stone.  In  1716  Messrs.  Betton  of  Shrewsbury, 
and  in  1781  the  Earl  of  Dundonald,  distilled  oil 
from  bituminous  shales.  Similar  patents  were 
granted  in  France  in  1824  to  M.  Cherveau,  and  in 
1832  to  MM.  Blum  and  Moneuse.  Laurent,  the 
eminent  chemist,  and  afterwards  Selligue,  con- 
ducted the  operations  of  these  latter  gentlemen  at  a 
factory  of  M.  Moneuse  near  Autun,  Saone-et-Loire, 
and  by  them  the  distillation  and  subsequent  purifica- 
tion of  coal  oil  products  was  carried  to  what  is 
even  now  recognized  as  a high  degree  of  perfection. 
Selligue,  between  the  years  1838  and  1843,  manu- 
factured about  15,000  barrels  of  shale  oil. 

In  a very  short  time,  however,  after  Young  turned 
his  attention  to  this  industry,  it  grew  from  being 
one  of  little  importance  to  occupy  a most  important 
position  in  the  commercial  world,  so  that  Young 
may  justly  be  considered  the  “ father  of  the  coal  oil 
industry.”  Within  the  short  space  of  twenty  years 
it  attained  such  magnitude  that,  in  1873,  it  gave 
employment  to  7000  men,  who  earned  about  £10,000 
weekly  in  wages.  At  that  time  800,000  tons  of 
shale  were  distilled  yearly,  producing  30,000,000 
gallons  of  shale  oil,  which  yielded  about  12,000,000 
gallons  of  refined  oil,  besides  naphtha,  solid  paraffin, 
and  other  chemical  products.  This  industry  in 
Scotland  is  situate  in  four  geographical  divisions — 
1,  Mid  Lothian  and  Linlithgowshire  ; 2,  Lanarkshire; 
8,  Fifeshire ; and  4,  Ayrshire.  The  largest  works 
are  to  be  found  in  the  first  of  these  divisions;  among 
them  are  Young’s  Mineral  Oil  Company’s  works 
at  Addiewell  and  Bathgate;  the  works  of  Messrs. 


Meldrum,  Simpson,  and  M‘Lagan  at  Upliall ; the 
Mid  Calder  Company’s  Works  at  Oakbank ; the 
West  Calder  Company’s,  the  Glasgow  Oil  Com- 
pany’s, and  the  Bathville  AVorks.  lu  the  Lanark- 
shire district  there  are  the  North  British  Oil  Com- 
pany’s Works  at  Lanark,  the  Uddingston  AVorks, 
the  Coatbridge  AA^orks,  and  others  of  less  note. 
The  works  in  Ayrshire  and  Fifeshire  are  chiefly  of 
limited  extent,  and  manufacture  only  the  crude  oil. 
Altogether  there  are  sixty-eight  oil  works  in  Scot- 
land ; at  eighteen  the  crude  oil  is  manufactured  and 
refined,  ready  for  market;  at  forty  others  the  crude 
oil  alone  is  made.  The  great  bulk  of  crude  oil  is 
refined  at  other  works  in  Scotland ; but  quantities 
are  occasionally  sent  to  the  Welsh  refineries  and 
to  the  Continent. 

The  Addiewell  Chemical  Works  occupy  about  70 
acres  of  ground,  fully  one-third  of  which  area  is 
covered  by  buildings,  tanks,  condensers,  &c.,  while 
a large  proportion  of  the  remainder  is  taken  up  by 
railways,  roads,  and  cask  depots,  connected  with  so 
vast  an  establishment.  The  diversity  of  the  opera- 
tions connected  with  the  works  gives  a corresponding 
variety  to  the  buildings  and  iron  structures  which 
cover  the  ground,  making  them  resemble  a congeries 
of  factories  for  very  different  purposes.  The  retort 
sheds  taken  together  are  upwards  of  250  yards  in 
length,  and  each  contains  a double  row  of  retorts, 
numbering  about  354  specimens  in  all.  The  main 
pipe  which  collects  the  vapour  from  the  retorts 
and  conducts  it  to  the  condensers  is  nearly  a yard  in 
diameter.  The  weekly  consumption  of  shale  at  these 
works  is  about  3000  tons,  the  produce  of  16  shale 
pits.  The  weekly  yield  of  crude  oil  is  about  115,000 
gallons.  About  50,000  gallons  of  burning  oil,  from 
5000  to  10,000  gallons  of  lubricating  oil,  about  20 
tons  of  refined  paraffin,  and  12  tons  of  sulphate  of 
ammonia,  are  turned  out  weekly.  The  total  num- 
ber of  workpeople  employed  at  Addiewell  is  1600, 
of  whom  850  are  shale  miners.  The  aggregate 
number  of  persons  in  the  employment  of  the  com- 
pany at  these  works  is  3500.  The  wages  paid  by 
the  company  is  about  £100,000  a year.  The  Bath- 
gate AA’’orks  of  the  same  company  have  in  operation 
240  retorts,  and  consume  2500  tons  of  shale  per 
week. 

At  Leeswood,  in  Flintshire,  the  manufacture  of 
paraffin  and  paraffin  oils  has  been  successfully  carried 
on  for  some  time.  Here  three  varieties  of  material 
were  used,  severally  named  “ the  curly  cannel,” 
“ the  smooth  cannel,”  and  the  bottom  shale  or 
“bastard  cannel.”  It  was  not  till  1861-62  that 
their  suitability  for  the  production  of  paraffin  came 
to  be  known,  and  that  chiefly  through  the  efforts 
of  AA'.  C.  H.  Jones.  The  success  attending  the 
experimental  trials  led  to  the  formation  of  the  Lees- 
wood Green  Cannel  and  Gas  Coal  Company,  and 
the  oil  works  of  Messrs.  Fernie  & Co.  at  Leeswood, 
in  Flintshire,  and  at  Saltney,  in  Cheshire.  The 
Leeswood  cannel  seam,  now  about  exhausted,  was 
about  from  5 to  6 feet  thick  and  of  a limited  basin- 
shaped  area,  which  thinned  at  the  boundaries.  The 
upper  portion  of  the  seam  consisted  of  smooth 
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cannel,  of  a thickness  from  25  to  30  indies ; below 
this  lay  the  curly  cannel,  about  18  inches,  and  under 
this  again  the  shale,  ranging  from  14  inches  to  2 feet. 
The  curly  cannel  yielded,  on  distillation,  about  30 
per  cent  of  crude  oil  of  specific  gravity  from  -875  to 
•890 ; smooth  cannel  about  16  per  cent.,  and  a 
specific  gravity  from  -925  to  -940  ; and  the  shale, 
which  was  very  variable,  from  12  to  15  per  cent, 
of  crude  oil,  with  specific  gravity  about  -900. 

The  North  Wales  and  Cheshire,  or  Wold  district, 
oU  works  have,  from  a threatened  exhaustion  of 
their  supply  of  coal  or  shale  for  oil-making,  been 
of  late  in  a rather  unpromising  condition.  The 
Leeswood  cannel  is  said  to  have  about  given  out, 
and  considerable  quantities  of  crude  oil  are  sent 
from  Scotland  to  keep  the  refineries  there  in  opera- 
tion. There  are  also  a few  works  of  this  kind  m 
Lancashire  and  Staffordshire.  In  France  there  are 
a few  shale  oil  works  in  operation ; but  although 
bituminous  shales  of  good  quality  exist  in  that 
country,  they  have  not  as  yet  been  much  utilized. 
Li  Germany  this  industry  of  oil-making  has  received 
considerable  development,  and  there  are  many  small 
refineries  both  for  oil  and  solid  paraffin  ; but  the 
German  trade  is  generally  in  a depressed  condition, 
chiefly  from  the  competition  of  American  petroleum. 
In  Russia  a number  of  refineries  already  exist,  and 
active  measures  are  being  taken  to  develop  the 
enormous  resources  of  that  country  in  this  branch 
of  industry. 

In  New  South  Wales,  at  Hartley,  near  Sydney, 
a seam  of  coal  has  been  found  5J  feet  in  thickness. 
This  is  one  of  the  richest  oil-producing  coals  yet 
discovered,  equal  to,  if  not  surpassing,  the  Boghead 
and  New  Brunswick  coals.  In  colour  it  varies  from 
a brown  to  a brownish-black  ; when  cut  with  a 
knife,  or  scratehed  with  a sharp  instrument,  it  ex- 
hibits a light-brown  streak.  When  broken  it  shows 
a conchoidal  fracture,  and  small  streaks  of  a jet-like 
substance  are  found  throughout  the  seam.  As  is 
usual  in  such  cases,  different  portions  of  the  seam 
vary  in  their  yield  of  crude  oil.  Some  portions  give 
as  much  as  150  gallons  per  ton  of  coal,  but  the 
average  may  be  taken  at  100  gallons.  Williaji 
Jolly,  of  Sydney,  first  called  attention  to  this  valu- 
able seam ; and  owing  to  his  exertions  a company 
has  been  formed — the  Western  Kerosene  Oil  Com- 
pany— and  works  erected  at  Waterloo,  near  Sydney. 
After  overcoming  many  difficulties,  such  as  are 
usually  met  with  in  starting  a new  industry  in  a 
new  country,  W.  Jolly  had,  in  1872,  the  satisfac- 
tion of  seeing  his  works  turn  out  about  6000  gallons 
of  excellent  burning  oil  weekly,  besides  other  pro- 
ducts in  the  usual  proportion.  From  the  samples  | 
of  the  heavy  or  “ blue”  oil  portion,  which  have 
come  to  this  country,  it  is  evident  that  very  good  ' 
solid  paraffin,  of  high  melting  point  (131°  Fahr.), 
and  excellent  mineral  lubricating  oil  of  suitable 
gravity  (-900)  may  be  made  from  this  oil.  The 
burning  oil  produced  is  very  good  for  colour  and 
smell,  and  being  of  high  firing  point,  is  perfectly 
safe.  There  is  no  doubt  that  this  oil  and  paraffin 
manufacture  is  here  capable  of  vast  development ; 


the  New  South  Wales  Shale  and  Oil  Company,  who 
now  work  the  property,  are  supplying  10,000  gallons 
of  crude  oil  per  week. 

Peat  has  also  been  tried  as  a source  of  paraffin, 
but  hitherto  the  yield  obtained  has  been  so  small  as 
to  render  the  scheme  a failure  in  a monetary  sense. 
The  Irish  Peat  Company  in  1849  obtained  from  the 
distillation  of  peat — 


Watery  matters, 30-614 

Tar 2-392 

Gases, 62-392 

Ash, 4-197 


99-595 

The  watery  matter  and  tar  yielded — 


Ammonia 0-287 

Acetic  acid, 0-207 

Najihtha, 0-140 

Volatile  products, 1-059 

ParalEn, 0-125 


So  that  100,000  lbs.  of  peat  would  only  yield  125 
lbs.  of  paraffin.  In  Hanover  the  distillation  was 
more  successful,  100,000  lbs.  of  peat  yielding  300 
lbs.  of  paraffin.  The  fact  that  shale  yields  quantities 
so  much  greater,  as  well  as  other  products  of  even 
more  commercial  value,  has  prevented,  so  far,  a 
repetition  of  the  experiment. 

A good  deal  of  partiffin  is  prepared  from  ozokerit, 
which  may  indeed,  from  the  large  proportion  it 
contains,  be  considered  as  impure  native  paraffin. 
Ozokerit  (earth  wax)  is  found  in  small  quantities  at 
Binney  Quarry,  Linlithgowshire,  also  in  Wales,  and 
in  coal  mines  near  Newcastle.  It  is  chiefly  obtained, 
however,  from  Galicia  (Austria),  where  it  occurs 
in  connection  with  petroleum  springs  in  the  blue 
clay  of  the  miocene  formation,  principally  in 
Borislav,  near  Drohobycz,  and  Dzwiniaez,  near 
Stanistawow,  at  the  northern  foot  of  the  Carpathian 
Mountains.  In  1875,  of  some  20,000,000  kilos, 
(nearly  19,000  tons),  upward  of  eight-ninths  came 
from  Borislav  alone.  The  native  ozokerit  is  trans- 
parent, of  pure  honey-yellow  colour,  about  as  hard 
as  common  beeswax.  It  is  sometimes  found  in 
lumps  or  layers  from  1 to  3 feet  thick,  a lump  some- 
times weighing  several  cwts.  More  frequently, 
however,  it  occurs  in  thin  layers  and  small  pieces, 
which  must  be  separated  from  the  matrix ; the 
smallest  pieces  are  only  obtained  by  a process  of 
washing.  The  poorer  qualities,  which  are  coloured 
black,  and  are  either  too  soft  from  abundance  of 
petroleum,  or  too  hard  (asphalt-like  in  character), 
are  mainly  used  for  the  production  of  paraffin.  The 
best  yellow  “earth  wax”  is  used  for  the  manufac- 
ture of  “ ceresine,”  a factitious  “ white  wax,”  which 
is  exported  largely  to  Russia  to  be  sold  as  beeswax. 
In  making  paraffin  from  ozokerit,  the  crude  hydrocar- 
bon is  first  melted  and  drawn  off ; the  residue  boiled 
with  water,  to  the  surface  of  which  any  remaining 
ozokerit  rises;  the  whole  allowed  to  stand  for 
several  hours  for  any  suspended  impurities  to  settle 
out,  and  the  hydrocarbon  poured  into  moulds,  which 
contain  100  to  120  lbs.  It  is  shipped  without  further 
packing  to  England,  Moravia,  and  Vienna,  where 
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it  is  purified  and  converted  into  illuminating  oils 
and  paraffin. 

The  manufacture  of  paraffin  is  effected  by  distilla- 
tion over  direct  fire,  from  iron  flat-botto.med  retorts 
holding  1500  to  2000  lbs.,  the  products  of  such 


working  being — 

Per  Cent. 

Benzine, 2 to  8 

Niiplitha, 15  to  20 

Paraffin 36  to  .50 

Heavy  lubricating  oils, 15  to  20 

Coke, 10  to  20 


The  paraffin  is  pressed,  treated  with  sulphuric  acid 
and  caustic  soda,  filtered  through  paper  and  fine 
animal  charcoal,  and  manufactured  into  candles 
(Gkabowsky). 

The  yield  of  crude  oils  and  paraffin  from  coal, 
shale,  bitumen,  &c.,  will  of  course  differ  somewhat 
according  to  tlie  temperature  employed,  form  of 
retorts,  and  other  circumstances.  The  following 
table,  given  on  Gesner’s  authority,  may  be  taken 
as  approximately  accurate : — 


Locality. 

Volatile 
Hatters 
Per  Cent. 

Coke 
Per  Cent 

Yield  of 
Crude  Oil 
Per  Tod. 

ENGLAND. 

Derbyshire, 

48-36 

53 

Gallons, 

82 

Wigan  (cannel), 

44 

56 

74 

Liverpool  “ 

39 

61 

50 

Poole  (siliale), 

42 

58 

50 

Newcastle, 

35 

65 

48 

SCOTLAND. 

Boghead,  

70-10 

29-90 

120 

Scotch  cannel 

38 

62 

40 

Lesmahagow, 

51 

49 

96 

PROVINCIAL. 

Albert  coal,  New  Brunswick,.. 

61-05 

30-65 

110 

Asphalt  rock,  “ 

43 

57 

64 

Pictou  (shale).  Nova  Scotia,.... 

27 

73 

47 

AMERICA. 

Breckenridge, 

61-30 

38-55 

130 

Ouachita  river  (Askansas), 

60 

40 

64 

Uitchie  County,  Virginia ) 

170 

(bitumen) ) 

— 

Bitumen,  Cuba, 

71 

29 

120 

“ Trinidad, 

38 

52 

70 

“ Canada, 

70 

30 

118 

1 llinois  (gas  stone), 

26 

Limestue 

18 

1 alifornia, 

70 

30 

116 

In  IVestern  Europe,  and  more  especially  in  Great 
Ilritain,  the  paraffins  and  paraffin  oils  produced  are 
almost  exclusively  manufactured  by  the  distillation 
of  coals  or  of  bituminous  schists  or  shales.  The 
Boghead  or  Torbanehill  coal,  the  mineral  worked  by 
\ OUNG  at  the  Bathgate  Chemical  Works,  is  now 
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almost  completely  exhausted.  The  small  amount  of 
it  still  remaining  is  not  now  consumed  in  the  pro- 
duction of  paraffin,  but  from  its  high  yield  (15,000 
cubic  feet  per  ton)  is  exported  for  gas-making.  The 
Scottish  oil  works  are  now  chiefly  supplied  with  the 
bituminous  shales  of  various  districts. 

Properties  of  Paraffin. — This  remarkable  substance 
when  pure  is  a solid  of  a faint  bluish  white  colour, 
highly  translucent.  It  is  free  from  taste  or  odour,  of 
specific  gravity  varying  from  C‘8236  to  0'940;  having 
a melting  point  varying  from  16°  C.  to  80°  C. ; it 
burns  with  a clear  white  flame,  without  smoke  or 
residuum ; it  does  not  stain  paper,  is  of  nearly  the 
same  composition  as  olefiant  gas,  85'7  C.,  14'3  li. 
Paraffin  begins  to  decompose  when  exposed  to  a 
temjierature  exceeding  280°  Fahr.  When  submitted 
to  dry  distillation,  a portion  of  the  paraffin  is  decom- 
posed into  liquid  hydrocarbons.  It  is  a non-con- 
ductor of  electricity.  When  two  pieces  of  paraffin 
are  sharply  struck  together  they  emit  a sound  resem- 
bling a metallic  ring ; the  higher  the  melting  point 
of  the  paraffin  the  sharper  is  this  sound.  The  char- 
acter of  the  fracture  surface  of  a block  of  paraffin 
depends  much  on  the  fusing  point  of  a given  speci- 
men, and  on  the  manner,  whether  quick  or  slow,  in 
which  it  has  been  cooled.  Paraffin  melting  at  from 
90°  Fahr.  to  110°  Fahr.  exhibits  a well-defined  crys- 
talline fracture;  from  110°  Fahr.  to  ,120°  Fahr.  the 
crystals  become  much  smaller  and  less  marked  ; and 
from  120°  Fahr.  upwards  the  fracture  is  very  close 
and  fine  in  the  grain.  Paraffin  melting  at  150°  Fahr. 
(65°‘5  C.),  however,  shows  quite  a change,  pre- 
senting on  fracture  brilliant,  white,  needle  - like 
crystals  of  a silky  lustre.  That  melting  at  170° 
Fahr.  resembles  beeswax  closely,  but  it  is  not  con- 
choidal  in  fracture. 

The  specific  gravity  of  paraffins  increases  with  the 
rise  in  their  fusing  points.  The  following  results, 
with  paraffins  from  Boghead  coal,  were  obtained  by 
Galletly : — 


Melting  Points  of 
Paraffin, 

Deg.  Cen.  Deg.  F.ahr. 

Specific 

Gravities. 

32-0 

(89-6)  

39-0 

(102-2)  

40-5 

(104-9)  

-85-20 

53-3 

(128)  

-9110 

53-3 

(128)  

58-0 

(136-4)  

-9243 

59-0 

(138-2)  

-9248 

80-0 

(176)  

-9400 

The  elementary  composition 

of  paraffin  is  essen- 

tially  that  of  olefiant  gas,  as  shown  by  the  following- 


table  : — 


Paraffin  from 
Boghead  Coal. 
M.  P..  80®  C. 
Galletly. 

Paraffin  from 
Boghead  Coal. 
M.  P..  52®  C. 
Anderson. 

Paraffin  from 
’•Grey'*  Shale, 
Addiewell. 

M.  P.,  55<'C. 
W.  * acivor. 

Paraffin  from 
Uzokerit. 

M.  P.,  fi3-88®C. 
W.  Macivor. 

Paraffin  from 
Wigan  Coal. 
M.  P.,  50®  C. 
W.  Macivor. 

Paraffin  from 
Chinese  Wax. 
M.  P.  58®  C. 
Brodie. 

Paraffin  from 
Bee,sWivx. 
M.  P..  62®  C. 
Brodie. 

Olefiant 

Gas. 

85-2 

14-4 

8.5- 15 
15-40 

85-31 

14-.50 

85-26 

14-53 

85-29 

14-40 

84-90 

14-21 

85-31 

14-44 

85-7 

14-3 

Paraffin  is  insoluble  in  water;  it  dissolves  in  ether  ' thas,  and  in  benzol.  It  is  very  sparingly  soluble  in 
readily;  with  facility  in  cold  essential  oils  and  warm  boiling  absolute  alcohol.  The  solubilities  of  the 
f.'itoils;  it  is  very  soluble  in  mineral  oils  and  naph-  ^ paraffins  obtained  from  any  particular  source  appear 
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to  decrease  as  their  fusing  points  increase.  The 
following  table  gives  the  solubility  of  various  par- 
affins in  benzol : — 


Melting  Point  of 
Pariiffla. 

Deg.  Cen.  Deg.  Fahr 

35-0  (95) 

49-6  (121-28) 
52-8  (127-04) 
65-5  (150) 
80-0  (176) 


Solubility  in  100  C.C. 
C.  18*'  C. 


133-0  grammes. 
6-0  “ 

4-7  “ 

1-4  “ 

O'l  “ 


Paraffin  -when  in  the  melted  state  is  rapidly  acted 
upon  by  chlorine,  the  hydrogen  being  replaced  by 
that  element  and  hydrochloric  acid  evolved.  At 
first  it  becomes  a gummy-looking  solid,  afterwards 
a liquid  colourless  and  transparent,  and  as  the  pas- 
sage of  the  chlorine  is  continued  a hard  brittle  resin 
is  the  result.  When  paraffin  of  130°  Fahr.  melting 
point  (54°-44  C.)  was  employed,  the  specific  gravity 
of  the  resinous  body  obtained  was  1-603.  It  was  of 
a pale  lemon  yellow  colour,  and  exceedingly  brittle; 
it  decomposed  on  distillation,  evolving  large  quanti- 
ties of  hydrochloric  acid  gas,  with  a small  quantity 
of  an  oily  ilistillate,  a residue  of  carbon  remaining  in 
the  retort.  This  resinous  substance  yielded  as  the 
mean  of  several  analyses  : — Carbon,  29-55  per  cent. ; 
hydrogen,  3-39  per  cent.;  chlorine,  66-82  per  cent. 
Upon  a paraffin  melting  at  80°  C.  (176°  Fahr.)  the 
action  of  chlorine  is  much  more  rapid;  but  other- 
wise the  results  are  similar  to  those  in  the  case  of 
paralfins  of  lower  fusing  points. 

Bromine  acts  on  paraffin,  replacing  its  hydrogen. 

Gill  and  Mensel  obtained  cerotic  acid  amongst 
the  products  of  the  action  of  nitric  acid  on  paraffin  ; 
more  recently  Pouchet  describes  (“  Compt.  Rend.,” 
Ixxix.  320)  a yellowish,  combustible,  light,  solid 
paraffinic  acid,  which  he  has  obtained  by  similar 
treatment.  It  is  crystalline,  slightly  soluble  in 
alcohol,  melts  between  45°  and  47°  C.,  and  has  the 
formula,  deduced  from  the  analysis  of  the  lead, 
barium,  and  silver  salts,  C.j^II^gOg.  Nitro-com- 
pounds,  as  well  as  succinic  and  butyric  acids,  are 
also  produced,  the  chief  nitro-compound  being  of  a 
clear,  thick,  oily  nature,  which  is  soluble  in  .ilkalies, 
and  yields,  on  distillation,  ammonia  and  pyridine  bases. 
The  most  rapid  action  of  nitric  acid  is  upon  paraffin 
melting  at  80°  C.  Oxidation  of  paraffin  is  readily 
induced  by  the  action  of  sulphuric  acid  and  per- 
manganate of  potassium.  When  the  two  latter  are 
heated  together  in  a tube  and  a piece  of  paraffin 
dropped  in,  the  action  is  so  violent  that  often  heat 
and  light  are  evolved,  sometimes  accompanied  by 
an  explosion. 

Sulphuric  acid  alone  will  attack  paraffin  if  heated 
to  a high  temperature  with  it,  and  the  more  readily 
the  higher  the  melting  point  of  the  paraffin  employed. 
When  paraffin  and  sulphur  are  heated  together,  the 
hydrogen  of  the  paraffin  unites  with  the  sulphur, 
and  sulphuretted  hydrogen  is  evolved,  carbon  being 
separated ; or  if  the  paraffin  be  in  large  excess,  a 
sufficiently  steady  and  copious  flow  of  the  gas  is 
obtained  to  render  this  a useful  laboratory  method 
of  generating  hydrogen  sulphide. 

At  a considerable  number  of  degrees  below  its 


melting  point,  paraffin  becomes  soft  and  plastic,  and 
may  be  worked  or  moulded  readily  into  any  shape 
by  the  hand.  For  instance,  paraffin  fusing  at  125° 
Fahr.,  which  commercially  is  a good  melting  point, 
may  be  easily  bent  or  twisted  into  any  form  at  a 
temperature  of  90°  Fahr. 

This  property  of  paraffin  is  prejudicial  to  its  em- 
ployment in  its  pure  state  (that  is  to  say,  uumixtd 
with  other  fatty  substances),  in  the  manufacture  of 
candles  destined  for  warm  climates,  or  which  may 
be  long  exposed  in  heated  rooms,  &c.  The  very 
high  melting  point  of  the  paraffin  obtained  by  refin- 
ing some  varieties  of  ozokerit  seems,  however,  to  a 
considerable  extent  to  have  overcome  this  difficulty. 
Candles  of  paraffin,  with  but  a slight  admixture  of 
other  material,  may  now  be  had  for  sale  of  a melt- 
ing point  of  140°  Fahr.;  and  although  not  so  free 
from  colour  as  the  candles  made  from  the  ordinary 
paraffin,  they  are  not  so  apt  to  bend  or  gutter. 

If  paraffin,  say  of  125°  or  128°  melting  point,  be 
kept  for  a considerable  time  at  a temperature  between 
90°  and  100°  Fahr.,  under  a gentle  pressure,  a mole- 
cular change  seems  to  take  place  ; the  paraffin  from 
being  simply  translucent  becomes  perfectly  transparent, 
like  glass.  Care  must,  however,  be  taken  that  the 
temperature  of  the  paraffin  is  very  gradually  reduced 
to  that  of  the  surrounding  atmosphere  ; in  other 
words,  the  paraffin  must  be  annealed  to  its  new  con- 
dition. A sudden  knock  or  blow  causes  the  piece 
of  paraffin  to  resume  its  ordinary  state. 

When  paraffins  of  different  melting  points  are 
mixed  together  in  various  known  proportions,  the 
melting  point  of  the  mixture  is  as  nearly  as  possible 
the  mean  of  the  melting  points  of  the  original  paraffins 
employed. 

Paraffin  mixes  readily  when  fused  with  stearic 
acid,  palmitic  acid,  beeswax,  Japan  wax,  &c.  It 
is  found,  however,  that  the  melting  point  of  such  a 
mixture  of  fatty  acid  and  paraffin  is  not  the  mean 
of  the  melting  points  of  the  constituents,  as  is  the 
case  when  various  paraffins  are  mixed  together,  but 
is  uniformly  lower  than  such  a mean ; and  if  the 
proportion  of  paraffin  in  the  mixture  be  considerable, 
the  melting  point  is  frequently  below  that  of  either 
constituent  separately:  — Thus,  Musselburgh  Com- 
pany’s stearic  acid,  melting  point  130°  Fahr.,  was 
mixed  in  various  proportions  with  Young’s  paraffin, 
of  melting  points  respectively,  120°  Fahr.,  126° 
Fahr.,  and  127°  Fahr.: — 


Farts  Mussel- 
burgh Co.’s 
Stearic  Acid. 
Melting  Point 
130*’  Fahr. 

Parts  of 
Paraflin. 

Melting  Point 
Mixture  with 
120®  Paraffin. 
Deg.  Fahr. 

Melting  Point 
Mixture  with 
126®  Paraffin. 
Deg.  Fahr. 

Melting  Point 
Mixture  with 
127®  Paraffin. 
Deg.  Fahr. 

55 

45 

114 

11.34 

11.54 

60 

40 

119 

116 

118 

65 

35 

121 

118 

1-20 

70 

30 

I22J 

1224 

122 

75 

25 

1244 

124 

124 

80 

20 

125i 

1254 

12.54 

85 

15 

1-26 

127 

127 

90 

10 

1274 

128 

1294 

95 

5 

1284 

129 

130 

The  Manufacture. — The  cannel  or  shale  to  be 
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operated  upon,  as  it  comes  from  the  pit,  consists  of 
large  irregular  masses,  which  in  the  breaking  shed 
are  crushed  by  machinery  into  pieces  small  enough 
to  be  shovelled  into  the  retorts.  By  crushing  the 
materials  are  rendered  loose  and  open  in  structure, 
so  as  to  be  more  easily  and  r.apidly  penetrated  by 
the  heat.  The  cannel  or  shale  so  prepared  is  inclosed 
in  suitable  vessels,  called  retorts,  and  therein  sub- 
jected to  the  degree  of  heat  required  to  liberate  and 
drive  off  their  condensable  vapours.  These  vapours 
are  made  to  pass  through  an  outlet  on  the  distilling 
vessel,  which  again  communicates  with  a proper 
condensing  vessel.  In  the  history  of  the  oil  and 
paraffin  manufacture  various  forms  of  retorts  have 
been  suggested  and  tried;  but  only  two  sorts  have 
been  retained  in  extensive  use,  and  these  severally 
are  known  as  vertical  and  horizmital  retorts,  depend- 
ing on  their  position  when  in  use.  The  vertical 
retort  is  generally  in  cross  section  an  elliptical  tube, 
which  is  also  ellipsoidal  in  the  bore,  being  widest  in 
the  middle  and  narrower  at  each  end.  It  is  about 
12  feet  long,  and  its  greatest  diameter  is  about 
21  inches,  and  least  about  14  inches.  The  upper 
end  is  capable  of  being  closed  by  a hopper  valve, 
counterpoised  by  a weight  at  the  end  of  a lever. 
The  retort  is  charged  by  a funnel-shaped  opening, 
and  the  valve  is  luted  by  a little  fine  sand.  The 
lower  end  of  the  retort  is  terminated  by  what  is 
called  the  nose  piece.  This  part  dips  into  an  iron 
trough  containing  water,  which  seals  or  lutes  it. 
The  trough  is  made  with  an  incline  sloping  forwards, 
so  as  to  admit  of  the  convenient  removal  of  tlie 
spent  shale.  A water-tap  is  attached  to  the  trough, 
in  order  that  the  level  of  the  water  may  be  main- 
tained. As  the  work  goes  on  by  means  of  a con- 
tinually descending  charge,  the  waste  is  gradually 
withdrawn  and  fresh  coal  or  shale  is  added  above. 
The  portion  of  the  retort  which  passes  tlirough  the 
furnace  is  maintained  at  a dull  red  heat,  and  at  this 
point  the  distillation  takes  place  without  interrup- 
tion. The  retorts  used  at  the  Addiewell  Works  are 
all  of  this  description.  The  Bathgate  old  form  of 
vertical  retorts,  at  the  works  of  Messrs.  Young  & 
Co.,  wiis  round  in  section,  and  ellipsoidal  length- 
wise. In  diameter  they  were  14  inches,  and  each 
distilled  a ton  of  shale  every  twenty-four  hours. 
They  were, placed  in  sets  of  four  each.  At  the  larger 
and  more  recent  works  of  the  same  company  at 
Addiewell,  the  then  manager,  A.  C.  Kirk,  sug- 
gested the  introduction  of  elliptical  retorts,  in  sets 
of  six  each,  all  heated  by  one  fire.  Each  of  these 
retorts  can  utilize  30  cwts.  of  shale  in  the  twenty- 
four  hours.  At  the  Bathgate  Works  of  this  Com- 
})any  an  intention  to  revert  to  the  horizontal  retort 
is  now  manifest,  in  substitution  of  the  vertical  form 
originally  in  use  at  the  place.  The  distillation  of 
cannels  and  shales  in  the  production  of  oil  appeared 
so  like  the  process  of  distilling  coals  for  the  produc- 
tion of  gas,  that  it  was  natural  to  suppose  that  the 
same  sort  of  retorts  should  suit  for  both  purposes. 
'The  Q-formed  horizontal  retort  (Fig.  27)was  therefore 
frequently  adopted  for  oil  distillation.  This  form  when 
of  large  size,  two  or  three  being  heated  over  one 
VOL.  II. 


furnace,  has  proved  satisfactory.  The  retorts  are 
simple  in  construction,  and  readily  charged  and  dis- 
charged. They  may  be  made  from  30  to  45  inches 
in  width,  and  from  8 to  10  feet  in  length  (Gesner). 
The  latter  size  will  distil  three  charges  of  cannel 

Fig.  27. 

fO) 


coal  of  450  lbs.  each  in  twenty-four  hours,  at  a heat 
not  exceeding  780°  Fahr.  Forty  or  more  of  these 
retorts  may  discharge  into  one  main,  from  which 
the  gas  is  conveyed  to  a gasometer,  to  be  afterwards 
used  for  fuel  or  for  lighting. 

It  is  necessary  that  the  discharge  pipes  leading 
from  these  retorts  to  the  main  should  not  be  less 
than  8 inches  in  diameter,  to  prevent  pressure  and 
insure  safety;  and  they  should  be  inserted  into  the 
end  of  the  retort  opposite  the  head  and  furnace, 
and  upon  a level  wjth  the  upper  part  of  the  charge. 
The  main  itself  should  be  3 feet  in  diameter. 

Bryan  Johnson,  of  Chester,  has  proposed  an- 
other form  of  horizontal  retort,  differing  from  the 
former  only  in  some  details  relating  to  the  outlet  and 
condenser.  Most  of  these  retorts  are  liable  to  the 
objection  that  the  charge  is  heated  only  on  one  side, 
and  the  removal  of  the  spent  materials  and  recharge 
of  the  retort  involve  great  labour  and  loss  of  heat 
and  of  condensable  vapours.  M.  Williams,  of 
Party  Bodkin  Works,  Flintshire,  devised  a plan  of 
retort  wherein  the  charge  was  spread  on  trays,  with 
a bottom  of  perforated  iron.  The  heat  is  applied  to 
the  top  as  well  as  bottom  of  the  retort,  which  vessel 
is  22  feet  long  and  3 feet  wide ; the  layers  placed  on 
the  trays  are  6 inches  deep.  The  constant  difficulty 
of  heating  the  charge  throughout,  or  on  all  sides, 
and  the  large  proportion  of  fuel  used,  are  regarded 
as  objections  to  this  ingenious  contrivance.  Retorts 
of  this  kind  are  said  to  work  the  cannel  slack  most 
advantageously.  Treated  in  the  ordinary  Q,  the 
slack  cakes  and  impedes  the  escape  of  the  condens- 
able vapours;  when  the  mass  is  spread  in  layers  this 
difficulty  is  very  well  got  over,  and  greater  pro- 
ductive power  in  the  retort  is  the  result. 

An  important  improvement  in  the  vertical  retort 
was  originated  in  1873  by  William  Young,  of 
Messrs.  Taylor  & Co’s  Works,  by  his  invention 
of  one  in  which  the  shale,  after  all  the  oily  hydro- 
carbons have  come  over,  may  be  used  as  fuel  for 
heating  up  a fresh  charge  in  the  retort.  This  inven- 
tion was  so  successful  at  the  experimental  works  at 
Straiten  that  Messrs  Taylor,  as  well  as  other  firms 
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who  have  obtained  the  right  from  them,  have  brought 
tJiis  form  of  retort  into  very  extensive  use. 

The  following  is  a description  of  the  experimental 
retorts  at  Straiton,  abstracted  from  the  Oil  Trade 
Review,  June  7,  1873: — 

The  experimental  works  consist  of  a stack  of  | 
brickwork  10  feet  square  at  the  bottom,  slightly 
tapering  upwards,  and  containing  four  of  the  vertical 
retorts.  These  are  of  oval  section,  and  slightly 
increasing  in  width  from  above  downwards,  being 
15  feet  in  height,  and  the  diameter  18  inches  by  8 
inches  at  top,  and  26  inches  by  16  inches  at  bottom. 
Each  retort  is  cast  in  two  pieces,  though  it  is  in- 
tended to  have  all  subsequent  retorts  formed  of 
a single  casting:  10  inches  is  a sufficient  thickness 
for  the  walls  between  the  contiguous  stacks  or 
ovens,  those  for  the  outside  being  20  inches  thick. 
When  the  retorts  are  brought  up  to  their  ordinary 
working  condition,  the  mode  of  procedure  is  to 
charge  5 cwts.  at  a time  into  each,  the  lower  half 
containing  an  equal  quantity,  minus  the  volatile 
matters  which  have  been  distilled  off ; or,  in  other 
words,  each  retort  is  charged  twice — its  capacity 
being  10  cwts.,  and  its  working  capacity  twice  that 
amount — in  twenty-four  hours.  When  a charge  of 
5 cwts.  of  shale  is  sufficiently  distilled,  the  resulting 
coke  is  drawn  into  the  combustion  chamber  under- 
neath, where  its  hydrocarbonaceous  contents  are 
used  in  generating  heat  for  the  distillatory  process. 
The  combustion  chambers  are  provided  with  fire- 
bars, ash-pits,  and  tightly  fitting  fire  doors,  and 
from  them  there  are  flues  leading  up  into  the  retort- 
chamber,  through  which  the  heated  gases  have  free 
circulation,  the  descending  flue  being  in  the  middle 
of  the  chamber,  and  passing  into  an  underground 
flue  by  which  the  products  of  combustion  are  readily 
conveyed  away  to  the  chimney  stack.  The  aim  of 
the  working  arrangements  is,  as  nearly  as  possible, 
to  have  one-half  of  the  contents  of  the  retort  in 
active  distillation,  while  the  other  or  lower  half  is 
nearly  spent,  and  to  have  the  coke  of  a spent  charge 
at  the  same  time  undergoing  combustion  in  the 
combustion  chamber. 

Though  there  is  thus  free  communication  between 
the  combustion  chamber  and  the  interior  of  the 
retorts,  a special  arrangement  is  adopted  to  prevent 
the  products  of  combustion  from  accompanying  the 
distilled  oils,  and  the  heavier  oil  vapours  from 
escaping  into  the  combustion  chamber,  and  so 
becoming  wasted.  The  tube  through  which  the 
vaporised  hydrocarbons  are  drawn  off  is  placed,  as 
nearly  as  possible,  at  the  junction  of  the  two  strata 
of  shale,  and  by  a suitable  condenser  the  oil  vapours 
are  liquefied.  The  incondensable  gas  which  ac- 
companies them  is  returned  to  the  retort  stack,  and 
is  discharged  into  the  retorts  about  9 inches  horn 
the  bottom,  where  it  divides  into  two  streams — one 
passing  upwards  through  the  bituminous  shale  to 
the  outlets  for  the  oil  vapours,  thereby  removing 
such  of  them  as  might  otherwise  find  their  way  to 
the  combustion  chambers,  and  the  other  passing 
downwards  into  these  chambers  to  aid  by  its  com- 
bustion in  maintaining  the  heat  necessary  for  the  dis- 


tillation. Thus  the  excess  of  gas  is  constantly  disposed 
of,  and  the  gas  itself  excludes  the  air  from  the  retorts 
and  prevents  any  deterioration  of  the  oil  from  that 
cause.  In  order  to  induce  free  escape  for  the 
vapours  from  the  retorts  to  the  condenser,  steam 
jet  exhausts  are  used. 

The  advantages  of  this  form  of  retort  are  various. 
At  Straiton,  for  several  wrecks  during  which  the 
retorts  were  in  constant  use,  it  was  not  necessary  to 
use  any  coal,  the  permanent  gas  and  the  coked 
shale  yielding  a beautiful  glowing  heat  in  the  com- 
bustion and  retort  chambers  without  more  than  the 
merest  trace  of  smoke. 

Then  there  is  a decidedly  greater  yield  of  market- 
able products  than  with  the  ordinary  vertical  retorts. 
The  Oakbank  shale,  which  yi  Idedintheold  fashioned 
verticals  at  the  Oakbank  Oil  Works  61 '92  per  cent, 
of  finished  products  (burning  oil,  lubricating  oil,  and 
paraffin  scale),  gave,  at  the  Straiton  experimental 
works,  69'01  per  cent.,  and  one  sample,  distilled  at 
a somewhat  low  temperature,  71 '09  per  cent. 


Fig.  28. 


The  paraffin  scale  yielded  by  the  first  form  8'12 
per  cent.,  and  by  the  new  form  11-76  per  cent.  The 
ammonia  is  also  higher  when  the  “self-heating” 
retort  is  used. 

One  important  variety  of  retort  is  attributed  to  the 
Americans ; it  is  known  as  the  revolviruj  retort  (Fig. 
28  represents  a plan,  and  Fig.  29  a front  elevation), 
and  is  intended  to  surmount  a difficulty  experi- 
enced in  the  use  of  other  and  prevailing  forms  of 
retorts,  namely,  that  of  subjecting  the  coal  or  shale 
under  distillation  to  a uniform  heat  throughout.  A, 
B,  is  the  body  of  the  retort,  7 feet  diameter  and  7 
feet  long,  and  of  cast  iron  ; cylindrical  retorts  of 
this  kind  have  also  been  made  of  wrought  iron.  The 
cylinder  turns  on  the  axle,  C,  and  D,  D.  The  latter, 
D,  D,  is  tubular,  serving  as  a vapour  outLt  to  the 
condenser,  which  again  has  a supplementary  con- 
denser connected  with  the  first  by  a beak,  with  the 
view  of  arresting  any  condensable  vapours  that  may 
have  passed  over  fron;  the  larger  one.  The  cylinder 
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or  body  of  the  retort  is  made  to  revolve  by  means 
of  an  endless  screw,  which  acts  on  a toothed  wheel 
mounted  on  tlie  tubular  axis  of  the  retort.  The 
charging  door  is  at  the  end  of  the  cylinder,  and  is 

Fig.  29. 


at  the  top  when  the  charge  is  put  in,  being  turned 
down  to  the  bottom  when  the  spent  materials 
have  to  be  withdrawn.  As  the  cylinder  revolves 
the  charge  within  is  turned  over  and  over,  bringing 
fresh  portions  of  it  continually  mto  contact  with 
the  heated  surface  of  the  retort.  The  heat  is 
communicated  from  the  furnace  by  means  of  an 
arched  flue.  A very  rapid  and  complete  distilla- 
tion is  the  result.  These  retorts  are  costly.  They 
are  liable  to  crack  from  unequal  heating,  and  a 
lining  of  carbon  deposit  which  takes  place  within 
them  requires  them  to  be  cleaned  out  weekly ; and 
the  retort  must  be  cooled  for  the  purpose  and 
heated  up  again,  causing  great  labour  and  loss  of 
fuel  in  the  work.  Cannel  slack  can  be  worked  with 
advantage  in  these  retorts.  Caking  coals  are  utterly 
unsuitable  for  them,  and  the  dust  caused  intern- 
ally by  their  revolution  is  apt  to  make  very  dirty 
crude  oil. 

The  paramount  object  of  the  coal  distiller  is  to 
obtain  the  exhaustive  distillation  of  the  coals  with 
the  smallest  possible  production  of  permanent  gases. 
In  consequence  of  the  fact  that  the  boiling  point  of 
the  various  hydrocarbons  obtained  differs  so  widely, 
it  is  impossible  that  all  the  lighter  members  shall 
escape  before  some  have  been  decomposed  into 
permanent  gas  by  the  heat  necessary  to  distil  over 
the  heavier  oils.  Messrs.  Young  at  Addiewell  obtain 
3000  feet  of  excellent  illuminating  gas  from  every 
ton  of  shale  distilled.  Bathgate  is  supplied  from 
the  paraffin  works,  and  the  works  at  Addiewell  are 
sufficient  to  entirely  supply  West  Calder.  At  most 
crude  oil  works  there  is  a sad  waste  of  this  valuable 
illuniinant.  Much  difference  of  opinion  is  felt  as  to 
the  relative  values  of  the  two  forms  of  retort  at 
present  in  use.  A writer  in  the  Oil  Trade  Review, 
speaking  on  this  point,  says : — “ The  Scotch  oil 
makers  are  unanimous  in  favour  of  upright  retorts, 
while  the  Welsh  are  equally  unanimous  in  con- 
demning them,  and  enqdoying  the  horizontal.  The 
probability  seems  to  be,  that  the  former  are  most 


useful  in  Scotland,  whilst  the  horizontal  suit  the 
Welsh  shale  best. 

“The  ordinary  Scotch  shale  being  a bulky,  cheap, 
and  poor  material,  requires  to  be  cheaply  handled 
and  rudely  worked.  So  much  shale  has  to  be  carried 
to  the  retorts  and  so  much  refuse  removed  from 
them  for  every  ton  of  oil  produced,  that  all  the 
arrangements  must  be  adapted  for  dealing  with 
great  bulk  of  raw  material  with  the  smallest  ex- 
penditure of  labour.  The  upright  retorts  can  be 
arranged  in  long  rows ; a gallery,  with  a line  of  rails 
upon  it,  may  thus  be  carried  level  with  their  mouths, 
and  the  shale  shot  down  a funnel-shaped  opening 
by  mechanical  devices  similar  to  those  used  in 
charging  a blast  furnace.  It  gradually  descends  by 
its  own  gravitation  to  the  lower  opening,  falls  into 
a tank  of  water,  from  which  the  bulky  and  heavy 
residue  is  removed  by  means  of  trucks  and  rails 
similar  to  those  used  for  charging.  All  this  time 
the  distillation  goes  on  without  stoppage.  With 
horizontal  retorts  the  charge  has  to  be  carefully  put 
in  and  spread  with  a shovel  or  scoop,  then  the  door 
luted  on  and  screwed  tight.  When  the  distillation 
is  completed,  there  is  a halt  in  the  operation ; the 
hot  door  is  unscrewed  and  taken  down,  set  aside  to 
have  its  old  luting  scraped  off,  the  exhausted  cannel 
or  shale  is  raked  out  by  hand  labour  and  taken 
away — all  in  a bit-by-bit  sort  of  fashion,  involving 
a great  deal  more  labour  upon  each  ton  of  raw 
material  than  by  the  Scotch  mode  of  working.  On 
the  other  hand,  the  horizontal  retorts  do  their 
work  better ; and  where  the  raw  material  is  of 
sufficient  value  to  bear  the  extra  labour,  the  increased 
and  better  yield  more  than  covers  the  additional 
cost  in  wages.” 

In  the  vertical  retorts  the  heat  is  applied  from 
below,  beginning  from  near  the  bottom,  where  it  is 
most  energetic  ; its  direct  action  extends  up  to  near 
two-thirds  of  the  height  of  the  vessel.  The  heat 
gradually  diminishes  upwards,  and  the  liberated 
vapours  force  their  way  through  the  superincumbent 
mass  of  shale,  till  near  the  top  of  the  retort  they 
escape  by  a tube  leading  to  the  condenser.  Behind 
each  retort,  and  just  above  the  junction  of  the  nose 
piece  with  the  retort,  an  inch  pipe,  fitted  with  a 
stopcock,  is  attached.  This  pipe  is  in  connection 
with  the  main  leading  from  the  steam  boilers. 
Steam,  at  a pressure  of  10  lbs.  per  square  inch,  is 
passed  by  means  of  this  pipe  into  the  retort  during 
the  distillation.  The  steam  sweeps  the  oil  vapours 
out  of  the  retort  as  fast  as  they  are  formed,  and  also, 
with  the  ascending  condensable  vapours  and  gases, 
tends  to  equalize  the  temperature  of  the  mass  of 
coal  or  shale  under  operation,  rendering  the  heat 
more  uniform  throughout. 

For  every  ton  of  shale  distilled,  a quantity  of  water, 
amounting  to  about  80  gallons,  is  thus  in  the  form 
of  steam  passed  through  the  retort.  The  water 
originally  in  the  shale  generally  varies  from  12  to 
20  gallons,  so  that  in  vertical  retorts  worked  in  this 
way  a total  quantity  of  about  100  gallons  of  water 
is  vaporized  in  the  distillation  of  1 ton  of  shale. 
The  coal  consumed  in  operating  with  the  krge  oval 
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retorts,  six  in  series,  used  at  Addiewell,  is  mucli  less 
than  was  formerly  consumed  by  the  small  round 
retorts  in  sets  of  four.  One  ton  of  shale  can  be 
distilled  in  these  oval  retorts  by  the  consumption 
of  3 cwts.  of  coal.  At  the  back  and  top  of  each 
retort  the  vapour  pipe  passes  on  to  the  main  leading 
to  the  condenser.  A homiet  is  attached  to  the  vapour 
pipe,  so  as  to  admit  of  its  being  cleaned  by  means 
of  an  iron  rod  on  the  removal  of  the  bonnet.  This 
is  required,  as  occasionally  small  pieces  of  solid 
matter  lodge  in  the  throat  of  the  tube,  obstructing 
the  passage  of  the  condensable  vapours  and  gases. 
About  30  retorts  is  the  proper  number  to  have 
connected  with  one  main ; in  some  works,  however, 
as  many  as  200  retorts  are  connected  with  the  same 
main,  whilst  other  makers  advocate  the  use  of  special 
condensers  for  each  set.  At  the  end  of  the  main, 
before  it  enters  the  condenser,  a trap  and  separator 
are  placed,  so  that  all  the  products  which  have 
condensed  in  the  main  may  be  thence  removed. 
The  crude  oil  passes  to  one  tank  and  the  water 
to  another  tank  called  the  ammoniacal  water  tank. 
The  temperature  in  tlie  main  as  it  enters  the  con- 
denser varies  from  200°  Fahr.  to  210°  Fahr.  The 
pressure  is  very  small,  being  not  more  than  from 
three-fourths  of  an  inch  to  1^  inch  of  water.  These 
distinctions  are  of  consequence  to  note  in  jmactical 
operations. 

Comparison  q/  the  Yields  of  Crude  Oil  by  Vertical 
and  Horizontal  Retorts. — The  following  results  were 
obtained  by  experiments  on  the  large  scale ; sepa- 
rate sets  of  vertical  and  horizontal  retorts  being 
detailed  for  the  purpose,  in  order  to  make  the  results 
commensurate.  The  shale  operated  upon  was  the 
thick  shale  of  the  West  Calder  district.  This  is  one 
of  the  principal  shales  worked  by  Young  & Co., 
by  the  AVest  Calder  Oil  Company,  and  others 
in  their  neighbourhood.  Oval  vertical  retorts,  with 
steam  passed  through  during  distillation,  yielded 
3‘J'88  gallons  of  crude  oil  per  ton,  of  specific  gravity 
•899  at  60°  Fahr.;  horizontal  retorts,  in  sets  of  three, 
without  steam,  yielded  3-±'63  gallons  of  crude  oil  per 
ton,  of  specific  gravity  -865  at  60°  Fahr.,  showing  a 
diiference  of  5‘25  gallons  in  favour  of  the  vertical 
retorts.  The  oil  of  the  horizontal  retort  was  of 
lower  specific  gravity,  having  been  partially  re-dis- 
tilled in  the  retort,  whereas  in  the  vertical  retort 
the  vapours  are  rapidly  swept  out  by  the  steam  as 
they  are  formed.  The  average  quantity  of  shale  put 
tlirough  the  ordinary  sizes  of  horizontals  ranges  from 
7 cwts.  to  10  cwts.  per  retort  per  twenty-four  hours. 
Steam  is  not  usually  passed  through  these  retorts 
during  distillation,  as  most  manufacturers  who  have 
to  sell  their  crude  oil  prefer  to  have  it  as  low  in 
specific  gravity  as  possible.  In  cases  where  steam 
is  employed  about  3 gallons  more  crude  oil  per  ton 
of  shale  are  obtained;  the  oil  is  a little  heavier  than 
that  produced  in  horizontals  without  steam.  ' There 
are  some  varieties  of  co;d  whose  behaviour  when 
exposed  to  the  action  of  heat  renders  them  unsuit- 
able for  distillation  in  the  vertical  or  continuous 
retort ; in  such  cases  the  horizontal  is  found  very 
convenient.  The  Hartley  coal,  near  Sydney,  New 


South  AVales,  and  the  coal  from  St.  John’s,  New 
Brunswick,  are  instances  of  such  minerals. 

In  pursuance  of  this  inquiry,  the  following  table 
will  show  that  the  vertical  retort  is  more  for  the 
advantage  of  the  manufacturer  than  the  horizontal 
one : — 

COMPARISON  op  THE  COST  OP  MANUPACTORING  CRUDE  OIL  BY 
MEANS  OP  HORIZONTAL  AND  VERTICAL  RETORTS. 

Cost  of  horizontal  retorts,  com- 
plete, to  consume  100  tons  per  £ s.  d. 

day, fi'iO'l  0 0 

Do.,  vertical  do., 5432  0 0 

Difference  in  favour  of  vertical 
retorts. 


Working  expenses  5 per  cent,  on  capital  sunk, 
but  not  allowing  for  deterioration — 

Horizontal  retorts,  per  100  tons,..  12  17  6 

Vertical  do 9 19  9 

Difference  in  favour  of  vertical 

retorts, 

Depreciation  of  vertical  retorts  per  cent. 

per  annum, 12-45 

Do.  of  horizontal, ll-OO 

Difference  in  favour  of  horizontal  retorts,  

Working  expenses  are  thus  made  up — 

Horizontal. 

Drawing,  charging,  firing,  and  fitting,  1-000 

Disposing  of  refuse, -500 

Coals  for  fire, -800 

Repairs, -060 

Interest  on  capital, -216 


£ 

1093 


s.  d. 
0 0 


Shillings  and  decimals  per  ton, . . 2-576 

Equal  to,  per  100  tons, £12  17  6 


2 17  9 


1-45 

Vertical. 

*500 

•417 

•800 

•100 

•181 

,.  1-998 

£9  19  9 


In  foregoing  there  is  not  included  breaking,  laying  down 
the  shale,  and  foreuien’s  wages,  being  equal  in  both  cases. 

Vertical  retorts,  assumed  to  yield  31  gallons,  -883  specific 

£ a.  d. 

100  tons  shale,  at  6a.  laid  down, 30  0 0 

Working  expenses, 9 19  9 

3100  gallons  at  3-095d.  each, 39  19  9 

Horizontals,  yielding  26  gallons,  -846  specific  gravity — 

100  tons  shale  as  above, £30  0 0 

Working  expenses 12  17  6 

2600  gallons  at  3-955d.  each, 42  17  6 


Depreciation  as  above  (vertical), . . 
“ “ (horizontal). 


•174  per  gallon. 
•221  “ 


Laboratory  examinations  gave  per  100  gallons  of  crude — 

Horizontal.  £ t.  d. 

10  gallons  naphtha, at  8</.  = 068 

53-35  gallons  burning  oil at  Is.  = 2 13  4 

9 gallons  heavy  oil, at  6d.  =046 

2-09  gallons  scale  paraffin,  at  2s.  2d.  = 046 


= 8'320d.  per  gallon, 3 9 0 

Vertical. 

Naphtha,  none  separated. 

51-98  gallons  burning  oil, at  Is.  = 2 11  Ilf 

18  52  gallons  heavy  oil, at  6d.  = 069 

3-52  gallons  paraffin  scale,  at  2s.  2d.  = 0 7 7 

= 7-954d.  per  gallon, £3  6 3 

We  thus  pay  86d.  more  for  100  gallons  crude  from  horizon- 
tals, and  get  37d.  more  for  the  products,  leaving  in  favour  of 
verticals  -49d.  per  100  gallons,  or  \d.  per  gallon. 


It  is  a common  error  in  the  construction  given  to 
the  sets  of  vertical  retorts,  to  put  them  into  too 
close  ju.xtaposition,  to  employ  fires  too  energetic  for 
the  dimensions  of  the  flues  and  ports  provided  for 
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the  distribution  of  the  heat  and  escape  of  the  pro- 
ducts of  combustion.  In  consequence  of  tliis  crowd- 
ing and  narrowness  of  space  the  retorts  come  to  be 
locally  heated,  and  at  the  points  of  the  constant 
impact  of  the  heat  oxidised  or  burnt. 

Several  patents  have  been  secured  for  the  dis- 
tillation of  shale  by  the  agency  of  superheated 
steam.  James  Young  made  an  extensive  series 
of  experiments  on  a large  scale,  employing  this 
means  of  distilling.  The  steam  having  passed 
through  a superheater,  constructed  on  the  plan  of 
that  employed  in  the  hot  blast  in  ironworks,  was 
passed  through  an  intermittent  retort,  which  held 
about  7 tons  of  shale.  The  whole  apparatus  was 
found  to  be  easy  of  construction,  and  to  be  kept  in 
repair  at  a very  trifling  cost. 

In  three  experiments  Young  found  that  the  coal 
consumed  per  ton  of  West  Calder  shale  distilled 
was  as  follows; — 


Experiment  1. 

Experiment  2. 

Experiment  3. 

Cwts. 

Cvrts. 

Cwts. 

Superheater  consumption. 

3-09 

3-44 

3-14 

Steam  boiler  “ 

4-60 

.5-77 

4-91 

Total  coal  consumed  j 

for  each  ton  of  > 
shale  distilled, ...  j 

7-69 

9-21 

8-05 

The  total  quantity  of  coal  consumed  in  the  pro- 
cess appears  large ; but  if  that  process  were  fairly 
set  working,  and  suitable  means  of  utilizing  the 
waste  heat  devised,  the  item  of  fuel  might  be  much 
reduced  in  cost ; whilst  retort  repairs,  a formidable 
part  of  the  expense  of  the  distillation  of  coal  or 
shale  by  prevailing  methods,  would  be  trifling. 
Besides,  the  qualities  of  the  oil  produced  are  much 
improved  by  this  plan  of  operating  by  steam,  and 
the  quantity  of  solid  paraffin  considerably  increased. 

A mixture  of  carbonic  oxide  and  nitrogen  was 
employed  experimentally  by  Young.  This  mix- 
ture was  obtained  by  sending  a blast  of  air  from 
a centrifugal  fan  through  a cupola  furnace  fuU  of 
coke.  The  results  were  toler.ably  satisfactory,  as 
far  as  distillation  was  concerned,  and  the  proba- 
bility is  that  the  difficulties  experienced  would  have 
been  removed  on  further  experiment.  It  was  found, 
however,  that  a much  greater  degree  of  condensing 
power  was  in  this  case  necessary  than  when  steam 
was  employed  as  the  distilling  agent.  When  steam 
is  used  its  complete  condensation  is  necessary,  as 
it  obstinately  retains  an  important  quantity  of  oil 
vapour  diffused  throughout;  this  difficulty  is  also 
encountered  in  employing  the  gases  referred  to,  and 
other  considerations  on  the  score  of  economy  inter- 
fere with  their  use. 

In  the  case  of  the  horizontal  and  other  forms  of 
retorts,  wherein  no  steam  is  employed,  the  apparatus 
for  condensation  is  usually  very  simple,  generally 
consisting  of  a few  lengths  of  pipe  leading  from  the 
exit  tube  of  the  retort,  dipping  into  a long  cylin- 
drical main  into  which  all  the  retorts  unite,  and 
wherein  the  condensed  products  fall.  Between  each 
retort  and  this  main  a stop  valve  is  genendly  placed, 


so  as  to  shut  off  all  connection  whilst  any  retorts 
are  being  drawn,  or  other  operation  is  being  per- 
formed which  necessitates  the  stoppage  of  the  con- 
nection. After  traversing  the  main  the  vapours  are 
usually  made  to  pass  through  several  connected  tiers 
of  pipes,  having  a fall  to  the  main,  or  the  oil  reser- 
voir. In  general  the  condensing  arrangements 
adopted  are  of  a very  crude  and  primitive  nature. 
At  most  of  the  crude  oil  works  quantities  varying 
from  1 to  2,  or  even  3 gallons,  per  ton  of  shale 
distilled  are  lost  from  imperfect  condensation. 

When  vertical  retorts  with  steam  are  used,  the 
apparatus  of  condensation  is  necessarily  more  com- 
plex. As  has  already  been  stated,  at  the  ends  of 
the  main,  before  the  vapours  enter  the  condenser, 
a trap  and  separator  are  situated,  so  that  the  pro- 
ducts which  have  been  already  condensed  in  the 
main  are  at  once  removed  to  their  respective  tanks. 
The  condensers  are  in  general  much  the  same  as 
those  employed  in  gas  works.  A series  of  cylindrical 
cast-iron  chests,  having  a double  row  of  faucets  in 
their  upper  side,  constitute  the  base  of  the  con- 
densers. A large  condenser  may  have  12  or  14  such 
chests.  A pipe  conducts  the  products  from  each 
chest  to  its  appropriate  tank.  A trap  is  placed  on 
this  pipe  just  as  it  leaves  the  bottom  of  each  chest. 
This  trap  has  a movable  lid,  so  as  to  permit  of  the 
pipe  being  examined  periodically,  and  the  passage 
kept  clear.  In  some  cases  the  condenser  pipes  are 
for  the  first  two  or  three  rows  of  chests  surrounded 
with  a jacket  or  metallic  casing  or  box,  through 
which  cold  water  is  made  to  circulate.  This  of 
course  greatly  facilitates  condensation.  Towards 
the  end  of  the  series  of  pipes  it  is  necessary  to  have 
available  the  means  of  occasionally  passing  a jet 
of  steam  through  the  condensing  tubes,  as  in  cold 
weather  the  pipes  are  frequently  obstructed  by 
masses  of  carbonate  of  ammonia,  or  other  solid 
deposits.  All  the  products  of  the  first  six  or  seven 
chests  are  usually  run  to  a separator,  and  thence 
the  crude  oil  to  its  tank,  and  the  ammoniacal  water 
to  the  vessel  appropriated  to  its  reception.  In 
the  case  of  a condenser  consisting  of  twelve  chests, 
the  first  seven  of  which  ran  their  condensed  products 
to  one  tank,  the  specific  gravity  of  the  oil  in  that 
tank  averaged  from  -890  to  -896  at  G0°  Fahr.  In 
this  instance  the  products  of  the  remaining  five 
chests  were  run  to  a separate  tank.  These  products 
being  the  last  to  condense,  were  consequently  the 
more  volatile  portions  of  the  oil.  The  contents  of 
this  tank  are  termed  crude  naphtha.  The  specific 
gravity  ranged  between  -790  and  -805  at  60°  Fahr. 
It  is  of  great  advantage  to  collect  thus  the  more 
volatile  portions  at  as  early  a stage  as  possible ; as 
in  refining  the  naphtha  separately,  a few  extra  pre- 
I cautions  prevent  considerable  loss  from  evaporation. 

At  Addiewell  the  gas  in  the  third  naphtha  chest 
j from  the  end  of  the  condensers  is  usually  as  low 
in  temperature  as  the  external  atmosphere.  The 
pressure  generally  averages  from  one-fourth  inch  to 
one-half  inch  of  water.  But  although  the  tempera- 
ture is  as  low  as  can  possibly  be  obtoined  in  this 
j form  of  apparatus  long  before  the  gas  leaves  the 
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condensers,  still  the  gas  goes  away  quite  saturated 

case  of  vertical  retorts  with  steam,  to  from  80  to 

with  light  oil  vapour.  An  approximate  idea  of  the 

100  gallons  per  ton  of  shale,  are  also  obtained.  In 

quantity  of  oil  which  is  thus  being  lost  may  be 

horizontal  retorts,  wherein  no  steam  is  employed. 

obtained  in  the  following  way ; — An  ordinary  wet 

the  water  is  reduced  to  about  from  12  to  20  gallons 

gas  meter  is  obtained  and  connected,  by  means  of  a 

per  ton ; the  water  in  this  latter  instance  being,  of 

pipe,  coupling  screw,  &c.,  to  one  of  the  gas  pipes 

course  proportionally  richer  in  ammonia.  As  our 

leaving  the  condensers ; the  connection  should  be 

concern  is  more  particularly  with  the  liquid  hydro- 

such  as  may  be  readily  detached,  as  tlie  meter  re- 

carbon  products,  we  may  briefly  dismiss  the  gas  and 

quires  occasionally  to  be  weighed.  The  meter  is 

ammoniacal  water  in  a few  words.  The  gas  con- 

filled  with  partially-refined  heavy  oil,  from  which  the 

tains  generally  the  ordinary  constituents  of  coal  gas; 

solid  paraffin  has  been  extracted  (the  so-called  blue 

its  impurities  are  much  the  same,  chiefly  being  car- 

oil  of  some  makers)  ; the  meter  is  then  weighed,  the 

bonic  acid  and  sulphuretted  hydrogen ; sulphide  of 

weight  noted,  the  connection  to  the  gas  pipe  com- 

carbon  is  not  present  in  such  a great  proportion  as 

pleted,  and  the  gas  turned  on  to  the  meter.  As  tlie 

in  coal  gas  as  usually  prepared.  After  purification, 

heavy  oil  becomes  saturated  with  light  oil,  the  specific 

in  most  cases,  the  shale  or  coal  gas  thus  produced 

gravity  of  the  mixture  becomes  less,  and  the  bulk  of 

is  high  in  illuminating  value.  In  the  case  of  the 

the  oil  increasing,  overflows  into  a vessel  placed  so 

Midlothian  and  Linlithgowshire  shales  the  gas  is 

as  to  collect  the  surplus.  When  the  index  has 

equivalent  to  between  27  and  28  standard  candles. 

shown  that  from  500  to  1000  cubic  feet — depending 

The  gas  supplied  for  the  illumination  of  the  town  of 

upon  the  nature  and  quantity  of  liquids  contained 

Bathgate  by  Young’s  Company,  from  their  works  in 

in  it — have  passed  through,  the  experiment  may  be 

that  neighbourliood,  is  of  this  character,  and  is 

stopped,  and  the  gain  in  oil  weighed  and  measured. 

found  to  be  very  satisfactory.  At  other  works. 

The  fractional  distillation  of  a quantity  of  the  mix- 

when  no  such  use  can  readily  be  found  for  this 

ture  will  indicate  the  quantity  of  light  oil  obtained 

product,  the  gas  is  usually  conducted  to  the  steam- 

by  the  process. 

boiler  furnaces,  and  there  employed  as  fuel. 

Young  devised  a plan  for  carrying  on  this  opera- 

The  ammoniacal  water,  when  obtained  from  hori- 

tion  on  the  manufacturing  scale.  This  is  effected 

zontal  retorts  wherein  no  steam  is  employed,  is 

by  passing  the  gas  up  a tall  tower  filled  with  coke, 

treated  just  as  in  gas  works ; but  when  verticals. 

down  which  the  he.avy  or  blue  oil  is  made  to  trickle. 

with  steam,  are  in  use,  the  quantity  of  water  being 

The  oil  is  repeatedly  pumped  to  the  top  of  the 

relatively  so  much  greater  in  proportion  to  the 

tower,  and  trickles  through  the  interstices  of  the 

ammonia  present,  other  methods  have  sometimes 

coke  over  and  over  again,  till  such  time  as  it  is  quite 

to  be  adopted. 

saturated  with  the  light  oil ; it  is  then  removed  to  a 

At  Y^OUNG’s  AYorks  the  ammonia  stills  are  worked 

still,  where,  by  means  of  steam  heat,  the  light  oil  is 

under  a slight  pressure,  and  the  water  is  forced  into 

distilled  off.  The  heavy  oil  remaining  in  the  still 

the  stills  by  means  of  a donkey  pump.  Two  boilers 

after  the  steaming  operation  has  been  completed 

are  employed  as  stills ; a constant  feed  and  blow-off 

passes  through  a cooler,  and  is  again  employed  in 

being  the  plan  adopted.  No.  1 still  may  be  worked 

washing  tlie  gas.  Two  stills  are  necessary,  so  that 

at,  say,  10  pounds  per  square  inch  ; No.  2 at  from  6 

the  operation  may  be  continuous ; whilst  one  still 

to  8 pounds.  The  water  pumped  into  No.  1 passes 

is  employed  steaming  the  oil,  the  other  one  is  being 

afterwards  through  No.  2 still,  and  thence  the  hot 

put  in  readiness  for  the  reception  of  the  oil  wliich  is 

water,  having  had  nearly  all  its  free  ammonia  re- 

in  the  meantime  being  saturated  in  the  coke  tower. 

moved,  goes  as  feed  for  the  boilers  employed  to 

By  this  process  from  three-fourths  to  1|  gallon  of 

generate  steam  to  pass  through  the  retorts.  The 

light  oil  or  naphtha  per  ton  of  shale  distilled  may  be 

vaj)Ours  from  both  stills  simply  pass  into  a cracker 

obtained,  de])ending  to  some  considerable  extent  on 

box  lined  with  lead,  containing  the  sulphuric  acid. 

the  season  of  the  year,  and  the  consequenc  greater 

AVhen  saturated  and  salted  up  the  crystals  are 

or  less  efficiency  of  the  other  modes  of  condensation. 

removed  to  a sloping  board  to  drain ; the  mother 

The  specific  gravity  of  the  crude  liglit  oil  or  najihtha 

liquor  being  mixed  with  the  sulphuric  acid  in  the 

thus  obtained  was  between  ‘715  and  '735  at  60° 

next  batch.  The  sulphuric  acid  is  usually  employed 

Fahr.  : but  -730  may  be  taken  as  an  average.  The 

about  1'74  specific  gravity,  but  this  is  occasionally 

coke  obtained  as  a residue  in  tlie  distillation  of  the 

raised  as  may  be  found  necessary ; as,  for  instance. 

crude  oil  is  wcdl  suited  for  use  in  the  tower,  if  care 

when  saltinq  up  does  not  take  place. 

be  taken  that  the  harder  varieties  of  it  be  selected 

Oil  of  vitriol  made  from  sulphur  ought  to  be 

only. 

employed ; that  manufactured  from  ])yrites,  from 

We  may  now  make  a resume  of  the  products  we 

the  presence  of  iron  and  other  impurities,  being 

have  obtained,  and  see  what  arrangements  are  made 

injurious  to  the  colour  and  purity  of  the  salt.  The 

for  their  final  disposal.  AVe  have — 

quantity  of  sulphate  of  ammonia  obtained  varies 

1.  Crude  oil  of  specific  gravity,  say...  ’890  to  '896 

with  the  shale  employed,  some  shales  and  coals 

2.  “ light  oil  “ “ ...  '790  to  '805 

yielding  very  much  more  than  others.  The  shales 

3.  “ “ “ “ ...  '730 

worked  by  Young’s  Company  at  Addiewell  and 

A quantity  of  uncondemable  gas,  amounting  to  about 

Bathgate  yield  about  9 pounds  of  sulphate  of  am- 

3000  cubic  feet  per  ton  of  shale  distilled,  and  a 

monia  per  ton.  At  Oakbank  a greater  quantity  is 

quantity  of  ammoniacal  water,  amounting,  in  the 

obtained.  The  difficulties  at  first  to  be  overcome 
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in  the  extraction  of  the  ammonia  from  the  weak 
water  of  tlie  vertical  retorts  were  considerable. 
The  succc.ssfiil  carrying  out  of  the  process  describe  1 
above  is  due  to  the  exertions  at  Addiewell  of  James 
Young,  jun.,  and  John  Calderwood. 

The  He/iiiinfi  of  the  Oils. — The  process  for  the  refin- 
ing of  the  oils  distilled  from  sliale  is  almost  exactly 
similar  to  that  employed  in  purifying  crude  pet- 
roleum ; and  the  stills,  agitators,  and  condensers 
being  in  the  two  operations  so  exactly  alike,  we 
refer  to  that  heading  for  a more  detailed  description 
of  those  pieces  of  apparatus. 

The  lighter  oils  — the  naphtha  and  coke-tower 
naphtha — are  treated  with  sulphuric  acid  and  caustic 
soda,  and  submitted  to  distillation  in  stills  employ- 
ing a current  of  steam.  This  operation  is  repeated 
if  nece.ssary.  The  product  has,  when  prepared  from 
the  coke-tower  naphtha,  a specific  gravity  of  about 
•720,  the  whole  naphtha  yield  varying  from  '740  to 
•770.  It  is  mainly  used  for  burning  in  out-door 
flame  lamps,  as  a substitute  for  turpentine  in  mixing 
paints,  and  as  a solvent  in  various  manufacturing 
operations,  such  as  india-rubber  working,  the  lighter 
varieties  being  burned  in  sponge  lamps. 

The  crude  burning  oil,  which  varies  usually  in 
specific  gravity  from  •890  to  '896  at  60°  Fahr.,  is 
passed  into  stills  of  malleable  or  cast  iron,  the  former 
preferably,  which  range  in  size  in  the  Scotch  oil 
works  from  600  to  2200  gallons.  The  distillation  is 
carried  to  dryness — that  is,  until  the  residue  in  the 
still  is  in  the  state  of  coke.  This  coke  is  exceedingly 
porous,  and  contains  hardly  any  ash  ; it  is  therefore 
employed  in  most  works  as  fuel.  It  furnishes  the 
best  fuel  for  locomotive  furnaces,  as  from  its  freedom 
from  ash  it  does  not  close  up  the  tubes  of  the  boiler, 
as  coal  or  ordinary  coke  does.  But  a more  im- 
portant use  has  been  found  for  this  substance.  A 
company  in  Glasgow  purchases  it  from  the  oil 
makers ; more  completely  cokes  it — that  is,  they 
drive  off  the  traces  of  jiitchy  matter  with  which  it  is 
generally  more  or  less  contaminated — and  afterward 
reduce  it  to  an  impalpable  powder ; in  this  state  it 
is  sold  to  iron  founders  as  “ blacking,”  and  is  by 
them  employed  to  dust  over  their  moulds  before 
casting.  Purchased  at  the  oil  works  for  1,5s.  a ton, 
it  realizes  £4  to  £5  per  ton  when  thus  prepared  for 
the  iron  founder. 

The  still  is  usually  fitted  with  a worm-pipe  con- 
denser. In  some  cases  these  are  collected  together 
in  one  large  water  pond  or  tank,  but  the  better  form 
of  construction  is  that  of  a separate  condenser  for 
each  still. 

The  loss  on  distillation  of  such  oil  as  we  have 
referred  to  should  not  exceed  5 jier  cent,  by  volume. 

Steam  is  passed  through  the  crude  oil  during  the 
distillation,  but  generally  only  when  the  still  is 
nearly  run  off'  and  on  heavy  cil.  The  distillate  of 
the  crude  oil  may  either,  as  is  generally  the  case, 
be  collected  altogether  into  one  tank,  or  may  be 
fractionated  so  as  to  suit  the  subsequent  arrange- 
ments for  refining.  For  many  reasons,  it  is  advan- 
tageous to  fractionate  the  distillate,  each  fraction 
then  receiving  just  the  treatment  which  it  requires. 


neither  more  nor  less.  The  solid  paraflin  is  not 
thus  exposed  to  deterioration  by  long  heating,  &c. 
But  for  the  sake  of  sim])licity  in  description,  it  may 
be  as  well  to  consider  the  distillate  of  the  crude  oil 
as  one  uniform  mi.xture.  This  distillate  is  usually 
termed  once  run  oil.  In  the  case  of  vertical  crude 
oil  of  -890  specific  gravity,  the  total  mixture  of  once 
run  oil  has  a specific  gravity  of  from  -860  to  -865. 
The  once  run  oil  is  now  subjected  to  agitation  with 
sulphuric  acid.  This  operation  is  performed  in  iron 
vessels  of  flat  cylindrical  form,  when  possible  lined 
with  lead;  each  vessel  is  fitted  with  a centrifugal 
stirrer,  which  acts  much  like  a pump,  and  keeps  up 
a constant  and  violent  agitation  in  the  contents  of 
the  vessel.  The  form  of  stirrer  most  approved  of 
is  that  designed  by  A.  C.  Kirk.  It  is  most  effectual 
in  its  action ; a stirring  vessel,  containing  2000  to 
4000  gallons  of  oil,  may  be  thoroughly  and  effec- 
tively agitated  in  the  short  space  of  seven  minutes. 
It  is  of  advantage  to  be  able  to  agitate  considerable 
quantities  of  oil  at  once,  as  thereby  a better  average 
mixture  of  the  oil  is  obtained.  In  treating  once  run 
oil,  the  acid  is  sometimes  given  in  two  or  three  doses 
or  stirs ; some  consider  this  plan  better  than  giving 
the  acid  in  one  dose  and  stir.  About  4 per  cent,  by 
volume  of  acid  is  usually  given  to  the  once  run  oil. 
The  dirty  acid,  or  acid  tar,  from  the  subsequent 
stirrings  of  the  more  refined  oils,  is  usually  here  used 
instead  of  fresh  acid  ; when  enough  tar  is  not  to 
be  had,  it  is  supplemented  by  fresh  acid  of  specific 
gravity  of  about  1-74 — the  brown  or  pan  acid  of  the 
makers.  After  agitation,  the  contents  of  the  vessel 
are  run  down  into  a settling  tank,  where  the  oil  is 
allowed  to  settle.  By  means  of  a valve  at  the  bottom 
of  this  tank  the  deposited  tar  is  run  off  periodically, 
say  at  intervals  of  every  five  hours,  till  the  oil  is 
completely  settled.  This  operation  may  take  from 
six  to  twelve  hours,  depending  greatly  on  the  nature 
of  the  oil  under  treatment. 

A great  improvement  in  this  part  of  the  process 
has  been  effected  by  the  new  settling  apparatus  of 
Messrs.  Galletlv  and  MacIvor,  whereby  the  acid 
tar  is  very  rapidly  removed  from  contact  with  the 
oil  after  the  stirring  operation  has  been  completed. 
This  apparatus  will  be  attended  to  further  on,  in 
treating  of  the  refine!  oils.  The  once  run  oil,  after 
being  settled  from  the  acid  tar,  is  now  pumped  to 
another  agitating  vessel,  wherein  it  receives  a treat- 
ment with  about  2 per  cent,  of  solution  of  caustic 
soda,  of  specific  gravity  about  68°  Twaddell.  After 
this  stirring  the  oil  is  run  down  to  a settling  vessel, 
wherein  it  is  allowed  to  separate  from  the  caustic 
soda  and  impurities  which  it  has  brought  down. 
After  settling  several  hours  the  oil  is  usually  pumped 
to  a charging  or  feeding  tank,  placed  at  a sufficiently 
groat  elevation  above  the  refinery  stills  or  boilers, 
so  as  to  admit  of  the  stills  being  charged  or  fed  by 
gravitation  with  the  oil  to  be  distilled.  The  stills 
usually  employed  in  large  works  are  of  the  form  of 
boilers,  cylindrical,  of  various  sizes  (some  as  large 
as  36  feet  long  by  7 feet  6 inches  diameter) ; a very 
common  size  is  24  feet  by  7 feet  6 inches  diameter. 
They  are  usually  fl,at  ended,  and  are  provided  with 
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gauge  cocks,  gauge  glasses,  and  safety  valves  similar 
to  those  fitted  to  an  ordinary  steam  boiler.  The 
safety  valve  is  useful  in  giving  warning  in  case  of 
obstruction  of  the  worm-pipe  or  condensing  arrange- 
ment employed.  The  boiler  is  heated  much  in  the 
same  way  as  a steam  boiler.  Many  have  a fire-brick 
arch  for  some  distance  above  the  fire,  in  which 
pigeon  holes  are  left,  so  as  to  distribute  the  heat 
more  equally  and  prevent  local  heating,  which  is  apt 
to  injure  the  boiler.  Each  boiler  is  fitted  with  a 
valve  at  the  further  end  of  its  bottom,  by  which  the 
boiler  may  be  run  off  or  completely  emptied  when 
necessary.  There  are  also  man-hole  doors,  by  which 
access  may  be  had  within  when  cleaning  or  repairs 
are  necessary.  Separate  condensers,  sometimes 
tiers  of  cast-iron  pipes  connected,  and  contained 
in  a water  tank,  sometimes  tubular,  as  shown  in 
Fig.  21  (Petroleum),  are  attached  to  each  boiler 
or  still. 

The  total  mixture  of  once  run  oil,  after  treat- 
ment with  sulphuric  acid  and  soda,  as  put  into 
the  boiler  or  still,  has  generally  a specific  gravity 
of  about  -845.  When  the  still  begins  to  run  slowly, 
steam  is  introduced.  This  brings  away  at  first 
a great  rush  of  light  oil;  the  still  is  now  run 
to  the  naphtha  tank,  till  the  specific  gravity  at  the 
W'orm-end  of  the  still  is  790  at  60°  Fahr.  From 
790,  until  solid  paraffin  makes  itself  apparent,  the 
distillate  is  run  to  first  stage  burning  oil  tank.  The 
still  is  fed  during  the  distillation  ; that  is,  the  oil  is 
kept  up  to  a certain  point  in  the  gauge-glass  whilst 
the  distillation  is  going  on.  The  aim  is  to  keep  the 
specific  gravity  of  the  run  of  still  as  near  that  of 
first  stage  burning  oil  as  possible.  When  the  boiler 
or  still  has  run  its  time,  perhaps  four  or  five  shifts 
(forty-eight  to  sixty  hours),  it  is  now  run  down,  as 
has  been  stated,  when  paraffin  makes  itself  apparent; 
the  products  are  shifted  to  the  paraffin  tank,  and  the 
still  is  run  down  till  the  oil  is  just  about  to  leave 
the  lowest  gauge-cock  in  the  still.  The  fire  is  now 
withdrawn,  and  the  still  allowed  to  cool  a little. 
The  contents  of  the  boilers  are  run  off  by  the  cock 
at  the  back  end  of  the  boiler,  and  by  gravitation 
pass  to  a still  placed  at  a lower  level  (the  still  is  of 
the  form  described  in  the  distillation  of  the  crude 
oil),  when  the  contents  are  distilled  off  to  dryness ; 
the  products  of  the  distillation  being  transferred  to 
the  paraffin  tank.  This  then  describes  generally  the 
process  as  followed  out  in  all  the  three  distillations, 
the  after  treatment  usually  given  to  paraffin  oil.  In 
each  of  these  distillations,  by  running  the  start  of 
every  boiler  or  still  to  the  naphtha  tank,  till  a 
gravity  of  790  is  attained  at  the  worm-end,  the 
flash  point  of  the  finished  burning  oil  will  be  found 
to  be  sufficiently  high — generally  about  120°  Fahr. 
to  125°  Fahr.  in  the  close  vessel. 

The  heavy  oil  obtained  from  the  latter  stages  of 
distillation  is  found  to  contain  large  quantities  of 
bright  crystalline  scales  of  solid  paraffin  in  suspen- 
sion ; at  least  a second  distillation  is  needed  before 
these  scales  make  their  apjiearance.  It  would 
appear  that  the  pitchy  constituents  which  still  cling 
to  the  paraffin  particles  hinder  their  crystallization. 


When  in  free  suspension  the  paraffin  readily  assumes 
the  crystalline  form.  The  following  are  the  solidify- 
ing tempieratures  of  various  solutions  of  paraffin  in 
finished  liquor: — 


Containing  lb. 
per  Gallon. 

Deg.  Fahr. 

Containing  lbs. 
per  Gallon. 

Deg.  Fahr. 

•1 

50 

1-1 

82 

•2 

66 

1-2 

85 

•3 

62 

1-3 

86 

•4 

72 

1-4 

88 

•5 

70 

1-5 

90 

•6 

73 

1-6 

97 

7 

75 

1-7 

97 

•8 

76 

1-8 

101 

•9 

77 

1-9 

100 

1 0 

82 

20 

103 

The  solidifying  temperatures  given  above  were 
taken  by  melting  the  samples  in  their  containing 
bottles,  and  then  suspending  them  by  a cord.  On 
the  first  distinct  indication  of  paraffin  making  its 
appearance  the  temperature  was  taken  for  each 
specimen. 

The  separation  of  brown  paraffin  scales  is  effected 
by  bagging  and  pressing.  The  bagging  is  simply  a 
filtration  in  canvas  bags  which  are  usually  filled  and 
tied  up,  then  heaped  together  and  thrown  into  per- 
forated boxes  till  the  greater  portion  of  the  oil 
filters  out.  The  contents  of  the  bags  are  then 
submitted  to  a gradually  increasing  hydraulic  pres- 
sure, till  the  utmost  degree  of  dryness  is  obtained 
in  the  cake  of  crystalline  scales.  The  quantity  of 
solid  paraffin  thus  obtained  depends  on  the  low 
temperature  at  which  these  operations  are  con- 
ducted, as  the  oil  is  a solvent  to  the  paraffin,  and 
the  quantity  it  is  capable  of  dissolving  rapidly  in- 
creases as  the  temperature  rises.  The  refrigerating 
machine  of  Kirk,  used  at  Young  & Co;’s  AVorks, 
is  found  very  effective  at  this  stage  of  the  manu- 
facture. An  improved  form  of  a paraffiu  press 
operating  on  quantities  of  scales  and  oil,  at  a 
temperature  of  30°  Fahr.,  gave  the  following  re- 
sults of  several  experiments : — 

1.  Press  filled  with  105,000  grains,  pressure  of  83 
lbs.,  continued  for  six  hours._ 

2.  Press  filled  with  50,400  grains ; time  taken, 
ten  and  a half  hours. 

The  total  oil  pressed,  155,400  grains,  yielding  a 
total  of  22,100  grains  soft  paraffin,  from  Bathgate 
finished  liquor. 

The  paraffin  scale  which  has  been  pressed  from 
the  heavy  oil,  and  still  contains  much  adhering  oil 
and  a considerable  amount  of  colour,  is  mixed  with 
some  naphtha,  cooled  and  subjected  to  heavy  pres- 
sure. The  oil  a^d  softer  portions  are  dissolved  out, 
and  a smaller  but  purer  cake  of  paraffin  is  taken 
from  the  press.  This  operation  is  repeated  once  or 
even  twice  if  necessary.  The  loss  of  naphtha  is 
considerable,  and  numerous  patents  have  been  taken 
out,  some  professing  to  effect  the  preliminary  puri- 
fication with  a smaller  waste  of  naphtha,  and  some 
to  dispense  with  that  hydrocarbon  in  the  process 
altogether.  A resume  of  the  most  important  of 
these  will  be  found  in  a lecture  by  Fredericic 
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Field,  F.R.S.,  in  the  Journal  of  the  Society  of  Arts, 
March,  ISTi,  to  which  we  are  indebted  for  some 
particulars. 

In  Meldrum’s  process  (patent  dated  June  4, 1867, 
No.  1646)  the  impure  solid  paraffin  is  reduced  to 
a powder,  then  sufficient  naphtha  is  introduced  to 
make  it  into  a paste  or  pulp ; after  which  the  mass 
is  subjected  to  pressure,  or  the  solid  impure  par- 
affin aud  naphtha  may  be  ground  up  together,  and 
the  mixture  may  be  then  subjected  to  pressure. 
The  operation  is  repeated  three  or  four  times. 

The  purified  cakes  are  melted  in  a still,  through 
which  free  steam  is  violently  passed,  as  well  as  con- 
fined steam,  in  a worm  at  about  25  lbs.  pressure, 
in  order  to  raise  the  temperature  until  every  trace 
of  naphtha  has  come  away  with  the  steam.  The 
product  from  the  still  is  mixed  with  from  3 to  5 per 
cent,  of  animal  charcoal;  heat  is  applied,  and  the 
charcoal  allowed  to  settle. 

Some  finely  divided  particles  which  remain  in  the 
supernatant  liquid  are  separated  by  filtration.  The 
filter  employed  in  the  works  of  Messrs.  Young  con- 
sists essentially  of  a jacketed  case,  kept  hot  by  steam, 
and  lined  with  a cylinder  of  wire-gauze,  wliich  is 
coated  internally  with  flannel;  and  to  make  the  fil- 
tration still  more  perfect  filtering  paper  is  intro- 
duced, so  that  the  paraffin  flows  through  absolutely 
free  from  solid  particles,  and  if  pure,  as  colourless 
as  distilled  water.  This  is  run  into  cakes  of  various 
forms  and  sizes,  generally  in  shallow  oblong  tins. 
Messrs.  Young  & Co.,  however,  prefer  to  form  it  into 
circular  blocks,  as  being  better  adapted  for  transport 
in  casks. 

This  spirit  or  naphtha  process,  combined  with  the 
use  of  animal  charcoal,  is  a perfectly  successful  one, 
none  more  so;  but  it  has  the  drawback  that  it  is 
undoubtedly  a dangerous  process,  and  some  manu- 
facturers have  with  considerable  success  replaced 
this  by  other  less  dangerous  processes. 

John  Forderd  (patent  No.  1858,  year  1871) 
takes,  say,  1 ton  of  crude  paraffin,  having,  for  exam- 
ple, a melting  point  of  120°  Fahr.,  and  melts  it  care- 
fully in  an  iron  tank,  and  allows  the  mechanical 
impurities,  such  as  tar,  sand,  and  the  like,  to  fall  to 
the  bottom  ; after  a few  hours’  repose  he  runs  off 
the  clarified  paraffin  into  a number  of  hot  metal 
trays,  in  which  it  solidifies  into  cakes,  weighing 
about  10  lbs.  each ; these  cakes  are  then  placed 
edge  to  edge  in  a long  bag  of  peculiar  construction, 
and  submitted  to  heat  in  a warm  room,  or  in  a bath 
of  warm  water  till  brought  into  a plastic  condition. 
When  this  object  has  been  attained,  the  bag  of  par- 
affin is  submitted  to  the  action  of  the  kneading 
machine,  which  is  supplied  with  a solution  of  soft 
soai)  in  water,  made  in  the  following  proportions: — 
Soft  soap  10  parts,  water  10  parts,  previously  heated 
to  about  100°  Fahr.  This  he  calls  the  soap  bath. 
On  the  machine  being  set  in  motion,  the  oil  and 
colouring  matter  contained  in  the  crude  paraffin  will 
rapidly  combine  with  the  soajiy  liquor,  and  form  a 
temporary  emulsion,  lie  finds  that  any  kind  of 
soap  soluble  in  water  will  answer  for  the  above 
yuirpose;  but  he  prefers  to  use  the  soft  soap  of 
^\'OL.  I L 


commerce,  and  in  the  proportions  named.  He  does 
I not  confine  himself  to  the  use  of  a bath  of  soap  and 
water  only,  as  he  finds  that  various  other  liquors 
wiU  act  upon  the  paraffin  whilst  in  a warm  and 
plastic  condition,  such  as  solutions  of  the  carbon- 
ated and  caustic  alkalies,  mixtures  of  these  with 
solutions  of  soap,  a solution  of  rosin  in  alkali,  the 
residual  acid  or  alkaline  liquor  deposited  from  acidi- 
fied hydrocarbon  oils  after  washing  or  neutraliza- 
tion, and  for  some  purposes,  even  warm  water  itself 
is  sufficient. 

A second  patent,  granted  to  R.  M.  Letchford 
and  W.  B.  Nation,  No.  890,  a.d.  1872,  comprises, 

' say  the  patentees,  two  objects ; first,  economy  in  the 
materials  and  labour  employed ; and  secondly,  the 
freedom  from  danger  arising  from,  the  use  of  par.iffin 
oil  in  the  usual  methods  of  refining.  The  process 
is  conducted  in  the  following  manner : — 

“ We  provide  a tank,  say  about  12  feet  by  6 feet 
and  2^  feet  deep,  divided  by  cross  partitions  into  V 
form  cells  2^  inches  wide  at  the  top  and  2 inches  at 
the  bottom.  The  cells  are  open  at  the  bottom,  as 
the  partitions  stop  short  at  2 inches  from  the  bottom 
of  the  tank ; their  upper  ends  are  9 inches  from  the 
top  of  the  tank;  there  is  a space  of  about  1 inch 
between  cell  and  cell ; there  is  a perforated  lid  or 
grating  to  fit  into  the  tank  resting  on  the  top  of  the 
partitions.  A grating  with  bars  1-^  inch  apart  is 
suitiible.  We  fit  steam  pipes  (free  or  closed)  into 
the  tank  below  the  partitions.  In  using  this  ap- 
paratus we  run  water  into  the  tank  to  the  depth  of 
6 inches,  and  fill  crude  paraffin  into  the  cells  of  the 
tank,  and  then  secure  the  lid  or  grating  to  prevent 
the  paraffin  floating.  We  run  more  water  into  the 
tank  to  within  2 inches  of  the  top,  and  turn  on 
steam  until  the  temperature  of  the  water  is  within 
about  10°  Fahr.  of  the  setting  point  of  the  paraffin 
under  manipulation ; then  we  shut  off  the  steam 
to  allow  the  heat  time  to  permeate  the  material. 
In  about  one  hour  we  increase  the  temperature, 
raising  it  gradually  for  about  four  hours  to  within 
2°  of  the  setting  point  of  the  paraffin  that  was 
put  into  the  tank ; then  we  shut  off  the  steam 
and  take  off  the  soft  portions  which  have  floated 
to  the  surface  of  the  water.  This  being  done, 
we  run  the  water  off  to  the  top  of  the  divisions, 

I then  melt  the  remaining  paraffin  in  its  cells,  and  let 
it  stand  to  cool  all  night.  In  the  morning  the  steam 
may  be  turned  on  again  to  repeat  the  operation, 
which  is  done  as  often  as  necessary  to  obtain  the 
purity  aud  hardness  required.  It  is  rarely  necessary 
to  do  so  more  than  four  times ; or  the  process  may 
be  conducted  by  first  melting  the  paraffin  in  the 
cells  and  then  cooling  to  2°  below  the  setting  point 
of  the  material.  We  then  secure  the  lid,  add  more 
water,  and  float  out  the  soft  portions.  In  either 
way  we  finally  remove  the  lid,  and  take  out  the 
paraffin  from  which  the  low  melting  portions  have 
been  extracted ; the  low  melting  portions  which 
have  been  removed  are  to  be  again  treated  like  the 
crude. 

“For  obtaining  fine  degrees  of  whiteness,  when 
the  foregoing  operations  have  been  carried  far  enough, 
75 
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we  remove  the  clean  paraffin  to  a steam-jacketed 
pan,  adding  thereto  about  7 per  cent,  of  commercial 
ivory  black  in  powder,  and  keep  it  melted  for  four 
or  five  hours,  until  the  whole  of  the  ivory  black  is 
precipitated.  We  then  cast  into  cakes  in  the  usual 
way ; the  ivory  black  may  afterwards  be  used  advan- 
tageously in  making  blacking.” 

There  is  one  more  patent  which  may  be  mentioned 
(No.  3241,  A.D.  1871,  granted  to  Mr.  Hodges)  : — 
“The  crude  paraffin  having,  if  desired,  been  first 
separated  from  rough  impurities,  is  cast  into  cakes 
and  allowed  to  cool  slowly,  so  as  to  form  into  well- 
developed  crystals.  The  cakes  are  then  placed  on  a 
bed  of  absorbent  or  porous  material,  and  are  while 
thus  placed  exposed  to  a warm  temperature,  suffi- 
cient to  render  fluid  the  more  easily  melted  portions 
with  which  the  crystallized  paraffin  is  mixed,  but 
insufficient  to  melt  the  paraffin.  The  fluid  and  more 
easily  melted  portions  then  flow  out  from  between 
the  crystals  of  paraffin,  and  into,  or  into  and  through, 
the  absorbent  or  absorbent  and  porous  materials  on 
which  the  cake  rests.  The  cake — thus  freed  from 
the  fluid,  or  fluid  and  more  easily  melted  portions — 
may  then  be  treated  by  any  usual  method  to  render 
it  white,  or  as  much  lighter  in  colour  as  may  be 
practicable ; or  the  process  may  be  repeated  until 
the  separation  of  the  harder  from  the  softer  portions 
has  been  effected  as  completely  as  is  desired,  and 
then  any  requisite  process  for  whitening  the  product 
may  be  adopted  if  needed.” 

It  will  be  seen  that  all  these  processes  have  for 
their  object  the  removal  of  the  liquid  from  the  solid 
hydrocarbons.  The  partially  purified  paraffin  is  by 
no  means  colourless,  and  still  possesses  considerable 
smell.  In  order  to  remove  these  objectionable 
qualities,  it  is  melted  by  free  steam,  poured  into 
a tank,  and  agitated  by  means  of  air  with  from  5 to 
10  per  cent,  of  strong  sulphuric  acid,  arrangements 
having  been  made  for  the  removal  of  the  sulphurous 
acid  generated.  The  agitation  is  continued  for  some 
hours,  the  length  of  time  depending  very  much  upon 
the  nature  of  the  paraffin.  The  acidified  paraffin  is, 
after  drawing  off,  digested  with  heat  with  some 
bleaching  agent,  animal  charcoal  being  most  fre- 
quently employed.  This  digestion  goes  on  for 
some  hours,  and  then  the  charcoal  is  allowed  to 
subside,  and  the  liquid,  if  not  quite  bright,  is  passed 
through  a filter  kept  warm  by  a steam-jacket. 

In  1868  Messrs  Fordued,  Lambe,  and  Sterry 
took  out  a patent  for  the  use  of  fuller’s  earth  as 
a decoloriser  of  paraffin  and  other  bodies. 

“ Twelve  per  cent,  powdered  fuller’s  earth  is 
added  to  the  melted  paraffin,  which  is  manufactured 
at  a temperature  of  230°  Fahr.,  and  well  agitated, 
and  after  subsidence  the  clear  paraffin  is  run  off. 
We  find  that  in  all  our  processes,  where  we  have 
mentioned  fuller’s  earth  as  the  agent  to  be  employed, 
we  can  replace  that  substance  in  great  part  or  wholly 
by  miirl  clay,  or  other  readily-attainable  natural  sub- 
stance of  like  charactiT.  The  fuller’s  earth,  or 
analogous  substances  used  in  place  thereof  in  any 
of  the  ways  stated  above,  may  be  re-used,  and  the 
paraffin  remaining  adhered  may  finally  be  recovered 


from  it  by  washing  with  agitation  or  other  suitable 
means.” 

F.  Field  and  Arthur  Smith  obtained  a patent 
for  employing  artificial  silicates  instead  of  the 
natural  ones  such  as  fuller’s  earth.  Most  natural 
silicates  are  undecomposable  even  by  strong  acids, 
although  certain  silicates  of  lime  or  magnesia,  or  of 
both  these  bodies,  are  decomposed  when  the  acids 
are  concentrated,  forming  a gelatinous  residue  of 
silica  and  solutions  of  the  bases.  These  gentlemen 
thought  that  by  forming  artificial  silicates,  and  em- 
ploying them,  this  decomposition  might  be  effected, 
and  the  paraffin  or  other  hydrocarbons  separated 
by  the  addition  of  very  weak  acidulated  matter. 
The  artificial  silicate  found  most  applicable  was  the 
magnesium  salt.  The  success  of  this  process  depends 
upon  the  purity  of  the  salt,  and  the  manner  in  which 
it  is  dried.  Any  soluble  salt  which  accompanies  its 
formation  must  be  carefully  washed  out,  and  the 
gelatinous  silicate  dried  at  212°  Fahr.,  a heat  higher 
than  this  greatly  impairing  its  usefulness.  An  opal- 
escent whiteness,  freedom  from  smell,  and  a high 
melting  point,  are  the  commercial  tests  of  good  solid 
paraffin.  Experiments  have  been  made  with  a view 
to  remove  the  opalescent  whitish  colour  of  solid 
paraffin,  so  as  to  render  it  perfectly  transparent  like 
glass.  For  this  purpose  prolonged  and  gradually 
increasing  pressure  has  been  tried,  heating  the  speci- 
men under  operation  at  the  same  time.  Sheets  of 
transparent  paraffin  have  been  formed  by  this  means, 
the  plan  being  to  reach  transparency  by  hindering 
the  process  of  cryst.dlization  from  taking  place  in 
the  substance  as  it  solidified.  Paraffin  candles  are 
now  coming  into  extensive  use  by  aU  classes  of  the 
community.  This  substance,  besides  being  one  of 
the  most  beautiful  of  chemical  products,  is  chiefly 
recommended  by  being  one  of  the  most  economical 
and  brilliant  illuminants.  It  is  growing  in  popu- 
larity in  households  in  town  and  country,  and  will 
keep  that  place  in  general  estimation  which  it  has 
won  and  continues  to  win. 

The  great  bulk  of  the  solid  paraffin  made  is  em- 
ployed in  the  manufacture  of  candles  (see  Candle). 
A considerable  quantity  of  the  soft  crude  paraffin  is 
employed  instead  of  sulphur,  for  dipping  the  wooden 
splints  for  lucifer  matches.  Refined  paraffin  is  used 
instead  of  wax  in  making  tapers  and  the  class  of 
matches  called  Vestas,  &c.  Dr.  Stenhouse  has 
patented  the  application  of  paraffin  to  the  water- 
proofing of  cloth,  alpaca,  and  other  fabrics,  and  also 
as  a means  of  preserving  and  waterproofing  leather. 
It  is  found  that  paraffin  greatly  improves  the  finish 
of  the  finer  class  of  woollen  cloths,  and  for  this  pur- 
pose it  is  getting  into  exclusive  use  in  the  Leeds  and 
Bradford  wool  districts.  Paraffin  has  recently  been 
applied  to  the  preservation  of  animal  food,  butcher 
meat,  fowls,  &c.  Under  Professor  Redwood’s 
patent  the  food  stuffs  to  be  preserved  were  dipped 
into  melted  paraffin,  kept  at  a pretty  high  tempera- 
ture, from  300°  to  400°  Fahr.  They  thus  receive  a 
complete  and  impervious  coating  of  solid  par.affin. 
When  it  may  be  desired  to  use  the  meat  or  other 
article  which  has  been  so  preserved,  a plunge  into 
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hot  water  at  once  removes  the  coating  of  paraffin, 
which  in  a melted  state  floats  on  the  surface  of  the 
hot  water.  This  process  has  not  found  much  favour 
with  the  public.  J.  R.  Scally,  of  Burton-on-Trent, 
has  patented  the  employment  of  paraffin  as  a lining 
or  coating  for  the  inside  of  beer  barrels,  and  for  the 
water  butts  of  vessels  on  long  voyages.  It  has 
proved  very  successful  for  these  purposes,  inasmuch 
as  bitter  beer  can  now  be  exported  to  India  in  casks 
instead  of  bottles.  When  employed  for  a lining  for 
the  water  casks  of  ships,  it  assists  to  keep  the  water 
quite  sweet  and  wholesome  for  a long  period. 
Young’s  Company  manufacture  a special  quality  of 
paraffin  for  these  purposes ; they  term  it  brewers’ 
paraffin.  It  is  the  hardest  variety  of  the  substance 
they  are  able  to  produce.  It  has  a melting  point  of 
134°  Fahr.  In  cold  alcohol  paraffin  of  this  melting 
point  may  be  said  to  be  almost  insoluble,  so  that 
it  is  well  fitted  for  the  purposes  contemplated  by 
Scally’s  patent.  Paraffin  is  employed  in  frictional 
and  voltaic  electricity  as  an  insulator,  both  alone 
and  mixed  with  gutta-percha.  For  this  purpose  it 
is  coming  into  various  and  important  uses  in  the 
workshops  of  the  telegraph  instrument  maker  and 
the  electric  cable  maker,  and  in  the  lecture  room 
of  the  physicist.  Paper  saturated  with  paraffin  is 
interposed  as  an  insulator  between  the  tin  foil  sheets 
in  the  condenser  of  the  Ruhmkorff’s  coil.  In 
electro-deposition,  in  the  operation  of  copying  en- 
gravings on  steel  or  copper,  paraffin  should  prove 
of  great  utility.  As  a bath  for  the  chemical  labora- 
tory, paraffin  is  an  invaluable  substitute  for  oil ; for 
besides  being  much  cleaner  to  handle,  it  may  be 
heated  to  a higher  degree  than  the  oil  used,  without 
distillation  or  causing  a disagreeable  odour.  Paraffin 
is  being  used  by  plasterers,  instead  of  beeswax,  for 
making  the  reverse  moulds  in  which  they  cast  their 
plastic.  The  iron  founders  of  grates,  fenders,  and 
other  ornamental  articles,  will  find  in  paraffin  an 
excellent  substitute  for  the  wax  with  which  they 
take  their  first  reverse  moulds  for  their  pattern 
goods.  The  artistic  founders  of  statuettes  and 
groups  of  minute  figures  in  bronze  or  iron  should 
find  a similar  use  for  paraffin.  Attempts  have  been 
made  to  preserve  ornamental  stone  work  giving 
indic.ations  of  decay,  by  means  of  a coating  of 
paraffin.  It  has  been  found  of  use  to  the  surgeon 
in  treating  cotton  and  linen  cloth  with  paraffin  for 
bandages  for  wounds.  In  the  laundry  paraffin  is 
employed  to  give  a high  glaze  to  linens  or  collars 
when  starched ; it  is  for  this  purpose  sold  in  cakes, 
under  the  n.ame  of  starch  glaze.  Other  and  impor- 
tant uses  will  doubtless  appear  hereafter  for  this 
remarkable  substiince. 

For  further  particulars  relative  to  petroleum  and 
paraffin  the  reader  is  referred  to  the  pages  of  The 
Oil  Trade  Review;  “The  Journal  of  the  Society  of 
Arts;"  The  Awerican  Chemist;  “The  American 
Annual  Encyclopsedia ” (Appleton,  New  York),  vol. 
for  18(54;  Gesneu’s  “Coal,  Petroleum,  and  other 
Distilled  Oils”  (BAii.i.ikRE  Brothers,  New  York, 
2nd  edition,  1865);  Norman  Tate’s  “Petroleum 
and  its  Products;”  and  to  Watt's  “Dictionary  of 


Chemistry,”  vol.  iv. ; to  all  of  which  sources  we 
are  indebted  for  valuable  information. 

PHOSPHORUS. — Phosphore,  French  ; phosphor,  Ger- 
man; phosphorus,  LiaXin.  Symbol,  P.;  atomic  weight, 
31. — This  element  abounds  in  nature,  always  in 
combination,  and  usually  as  phosphoric  acid  united 
to  earthy  and  metallic  bases.  Phosphate  of  lime 
constitutes  by  far  the  greatest  part  of  the  hard 
matter  of  bones.  It  is  also  an  ingredient  of  animal 
and  vegetable  fibrin  and  albumen.  In  the  mineral 
kingdom,  it  is  found  principally  as  apatite,  phos- 
phorite, and  staffelite. 

Phosphorus  was  first  obtained,  in  1667,  by 
Brandt,  a tradesman  of  Hamburg,  while  engaged 
in  prosecuting  researches  upon  urine. 

In  England  Robert  Boyle,  having  seen  phos- 
phorus in  the  hands  of  Kraft,  of  Dresden,  who 
had  purchased  the  secret  from  Brandt,  and  know- 
ing that  it  was  extracted  from  the  human  body, 
commenced  his  investigations,  which  after  a year’s 
labour  were  crowned  with  success.  In  1680  an 
account  of  the  new  substance  was  published  in  the 
“ Philosophical  Transactions,”  and  it  became  known 
under  the  name  of  English  phosphorus. 

Brandt  and  Boyle  evaporated  urine  to  a thick 
creamy  consistence.  This  was  afterwards  distilled, 
either  per  se,  or  after  being  mixed  with  sand  or 
charcoal  powder.  In  this  process  the  carbon — 
either  that  which  results  from  the  charring  of  the 
organic  matter  contained  in  urine,  or  that  which  is 
added  to  it — decomposes  the  portion  of  the  phos- 
phoric acid  which  is  in  combination  with  ammonia, 
while  that  which  is  combined  with  the  soda  remains 
unaltered. 

In  1769  Gahn  prepared  phosphorus  from  the 
bones  of  animals.  The  introduction  of  lucifer 
matches  has  enormously  increased  its  consumption ; 
indeed,  at  least  95  per  cent,  of  the  whole  quantity 
produced  is  absorbed  by  this  manufacture. 

After  the  discovery  of  phosphoric  acid  in  the 
bones  of  the  vertebrata,  the  old  methods  of  ex- 
tracting phosphorus  from  urine  were  totally  aban- 
doned, and  it  is  now  obtained  almost  exclusively 
from  bones. 

Bone  ash  consists  principally  of  tricalcic  phos- 
phate, CagPgOg.  This  compound  is  not  decomposed 
by  ignition  with  charcoal,  but  the  metaphosphate, 
which  may  be  considered  as  tricalcic  p'  osphate  with 
phosphoric  anhydride,  is  partially  reduced  : — 

Calcium  Tricalcic  Phosphoric 

Metaphosphate.  Phosphate.  Auhydride. 

In  order  to  extract  the  phosphorus,  calcium  meta- 
phosphate must  therefore  be  produced.  The  bones 
are  first  thoroughly  calcined  with  contact  of  the  air, 
until  the  organic  matter  is  entirely  removed.  The 
bone  ash  thus  obtained  is  reduced  to  powder,  and 
to  every  3 parts  are  added  2 of  concentrated  sul- 
phuric acid,  and  16  or  18  parts  of  water.  By  this 
means  the  whole  of  the  calcium  carbonate  of  the 
bones  is  decomposed,  .and  the  tric.alcic  phosphate  is 
converted  into  monociilcic  phosphate  (superphos- 
phate), thus : — 
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Trioalcic  Sulphuric  Calcic  Calcium 

Phosphate.  Acid,  Phosphate.  Suli^iiate. 

CagPjOg  + 2H.2SO4  = CaU4P20g  + 2Ca504 

The  monocalcic  phosphate  is  dissolved  and  the  cal- 
cium sulphate  precipitates.  After  the  separation  of 
the  sulphare  by  decantation  and  filtration,  the  phos- 
phoric solution  is  concentrated  by  evaporation  to  a 
thick  sirupy  consistence.  A quantity  of  charcoal 
powder,  equal  to  one-fourth  of  its  weight,  is  then 
added,  and  the  pasty  mass  is  exposed  in  an  iron 
pan,  with  constant  stirring,  to  a strong  heat  (nearly 
to  redness)  till  perfectly  dry.  The  water  of  the 
monocalcic  phosphate  is  expelled,  and  a mixture  of 
charcoal  and  calcic  metaphosphate  remains — 

MoDocalcic  Calcic 

Phosphate.  Hetaphosphate. 

CaH4P208  = CaPjOg  + 2II2O 

The  desiccated  mass  is  then  transferred  to  a stone- 
ware or  iron  retort,  connected  by  a wide  elbow- 
shaped copper  tube  with  a receiver  containing  water, 
into  which  the  tube  dips  about  a line.  Another 
smaller  tube,  open  at  both  ends,  is  attached  to  the 
receiver,  to  convey  the  uncondensed  gases  into  the 
chimney.  Heat  is  now  applied,  and  is  gradually 
increased  to  whiteness.  The  calcic  metaphosphate, 
in  contact  with  charcoal,  is  decomposed,  the  lime 
retaining  only  the  quantity  of  phosphoric  acid  neces- 
sary to  reconstitute  bone  earth  (tricalcic  phosphate). 
The  excess  of  acid,  and  the  water  still  remaining  in 
the  mass,  are  deoxidised  by  the  charcoal,  and  the 
results  are  carbonic  oxide  and  phosphorus.  The 
phosphorus  gradually  rises  in  vapour,  distils  over, 
and  is  condensed  in  yellow  drops  in  the  water  con- 
tained in  the  receiver,  at  the  same  time  that  the 
gases  escape  by  the  smaller  tube  into  the  chimney — 

Calcic  Tricalcic 

Uetaphospbate.  Phosphate. 

SCaPsOg  + Cio  = OagPjOg  + lOCO  + 4P 

By  mixing  sand  with  the  charcoal  the  whole  of  the 
phosphorus  is  obtained  (Wohler). 

Calcic 

Metaphosphate. 

2CaP20g  + 2SiOa  + C^g  = 2CaSi03  + lOCO  + 4P. 

Preparation  of  the  Bone  Anh. — The  bones  usually 
employed  in  this  manufacture  are  those  of  oxen,  of 
sheep,  or  of  horses.  The  bones  of  sheep  are  pre- 
ferred, as  the  ash  which  they  yield  is  less  compact, 
and  more  easily  attacked  by  an  acid. 

The  process  is  conducted  as  follows,  a reverber- 
atory furnace  being  often  used : — The  fire  is  first 
well  kindled ; a quantity  of  bones  are  then  intro- 
duced by  the  opening  in  the  dome  of  the  furnace. 
When  these  are  well  inflamed,  a further  supply  is 
added  until  the  furnace  is  about  half  filled.  The 
operation  now  goes  on  of  itself,  and  the  combustion 
is  very  complete.  AVhen  the  combustion  is  ended, 
the  ash  is  drawn  out  at  the  furnace  door,  and  a 
fresh  charge  introduced  at  the  upper  opening.  If, 
when  the  ash  is  drawn  out,  many  black  portions 
remain,  these  are  returned  to  the  kiln,  and  re- 
calcined. 

Very  frequently  bones  are  used  in  this  manufac- 


ture from  which  the  soluble  gelatinous  matter  has 
been  previously  extracted.  When  these  residues 
are  collected  in  heaps,  a rapid  fermentation  ensues, 
and  they  become  heated  and  perfectly  dried.  They 
are  afterwards  burned  in  a reverberatory  furnace, 
or  one  of  similar  construction.  Before  introducing 
the  bones,  the  bed  of  the  furnace  is  heated  to  red- 
ness. They  are  submitted  to  the  action  of  the  fiame 
for  the  space  of  twenty  hours,  at  the  end  of  which 
time  the  incineration  is  usually  complete. 

A kiln  designed  and  used  by  Fleck  is  shown  in 
Fig.  1.  A is  the  body  of  the  kiln ; c,  the  turret  where 
the  vapours  are  carried  through  the  flue,  b,  into  the 
shaft,  c.  A small  furnace,  d,  is  built  in  the  bottom 
of  the  flue,  so  that  the  empyreumatic  vapours  are 
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perfectly  consumed  as  they  pass  over  the  burning 
fuel.  The  bones  are  sent  into  the  furnace  through 
the  opening,  a,  which  is  closed  by  a damper,  and  the 
ashes  are  withdrawn  through  the  openings,  hhh^  on 
the  hearth  of  the  furnace.  The  pans,  e e c,  fixed 
in  the  upper  part  of  the  flue,  are  used  for  evaporat- 
ing the  liquors. 

Second  Operation. — The  object  of  the  next  process 
in  this  manufacture  is  to  transform  the  insoluble 
tricalcic  phosphate  into  the  soluble  monocalcic  phos- 
phate (superphosphate).  The  operation  is  effected 
in  a leaden  cistern,  or  in  a wooden  tub  lined  with 
lead.  To  3 parts  by  weight  of  the  bone  ash  are 
added  2 of  concentrated  sulphuric  acid,  and  from 
15  to  20  parts  of  water,  constantly  stirring  with  a 
wooden  spatula.  A lively  effervescence  ensues, 
owing  to  the  escape  of  carbonic  acid.  When  this 
has  subsided,  the  whole  is  transferred  to  a copper 
boiler,  heated  to  the  point  of  ebullition ; and  to 
promote  decomposition,  continued  at  this  tempera- 
ture for  twenty-four  hours.  The  liquid  requires  to 
be  constantly  agitated,  to  prevent  the  concretion 
of  the  mass.  When  completely  decomposed,  the 
mixture  is  suffered  to  remain  at  rest  for  ten  hours, 
so  that  the  sulphate  of  lime  may  subside.  The 
supernatant  liquid  is  afterwards  drawn  off  by  means 
of  a leaden  siphon,  and  conducted  through  leaden 
pipes  to  the  filter,  consisting  of  a conical  linen  bag 
of  close  texture,  which  retains  the  sulphate  of  lime, 
and  allows  the  solution  of  monocalcic  phosphate  to 
pass  through.  The  residue  itself  is  then  thrown 
upon  the  filter  and  strongly  pressed,  and  afterwards 
thoroughly  washed  with  successive  portions  of  boil- 
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ing  water.  The  filtrate  is  now  concentrated,  by 
evaporation  in  a boiler,  to  one-fourth  of  the  original 
quantity,  and  again  filtered  to  remove  the  portion 
of  sulphate  of  lime  which  has  become  insoluble ; the 
evaporation  is  then  resumed  till  the  liquid  has  a 
sirupy  consistence.  The  mixture,  which  contains 
the  soluble  phosphate  of  lime,  the  excess  of  sul- 
phuric acid,  and  a little  sulphate  of  lime,  is  next 
gradually  mixed  with  a quantity  of  powdered  char- 
coal, about  one-fourth  of  the  original  weight  of  the 
bones.  The  mass,  after  being  evaporated  to  dry- 
ness, is  further  dried  in  a cast-iron  kettle,  at  a 
nearly  red  heat,  and  with  constant  stirring  with  an 
iron  spatula.  During  this  process  the  greatest  part 
of  the  water  is  disengaged  ; a portion  of  the  excess 
of  sulphuric  acid  is  also  set  free ; the  remainder,  by 
the  action  of  the  charcoal,  is  decomposed,  and  sul- 
phurous and  carbonic  acids  are  liberated. 

When  hydrochloric  acid  is  employed  in  decom- 
posing the  earthy  phosphates.  Fleck  employs  pans 
made  of  glazed  stoneware  or  hard  burnt  earthenware 
for  the  evaporating  vessels.  These  pans  are  about 
3 feet  square  and  1 foot  deep.  They  are  made  of 
pure  clay,  as  free  from  lime  as  possible,  and  are 
glazed  inside  with  a silicate  similar  in  composition  to 
blast-furnace  slag. 

The  pans  are  placed  about  4 inches  above  the  bot- 
tom of  the  flue,  eee  (Fig.  2),  and  are  laid  on  metal 
plates  or  fire-brick  walls,  to  protect  them  from  the 


Fig.  2. 


direct  action  of  the  flame.  The  pans,  ddd,  are 
heated  from  above  g,  as  well  as  below,  and  the 
vapours  pass  off  along  with  the  furnace  gases  to  the 
chimney,  f. 

The  pans  are  connected  by  siphons,  and  are  filled 
or  emptied  in  the  following  manner : — 

A cask  is  placed  with  its  bung-hole  on  the  upper 
side,  and  an  earthenware  pipe,  h,  reaching  from  the 
head  nearly  to  the  bottom  of  the  last  pan.  Two 
lead  pipes  are  closely  fitted  into  the  bung-hole  of 
the  cask — one,  i,  passing  into  an  earthenware  pipe, 
which  dips  just  below  the  surface  of  the  liquor  in 
the  pan  ; while  the  other,  k,  is  fitted  with  a cock, 
and  communicates  with  the  supi)ly  cistern.  The 
ejisk  is  filled  with  liquor  ; tlie  cock  of  the  lead  pipe 
is  then  shut,  and  the  cock  of  the  earthenware  pipe 


is  opened.  The  liquor  runs  off  until  the  level 
reaches  the  open  end  of  the  pipe,  i,  which  is  then 
closed,  and  the  flow  of  liquor  is  stopped.  As  the 
evaporation  proceeds,  the  end  of  the  pipe,  i,  becomes 
uncovered  and  admits  the  air,  which  displaces  a fresh 
supply  of  liquor. 

^Vhen  the  liquor  has  reached  a density  of  1*357 
a crystalline  crust  is  formed,  which  is  broken,  and 
the  evaporation  continued  until  a crystalline  pre- 
cipitate of  the  acid  phosphate  of  lime  begins  to 
collect  on  the  bottom  of  the  pan.  The  contents 
are  then  siphoned  off  into  a wooden  cistern,  where 
this'  crystalline  deposit  is  rapidly  formed  as  the 
liquor  cools. 

The  mother  liquor  is  concentrated  in  pans  placed 
over  fires,  in  order  to  obtain  the  remainder  of  the 
acid  salt ; and  the  mothers  from  this  second  opera- 
tion are  run  into  cisterns,  treated  with  milk  of  lime, 
to  recover  the  small  quantity  of  phosphoric  acid 
present,  in  the  form  of  a basic  phosphate,  which  is 
then  acted  on  by  hydrochloric  acid  as  before. 

The  crystalline  acid  phosphate  is  then  carefully 
drained  to  remove  the  chloride  of  calcium  ; and 
afterwards  pressed  to  render  it  as  dry  as  possible, 
on  which  point  the  larger  or  smaller  yield  of  phos- 
phorus greatly  depends.  The  dry  salt  is  then  mixed 
with  one-fourth  of  its  weight  of  charcoal  powder  in 
an  earthenware  pan  heated  to  202°  Fahr.,  and  after- 
wards passed  through  a fine  sieve,  when  it  is  ready 
for  the  retorts. 

DistUlatum. — The  perfectly  dry  mix- 
ture of  acid  phosphate  of  lime  and 
charcoal  is  ground  to  fine  powder  in  an 
iron  mortar,  and  transferred  as  quickly 
as  possible  into  the  retorts.  These, 
which  are  of  earthenware,  are  ar- 
ranged side  by  side  in  a reverberatory  furnace, 
as  shown  in  Fig.  3.  The  neck  of  the  retort  fits 
into  the  tubulure  of  an  earthenware  or  copper 
receiver  half  filled  with  water,  and  furnished  with 
a tube  for  the  escape  of  the  gas  formed  during 
the  distillation.  Each  retort  has  its  own  receiver, 
and  all  the  receivers  are  placed  in  a trough  filled 
with  water,  at  the  temperature  of  about  43°  C. 
(110°  Fahr.),  and  kept  at  that  temperature,  so  that 
the  phosphorus  distilling  over  may  not  solidify  and 
obstruct  the  tubulure.  In  performing  the  distilla- 
tion, a very  high  temperature  is  required.  The 
furnace  should  therefore  be  sufficiently  capacious  to 
hold  a body  of  fuel  piled  above  the  retort.  Earthen- 

Fig.  3. 


ware  retorts  at  a red  heat  become  permeable  to  the 
vapour  of  phosphorus,  and  consequently  require  to 
be  well  and  carefully  luted  externally.  For  this 
purpose  a mortar,  composed  of  clay  and  horse  dung, 
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may  be  applied ; or,  still  better,  a mixture  of  freshly 
slaked  lime  and  solution  of  borax.  This  mixture 
should  be  laid  on  with  a brush  in  two  or  three  suc- 
cessive coats,  and  forms  an  excellent  vitrifiable  lute. 
The  copper  tube  opening  into  the  receiver,  and 
into  which  the  beak  of  the  retort  is  inserted,  should 
be  of  considerable  size,  and  so  bent  as  to  dip  per- 
pendicularly into  the  water,  otherwise  it  will  be  apt 
to  become  plugged  up  by  congealed  phosphorus.  It 
must  also  dip  so  little,  that  by  no  condensation  could 
the  water  be  forced  back  into  the  retort.  The  heat 
of  the  furnace  in  which  the  retorts  are  placed  should 
be  very  slowly  raised,  allowing  at  least  three  hours 
to  heat  to  redness;  afterwards  it  is  urged  vigorously 
till  all  disengagement  has  ceased,  the  process  requir- 
ing from  fifteen  to  thirty  hours,  according  to  the 
size  of  the  retorts.  The  disengagement  of  carbonic 
oxide  continues  during  the  progress  of  the  operation ; 


and  when  it  has  entirely  ceased,  the  process  is  ter- 
minated. The  proportion  of  the  various  ingredients 
used  in  the  production  of  phosphorus  is  varied  by 
different  manufacturers. 

The  retorts  used  in  Germany  are  sometimes 
worked  in  a similar  manner  to  those  used  in  gas- 
making (see  Figs.  4,  5,  and  6).  Coal  is  employed  as 
fuel.  Each  oven  has  five  retorts  heated  by  one  fire, 
the  flues  (bbb)  from  which  enter  the  same  main 
flue,  ee. 

The  retorts,  a,  are  clay  tubes  open  at  one  end, 
about  4 feet  long  and  10  inches  in  diameter.  Each 
one  is  closed  by  a door,  in  the  centre  of  which  there 
is  an  opening  into  which  a clay  elbow  pipe  is  fitted, 
which  forms  the  communication  with  the  receiver. 
The  doors  and  pipes  are  all  made  fast  with  cement, 
and  the  retorts  are  coated  on  the  outside  with  loam. 
The  retorts  are  heated  very  gradually,  and  during 


the  preliminary  firing  they  are  charged  with  the 
mixture  of  charcoal  and  acid  phosphate  of  lime,  the 
produce  of  3 cwts.  of  bones  forming  the  charge  for 
fifteen  retorts. 

The  receivers  consist  of  earthenware  vessels  of  a 
muffle  shape,  open  below,  placed  one  behind  the 
other  in  a tray  (c.  Fig.  5),  through  which  a stream  of 
water  flows  constantly.  These  muffles  are  about  3^ 
feet  long,  and  have  five  openings  on  the  top  for  the 
reception  of  the  pipes  from  the  retorts.  The  first 
is  connected  with  the  second  by  two  pipes,  and  the 
latter  has  also  two  openings  for  the  escape  of  the 
gases.  The  side  of  the  muffle  opposite  to  the  stream 
of  w'ater  has  a narrow  opening  (a,  Fig.  6),  and  the 
other  side  has  a slit,  b,  about  three-quarters  of  an 
inch  from  the  bottom,  to  allow  the  water  to  escape, 
whilst  the  phosphorus  is  retained.  The  water  runs 
into  a cistern,  where  any  phosphorus  that  may  pass 
tlirough  the  opening  is  collected.  The  pipes  from 
the  retorts  penetrate  about  an  inch  into  the  receivers. 
By  these  arrangements  the  whole  of  the  phosphorus 
vapour  is  condensed. 

Purification. — The  ordinary  impurities  are  adher- 
ing charcoal,  a reddish-brown  phosphide  of  carbon 
formed  during  the  process,  and  another  reddish- 
looking  substance,  originally  supposed  to  be  an 
oxide  of  phosphorus,  but  ascertained  by  Schrotter 
to  be  phosphorus  in  an  allotropic  condition.  Phos- 
phorus, otherwise  pure,  generally  contains  a small 
quantity  of  this  amorphous  modification  of  the 
element.  Arsenic  is  also  frequently  present. 


Most  of  the  impurities  may  be  separated  by  simple 
fusion  in  hot  water,  and  afterwards  pressing  through 
buckskin,  or,  still  better,  chamois  leather.  The 
operation  is  effected  in  the  apparatus  represented 
in  Fig.  7.  The  phosphorus  is  first  agglomerated  by 
melting  it  in  a water  bath  at  140°  Fahr.  (60°  C.). 
When  it  has  again  solidified  by  cooling,  it  is  wrapped 
in  a perfectly  clean  and  well-moistened  chamois  skin,  C, 
which  is  tlj,en  tied  up,  and  immmediately  plunged  into 


a copper  colander,  placed  in  the  middle  of  another 
vessel.  A,  filled  with  water,  heated  to  about  120° 
Fahr.  (49°  C.).  When  completely  fused,  the  bag  of 
skin  is  pressed  upon  by  a wooden  capsule,  D D,  by 
means  of  the  lever,  G G,  increasing  the  pressure  very 
gradually.  The  melted  phosphorus  passes  through 
the  pores  of  the  skin,  and  collects  in  the  liquid  form 
at  the  bottom  of  the  vessel. 


PHOSP  HORUS.— Moulding. 
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Several  other  methods  have  been  followed  to 
effect  the  separation  of  the  red  amorjihous  phos- 
phorus. It  may  be  removed  by  digestion  for  a 
considerable  time,  and  frequent  agitation,  in  very 
dilute  nitric  acid,  or  in  chlorine  water,  contained 
in  a cask  fitted  with  a gas  delivering  tube,  which 
dips  under  water. 

The  redistillation  of  phosphorus  is  occasionally 
resorted  to  as  a means  of  purification.  On  account 
of  its  excessive  inflammability,  the  process  demands 
great  care  and  attention. 

Recently  French  manufacturers  have  introduced 
a method  of  purifying  phosphorus  by  passing  it 
through  coarsely-powdered  charcoal,  which  is  placed 
in  a layer  on  a perforated  plate  in  the  vessel,  A (Fig. 
8),  two-thirds  filled  with  water,  which  is  kept,  by 
means  of  the  water  bath,  B,  at  a temperature  of 
140°  Fahr.  (60°  C).  The  molten  phosphorus  pas.ses 
through  the  layer  of  charcoal,  and  is  thereby  purified. 
It  flows  through  the  open  tap,  C,  and  the  tube,  E, 
into  the  vessel,  F (Fig.  9),  filled  with  water,  main- 
tained, by  means  of  the  water  bath,  a,  at  a tempera- 

Fig.  8.  Fig.  9. 


ture  sufficiently  high  to  render  the  phosphorus  fluid, 
BO  that  it  may,  when  aided  by  hydraulic  pressure, 
pass  through  the  perforated  bottom,  and  the  wash 
leather  spread  over  it.  The  filtered  phosphorus  is 
then  run  off  by  the  tap,  G. 

In  anotlier  process  of  purification,  porous,  un- 
glazed porcelain  or  earthenware  pipes  are  fixed  in  an 
iron  cylinder  connected  with  a steam  boiler. 

The  steam  forces  the  molten  phosphorus 
(previously  mixed  with  charcoal  powder, 
for  the  purpose  of  preventing  the  pores 
of  the  plates  from  becomingchoked)  through 
the  earthenware  pipes.  The  charcoal  re- 
maining behind  is  used  in  the  distillation  of  phos- 
phorus. This  method  yields  95  per  cent,  of  refined 
phosphorus  upon  the  crude  product. 

In  Germany  phosphorus  is  purified  by  distillation, 
the  operation  being  carried  on  in  iron  retorts  of  the 
shape  depicted  in  Fig.  10.  The  neck  of  the 
retort  dips  into  a basin  filled  to  the  brim 
with  water.  The  crude  j)hosphorus  is  fused 
under  water,  and  mixed  with  12  to  15  per 
cent,  of  moist  sand.  This  mixture  is  then 
filled  into  the  retorts.  The  object  of  mix- 
ing with  sand  is  to  prevent  the  phosphorus 
becoming  ignited  while  filling  the  retorts.  The  yield 
of  refined  phosphorus  is  about  90  per  cent. 

In  a phosphorus  factory  at  I’aiis  Wagneu  states 
that  the  crude  phosphorus  is  purified  by  mixing  with 
it  .3-5  per  cent  of  sulphuric  acid  and  3-5  per  cent. 


of  bichromate  of  potash ; a slight  effervescence 
ensues,  and  the  result  is  that  the  phosphorus  is 


Fig.  10. 


rendered  very  pure,  and  may,  after  washing  with 
water,  be  at  once  cast  into  sticks.  The  yield  is  96 
per  cent. 

Moulditig.  — Phosphorus,  as  usually  met  with  in 
commerce,  is  either  in  the  form  of  round  sticks,  or 
granular.  The  moulding  into  sticks  is  effected  by 
allowing  it  when  fused  to  flow  into  glass  tubes.  A 
method  frequently  adopted  is  simply  to  plunge  a 
slightly  conical  glass  tube  into  the  phosphorus  melted 
under  water,  and  causing  it  to  ascend  the  tube  by 
drawing  out  the  air  by  suction  with  the  mouth,  being 
careful  to  have  a layer  of  water  between  the  phos- 
phorus and  the  mouth.  When  the  required  quantity 
has  entered  the  tube,  the  upper  end  of  the  latter  is 
closed  with  the  finger,  and  the  whole  is  immediately 
transferred  to  a vessel  filled  with  cold  water.  The 
removal  of  the  phosphorus  from  the  tube  may  be 
accomplished  by  gently  pushing  with  a stout  wire 
through  the  narrow  end  of  the  tube. 

A very  simple,  and  at  the  same  time  very  efficient, 
mode  of  forming  phosphorus  into  sticks,  has  been 
contrived  by  Schubert.  By  the  old  system,  the 
glass  tubes,  into  which  the  phosphorus  was  poured 


to  solidify,  were  frequently  broken  in  forcing  the 
phosphorus  out  by  means  of  wires,  find  the  method 
was,  moreover,  attended  with  great  loss  of  time. 


PHOSPHORUS. — Properties.  Amorphous  Forms. 
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In  Schubert’s  arrangement  the  melted  phosphorus 
flows  from  a copper  receiver,  e (Fig.  11),  through  the 
pipe,  6,  into  horizontal  glass  tubes,  //  li  (Fig.  12), 
surrounded  by  water.  By  suddenly  opening  a stop- 
cock, f,  and  again  quickly  closing  it,  a small  quantity 
of  phosphorus  is  allowed  to  pass  through  the  glass 
tubes  into  cold  water  contained  in  a cistern,  c,  and 
in  passing  it  closes  the  tubes,  leaving  a projecting 
rough  piece  of  phosphorus  which  forms  an  excellent 
handle,  whereby  to  draw  the  sticks  from  the  tubes. 
The  operation  thus  commenced,  the  cock  is  again 
opened,  and  the  phospliorus  drawn  alternately  from 
either  tube,  cut  off  with  a pair  of  strong  scissors,  and 
allowed  to  fall  into  a cistern.  By  this  method,  from 
15  to  20  lbs.  of  phosphorus  may  be  formed  into 
sticks  in  less  than  a quarter  of  an  hour. 

To  obtain  phosphorus  in  the  granular  condition, 
it  is  caused  to  fall  in  drops  into  cold  water.  Schu- 
bert’s apparatus  will  also  be  useful  in  this  operation. 
The  cistern  is  filled  to  about  three  parts  with  cold 
water,  and  upon  the  surface  of  this  is  placed  a layer 
of  water  heated  to  about  140°  Fahr.  (60°  C.),  high 
enough  to  cover  the  glass  tubes  which  convey  the 
phosphorus  from  the  boiler.  This  is  done  by  pouring 
the  hot  water  upon  a wooden  trencher,  swimming  on 
the  surface  of  the  cold  water.  The  difference  in  the 
density  prevents  the  cold  water  mixing  with  that  at 
a higher  temperature.  The  stopcock  of  the  vessel 
containing  the  melted  phosphorus  is  slightly  opened, 
so  as  to  allow  it  to  exude  in  drops.  These,  falling 
through  the  mass  of  cold  water,  become  solid,  and 
collect  in  the  granular  condition  at  the  bottom  of 
the  cistern.  Phosphorus  may  also  be  granulated  by 
shaking  it,  while  in  the  fused  state,  with  a warm 
liquid,  till  it  solidifies.  Cassarca  recommends  for 
this  purpose  strong  alcohol. 

Projierdes. — Phosphorus  at  the  ordinary  tempera- 
ture, when  perfectly  pure,  is  a soft  solid  substance, 
transparent  and  colourless.  As  generally  found  in 
commerce,  it  is  of  a light  amber  yellow  colour,  or 
even  reddish,  much  resembling  in  appearance  im- 
perfectly bleached  wax.  After  rapid  cooling  it  is 
yellow,  and  semi-opaque  like  horn,  and  has  a waxy 
lustre.  At  32°  (0°  C.)  it  is  brittle  and  crystalline  in 
its  fracture.  The  addition  of  an  extremely  small 
quantity  of  sulphur,  even  a ^-J^o-th  part,  is  suf- 
ficient to  render  it  brittle.  Being  totally  insoluble 
in  water,  it  is  tasteless;  its  solutions  in  other  liquids 
have,  however,  an  acrid  disagreeable  taste.  Neither 
has  it  any  smell,  though  on  exposure  to  the  air  it 
gives  off  vapouss,  which,  undergoing  a slow  com- 
bustion, have  an  odour  somewhat  resembling  that 
of  garlic,  or  of  impure  hydrogen.  Its  specific  gravity 
at  15°  C.  is  177.  It  melts  at  44°  C.,  and  boils  at 
280°  C. ; forming  a colourless  vapour,  the  density  of 
which  is  4-35,  air  being  unity.  Phosifiiorus  vola- 
tilizes at  temperatures  considerably  below  its  boil- 
ing point,  and  in  small  quantities  even  at  ordinary 
temperatures,  as  well  in  vacuo  as  in  the  open  air. 
Several  gases,  as  oxygen,  hydrogen,  carbonic  acid, 
nitrogen,  &c.,  when  jilaced  in  contact  with  phos- 
phorus, become  charged  with  its  vapour,  and  if  boiled 
with  wiiti-r,  it  renders  the  aqueous  vapour  luminous. 


Phosphorus  is  quite  insoluble  in  water,  but  solu- 
ble— jiarticularly  if  heated — in  absolute  alcohol,  in 
chloroform,  in  fixed  and  volatile  oils,  and  most  of 
the  liquid  hydrocarbons,  in  chloride  of  sulphur, 
sulphide  of  phosphorus,  and  in  ether.  Its  best 
solvent  is,  however,  bisulphide  of  carbon,  which 
dissolves  one-fourth  of  its  weight.  Phosphorus 
crystallizes  in  regular  octohedrons,  and  in  rhom- 
boidal  dodecahedrons.  Small  dodecahedral  crystals 
have  been  obtained  by  slowly  cooling  large  masses 
of  phosphorus.  If  a mixture  of  2 parts  of  phos- 
phorus and  1 of  sulphur  be  melted  under  water, 
a compound  is  obtained,  holding  an  excess  of  phos- 
phorus in  solution,  and  which  is  deposited  in  regular 
octohedral  crystals  on  cooling.  Its  solution  in  sul- 
phide of  carbon,  or  in  hot  naphtha,  when  slowly 
evaporated  in  a current  of  carbonic  acid  gas,  deposits 
regular  dodecahedral  crystals  of  considerable  size. 

When  phosphorus  is  exposed  to  the  air,  even  at 
ordinary  temperatures,  it  undergoes  a slow  combus- 
tion, appears  luminous,  and  diffuses  white  vapours 
possessing  a peculiar  penetrating  alliaceous  smell. 
The  phosphorous  oxide,  P2O31  produced,  attracting 
moisture  from  the  air,  condenses  to  a liquid,  and, 
taking  an  additional  quantity  of  oxygen,  is  converted 
into  a mixture  of  phosphorous  and  pho.sphoric  oxides, 
PgOg  + P2^5-  Tliis  slow  combustion  is  attended 
with  a sensible  evolution  of  heat,  which  gradually 
reaches  the  point  at  which  phosphorus  takes  fire. 
It  should  therefore  always  be  preserved  under  water. 

The  luminosity  of  phosphorus  is  so  excellent  a 
test  of  its  jjresence,  that  if  a drop  of  an  extremely 
dilute  solution  of  it  in  bisulphide  of  carbon  be 
placed  on  a heated  plate  in  the  datk,  the  presence 
of  part  is  readily  detected. 

Phosphorus  reduces  the  compounds  of  the  noble 
metals,  when  placed  in  contact  with  their  solutions, 
and  quickly  becomes  covered  with  t’ne  reduced  and 
precipitated  metal.  In  contact  with  chlorine,  bromine, 
and  iodine,  phosphorus  inflames  spontaneously,  and 
without  the  aid  of  heat,  producing  respectively, 
cldoride,  bromide,  and  iodide  of  phosphorus.  When 
heated  in  a copious  supply  of  dry  air,  phosphorus 
burns  with  a brilliant  white  light,  producing  white 
fumes  of  anhydrous  phosphoric  acid,  P^Og,  which, 
when  condensed,  much  resembles  snow. 

White  Phosphorus.- — ^This  amorphous  modification 
is  gradually  produced  whenever  phosphorus  under 
water  is  exposed  to  sunshine  or  ordinary  daylight. 
The  opaque  crust  is  yellow  at  first,  but  afterwards 
turns  white.  Its  specific  gravity  is  1-515.  It  smells 
like  ordinary  phosphorus,  is  luminous  in  the  dark 
on  exposure  to  the  air,  but  turns  red  in  daylight 
much  more  quickly  than  colourless  phosphorus. 

Lu/uid  Phosphorus.  — Phosphorus,  under  certain 
conditions,  after  having  been  fused,  retains  the  liquid 
form  for  some  time  after  cooling.  This  variety  of 
phosi)horus  has  the  appearance  of  a transparent  oily 
liquid.  It  may  be  obtained  by  fusing  ordinary 
))hosphorus  with  an  aqueous  solution  of  potassium 
hydrate. 

JJlacI:  Phosphorus.- — Phosphorus  is  melted  at  44° 
C.,  and  while  in  a sfiite  of  fusion  is  poured  quickb- 


PHOSPHORUS.— Red. 


accomplished  by  means  of  a current  of  carbonic  acid 
evolved  from  the  bottle,  E,  containing  marble  and 
hydrochloric  acid;  the  gas  is  dried  by  passing  it  over 
chloride  of  calcium,  contained  in  the  tube,  F.  The 
flask  being  emptied  of  air,  the  tube  is  closed  by 
fusion  at  the  narrow  portion,  o,  and  the  apparatus 
evolving  carbotdc  acid  is  detached.  The  flask  is 
then  heated  by  means  of  an  oil  bath,  c ; the  phos- 
](horus  melts  readily ; and  by  regulating  the  heat 
steadily  between  230°  and  23.0°  C.,  by  means  of  a 
thermometer,  /,  and  maintaining  it  thirty  or  forty 
hours,  nearly  tlie  whole  will  be  converted  into  the 
solid  amorphous  variety.  When  the  metamorphosis 
appears  to  be  complete,  the  apparatus  is  allowed  to  : 
cool.  Any  unaltered  phospliorus  is  separated  by  j 
iligestion  in  bisulphide  of  carbon,  in  which  amorphous 
phosphorus  is  insoluble.  The  latter  is  afterwards 
collected  on  a filter,  and  washed  with  bisulphide  of  | 
carbon  as  long  as  anything  is  removed  from  it,  which 
may  be  ascertained  by  evaporating  a small  portion 
in  a watch-glass,  when  any  dissolved  phosj)horus  will 
remain  behind. 

The  red  powder  obtained  by  the  above  process, 
if  not  quite  free  from  ordinary  phosphorus,  inflames 
spontaneously,  but  if  quite  pure  suffers  no  alteration 
by  exposure  to  the  air.  To  effect  complete  purifica- 
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of  the  flange  of  this  vessel,  a similar  vessel,  B b,  of 
the  same  material,  is  suspended,  and  secured  by 
means  of  the  screw-pins,  i.  The  space  between  the 
two  vessels  contains  a metallic  bath,  M,  composed  of  a 
mixture  of  equal  parts  of  tin  and  lead.  G is  a cast- 
iron  cover  to  the  inner  vessel,  b,  fitting  the  upper 
edge  by  means  of 

a groove,  and  *’‘5- 

fastened  to  the 
outer  vessel  by 
the  screw  - pins, 

H H.  A screw,  s, 
passes  through  a 
three-armed  iron 
holder,  which  is 
attached  to  a third 

I movable  iron  ves- 

1 sel,  c c,  placed 

i in  a sand-bath,  N.  In  the  interior  of  this  iron  vessel, 
C C,  another  vessel  of  glass  or  porcelain,  D D,  is  fitted, 
in  which  the  phosphorus  to  be  operated  upon  is 
placed,  j is  a curved  pipe  of  iron  or  copper,  pass- 
ing freely  through  the  cover,  G,  but  screwed  into 
the  cover,  E,  and  having  an  exit  at  the  extremity 
into  a detached  vessel,  k k.  This  contains  water  or 
mercury ; if  the  latter  be  employed,  it  should  be 
76  


into  very  cold  water.  It  is  produced  by  the  exposure 
of  phosi>horus  to  light  in  an  atmosphere  free  from 
oxygen,  or  by  heating  it  with  a small  quantity  of 
iodine.  The  black  colour  disappears,  and  it  is  recon- 
verted into  the  ordinary  condition  by  remelting,  and 
slowly  cooling. 

J!ed  PhoxpJioriis.  — By  far  the  most  important 
allotropic  modification  of  phosphorus  is  that  known 
in  commerce  as  the  amorphous  phosphorus  of 
SciiitbrrEi!,  or  red  phosphorus.  A quantity  of  dried 
phosphorus  is  placed  in  the  flask,  A (Fig.  13),  to  the 
neck  of  which  a long  narrow  tube,  h,  bent  downwards, 
is  attached,  the  open  end  of  which  dips  into  a little 
mercury.  The  removal  of  the  air  from  the  flask  is 


tion  it  should  be  boiled  in  solution  of  potash  of 
siiecific  gravity  1-30,  and  then  washed  first  with 
water  slightly  acidulated  with  nitric  acid,  and  lastly 
with  pure  water.  The  colour  of  this  amorphous 
jjhosphorus  is  deeper  the  higher  the  temperature  at 
which  the  tninsformation  is  effected,  and  in  that  of 
the  finest  specimens  is  more  brilliant  than  vermilion. 

A vertical  section  of  the  apparatus  employed  by 
Arthur  Albright  for  the  manufacture  of  red  phos- 
phorus is  represented  in  Fig.  14,  and  a view  of  it, 
as  seen  from  above,  in  Fig.  15.  It  is  a cast-iron 
vessel  set  in  brick-work,  and  having  a fire-place 
underneath,  with  suitable  flues,  F F.  From  the  inside 

Fig.  14. 
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covered  with  water.  The  pipe,  J,  immersed  in  the 
mercury  or  water,  serves  as  a safety  valve,  preventing 
the  return  of  the  atmospheric  air  into  the  inner  vessel, 
C C.  The  spirit  lamp,  L,  is  placed  under  the  pipe,  J, 
and  is  used,  if  necessary,  to  heat  the  curve,  and  pre- 
vent condensation  of  gaseous  phosphorus,  which,  if 
allowed,  would  obstruct  the  passage.  The  stopcock, 
X,  is  used  to  prevent  the  ingress  into  C C of  the 
contents  of  K K,  or  of  atmospheric  air,  and  should 
be  closed  as  soon  as  the  operation  is  concluded,  and 
before  the  apparatus  in  the  furnace  is  allowed  to 
become  cool,  or  the  vessel,  K K,  is  removed.  The 
cover,  G,  is  not  essentially  necessary,  its  principal 
use  being  to  prevent  accidents.  Between  the  end 
of  the  screw,  s,  and  the  cover,  e,  a small  but  strong 
concave  disc  or  spring  of  steel  is  inserted,  and  so 
adjusted  as  to  give  a slight  play  to  the  cover,  E,  in 
case  of  violent  action  arising  in  the  interior,  or  the 
stopping  up  of  the  pipe,  J,  by  condensed  phos- 
phorus. The  phosphorus  to  be  converted  into 
the  amorphous  state  is  previously  melted  and 
cooled  under  water,  and  afterwards  dried  as  com- 
pletely as  possible.  The  mode  of  effecting  the  con- 
version is  then  as  follows : — The  phosphorus  is 
deposited  in  the  inner  vessel,  D D,  and  the  covers, 
E and  G,  replaced.  A fire  is  then  kindled  urider  the 
outer  vessel,  and  the  temperature  raised  to  such  a 
degree  as  shall  be  sufficient  to  drive  off  the  air  and 
other  gases  that  may  be  generated  in  the  interior 
vessel;  these  will  escape  at  the  exit  of  the  pipe,  J, 
which  dips  into  the  mercury  or  water  contained  in 
the  vessel,  k k.  When  mercury  is  employed  it  is 
desirable  to  cover  it  with  a layer  of  water,  so  that 
any  phosphorus  which  may  distil  over,  and  pass 
down  the  pipe,  J,  may  be  covered  thereby.  The 
temperature  is  now  to  be  gradually  increased  until 
bubbles  escape  at  the  end  of  the  pipe,  J,  which 
inflame  spontaneously  as  they  enter  the  air.  When 
the  gas  has  esc, aped  freely  for  some  time,  the  tem- 
perature may  be  further  raised  to  600°  Fahr.  To 
regulate  the  temperature,  a thermometer  is  placed 
in  the  metallic  bath  before  described.  The  length 
of  time  during  which  it  is  necessary  to  maintain  the 
temperiiture,  depends  so  much  on  accompanying 
circumstances  that  it  can  only  be  ascertained  by 
experience.  The  heat  should  never  be  raised  more 
than  a few  degrees  above  500°  F,ahr.  As  soon  as 
the  operation  is  concluded  the  vessel  is  allowed  to 
become  cool.  The  phosphorus  is  then  taken  out, 
to  effect  .which  it  m.ay  be  necessary  to  break  the 
ghiss  or  porcehain  vessel  containing  it.  Should  it 
be  desirable  to  increase  the  pressure  on  the  vessels, 
CC  and  DD,  the  vessel,  K K,  holding  the  mercury 
may  be  deepened,  that  it  m,ay  contain  a greater 
quantity,  and  thus  a pressure  of  an  atmosphere,  or 
even  more,  may  be  gained.  In  this  case  it  will  be 
necessary  to  remove  the  steel  spring  ,at  the  end  of 
the  screw,  S,  as  soon  as  the  steam  and  infl:immable 
gases  which  arise  in  the  first  part  of  the  process 
have  ceased  to  issue  from  the  pipe,  J. 

The  phosphorus  is  then  levigated  under  w,ater, 
to  remove  any  unconverted  phosphorus,  and  drained 
by  means  of  a bag  or  filter. 


^ Red  amorphous  phosphorus  in  the  state  of  powder 
I is  lustreless,  and  destitute  of  crystalline  structure. 
Its  colour  varies  from  a scarlet  to  a ctirmine  red ; 
sometimes  also  to  a blackish-brown  tint.  When  in 
I the  form  of  coherent  masses  it  is  reddish-brown, 

! exhibiting  perfect  metallic  lustre  and  an  iron-black 
fracture ; sometimes  the  lumps  are  also  of  a bright 
scarlet  colour ; usually,  however,  dark  reddish-brown. 
It  is  brittle,  very  fragile,  with  a perfect  conchoidal 
fracture ; specific  gravity  at  15°  C.  is  2T4.  It  is  far 
less  combustible  than  ordinary  phosphorus,  and  is 
not  luminous  in  the  dark.  When  quite  pure  it  will 
bear  a tolerably  high  temperature  without  igniting. 
It  is  not  altered  by  exposure  to  the  air  at  the  ordi- 
nary temperature  ; but  if  heated  to  260°  Fahr.  in  an 
inert  gas,  it  passes  into  the  state  of  ordin.ary  phos- 
phorus. Red  phosphorus  is  insoluble  in  bisulphide 
of  carbon,  alcohol,  ether,  naphtha,  chloride  of  phos- 
phorus, and  other  solvents  of  ordinary  phosphorus. 
In  spirit  of  turpentine  and  other  liquids  which  boil 
at  a high  temperature  it  dissolves  very  sparingly 
during  ebullition,  but  is  deposited  on  cooling  as 
ordinary  phosphorus. 

Red  phosphorus  is  perfectly  free  from  those 
pernicious  qualities  which  render  the  application  of 
ordinary  phosphorus  so  destructive  to  health.  In 
a commercial  point  of  view  it  is  also  advantageous, 
as  the  red  variety  may  be  transported  witli  perfect 
safety,  while  the  carriage  of  ordinary  phosphorus 
is  attended  with  considerable  trouble  and  risk,  and 
consequent  expense. 

Lucifer  Matches. — Phosphorus  is  chiefly  used 
for  the  manufacture  of  lucLfer  matches.  Wood  is 
cut  into  splints  by  machinery  (sometimes  by  hand), 
and  dipped  in  sulphur,  paraffin,  or  stearin ; and 
finally  tipped  with  a combustible  composition  con- 
taining phosphorus,  and  some  body  which  parts 
readily  with  oxygen.  These  materials  are  generally 
saltpetre,  red  lead,  manganese ; the  whole  being 
bound  together  with  glue  or  gum. 

The  glue  or  gum  is  dissolved  to  a thin  syrup,  and 
is  heated  to  122°  Fahr.  (50°  C.);  the  phosphorus  is 
gradually  added ; and  lastly,  the  other  ingredients, 
after  being  finely  powdered.  The  proportion  of 
phosphorus  varies,  being  sometimes  as  much  as  30 
to  50  per  cent.,  and  sometimes  as  low  as  5 per  cent. 
In  sulphur  matches  the  following  compositions  are 
used : — 


Phosphorus, 4 

Saltpetre, 16 

Ked  lead, 3 

Strong  glue, 6 

Another — 

Phosphorus, 1 9 

Saltpetre, 14 

Manganese  dioxide 14 

Gum, 16 


Phosphorus  is  readily  soluble  in  bisulphide  of 
carbon,  which,  on  evaporating,  leaves  it  in  a finely 
divided  state.  As  the  bisulphide  is  cheap,  this  method 
is  used  to  introduce  the  phosphorus  into  the  igniting 
composition  without  the  use  of  heat,  and  at  a con- 
siderable saving  of  phosphorus. 
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The  mixtures  used  in  the  trade  are  kept  secret. 
The  following  are  given  by  Wagner: — 

I. 

Phosphorus, 1'5 

Gum, 3'0 

Lamp  hlack, 0*5 

Bed  lead, 5-0 

Nitric  acid  at  40°  B.,  . . 2'0 

(Specific  gravity,  1'384), 

II. 

Phosphorus, S)  Dissolved  in  the  re- 

Glue 21  V quired  quantity  of 

Red  lead 24 '4)  bisulphide  of  carbon. 

Nitrate  of  potash, 24  0 

III. 

Phosphorus, 3‘0 

Gum, 3‘0 

Bed  lead,  2-0 

Fine  sand  and  smalt 2’0 

When  the  wood  splints  are  coated  at  the  ends 

•with  paraffin,  stearin,  &c.,  a larger  amount  of 
oxygen  has  to  be  supplied  to  cause  ignition  by 
friction  ; the  mixture  is  then  : — 

I. 

Phosphorus, 3'0 

Strong  glue, 3‘.5 

Water, 3 0 

Fine  sand, 2'0 

Vermilion  or  Prussian  blue, 0’5 

Chlorate  of  potash, 3'0 

II. 

Phosphorus, 3‘0 

Gum, 0'.5 

Water, 3‘0 

Fine  sand, 2'0 

Lead  dioxide  (oxidised  red  lead), 2'0 

Wax  matches  are  tipped  with  a mixture  con- 
taining— 


Phosphorus, 

14 

Nulphide  of  antimony, 

Lead  dioxide  (or  '4 

3 

Bead  lead,  35 ) > 

Nitric  acid,  21  j ' } 

36 

Vermilion 

Safety  Matches. — IVIatches  made  with  amorphous 
phosphorus  are  difficult  to  ignite,  and  they  have  not 
come  largely  into  use.  The  red  phosphorus  has, 
however,  been  found  suitable  for  the  manufacture  of 
matches  which  shall  only  ignite  when  rubbed  on  a 
surface  containing  it. 

The  matches  themselves  contain  no  phosphorus; 
this  is  supplied  by  the  surface  on  which  they  are  to 
be  rubbed.  The  idea  fir.st  originated  with  Bottger, 
and  has  since  been  improved  on  by  Lundstrom,  of 
Sweden,  and  Coignet  & Co.,  of  Lyons.  Lund- 
strom’s  patent  is  worked  in  this  country  by  Bryant 
& May. 

The  paste  is  composed  of : — 

Chlorate  of  potassium, 6 

Sulphide  of  antimony, 2 to  3 

Glue  (dry), 1 

The  paste  for  the  rubber — 

Amorphous  phosphorus, 10 

Manganese  dioxide,  or  sulphide  of  antimony,  8 
Glue  (dry) 3 to  6 


PHOTOGRAPHY. — By  means  of  suitable  lenses  an 
image  may  be  formed  of  any  object.  Photography 
is  the  art  by  means  of  which  these  images  are  ren- 
dered, to  a certain  extent,  permanent. 

The  word  photography  is  derived  from  two  Greek 
words  signifying  to  deUneate  ly  light.  In  point  of 
fact,  it  is  neither  to  the  light  nor  to  the  heat  of  the 
solar  rays  we  are  indebted  for  the  beautiful  results 
of  photography  ; but  to  a principle  existing  in  com- 
bination with  the  light  and  heat  of  the  sun,  to  which 
has  been  applied  the  name  of  actinism  — a term 
derived  from  the  Greek  word  for  a sunbeam,  and 
signifying  merely  the  influence  of  the  sun’s  rays, 
or  ray-power,  without  involving  the  assumption  of 
any  theory  on  the  subject. 

To  illustrate  the  composition  and  coloured  refrac- 
tion of  the  sun’s  rays  : suppose  a beam  of  solar  light 
is  admitted  into  a darkened  room  through  an  aper- 
ture, H,  in  a window  shutter  (Fig.  1),  and  that  it  is 


Fig.  1. 


made  to  pass  through  a prism  of  glass,  ABC;  instead 
of  being  refracted  as  a whole  and  appearing  still  as 
white  light,  which  it  does  when  the  refracting  sur- 
faces are  parallel,  it  is  lengthened  out  and  exhibits 
the  well  known  solar  spectrum,  which  is  commonly 
divided  arbitrarily  into  what  are  termed  the  seven 
prismatic  colours — violet,  indigo,  blue,  green,  yellow, 
orange,  red. 

The  order  of  succession  is  invariable,  and  depends 
upon  the  unequal  refrangibility  of  the  different 
coloured  rays  of  which  the  white  ray  is  made  up. 
Thus  the  red  ray  deviates  least  from  the  direct  path, 
S P ; and  the  violet  ray,  most ; and  the  intermediate 
rays  have  intermediate  degrees  of  refrangibility ; 
the  orange  is  thrown  further  from  the  direct  path 
than  the  red,  and  the  indigo  deviates  less  than  the 
violet ; hence  the  violet  end  is  the  most  refrangible, 
and  the  red  the  least  refrangible  end  of  the  spectrum. 

It  is  important  to  remark,  however,  that  below 
the  ordinary  visible  red,  or  least  refrangible  ray, 
another  ray  of  a deeper  red,  distinguished  as  the 
extreme  red  or  crimson  ray,  may  be  detected  by  ex- 
amining the  prismatic  spectrum  through  a deep  blue 
glass ; and  by  throwing  the  spectrum  upon  a piece 
of  yellow  paper,  another  ray  appears  at  the  violet 
extremity,  named,  by  Sir  John  Herschel,  the 
lavender  ray. 

Fig.  2 shows  the  spectrum.  The  curved  lines  in 
the  engraving  represent  the  relative  amount  of 
actinism,  light,  and  heat,  in  different  parts  of  the 
spectrum.  It  will  be  observed  that  the  actinism  is 


A mixture  technically 
- known  as  oxidised 
red  lead. 
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greatest  at  E,  and  ceases  at  d and  e towards  either 
extremity.  At  the  point  of  greatest  light,  C,  which 
is  in  the  yellow  ray,  there  is  absolutely  no  actinic  or 

Fig.  2.  ^ 

/ 1 

1 

[ 1 a Lavender. 

Actinism,  or  /BH  . 

Chemical  power.  j Violet. 

Maximum  of  light.  — /-'I  Yellow. 

A Orange. 

Maximum  of  heat.  Cx> f ? „ . ^ , 

V t|  6 Extreme  Red. 

photographic  influence ; though  at  F,  near  the  point 
of  greatest  heat,  D,  the  actinic  or  chemical  influence 
is  sensibly  felt ; this  is  ascribed  by  Claudet  to  the 
yellow  rays  being  not  merely  passive  or  inert  as 
regards  actinic  power,  but  having  a positive  destruc- 
tive influence  on  any  effects  produced  by  the  actinic 
rays. 

Scheele  was  the  first  to  show  that  the  rays  of  the 
sun  were  able  to  effect  chemical  changes,  more 
especially  upon  silver  salts.  He  was  followed  by 
Senebier,  Count  Rumford,  and  Ritter,  who  was 
the  first  to  notice  that  solar  beams,  not  possessing 
luminosity,  but  having  a remarkable  effect  in  induc- 
ing chemical  metamorphoses,  existed  in  sunlight. 
Little  was,  however,  done  bearing  upon  the  origin 
of  photography,  till  Thomas,  the  youngest  son  of 
JosiAH  Wedgewood,  in  1802  published  his  method 
of  producing  sun  pictures,  by  coating  white  paper 
or  enamelled  leather  with  a solution  of  nitrate  of 
silver,  and  exposing  the  coated  surface  to  the  light 
of  file  sun  under  a painting  on  glass,  lie  did  not 
succeed  in  fixing  the  impressions,  though  he  was 
assisted  in  his  research  by  Sir  Hu.mphrey  Davy. 

Nicephore  Niepce,  born  at  Chalons-sur-Saone, 
was  the  first  who  succeeded  in  fixing  the  image  in 
the  camera  obscura ; and  if  we  take  photography  to 
mean,  not  simply  the  superposing  of  an  object  upon 
a sensitive  slieet  and  allowing  the  sun  to  print  the 
' outline  of  that  object,  but  rather  the  reflecting 
of  any  image  in  nature  in  the  camera,  and  fixing  it 
after  the  image  has  passed  away,  then  Niepce  was 
certainly  the  first  photographer. 

It  was  as  early  as  1816  that  Nicephore  Niepce 
first  produced  a veritable  photograpli  in  the  camera  ; 
but  in  this  instance  the  lights  and  shadows  were 
inverted,  that  is  to  say,  the  whites  in  the  original 
object  were  depicted  in  black  in  the  picture,  and 
vice  vei-sa.  While  these  first  experiments  were  being 

conducted  by  Nicephore,  his  brother  was  in  England 
endeavouring  to  sell  a mechanical  invention  which 
the  brothers  had  devised;  and  the  letters  which  passed 
between  them,  and  which  have  recently  been  pub- 
lished, explain  very  fully  the  nature  of  the  early 
essays  in  photography.  Nicephore  had  heard  of 
Senefelder’s  invention  of  lithography,  and  his  idea 
was  to  reflect  an  image  upon  stone  which  should 
remain  permanent  after  the  shadow  had  disappeared. 
He  contrived  a camera  obscura,  fitted  it  with  a lens, 
and  forthwith  began  his  research.  His  first  photo- 
graph was  obta'ned,  as  far  as  can  be  made  out,  by 
steeping  white  paper  in  salts  of  silver  to  render  it 
capable  of  being  blackened  by  daylight,  and  placing 
a sensitive  sheet  of  this  description  at  the  back  of 
the  camera,  where  the  reflected  image  could  fall 
upon  it.  By  these  means  he  obtained  landscape 
pictures,  which,  however,  remained  visible  for  a few 
weeks  only,  even  when  screened  from  the  light.  In 
his  letters  to  his  brother  Nicephore  describes  his 
progress  very  minutely — how  he  finds  that  sunlight 
is  not  absolutely  necessary  for  the  production  of  his 
pictures,  but  that  diffused  daylight  would  do  ; how, 
in  order  to  obtain  an  image  of  sharper  definition,  he 
finds  it  necessary  to  contract  the  opening  of  the  lens, 
and  how  he  busied  himself  in  endeavouring  to  trans- 
pose the  lights  and  shadows.  The  following  is  a 
description  of  his  method  of  placing  his  camera  in 
position  to  begin  work,  extracted  from  a letter  dated 
5th  May,  1816,  to  his  brother: — “I  placed  my  ap- 
paratus at  the  open  window  of  the  room  where  I 
operate,  in  front  of  the  pigeon  house,  and  made  an 
experiment  in  the  usual  manner.  I obtained  on  the 
white  paper  the  whole  of  that  portion  of  the  pigeon 
house  which  is  seen  from  the  window,  and  a faint 
image  of  the  casement,  which  was  less  brilliantly 
lighted  than  the  exterior  objects,  the  image  reflected 
being  of  the  most  minute  proportions.”  On  the 
19th  May  following,  we  have  a description  of  the 
first  photographs  from  nature  that  were  ever  taken 
in  a camera: — “I  have  to  enclose  two  pictures  taken 
by  my  process.  ...  You  will  be  able  to  judge  of 
the  effect  better  by  placing  yourself  somewhat  in  the 
shade  and  holding  up  the  pictures,  placed  upon  an 
opaque  body,  against  the  light.  A picture  of  this 
description  is,  I believe,  subject  to  alteration  after  a 
time,  as,  although  proof  against  the  action  of  light, 
the  reaction  of  the  nitric  acid  in  its  composition  will 

have  the  effect  of  destroying  it My  future 

investigations  will  be  conducted  with  a threefold 
object  — (1)  To  obtain  a clearer  definition  of  the 
reflecting  image;  (2)  to  transpose  the  tints  or 
shadows ; (3)  to  fix  the  tints,  an  operation  which 
is  by  no  means  an  easy  one.”  These  extracts  prove 
clearly  that  Nicephore  Niepce  was  on  the  right 
track  to  discover  photography;  and  a further  quota- 
tion from  a letter,  dated  28th  May,  1816,  gives  quite 
a circumstantial  account  of  his  pictures : — “ I send 
you  herewith  four  new  prints,  two  large  and  two 
small  ones,  which  I have  obtained  of  sharper  defini- 
tion by  the  adoption  of  a very  simple  plan,  which 
consists  in  contracting,  by  means  of  a disc  of  card- 
board, the  diameter  of  the  lens.  The  interior  of  the 
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camera  being  less  illuminated,  the  image  becomes 

inventor.  Niepce  then  sent  his  process  to  the  king. 

sharper,  and  the  outline,  as  likewise  the  lights 

but  with  no  greater  success.  He  lived  near  Kew, 

and  shadows,  are  much  more  clearly  defined.  You 

and  during  his  sojourn  in  this  country  secured  a 

will  be  .able  to  judge  by  the  roof  of  the  pigeon  house. 

picture  of  Kew  Church,  which  is  still  in  the  British 

by  the  angles  of  the  walls,  and  by  the  casement,  in 

Museum.  He  returned  to  France  in  January,  1828; 

■which  the  window  frames  are  distinctly  visible  (in 

and  his  attention  was  then  called  to  an  improved 

certain  pl.aces  the  glass  even  appears  perfectly  trans- 

camera  devised  by  Daguerre,  and  it  was  this  incident 

parent) ; .and,  lastly,  you  will  see  that  the  im.age 

that  suggested  the  formation  of  a partnership  between 

retains  the  exact  tints  or  colours  of  the  original 

them  in  1829. 

object.  If  the  picture  f.ails  in  definition,  it  is  simply. 

Daguerre  was  a painter  of  some  eminence,  and 

on  account  of  its  minute  size  ; .and  the  original  would 

director  of  the  Diorama  in  Paris.  For  some  time  it 

be  quite  as  ill-defined  if  viewed  from  a corresponding 

was  known  he  had  been  endeavouring  to  fix  the 

distance The  pigeon  house  is  reversed  in  the 

image  reflected  in  the  camera;  and  although  he 

pictures,  the  barn,  or  r.ather  the  roof  of  the  barn. 

asserted  he  had  been  successful  in  his  attempt,  no 

being  to  the  left  instead  of  to  the  right.  The  white 

evidence  of  the  fact  w.as  ever  shown.  Niepce  and 

mass  which  you  perceive  to  the  right  of  the  pigeon 

Daguerre  were  brought  into  communication  with 

house,  and  which  appears  somewhat  confused,  is  the 

one  another ; but  it  should  be  borne  well  in  mind 

reflection  upon  the  p.aper  of  the  pear-tree,  which  is 

that  before  the  two  investigators  knew  each  other, 

some  distance  further  off;  and  the  black  spot  near 

Nickphore  Niepce  had  already  become  a successful 

the  summit  is  an  opening  between  the  branches  of 

photographer.  The  deed  of  partnership  is  still 

the  trees.  The  shadow  on  the  right  indicates  the 

extant;  and  a fac-simUe  of  it,  printed  by  means  of 

roof  of  the  bake-house,  which  appears  somewhat 

photo-lithography,  is  contained  in  a work  entitled 

lower  th.an  it  ought  to  be,  because  the  cameras  were 

“ La  Verite  sur  I’lnvention  de  la  Photographic,”  by 

6 feet  from  the  floor.  Finally,  those  little  white 

M.  Victor  Fouque.  This  document  states  that  a 

lines  marked  above  the  roof  of  the  barn  are  the 

p.artnership  was  entered  into,  under  the  title  of 

reflection  on  the  retina  of  the  branches  of  some  trees 

Niepce-Daguerre,  in  order  to  elaborate  a process 

in  the  orchard.  The  effect  would  be  much  more 

invented  by  NiEPCE  and  improved  by  Daguerre — the 

striking  if,  as  I told  you,  the  lights  and  shadows 

former,  as  his  contribution  to  the  concern,  agreeing 

could  be  inverted."’  After  this  Niepce  endeavoured 

to  make  known  all  details  of  his  invention,  and 

to  obtain  images  of  the  same  kind  upon  stone  and 

the  latter  contributing  a new  form  of  camera  and  the 

metal ; but  it  was  not  until  1823  that  he  succeeded 

benefit  of  his  study  and  Labours.  The  contract  was 

in  securing  a really  permanent  photograph.  This 

to  last  ten  years,  it  being  expressly  stipulated  that 

was  done  by  me.ans  of  an  asphaltum,  termed  bitumen 

in  case  of  the  invention  ever  being  published,  it 

of  Judea,  which  is  soluble  in  certain  oils  in  its  normal 

should  be  made  known  under  the  title  of  Niepce- 

condition,  becoming  insoluble  after  exposure  to  the 

Daguerre  ; and  should  either  partner  die  before 

action  of  light.  By  coating  a metal  plate  with  a 

the  expiration  of  the  period  agreed  upon,  the  natural 

solution  of  this  materi.al  and  exposing  the  same  in 

successor  of  the  partner  so  dying  should  fill  the 

a c.amera,  an  image  was  obtained  which  was  rendered 

vacancy.  The  contract  contains  a most  interesting 

visible  by  afterwards  washing  the  surface  over  with 

account  of  Niepce’s  early  experiments,  and  of  the 

anim.al  oil  of  Dippel,  the  Latter  substance  being 

results  he  had  obtained  up  to  that  moment.  But 

capable  of  dissolving  aw.ay  such  portions  of  the 

.although  it  includes  full  details  of  Niepce’s  work. 

bitumen  as  had  not  been  fixed  by  light ; the  in- 

there  is  not  one  word  of  Daguerre’s  results ; and 

soluble  portion  of  the  bitumen,  remaining  on  the 

we  must  infer,  therefore,  that  till  that  date  nothing 

plate,  formed  the  picture.  Several  specimens  of 

of  a practical  nature  had  been  secured  by  the  junior 

these  photographs  are  still  extant  in  the  British 

partner. 

Museum  and  the  Louvre. 

Two  years  after  the  drawing  up  of  this  compact 

It  was  not  until  after  this  d.ate  that  Daguerre 

Nicephore  Niepce  died,  and  his  place  was  filled 

appears  to  have  made  photography  his  study.  The 

up  by  his  son  Isidore.  Meanwhile  Daguerre 

two  investigators  were  m.ade  known  to  one  another 

worked  away  at  the  invention  ; and  in  1839  he  sent 

by  the  circumstance  of  a relative  of  Niepce  showing. 

for  Isidore,  and  informed  him  he  had  discovered  a 

in  1825,  one  of  the  bitumen  pictures  to  Chevalier, 

most  practical  ami  efficient  method  of  photography. 

of  P.aris,  who  then  rem.arked  that  Daguerre  had 

quite  distinct,  however,  and  unconnected  in  every 

been  making  experiments  with  the  camera  .also,  but 

way  with  the  invention  of  the  elder  Niepce,  .and 

apparently  with  little  success.  In  1827  Niepce  saw 

this  Daguerre  refused  to  publish  except  under  his 

Daguerre  in  Paris  for  the  first  time,  while  on  his 

own  name.  Isidore  protested  for  some  time ; but. 

way  to  visit  his  brother  in  England;  and  these 

like  Esiiu,  ultim.ately  sold  his  birthright  for  a con- 

relations  ended  two  ye:irs  later  in  a p.artnership  to 

sider.ation.  Daguerre  thereupon  made  known  the 

work  out  the  invention  between  them.  Niepce 

process  to  the  Academy  of  Fr.ance,  omitting  all 

previously,  however,  came  to  England,  as  we  have 

mention  of  Niepce,  and  claiming  for  himself  the 

just  stated,  and  brought  with  him  some  of  his 

whole  credit  of  the  invention  ; and  it  w.as  not  until 

pictures,  which  he  was  desirous  of  submitting  to 

some  time  afterwards,  when  Daguerreotype  had 

the  Royal  Society ; but  as  the  method  was  imoin- 

become  an  established  fact,  that  the  friends  of 

tiiined  a secret,  th.at  body  refused  to  listen  to  the 

Niepce  came  forward  to  claim  for  the  origin.al 
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investigator  a share  of  the  honour.  Foremost 
among  these  was  Bauer,  the  secretary  of  the  Royal 
Society,  who  on  the  publication  of  Daguerreotype 
called  attention  to  the  fact  that  Niepce  bad  invented 
a similar  process,  and  had  shown  in  this  country 
pictures  obtained  by  its  means  more  than  ten  years 
previously.  Faraday  added  his  testimony  to  the 
fact  when  he  was  shown  examples  of  Daguerreo- 
type, for  he  had  himself  seen  Niepce’s  sun  pictures 
many  years  previously.  Daguerre  asserted  his 
invention  to  be  totally  distinct  from  that  of  Niepce, 
and  in  no  way  based  upon  it;  while,  on  the  other 
hand,  the  Niepce  party  contended  that  Daguerreo- 
type was  a modification  of  what  ought  to  have  been 
termed  Niep^otype.  In  the  end  the  French  govern- 
ment awarded  4000  francs  as  annual  iiensioii  to  the 
son  of  Niepce,  and  6000  francs  to  Daguerre. 

If  we  for  a moment  compare  Daguerreotype  with 
Niepce’s  invention,  we  at  once  see  the  analogy 
between  them.  The  former  may  be  divided  into  four 
operations: — 1,  to  clean  the  metal  plate ; 2,  to  render 
it  sensitive ; 3,  to  expose  it  in  the  camera ; 4,  to 
develop  the  image.  Niepce’s  description  of  his 
process,  as  we  have  it  in  his  own  words,  is  as  follows: 
— ■“  I first  take  a metal  plate — either  of  tin,  copper, 
or  silver,  but  I prefer  the  first — and  this  I coat  with 
a film  of  bitumen  of  Judea,  which  is  sensitive  to 
light;  I then  expose  the  plate  in  the  camera,  and 
afterwards  wash  it  in  oil  of  almonds,  to  render  the 
picture  visible.  I also  use  iodine,  to  render  the 
image  more  black.”  Therefore,  although  Daguerreo- 
type is  incontestably  a far  superior  process  thau 
ever  that  of  Niepce  was,  it  cannot  be  denied  that 
some  of  the  manipulations  in  both  cases  are  the 
same,  while  the  modus  operandi  is  identical.  Niepce 
mentions  the  use  of  a silver  plate  and  of  iodine,  and 
actually  hints  at  the  employment  of  mercury — the 
three  principal  requirements  in  Daguerreotype;  and 
besides  this,  the  older  experimenter  made  known 
the  broad  fact  that  a visible  image  is  not  at  once 
obtained  in  the  camera,  but  that  it  requires  to  be 
developed  in  a subsequent  operation.  To  Niepce 
therefore  belongs,  rather  than  to  any  other,  the 
honour  of  having  discovered  photography. 

In  England  the  subject  was  pursued  by  Henry 
Fox  Talbot.  His  experiments  were  begun  in  1834, 
with  the  view  of  rendering  the  image  produced  in 
the  camera  obscura  on  paper  permanent  in  the  sun, 
and  were  prosecuted  with  varied  success  till  1839, 
when  a paper  was  read  by  him  to  the  Royal  Society 
on  the  31st  of  January  of  that  year,  entitled,  “Some 
Account  of  the  Art  of  Photogenic  Drawing;  or,  the 
Process  by  wnich  Natural  Objects  may  be  made  to 
delineate  themselves  without  the  aid  of  the  Artist’s 
Pencil.”  In  February  of  the  same  year  a fuller 
account  of  the  preparation  of  the  paper,  and  the 
method  of  fixing  the  picture,  was  communicated  to 
the  same  body.  This  mode  of  photography  was 
termed  the  “Talbotype  process.” 

The  fixing  agent  first  used  by  Talbot  was  a con- 
centrated solution  of  sodium  chloride,  which  had 
the  effect  of  dissolving  the  unaltered  silver  chloride. 
Potassium  iodide  was  employed  for  a similar  pur- 


pose. ITie  use  of  hyposulphite  of  soda  (chemically, 
sodium  thiosulphate,  Na2S203)  was  proposed  by 
Sir  J.  Herschel.  Other  improvements  by  the 
latter  philosopher  have  also  to  be  recorded,  which, 
though  less  important  than  the  one  just  referred 
to,  contributed,  nevertheless,  to  the  perfection  of 
the  art. 

Herschel  was  the  first  to  saturate  the  saline 
washes  used  to  prepare  the  paper  with  chloride  of 
, silver,  and  to  w'ash  with  nitrate  of  silver  twice 
successively,  drying  the  paper  between  each  dipping, 
and  thus  doing  away  with  the  whitish  spots  so 
frequently  seen  in  the  pictures  of  Talbot  at  the 
time.  He  also  noticed,  as  likewise  did  Robert 
Hunt,  a method  of  fixing  the  impression  formed  in 
the  camera  with  chloride  of  mercury,  nothing  being 
required  to  develop  the  picture  but  simply  washing 
with  hyposulphite  of  soda. 

Another  very  important  discovery  of  Talbot’s 
was,  that  treatment  with  gallic  acid  renders  the 
prepared  paper  so  sensible  as  to  receive  impressions 
by  instantaneous  exposure,  owing  to  the  gallic  acid 
of  the  ingredients  continuing  and  developing  the 
effect  of  the  sun’s  rays.  This  improvement  led  the 
way  to  the  use  of  pyrogallic  acid  (by  Archer),  the 
reducing  or  developing  action  of  which  is  much 
greater  than  that  of  the  gallic  compound. 

Subsequent  to  the  production  of  photographs  on 
paper,  glass  was  adopted  for  the  basis  of  the  picture ; 
but  as  the  sensitive  media  could  not  be  made  to 
adhere  to  this  body  alone,  it  was  necessary  to 
employ  as  au  adjunct  some  adhesive  matter.  The 
first  trials  were  with  albumen  and  gelatin,  laid  in  a 
thin  'stratum  upon  the  clean  surface  of  the  glass,  by 
Niepce  St.  Victor,  in  1848.  Potassium  iodide  or 
alkaline  chlorides  were  mixed  with  the  adhesive 
composition ; and  after  partial  drying,  the  surfaces 
were  rendered  sensitive  by  solution  of  silver  nitrate. 
The  pictures  obtained  on  albumenized  or  gelatinized 
glass,  owing  to  the  even  and  close  texture  of  the 
coating  material,  had  many  qualities  superior  to 
those  produced  upon  paper.  Soon  after  this  time 
Archer  substituted  collodion  for  these  media.  With 
the  exception  of  modifications  introduced  from  time 
to  time  to  render  the  collodion  film  more  sensitive, 
or  to  extend  the  chemical  action  set  up  by  the  rays 
of  light,  and  thus  shorten  the  period  of  exposure, 
very  little  has  been  done  within  the  last  few  years 
beyond  rendering  the  art  more  general  both  in 
practice  and  application. 

It  has  long  been  sought  to  perfect  the  photographic 
process  by  rendering  the  images  capable  of  being 
printed  from.  These  attempts  are  not  recent,  but 
as  old  as  the  first  bituminous  impressions  of  M- 
Niepce,  whose  finished  pictures  required  but  the 
application  of  the  etching  liquid  to  convert  them 
into  engravings.  This  system  has  been  worked  out 
by  Niepce  the  younger,  Lerebours,  and  Lemercier, 
the  latter  applying  it  to  lithographic  printing.  Dr. 
Dorme  of  Paris  partially  succeeded  in  obtaining 
engravings  from  daguerrotype  plates.  His  method 
was  to  attack  the  plates  with  nitric  acid  before  the 
gilding  of  the  picture,  when  all  the  parts  whereon 
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the  silver  was  reduced  became  more  or  less  corroded 
according  to  the  depth  of  shade.  Sir  William 
Robert  Grove  published  a method  for  engraving 
the  daguerrean  image  by  voltaic  agency  in  1842  : the 
active  agent  was  chlorine  liberated  from  hydrochloric 
acid,  in  which  the  picture,  attached  to  the  positive 
pole  of  the  battery,  wa^  immersed.  A patent  was 
granted  in  1844  to  Fizeau  and  Claudet  for  engrav- 
ing photographic  impressions.  Here  hydrochloric 
acid,  liberated  from  a mixture  of  sodium  chloride 
and  potiissium  nitrate,  to  which  a little  nitric  acid 
had  been  added,  was  the  etching  medium,  and 
ammonia  and  a hot  concentrated  solution  of  caustic 
potash  the  auxiliaries  to  it  in  bringing  the  process 
to  perfection ; the  former  having  the  effect  of 
removing  the  chloride  of  silver,  and  the  latter  pro- 
tecting the  surface  coated  with  the  mercury  from 
the  corroding  action  of  the  acid.  When  sufficiently 
deepened  the  plate  was  washed  and  dried,  smeared 
with  printers’  ink,  dried,  cleaned,  and  the  unetched 
parts  gilded,  after  which  the  remaining  parts  could 
be  deepened  at  will  by  first  removing  the  ink.  H. 
F.  Talbot’s  method,  published  in  May,  1853,  seemed 
to  be  satisfactory.  It  consisted  in  coating  a well- 
polished  steel  plate  with  a mixed  gelatin  impregnated 
with  a strong  solution  of  potassium  bichromate;  and 
when  dried,  exposing  this  plate  to  the  sun’s  rays, 
with  a positive  photographic  picture  superposed. 
As  in  the  case  of  Niepce’s  bituminous  method,  the 
influence  of  the  light  rendered  the  parts  on  which 
it  fell  insoluble,  so  that  on  subsequent  washing  in 
water  the  gelatin  and  bichromate  solution  were 
removed  from  the  other  parts,  leaving  a raised  fac- 
simile of  the  picture,  the  lights  being  represented  by 
the  bare  metal,  and  the  shades,  corresponding  to  the 
lights  in  the  original,  by  the  altered  gelatin.  On 
pouring  platinum  bichloride  upon  the  washed  surface, 
the  plate  is  readily  etched  on  the  parts  from  which 
the  gelatin  was  removed.  When  the  action  has 
been  sufficiently  continued,  it  is  arrested,  removing 
the  gelatin  with  a sponge,  and  drying.  The  plate 
now  exhibits  a delicate  etching  of  the  picture  on  the 
steel  plate,  in  wliich  the  raised  surface  corresponds 
to  the  light  and  half  tones  of  the  original  design. 
Pretscii  of  Vienna  published  a method  for  effecting 
the  same  purpose ; it  has  much  in  common  with 
Talbot’s,  but  instead  of  washing  off  the  coating  of 
gelatin,  as  directed  by  the  latter,  it  is  merely  soaked 
in  water,  to  swell  the  unaltered  gelatin,  and  give 
the  appearance  of  an  engraved  wood-block  to  the 
figure.  An  impression  of  the  figure  is  then  taken 
with  a soft  material  in  the  way  of  a mould,  and  the 
latter  is  rendered  a conductor  of  electricity,  and 
copper  is  deposited  upon  it  to  any  desired  extent. 
In  this  way  a true  impression  is  taken  of  the  photo- 
graph in  copper,  and  may  be  multiplied  at  pleasure. 
Lastly,  Duncan  C.  Dallas  has  worked  out  a good 
engraving  method  from  metal  plates,  which  he  terms 
photo-electric  engravings. 

Efforts  have  been  made  to  impress  the  tints  of  the 
object  upon  tlie  picture  by  chemical  agency,  and  suffi- 
cient indications  have  been  given  to  show  that  tlie 
subject  is  feasible  of  attainment.  In  chroino-photo- 


graphy,  or  heliochromy,  as  the  process  was  called  in 
France,  Becquerel,  in  1854  and  previously,  showed 
that  colours  could  be  impressed  on  the  picture  at 
the  instant  of  its  fonnation,  by  employing  the  violet 
chloride  of  silver — a compound  in  which  more  or 
less  of  a basic  chloride  exists — for  taking  the  picture. 
To  give  the  subject  more  definition,  he  coated  the 
silver  plates  by  means  of  chlorine  liberated  from 
hydrochloric  acid  by  voltaic  agency,  and  in  which 
solution  the  tablet  was  immersed,  attached  to  the 
positive  pole  of  the  battery.  As  it  was  found  tliat 
the  shades  were  much  altered  by  the  thickness  of 
the  coating  of  the  violet  chloride  on  the  plate,  he 
introduced  a voltameter  of  water  in  the  circuit,  to 
measure  from  the  volume  of  hydrogen  disengaged 
the  quantity  of  chlorine  set  free  ; and  by  this  means 
he  was  able  to  determine  the  quantity  of  gas  that 
passed  over  a given  extent  of  the  plate.  When  a 
plate  so  prepared  was  exposed  in  the  camera  to  the 
solar  light  of  the  spectrum,  all  the  chief  colours  were 
produced,  beginning  with  the  yellow  and  orange, 
and  extending  to  the  red  and  violet,  thus  leaving  a 
coloured  picture.  As  these  hues  could  not  be  fixed 
so  as  to  resist  the  effect  of  diffuse  light,  they  were 
looked  upon  more  as  a scientific  curiosity.  Niepce 
St.  Victor,  being  led  to  infer  a relationship  between 
the  colour  which  many  bodies  communicate  to  flame 
and  that  which  light  developes  in  a plate  of  silver 
coated  as  above,  tried  the  effects  of  silver  plates 
excited  in  chlorine  water  impregnated  with  various 
salts,  such  as  chloride  of  strontium  and  the  like,  and 
placed  the  plate  in  the  camera  for  the  reception  of 
the  rays  from  coloured  bodies,  when  the  image 
became  impressed  with  the  natural  tints  of  the  sub- 
ject. Thus,  an  orange  was  obtained  by  the  use  of 
calcium  chloride,  yellow  by  sodium  ehloride  or 
chlorine,  red  with  strontium  chloride,  green  with 
boracic  acid  and  nickel  chloride,  and  so  on,  employ- 
ing for  any  particular  shade  a substance  which 
similarly  colours  the  blowpipe  flame. 

The  chromo-photographs  of  Niepce  St.  Victor, 
consisting  for  the  most  part  of  dolls  dressed  in 
coloured  raiment,  are  still  in  a good  state  of  pre- 
servation, although  eight  or  ten  years  have  elapsed 
since  they  were  taken  ; not  being  proof  against  day- 
light, they  are  kept  in  closed  boxes,  and  may  only  be 
viewed  by  candle  light  or  other  subdued  illumination, 
but  they  are  still  very  creditable  productions. 

PoiTEViN  in  France  has  :il.so  reproduced  natural 
colours  on  violet  subchloride  of  silver  applied  to 
paper;  and  AViiarton  Simpson  in  this  country  has 
also  secured  natural  colours  impressed  upon  sub- 
chloride of  silver  in  a collodion  film. 

The  art  of  photography  is  dependent  partly  on 
optics,  and  partly  on  chemistry.  It  is  the  business 
of  the  optician  to  provide  a suitable  camera  in  which 
the  photographic  toblet  may  be  placed,  and  the 
image  formed  by  the  lens  thrown  upon  it. 

The  simplest  form  of  camera  obscura  is  a dark 
box,  having  a small  orifice  in  the  centre  of  one  end, 
and  a focusing  screen  of  ground  glass  at  the  other. 
On  throwing  a black  cloth  over  the  head  and  camera, 
and  looking  at  the  focusing  screen,  an  inverted  image 
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is  seen  of  the  object  towards  which  the  opening  of 
the  camera  is  presented.  When  the  hole  is  large, 
this  image  is  bright  but  indistinct;  by  reducing  its 
size,  the  image  becomes  more  distinct,  but  fainter. 
The  brightness  and  size  of  the  pictured  objects 
depend  upon  the  distance  of  the  focusing  screen 
from  the  hole;  and  the  smaller  that  distance  may 
be,  the  smaller  are  the  objects  and  the  brighter  the 
picture.  The  shape  of  the  aperture  does  not  deter- 
mine that  of  the  picture  or  the  outline  of  the  objects, 
a triangular  hole  giving  the  same  image  as  a round 
one.  The  image  formed  in  this  simple  camera, 
although  more  or  less  indistinct,  is  absolutely  free 
from  distortion,  and  the  rules  of  plane  perspective 
are  strictly  fulfilled. 

To  understand  the  principles  on  which  the  cameras 
are  constructed,  it  must  be  remembered  that  every 
visible  object  of  which  an  image  can  be  formed  by  a 
lens,  is  supposed  in  optics  to  consist  of  an  assemblage 
of  luminous  points,  from  each  of  which  rays  of  light 
proceed  in  all  directions,  but  without  interfering 
with  each  other;  and  an  assendjlage  of  rays  proceed- 
ing from  any  single  point  is  called  a pencil.  A bright 
object,  therefore,  emits  a pencil  of  light  from  each 
of  the  bright  points  composing  it.  Let  E F,  Fig.  3, 


Fig.  3. 


be  the  object,  b c the  camera,  l the  hole,  and  K D 
the  focusing  screen  ; then  a pencil  of  light  proceed- 
ing fiom  E passes  through  the  hole  L,  and  the  rays 
continue  onwards  until  they  reach  the  focusing 
screen  at  e,  at  which  point  a spot  of  light  is  produced 
of  the  same  shape  as  the  hole  at  L,  but  somewhat 
larger  than  it,  and  of  the  same  colour  as  the  point  E 
of  the  object.  Similarly  the  points  F,  G,  H,  i,  &c., 
emit  jjencils  which  after  passing  through  the  hole 
illumine  the  spots  at  f,  g,  h,  i,  &c.,  and  in  this  way 
an  indistinct  inverted  image  of  the  object  is  formed. 
The  size  and  shape  of  the  image  do  not  depend  upon 
the  opening,  because  the  luminous  points  of  the 
object  being  infinite  in  number,  and  in  close  juxta- 
position, the  spots  of  light  which  compose  the  image, 
although  individually  of  the  same  shape  as  the  holes, 
glide  one  into  the  other,  and  form  a continuous  out- 
line, in  which  all  trace  of  the  form  of  any  particular 
spot  is  destroyed. 

To  show  that  the  image  upon  the  focusing  screen 
is  a correct  perspective  view  of  the  object,  the 
following  illustration  is  submitted  : — Suppose  that  L, 
Fig.  4,  is  the  eye  of  a spectator,  which  is  con- 
sidered to  be  a mathematical  point,  and  that  straight 
lines,  called  vimal  ray.’i,  are  drawn  from  L to  the 
several  points  of  the  object  e f ; these  straight  lines 
constitute  the  edges  of  a system  of  pyramids,  of 


which  L is  the  common  vertex,  and  if  these  are  cut 
by  any  vei’tical  plane  at  N between  L and  the  object, 
the  section  is  a plane  perspective  view.  This  is  the 


Fig.  4. 


fundamental  definition  of  a plane  perspective  view. 
Ts  ow,  let  it  be  supposed  that  the  visual  are  rays  pro- 
duced through  L,  so  as  to  form  another  system  of 
pyramids  on  the  opposite  side  of  it ; it  is  evident 
that  if  this  second  system  be  cut  by  a plane  at  M 
parallel  to  that  at  N,  and  at  an  equal  distance  from 
L,  the  inverted  image  thus  formed  would  be  an 
exactly  equal  and  similar  geometrical  figure  to  the 
image  at  N,  and  the  two  figures  would  coincide  if  one 
were  laid  against  the  other.  But  the  image  at  M is 
that  which  would  be  formed  by  a camera  having  a 
hole  at  L,  and  a focusing  screen  at  M ; so  that  this 
simple  camera  gives  a correct  perspective  view  of  the 
object  as  seen  from  the  aperture,  and  depicted  upon 
a plane  surface  as  far  in  front  of  the  hole  as  the 
focusing  screen  behind  it. 

The  simplest  form  of  lenticular  camera  is  that  in 
which  a very  small  convex  lens  is  placed  at  L,  Fig.  5. 
A direct  pencil  diverging  from  a point,  C,  of  an  object 
is  then,  after  refraction  through  the  lens,  brought  to 
a focus  at  c,  where  a distinct  image  is  formed ; but 

Fig.  6. 
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the  oblique  pencils  from  points  A,  B,  are  brought 
approximately  to  foci  at  points  a,  h,  upon  a circular 
arc,  of  which  l is  the  centre,  and  L c the  radius,  and 
the  rays,  after  passing  through  the  points,  a,  h,  again 
diverge  and  produce  round  spots  or  discs  of  light 
upon  the  screen,  instead  of  a sharp  focus  as  at  c; 
the  true  image  of  the  object  being  curved,  as  shown 
in  the  figure.  A small  single  lens,  therefore,  gives 
so  much  curvature  of  the  image  as  to  render  its 
margin  very  indistinct  compared  with  the  centre. 
It  will  be  observed,  however,  that  the  image  formed 
by  a small  single' lens  is  free  from  distortion,  because 
the  axes  of  the  pencils  do  not  suffer  deviation  by 
passing  through  it. 

In  order  to  increase  the  radius  of  curvature  of  the 
image,  the  following  plan  has  been  adopted  in  the 
lenses  used  by  photographers  for  taking  views. 
Instead  of  placing  a small  lens  at  L,  a large  one  is 
fixed  at  some  distance  behind  L,  as  in  Fig.  6.  A 
central  pencil  from  c is  refracted  through  the  centre, 
m,  of  this  lens,  and  an  oblique  one  from  a,  after 
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passing  through  the  hole  at  l,  is  refracted  near  its 
circumference  at  n.  This  renders  the  image  much 
flatter ; because  the  distance,  n a,  which  is  equal  to 


the  focal  length,  m c,  of  the  lens,  is  measured  from  n 
and  not  from  m,  as  in  the  case  of  a single  lens  placed 
at  L.  But  this  arrangement  is  open  to  the  very- 
serious  objection,  that  the  image  is  greatly  distorted, 
in  consequence  of  the  axes  of  the  oblique  pencils 
being  bent  out  of  their  course  by  refraction  through 
the  circumference  of  the  lens,  which  acts  as  a prism 
in  causing  rays  to  deviate  from  its  edges,  and  there- 
fore the  marginal  parts  of  the  image  are  too  small 
for  the  central;  besides,  all  straight  lines  in  the 
image  which  do  not  pass  through  the  centre  are 
curved  inwards  at  their  extremities ; so  that  in  this 
form  of  view-lens  flatness  of  field  is  gained  at  the 
sacrifice  of  true  perspective. 

The  form  of  this  lens  is  meniscus,  or  concavo- 
convex,  the  concave  side  being  turned  towards  the 
objects;  and  the  radius  of  curvature  of  the  image 
is  equal  to  the  focal  length  of  the  lens,  plus  the 
radius  of  its  convex  surface ; it  is,  therefore,  longer 
by  the  latter  quantity  than  the  radius  of  curvature 
of  the  image  formed  by  a small  single  lens  without 
a diaphragm  in  front. 

All  photographic  lenses  require  to  be  achromatized, 
or  so  constructed  as  to  refract  the  different  colours 
equally,  in  such  a way  that  the  yellow  and  violet  foci 
may  coincide ; because  the  yellow  rays  produce  the 
visible  image,  while  all  the  rays  of  the  spectrum 
which  lie  between  the  green  and  the  extreme  lavender 
produce  more  or  less  chemical  effect  upon  the 
sensitive  photographic  tablet.  The  common  view- 
lens  is  an  achromatic  meniscus,  and  may  be  achro- 
matized in  two  different  ways,  one  of  which  consists 
in  placing  a double  concave  lens  of  flint-glass  before 


and  in  contact  with  a double  convex  lens  of  crown- 
glass,  as  shown  in  Fig.  7 ; and  the  other,  in  placing 
a concavo-convex  lens  of  crown-glass  before  and  in 
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contact  with  a concavo-convex  lens  of  flint-glass,  as 
shown  in  Fig.  8.  The  effect  of  these  combinations 
arises  from  the  circumstance  that  flint-glass  and 
crown-glass  possess  very  different  powers  of  dis- 
persing or  of  separating  the  rays  of  light. 

In  the  preceding  figures,  c denotes  crown,  f flint- 
glass.  Both  forms  have  equal  radii  of  the  front  and 
back  surfaces,  equal  focal  lengths,  equal  curvature 
of  the  image,  and  an  equal  distortion  ; but  the  pirn 
shown  in  Fig.  8 is  the  best,  because  there  is  rather 
less  spherical  aberration. 

The  best  form  of  view -Jens  for  giving  pictures 
entirely  free  from  distortion  is  a combination  of 
two  achromatic  plano-convex  lenses,  with  the  con- 
vex sides  outwards,  and  a small  stop  midway  be- 
tween them,  as  shown  in  Fig.  9.  If  a ray,  PQ,  be 


Fig.  9. 


refracted  through  this  combination  in  such  a way 
that  its  course  between  the  lenses  passes  through 
the  centre  of  the  stop,  it  is  evident,  from  the  sym- 
metry of  the  figure,  that  the  emergent  ray,  RS,  will 
be  parallel  to  p Q ; from  which  it  follows  that  the 
axes  of  pencils  refracted  through  this  combination 
do  not  suffer  deviation,  and  therefore  there  is  no 
distortion  in  the  image.  The  curvature  of  the 
image  is,  however,  greater  than  with  the  single 
view-lens,  and  the  central  definition,  when  the  dia- 
phragm is  removed,  not  quite  so  good  as  that  of  the 
portrait-lens  to  be  described  presently. 

The  best  view-lens  for  combining  tolerable  free- 
dom from  distortion,  with  flatness  of  field  and  per- 
fection of  focus — that  is  to  say,  the  most  generally 
useful  view -lens — is  that  of  Professor  Petzval  of 
I Vienna,  and  commonly  called  the  ortlwscopic  lens, 

I from  the  fact  that  the  straight  lines  of  objects  are 
not  curved  in  the  image.  Its  construction  is  shown 
in  Fig.  10.  The  front  lens  is  achromatic  and  con- 


Fig.  10. 


1 

vexo-concave ; 

N 

and  the  back  lens  £ 

ichromatic,  and 

composed  of  two,  which  only  touch  at  the  edges. 
The  inner  one — that  is,  the  one  next  to  the  front 
lens — is  of  crown-glass  and  double  concave,  with 
the  deepest  concavity  next  to  the  meniscus;  the 
outer  one  is  a meniscus  of  flint-glass.  The  front 
lens  of  the  combination  is  convex,  and  brings  rays 
to  a focus ; the  back  lens  is  concave,  and  scatters 
77 
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them.  In  order  to  improve  the  definition,  and 
bring  objects  at  different  distances  into  good  focus, 
a stop  is  placed  immediately  behind  the  back  lens. 
The  distance  between  the  front  and  back  lenses  of 
the  combination  is  about  equal  to  half  the  diameter 
of  the  front  lens,  and  the  diameter  of  the  back  lens 
is  about  two-thirds  that  of  the  front  one.  In  this 
combination  the  oblique  pencils  pass  near  the  cir- 
cumference of  the  front,  and  through  the  centre  of 
the  back  lens ; they  are  therefore  lengthened,  and 
the  consequence  is  the  production  of  a very  flat 
field.  A small  amount  of  distortion  is  produced 
by  this  instrument,  which  causes  straight  lines  not 
passing  through  the  centre  of  the  picture  to  be 
curved  outivards  at  their  extremities,  and  the  objects 
at  the  margin  of  the  field  are  rendered  proportion- 
ally larger  than  those  in  the  centre;  but  these  defects 
exist  to  a much  smaller  extent  than  those  of  an 
opposite  kind  in  the  single  view-lens. 

There  are,  therefore,  three  different  view-lenses 
used  by  photographers,  namely — the  single  view- 
lens,  with  a stop  in  front,  which  gives  a flat  field, 
but  great  distortion ; the  symmetrical  double  com- 
bination, which  gives  an  image  entirely  free  from 
distortion,  but  having  considerable  curvature ; and 
the  orthoscopic  combination  of  Petzval,  which  gives 
a tolerably  flat  field,  and  the  image  nearly  free  from 
distortion.  The  second  lens  is  the  best  when  a 
sufficiently  small  stop  can  be  used  to  obtain  good 
marginal  definition.  In  other  cases  the  orthoscopic 
lens  is  the  best,  and  the  single  view-lens  the  worst. 

The  view-lens  includes  an  angle  of  from  35°  to 
40°.  It  cannot  be  used  for  portraits  in  a glass 
room,  because  it  would  require  too  long  an  ex- 
posure. 

The  portrait-lens  commonly  used  is  that  which  was 
invented  by  Professor  Petzval  about  seventeen 
years  ago.  In  this  combination  everything  is  sacri- 
ficed to  getting  a large  central  pencil  free  from 
spherical  and  chromatic  aberration.  The  curvature 
of  the  image  is  considerable,  and  the  angular  field 
of  view  rarely  exceeds  20°.  Its  merit  is  quickness 
of  action,  which  is  absolutely  required  in  photo- 
graphic portraiture.  As  soon,  however,  as  more 
rapid  processes  are  discovered,  the  portrait  - tens, 
with  its  large  aperture  and  many  unavoidable  de- 
fects, may  be  given  up. 

The  construction  of  the  portrait  eombination  of 
Petzval  is  shown  in  Fig.  11.  The  front  lens  is 


achromatic  and  convexo-concave,  the  lenses  being  in 
contact.  The  back  lens  is  achromatic,  and  formed 


of  two  lenses  separated  by  a small  interval ; the 
inner  one  is  of  flint-glass,  and  convexo-concave,  the 
outer  one  of  crown-glass,  and  double  convex,  with 
the  flatter  side  outwards.  The  focal  lengths  of  the 
two  compound  lenses  are  nearly  equal,  the  front 
lens  having  the  longer  focus,  and  both  are  convex 
lenses.  The  combined  focal  length  of  the  instru- 
ment, measured  from  the  back  one,  is  from  three  to 
four  times  the  diameter  of  the  front  lens. 

Of  late  years  very  considerable  improvement  has 
been  made  in  the  eonstruction  of  photographic 
lenses,  and  no  one  has  paid  more  attention  to  the 
the  subject  than  J.  H.  Dallmeyer,  F.R.A.S., 
whose  instruments,  especially  for  portraiture,  are 
more  widely  used  both  in  this  country  and  abroad 
than  those  of  any  other  optician.  For  this  reason  we 
have  deemed  it  expedient  to  quote  the  advice  he 
gives  relative  to  the  choice  and  use  of  lenses;  for 
this  is  a subject  on  which  the  photographer  is,  as 
a rule,  lamentably  ignorant.  In  regard  to  portrait 
lenses,  says  the  author,  they  “are  either  more  or  less 
rapid  in  action  as  their  diameters  are  larger  or 
smaller,  or  as  their  focal  lengths  are  shorter  or 
longer.  The  focal  length  of  a lens  regulates  the 
size  of  the  picture,  and  the  diameter  expresses  its 
speed  or  rapidity  of  action.  Having  fixed  upon  the 
size  of  the  picture  to  be  taken,  the  next  thing  to  be 
determined  is  the  most  suitable  focal  length  of  the 
lens.  This,  however,  involves  the  prior  determina- 
tion of  the  distance  at  which  to  place  the  subject; 
for,  as  every  photographer  knows,  the  placing  of  the 
lens  nearer  to  the  subject  increases  the  size  of  the 
picture,  and  vice  versa.  The  question  then  arises, 
What  is  the  proper  distance  at  which  to  place  the 
subject  from  the  lens?  In  answer  it  may  safely  be 
asserted,  that  it  should,  as  a rule,  be  not  less  than 
12  feet,  nor,  perhaps,  more  than  24  feet.  For  if 
less  than  this,  the  resulting  picture  will  generally  be 
defective  both  in  definition  and  perspective,  because 
the  lens  producing  it  wiU  be  of  too  short  a focus ; 
and  if  the  dis  ance  is  greater,  the  resulting  picture 
will  probably  be  deficient  in  relief  or  roundness. 
This,  because  the  atmosphere  in  our  towns  is  seldom 
quite  clear  from  fog  or  haze;  and  the  greater  the 
distance  between  the  lens  and  subject,  the  more 
obviously  will  this  haze  be  reproduced  in  the  picture. 

“A  medium  distance,  therefore,  of  from  16  to  20 
feet,  should  be  chosen.  For  a distance,  then,  from 
16  to  20  feet  between  the  lens  and  subject,  the 
equivalent  focal  length  (not  the  back  focus)  of  the 
lens  for  a given  sized  plate,  should  be  about  twice 
that  of  the  largest  size ; that  is,  for  a,  4^  X 3j  plate 
{carte  devisite  size),  the  focal  length  should  be  4j  X 
2,  or  equal  to  8^  inches ; for  a 6 X 5 plate  (cabinet 
size),  6 X 2,  or  equal  to  12  inches;  for  a 10  X 8 plate, 
10  X 2,  equal  to  20  inches,  and  so  on.” 

Dallmeyer  then  proceeds  to  say  that,  having 
determined  the  focal  lemjth  of  the  lens  for  a given 
sized  plate,  the  next  thing  requiring  consideration  is 
its  diameter,  or  rapidity  of  action.  As  a matter  of 
course  every  photographer  wishes  to  possess  a quick 
acting  lens;  and  not  only  this,  but  flatness  of  field 
and  great  “depth”  of  focus,  or  definition,  as  well: 
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forgettiug  all  the  while  that  these  qualities  are  almost 
diametrically  opposed  to  one  another.  Thus  of  two 
lenses  of  the  same  focal  length,  and  both  perfectly 
corrected  for  spherical  aberration,  the  one  of  2 inches 
will  have  twice  the  depth  of  another  of  4 inches  in 
diameter ; whilst  the  latter,  in  turn,  is  four  times 
quicker  in  action  tlian  the  former. 

As  regards  the  use  of  portrait  lenses,  the  following 
is  well  to  the  point ; for  it  gives,  in  a few  words, 
just  those  particulars  relating  to  adjustment  of 
camera,  &c.,  which  are  valuable  in  practice : — 

‘‘  For  a card  portrait,  distance  of  subject  18  feet, 
the  camera  being  without  a swing  back,  arrange  as 
follows : — Height  of  centre  of  lens  from  the  floor, 
about  4 feet  10  inches ; rising  front  of  camera 
elevated  a quarter  of  an  inch ; let  the  image  occupy 
the  centre  of  the  plate — i.e.,  the  head  and  feet  equi- 
distant from  bottom  and  top  of  screen.  To  effect 
this,  the  camera  requires  tilting  forward  slightly. 
Tilting  the  camera  forward  is  an  advantage,  for  it 
produces  a more  natural  view  of  the  face,  and  is 
preferable  to  its  being  placed  lower  and  level,  which 
latter  position  implies  a looking  up  into  the  face, 
and  produces  neither  a natural  nor  pleasing  picture. 
The  image  occupying  the  centre  of  the  plate,  proceed 
to  focus  for  the  eye,  and  then  for  the  chest,  or  for 
some  prominent  object  on  the  chest,  as  a watch 
chain,  for  instance  ; now  halve,  as  it  were,  the  focus 
between  this  and  the  eye,  when  it  will  be  found  that 
the  resulting  picture  will  be  evenly  defined  through- 
out its  entire  length.” 

Again — “ In  placing  the  accessories  of  a portrait, 
or  in  disposing  the  positions  of  a group  of  persons, 
regard  should  always  be  had  to  accommodate  as 
much  as  possible  the  curvature  of  field  produced  by 
the  lens ; and  this  is  accomplished  by  arranging  the 
group  or  accessories  in  approximation  to  a curve — 
that  is,  objects  at  the  sides  should  be  brought 
nearer  to  the  lens  than  those  occupying  the  centre  ; 
the  image  then  falls  on  a plant,  and  this  is  what  is 
required.  The  amount  of  curvature  of  field  varies 
in  different  lenses,  and  hence  definite  rules  for 
placing  the  objects  composing  a picture  to  suit  this 
curvature  cannot  be  given,  but  one  or  two  trials 
will  at  once  determine  this  question.” 

As  regards  landscape  lenses,  says  Dallmeyer, 
all  the  most  eminent  landscape  photographers  are 
unanimous  in  recommending  the  “single  combina- 
tion” for  simple  landscape  work;  for  the  obvious 
reason  that  this  lens  having  but  two  reflecting  sur- 
faces, the  rest  being  cemented,  produces  the  most 
brilliant  pictures  ; and  on  account  of  its  form,  it  has 
more  depth  of  focus  than  a “ double  combination” 
lens.  Moreover,  the  former  produces  an  evenly- 
defined  image  with  a comparatively  large  stop,  and 
hence  it  is  more  rapid  in  its  action.  The  drawback 
to  the  “ single  combination  ” is  the  distortion  it 
imparts  to  any  architecture  on  one  side  of  a picture, 
but  this  may  be  obviated  by  taking  care  that  no 
buildings  are  depicted  at  the  margin  of  the  plate. 
Among  view  lenses  of  this  kind,  the  smaller  the 
diameter,  it  should  be  borne  in  mind,  the  better 
the  lens.  For  architectural  purposes  a lens  giving 


straight  lines  is  indispensable,  and  a rectilinear  lens 
must  therefore  be  employed;  a careful  adjustment 
of  the  camera  is  likewise  invariably  necessary.  In 
regard  to  landscape  work,  Dallmeyer  gives  most 
excellent  advice,  which  every  photographer  should 
take  to  heart. 

“In  the  selection  of  a view  always  aim  as  much  as 
possible  to  favour  the  natural  curvature  of  field  as 
produced  by  the  lens — i.e.,  if  possible  let  the  side 
objects  be  nearest  to,  and  the  centre  ones  farthest 
away  from,  the  camera.  When  photographing  a 
flat  object  (as  a block  of  buildings),  or  when  copy- 
ing a map  or  plan,  focus  for  a point  one-third  from 
the  centre,  and  the  resulting  picture  will  be  approxi- 
mately equal  in  definition  throughout. 

“ Always  work  with  the  largest  possible  aperture  or 
stop  if  you  wish  to  secure  relief  and  atmosphere  in 
your  picture.  Proceed  as  follows: — Focus  for  the 
object — i.e.,  that  which  is  to  constitute  the  point  of 
interest  in  the  picture,  and  which  is  generally  near 
in  the  foreground.  Do  this  with  a medium  stop. 
When  done,  look  to  the  distance  and  other  objects 
in  the  picture,  and  only  reduce  the  aperture  just  so 
much  as  will  prevent  these  appearing  foggy.  But 
do  not  aim  at  equal  sharpness  everywhere  if  you 
wish  to  produce  a picture,  for  what  artist  would 
think  of  painting  his  background  or  accessories  as 
sharp  in  outline  as  the  subject  of  his  picture  ? And 
who  ever  saw  the  distance  perfectly  sharp  in  nature 
when  the  eye  is  adjusted  upon  some  object  near  in 
the  foreground?  Photography  is  claiming  higher 
ground  than  the  old  standard  of  excellence — viz., 
sharpness  everywhere — and  those  who  aim  at  artistic 
photography  may  find  the  above  hints  of  some 
service.” 

Practice  of  Photography. — In  the  images  formed 
in  the  camera  obscura  the  lights  and  shades  are  true 
to  nature,  but  the  position  of  objects  is  reversed,  as 
regards  right  and  left.  In  fixing  these  images  by 
photography  upon  various  tablets,  the  object  is  to 
produce  impressions  true  to  nature  in  the  lights  and 
shades,  and  non-reversed. 

There  are  two  ways  of  doing  this.  According  to  one 
method  a negative  photograph  is  first  produced,  from 
which,  by  a second  photographic  process,  a positive 
photograph  is  obtained.  The  other  method  con- 
sists in  obtaining  a positive  photograph  by  one 
operation. 

By  a negative  is  meant  a transparent  photograph 
in  which  the  lights  and  shades  are  the  opposite  to 
those  in  nature,  and  the  objects  reversed  as  regards 
right  and  left.  By  a positive  is  meant  a photograph 
in  which  the  lights  and  shades  are  true  to  nature. 

Two  direct  positive  processes  are  commonly  used ; 
they  are  called  the  dagueireotype  and  the  positive 
collodion  processes.  In  the  former  the  picture  is 
produced  upon  a silvered  copper  plate  ; in  the  latter 
upon  glass,  or  some  smooth  black  substance,  such  as 
glazed  leather,  oil-cloth,  enamelled  iron,  &c. 

The  Daguerreotype  Process. — This  process  is 
now  hardly  ever  practised  in  Great  Britain,  and  but 
partially  in  America;  nevertheless,  a short  descrip- 
tion of  it  is  necessary  : — A silvered  copper  plate  is 
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first  polished  to  the  utmost;  it  is  then  rendered 
sensitive  to  light  by  being  exposed  to  the  fumes  of 
iodine  and  bromine,  after  which  it  is  presented  to 
the  image  in  the  camera.  Ho  visible  picture  is  pro- 
duced until  the  plate  is  submitted  to  the  vapour  of 
mercury,  which  adheres  only  to  the  parts  that  have 
been  acted  on  by  light,  thus  forming  the  lights  of  the 
picture,  whilst  the  blackened  polished  metal  forms 
the  shadows.  The  subsequent  operations  consist, 
first,  in  removing  the  film  of  silver  iodide  and 
bromide  from  the  plate  by  immersing  it  in  a solution 
of  hyposulphite  of  soda  (sodium  thiosulphate), 
and  next  in  fixing  the  picture  permanently  to  the 
plate  by  means  of  a boiling  solution  of  “ sel  d’or  ” — 
hyposulphite  of  gold  and  soda,  which  at  the  same 
time  greatly  improves  the  appearance  of  the  picture. 
Such  is  a brief  sketch  of  this  very  beautiful  process. 
It  now  remains  to  describe  the  operations  more  in 
detail. 

To  Polish  the  Plate. — The  plates  are  polished  by 
dusting  a little  finely-powdered  rotten-stone  upon 
them,  and  rubbing  them  all  over  with  a little  cotton 
or  fine  flannel  dipped  in  a solution  of  nitric  acid  in 
20  parts  of  water.  When  all  dirt  is  removed,  they 
are  dried  by  friction  with  fine  dry  cotton  or  flannel. 
Finally,  the  slight  scratches  produced  in  the  first 
operation  are  effaced  by  rubbing  the  plates  on  pads 
of  velveteen  naOed  to  a board,  and  upon  which  pow- 
dered charcoal  of  different  degrees  of  fineness  is  laid. 
When  perfectly  clean  and  polished,  the  breath  will 
condense  upon  it  in  an  even  sheet. 

To  Excite  the  Plate. — Two  coating  boxes  are  re- 
quired for  this  operation,  one  containing  iodine,  the 
other  lime  saturated  with  bromine.  The  iodine  is 
spread  evenly  over  the  bottom  of  one  of  these  boxes, 
and  tlie  bromide  of  lime  to  the  depth  of  an  inch  over 
the  bottom  of  the  other.  The  plate  is  then  laid  face 
downwards  over  the  iodine,  for  a minute  or  two, 
until  it  assumes  a deep  yellow  colour;  it  is  then 
removed,  and  laid  over  the  bromine  until  it  assumes 
a bluish  steel  colour ; and  then  again  over  the  iodine 
for  a few  seconds,  after  which  it  is  ready  to  be 
exposed  in  tlie  camera.  In  exposing  the  plates  to 
the  exciting  media  the  time  of  exposure  is  dependent 
on  the  temperature  of  the  room,  and  consequently 
there  is  nothing  to  direct  the  operator,  except  the 
tint  of  colour  on  the  polished  surface  mentioned 
above.  The  plate  may  be  examined  under  a feeble 
light  until  it  is  put  over  the  iodine  tlie  second  time ; 
and  should  any  accident  occur  in  taking  a picture, 
and  the  plate  be  exposed  to  light,  there  is  no  necessity 
to  clean  and  excite  it  again;  for  the  mere  exposure 
to  iodine  for  two  or  three  seconds  will  obliterate  the 
impression,  and  render  the  plate  in  as  good  condition 
for  receiving  a fresh  impression  as  it  was  before. 

The  Exposure  in  the  Camera. — The  exposure  in  the 
camera  and  development  of  the  image  should  follow 
the  exciting  of  the  plate  as  quickly  as  possible; 
nevertheless,  if  the  sensitive  plates  be  put  into  a 
closely-covered  plate  box,  face  to  face,  they  preserve 
their  sensitiveness  for  some  hours  unimpaired. 

The  time  of  exposure  in  the  camera  can  only  be 
ascertained  to  great  nicety  by  experiment.  The 


process  is  exceedingly  sensitive  and  rapid,  and  with 
the  full  aperture  of  a portrait-lens,  and  a strong 
light  out  of  doors,  an  instantaneous  exposure  is 
sufficient ; but  under  glass,  and  with  a moderate 
diffused  light,  several  seconds  are  required,  and  with 
a view-lens  and  small  diaphragm  several  minutes ; 
everything  depends  on  the  brightness  of  the  object 
and  the  size  of  the  diaphragm. 

The  over-exposed  parts  of  a picture  look  blue ; 
the  under-exposed  parts  black  and  devoid  of  detail. 
The  photographer  should  avoid  as  much  as  possible 
too  violent  contrasts  of  light  and  shade  in  the  model, 
and  aim  at  half  tone  and  modulation  of  shade  ; and 
in  exposing  a plate,  the  exposure  should  be  timed 
with  reference  to  the  shadows,  and  the  lights  left  to 
take  care  of  themselves. 

The  Development  of  the  Image. — On  removing  the 
plate  from  the  camera,  it  is  placed  in  a mercury  box 
containing  the  vapour  of  mercury  heated  to  about 
140°  Fahr.  (60°  C.).  The  most  convenient  mercury 
box  is  made  of  iron,  and  shaped  like  an  inverted 
pyramid,  the  mercury  being  at  the  bottom,  and  the 
plate  laid  horizontally  over  it.  It  is  provided  with  a 
thermometer  which  indicates  the  temperature,  and 
the  mercury  is  heated  by  a spirit-lamp  placed  under- 
neath. The  surface  of  the  mercury  should  be  per- 
fectly clean ; this  is  secured  by  frequent  filtering, 
either  by  squeezing  through  a wash-leather,  or  passing 
through  a glass  filter  with  a small  aperture  made  for 
the  purpose.  The  time  of  development  depends 
upon  the  size  of  the  box,  the  temperature,  and  the 
quantity  of  quicksilver  used,  and  may  vary  from  two 
to  three  minutes  to  a quarter  of  an  hour — about  five 
I minutes  is  a good  average  time.  The  development 
should  not  be  stopped  until  all  the  details  in  the 
shadows  are  fully  out.  If  continued  too  long,  or  if 
the  mercury  be  too  hot,  the  picture  appears  hazy, 
the  shadows  assuming  a peculiar  speckled  appearance. 

The  Fixing  and  Gilding. — On  removal  from  the 
mercury  box,  the  picture  may  be  exposed  to  day- 
light, as  no  further  change  can  take  place.  In  order 
to  remove  the  iodine  and  bromine  from  the  plate  it 
must  be  immersed  in  a solution  of  hyposulphite  of 
soda  in  distilled  water.  The  strength  is  immaterial, 
1 part  hyposulphite  to  6 parts  of  water  answers  well, 
but  it  is  important  always  to  filter  the  solution.  It 
should  be  poured  into  a flat  dish,  and  the  plate 
immersed  face  upwards  in  such  a way  as  that  a wave 
of  liquid  flows  quickly  over  it,  and  two  waves  hot 
allowed  to  meet  upon  it  in  any  part.  The  yellow 
film  upon  the  plate  is  thus  quickly  cleared  off,  and 
the  polished  silver  with  the  grey  image  upon  it 
exposed  to  view.  The  plate  must  then  be  well 
washed  with  distilled  water,  drained,  and  laid  accur- 
ately horizontal  upon  a levelling  stand,  ready  for  the 
operation  of  gilding.  This  is  accomplished  by  pour- 
ing upon  the  plate  through  a funnel,  having  a tuft 
of  cotton  wool  in  its  neck,  as  much  of  a solution  of 
hyposulphite  of  gold  and  soda — “sel  d’or” — as  it 
will  hold  without  any  running  over,  and  then  heating 
to  the  boiling  point  by  passing  a spirit-lamp  back- 
wards and  forwards  under  the  plate.  The  sel  d’or 
solution  is  made  by  dissolving  half  a grain  of  the 
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compound  hyposulphite  in  1 oz.  of  distilled  water. 
While  boiling  the  solution  upon  the  plate  bubbles 
form,  but  must  not  be  allowed  to  stick  to  it;  this  is 
prevented  by  tapping  the  foot  of  the  levelling  stand 
occasionally  with  the  bottom  of  the  spirit-lamp,  and 
thus  communicating  a vibration  to  the  plate.  As 
soon  as  the  liquid  becomes  hot,  the  lights  of  the 
picture  darken  ; but  after  a few  seconds  they  begin 
to  get  whiter,  and  the  blacks  blacker.  In  the  course 
of  a minute  or  two  the  appearance  of  the  picture  is 
greatly  improved,  and  the  process  is  then  arrested  by 
pouring  off  the  hot  liquid,  and  washing  the  plate 
with  cold  distilled  water  poured  over  it  from  a bottle 
having  a glass  tube  fitted  into  the  cork ; after  which 
it  only  remains  to  dry  the  plate,  and  the  picture  is 
finished.  This  is  done  by  taking  the  corner  of  it  in 
a pair  of  pincers,  holding  it  at  an  angle  of  about 
45°  to  the  floor,  and  passing  the  flame  of  a spirit- 
lamp  underneath,  beginning  with  the  upper  corner, 
chasing  the  line  of  wet  from  the  upper  to  the  lower 
corner,  and  removing  the  last  drop  with  blotting 
paper. 

The  rationale  of  the  daguerreotype  is  readily 
understood.  A film  of  iodide  and  bromide  of 
silver,  sensitive  to  light,  results  from  the  exposures 
in  the  exciting  boxes.  This  attenuated  coating  is 
reduced  by  the  chemical  rays  of  the  light  impinged 
upon  it  to  the  state  of  a subsalt ; and  upon  exposure 
to  the  mercurial  vapour  the  metal  deposits  upon  the 
part  so  attacked.  All  the  unaffected  argentine  sur- 
face is  deprived  of  the  sensitive  iodo-bromide  of 
silver  by  the  solution  of  alkaline  hyposulphite  ; and 
the  final  treatment  with  gold  solution  has  the  effect 
of  depositing  the  gold  by  electrolysis  upon  the  parts 
of  the  plate  acted  upon  by  the  light. 

The  daguerreotype  process  stands  unequalled  for 
microscopic  perfection  of  detail,  modulation  of  shade, 
and  beauty  of  half-tone. 

Daguerreotypes  are  permanent  when  the  manipula- 
tion is  properly  performed,  the  plate  thoroughly 
washed,  and  carefully  sealed  up  in  an  air-tight  case. 
In  order  to  avoid  the  reversion  of  the  image  a 
reflector  must  be  used  in  front  of  the  lens,  an 
expedient  which  is  not  necessary  in  any  other  process. 

The  Collodion  Processes,  Positive  and  Nega- 
tive.— Collodion,  so  named  from  its  adhesive  nature, 
is  a gelatinous  substance  made  by  dissolving  pyro- 
xylin (gun-cotton)  in  a mixture  of  ether  and  alcohol. 
It  is  extensively  used  in  photography  as  a vehicle 
for  supporting  the  sensitive  chemicals. 

To  make  gun-cotton  (which  see  ante)  mix  together 
in  a large  and  perfectly  dry  basin  equal  parts,  by 
measure,  of  commercial  oil  of  vitriol  and  nitric  acid, 
specific  gravity  1‘42.  The  temperature  of  the  mixed 
acids  rises  to  about  150°  Fahr.  (65°'5  C.),  and  must 
be  maintained  at  that  temperature  by  placing  the 
basin  in  hot  water.  The  operation  should  be  con- 
ducted under  a chimney  in  order  that  the  fumes  may 
escape.  Then  immerse  in  the  mixture,  in  small 
quantities  at  a time,  the  best  cotton  wool,  pulled 
out  into  thin  flat  pieces.  Put  as  much  into  the 
liquid  as  it  will  conveniently  cover,  and  stir  it  about 
with  two  thick  glass  rods  for  the  space  of  flve 
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minutes.  Then  pour  the  whole  contents  of  the 
basin  into  an  earthenware  colander,  so  that  the  acids 
may  drain  off,  and  wash  the  cotton  thoroughly  by 
putting  it  for  a minute  under  a tap;  after  which 
throw  it  into  a pail  of  water,  and  stir  it  about  with 
the  glass  rods.  Change  the  water,  and  continue  this 
washing  for  some  minutes,  squeezing  the  gun-cotton 
between  the  hands  occasionally ; and,  lastly,  put  it 
into  warm  water,  to  which  a little  soda  has  been 
added,  in  order  to  neutralize  completely  all  trace 
acidity;  after  which  wash  the  gun-cotton  again 
of  thoroughly  in  several  changes  of  water,  and  let  it 
soak  in  water  for  an  hour  or  two ; then  remove  it, 
squeeze  it,  and  spread  it  out  to  dry,  or  hang  it  up  in 
a net  suspended  from  the  ceiling.  When  nearly  dry 
pull  it  out  into  small  pieces  or  tufts,  and  in  this  state 
let  it  get  thoroughly  dry.  It  should  then  be  put 
away  in  a tin  canister.  It  is  an  exceedingly  inflam- 
mable and  dangerous  substance,  and  has  been  known 
to  decompose  by  keeping,  and  evolve  dense  suffoca- 
ting fumes.  Great  care  should  therefore  be  taken  in 
its  manufacture  and  preservation. 

The  proper  strength  of  the  nitric  acid  should  be 
strictly  observed;  for  there  are  several  kinds  of  gun- 
cotton, some  of  which  are  quite  unsuitable  for  the 
purpose.  For  instance,  if  the  strongest  nitric  acid 
is  used,  specific  gravity  1‘5,  the  gun-cotton  is  of  the 
most  explosive  kind,  and  will  not  dissolve  in  ether 
and  alcohol ; if,  on  the  other  hand,  the  nitric  acid  be 
too  weak,  the  gun-cotton  is  but  imperfectly  soluble, 
and  a good  deal  of  it  becomes  disintegrated,  and  is 
lost  in  the  washing.  But  even  supposing  the  gun- 
cotton to  dissolve  perfectly  in  the  ether  and  alcohol, 
the  collodion  may  still  be  faulty  ; for  if  the  acids  are 
too  strong,  the  collodion  film  when  spread  upon  a 
glass  plate  contracts  greatly  on  drying,  and  if  too 
weak,  the  film  is  opalescent,  and  partially  opaque 
like  tissue  paper,  instead  of  being  transparent  and 
structureless.  Then,  again,  if  the  temperature  of 
the  acid  mixture  be  too  low,  the  negatives  are 
deficient  in  density ; and  if  too  high,  the  collodion 
becomes  insensitive,  and  fails  to  give  the  half- 
tones of  the  picture ; the  blacks  assuming  excessive 
density,  while  the  lights  remain  clear  and  devoid 
of  detail. 

“ Plain  collodion  ” is  produced  as  follows : — Mix 
together  absolute  ether,  specific  gravity  ’725,  1 part 
by  measure,  and  absolute  alcohol,  specific  gravity 
•800,  3 parts  by  measure  ; and  to  every  fluid  ounce 
of  this  mixture  add  from  6 to  8 grains  of  pyroxylin, 
according  to  the  thickness  of  film  required.  Shake 
the  mixture  well  for  some  minutes.  The  pyroxylin 
quickly  dissolves.  The  bottle  should  then  be  jmt 
aside,  and  remain  undisturbed  for  several  days,  at 
the  end  of  which  time  the  clear  liquid  may  be  drawn 
off  by  means  of  a siphon  from  any  sediment  which 
may  form,  and  it  is  then  ready  for  use.  The  ether 
and  alcohol  employed  may  be  either  pure  or  methy- 
lated. Absolute  methylic  ether  and  alcohol  answer 
the  purpose  exceedingly  well,  and  are  cheaper  than 
pure  spirits.  They  have  also  the  advantage,  that 
the  iodized  collodion  does  not  become  so  quickly 
deteriorated  as  when  pure  spirits  are  used. 
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For  making  collodion,  the  following  proportions 
by  weight  have  also  been  severally  recommended: — 


Gun-cotton, 1 ....  5 ....  1 

Ether, 120  110  196 

Alcohol, 60  20  12 


If  the  solution  is  too  thick,  it  can  be  easily  diluted 
to  the  suitable  degree.  This  is  known  by  pouring 
a small  portion  of  it  on  a plate  of  glass,  on  which  it 
should  flow  freely,  and  leave  at  the  same  time  a Arm 
film  of  collodion,  and  so  cohesive  as  not  to  break 
under  the  stream  of  water.  Any  fibres  of  the 
cotton  that  may  remain  undissolved  may  be  separated 
by  filtration. 

To  iodize  the  collodion  many  receipts  are  followed. 
Archer’s  method  is  to  make  a saturated  solution 
of  potassium  iodide  in  alcohol,  and  to  add  as  much 
silver  iodide  as  the  liquid  will  dissolve,  with  re- 
peated shakings  ; and  after  the  menstruum  clarifies, 
to  add  a sufficient  quantity  to  enable  it  to  take  up 
a coating  of  silver  from  the  argentiferous  bath. 
Generally  the  iodizing  solution  is  made  differently 
for  positives  and  negatives.  For  negatives  it  is 
made  by  dissolving  14  grains  of  potassium  iodide 
to  the  ounce  of  alcohol,  specific  gravity  ’825 ; for 
positives  by  dissolving  10  grains  of  potassium  iodide 
and  2 grains  of  potassium  bromide  to  the  ounce  of 
alcohol,  specific  gravity  '825.  In  order  to  iodize 
the  collodion,  1 part  by  measure  of  the  iodizing 
solution  is  added  to  3 parts  by  measure  of  the  plain 
collodion.  The  mixture  is  shaken  well  together, 
and  may  be  used  at  once. 

Monckhoven,  in  his  treatise  on  photography, 
instructs  the  operator  to  bear  in  mind  that  if  his 
normal  collodion  is  too  thin,  it  must  be  iodized  with 
cadmium  salt,  which  will  make  the  solution  thicker ; 
while  if  the  collodion  is  too  thick,  ammonium  salt 
should  be  employed,  which  renders  it  thinner ; 
potassium  salts  have  no  influence  in  this  direction, 
and  should  therefore  be  employed  when  the  opera- 
tor is  satisfied  with  the  consistence  of  his  normal 
collodion.  Monckhoven’s  formula  for  normal  col- 
lodion is — 

Ether, 1 litre. 

Alcohol, J “ 

Pyroxylin, 20  grams. 

The  liquid  is  allowed  to  stand  for  fifteen  to 
twenty  days,  and  is  then  decanted.  It  is  iodized  by 
mixing  with  an  iodizing  solution  made  up  of — 


Alcohol, 1 litre. 

Iodide  of  cadmium  or  potassium, ....  40  grams. 
Bromide  of  cadmium, 16  “ 


To  every  75  parts  of  normal  collodion  are  mixed 
25  parts  of  the  iodizing  solution.  The  mixed 
collodion  is  almost  immediately  ready  for  use ; it 
becomes  tinted  in  a day  or  two,  but  is  none  the 
worse  for  such  a change. 

There  are  so  many  excellent  collodions  manufac- 
tured— Manson’s,  Blanchard’s,  Thomas’,  Rough’s, 
&c. — that  photographers  will  find  it  much  better  to 
purchase  the  same  ready  prepared. 

The  Negative  Collodion  Process. — The  opera- 
tions for  taking  negative  collodion  pictures  consist  ; 


in  cleaning  the  glass  plate,  coating  it  with  iodized 
collodion,  rendering  it  sensitive  by  immersion  in 
the  nitrate  of  silver  bath,  exposing  it  in  the  camera, 
developing  the  latent  image,  removing  the  redundant 
chemicals,  and  washing,  drying,  and  varnishing  the 
picture. 

To  Clean  the  Glass  Plates. — Wash  them  well  with 
water,  and  scrub  them  with  a hard  brush  till  they 
appear  to  be  clean.  Then  rub  them  all  over  with  a 
tuft  of  tow  dipped  in  dilute  nitric  acid ; wash  them 
again  thoroughly  in  several  changes  of  water,  or 
under  a tap,  wipe  them  dry  with  clean  linen  cloths, 
and  finally  polish  them  with  a wash-leather  or  piece 
of  cambric.  When  a plate  is  perfectly  clean,  the 
breath  condenses  upon  it  in  an  even  sheet  free  from 
irregular  markings. 

To  Apply  the  Collodion. — Hold  the  plate  horizon- 
tally by  one  corner  in  the  left  hand,  or  put  it  upon  a 
plateholder,  blow  off  any  dust  that  may  have  settled 
upon  it,  and  pour  in  the  centre  of  it  a circular  patch 
of  collodion  rather  more  than  half  as  large  as  the 
plate.  Then  tilt  the  plate  so  as  to  allow  the  collodion 
to  run  towards  the  thumb,  but  without  actually 
touching  it,  and  afterwards  to  the  adjacent  corners, 
and  pour  off  the  surplus  from  the  corner  diagonally 
opposite  to  that  by  which  the  plate  is  held,  into  the 
bottle.  After  which  rock  the  plate  backwards  and 
forwards  with  the  corner  upon  the  neck  of  the  bottle, 
so  as  to  prevent  the  formation  of  lines  in  the  col- 
lodion ; and  place  it  upon  the  dipper  of  a nitrate 
bath,  where  it  may  remain  from  one  to  five  minutes, 
according  to  the  temperature.  It  is  now  ready  to 
be  excited. 

To  Excite  the  Collodion  Film. — This  is  done  by 
immersing  the  plate,  as  soon  as  the  film  has  set,  in 
a bath  of  nitrate  of  silver,  made  by  dissolving  30 
grains  of  pure  nitrate  of  silver  to  the  ounce  of  dis- 
tilled water.  The  bath  should  be  an  upright  vessel 
of  glass  or  porcelain,  and  moulded  in  one  piece. 
Gutta-percha  is  frequently  employed ; but  although 
very  good  for  the  purpose,  it  is  hardly  so  trust- 
worthy as  glass;  and  some  operators  have  complained 
of  gutta-percha  baths  communicating  impurities  to 
the  nitrate  bath,  and  putting  it  out  of  order.  The 
plate  should  be  completely  immersed  without 
pausing,  as  that  would  occasion  a line  across  it.  It 
should  remain  in  the  bath  during  a minute,  moved 
up  and  down  two  or  three  times  to  take  the  ether 
from  its  surface,  and  allow  an  even  coating  of  the 
silver  salt  to  be  formed.  After  this  it  is  permitted 
to  remain  during  two  or  three  minutes  longer, 
according  to  the  temperature  and  the  strength  of 
the  bath.  Three  minutes  suffice  when  the  bath  is 
at  60°  to  65°  Fahr.  (lC°-5  to  18°-3  C.).  The  film 
will  now  exhibit  an  even  coating  of  yellow  iodide  of 
silver.  It  should  be  drained  for  a few  seconds  over 
the  bath,  the  back  of  it  wiped  with  blotting  paper, 
and  then  put  into  the  dark  slide. 

It  is  important  that  the  nitrate  bath  be  made  with 
pure  nitrate  of  silver.  When  common  commercial 
nitrate  of  silver  is  used,  it  is  impossible  to  obtain 
good  results  with  certainty  and  uniformity;  and 
it  is  generally  necessary  to  add  acetate  of  silver  to 
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the  bath,  in  order  to  obtain  sufficient  density  in  the 
blacks.  When  the  nitrate  of  silver  is  pure,  and 
nearly  all  the  free  nitric  acid  got  rid  off  by  redis- 
solving and  recrystallizing  it,  the  bath  works  well 
without  any  additions.  It  gradually  acquires  silver 
iodide,  potassium  nitrate,  and  organic  impurities 
by  use. 

It  may  be  remarked  that  by  leaving  the  plate  in  the 
bath  longer  than  is  requisite,  and  when  the  collodion 
is  tender,  or  has  been  introduced  before  it  has 
sufficiently  dried  and  acquired  proper  tenacity,  it 
frequently  cracks  and  drops  in  fragments  into  the 
bath.  If  the  collodion  be  good  and  moderately  old, 
the  excited  plfite  possessing  an  opal  hue  suffers  no 
injury  by  remaining  a little  longer  immersed ; but 
when  the  bath  is  fresh,  it  should  be  taken  out  as 
soon  as  it  becomes  sufficiently  excited,  otherwise 
the  iodide  on  the  plate  will  be  attacked.  Such  an 
inconvenience  may  be  obviated  by  iodizing  the  bath 
in  the  first  instance,  allowing  a collodionized  plate 
to  stand  in  it  for  a quarter  of  an  hour.  Another 
plan  is  that  of  introducing  iodide  in  the  bath  on  its 
preparation,  making  up  the  solution  according  to 
the  following  formula ; — 


Nitrate  of  silver, 1 oz. 

Distilled  water, 14  ozs. 

Iodide  of  potassium, ^ grain. 

Nitric  acid, 1 drop. 


The  addition  of  a trace  of  nitric  acid  prevents  the 
plate  from  fogging.  The  operation  of  exciting  the 
plate  must  take  place  in  the  dark. 

To  keep  the  negative  bath  in  good  order  is  one  of 
the  first  axioms  of  photography,  for  unless  the  excit- 
ing solution  in  which  the  plates  are  dipped  is  per- 
fectly free  from  foreign  matter,  it  will  be  impossible 
to  secure  good  results.  After  a time,  naturally 
enough,  the  best  bath  will  become  contaminated 
with  both  chemical  and  mechanical  impurities,  and 
the  only  course  to  be  adopted  is  to  thoroughly 
purify  it  again,  or,  what  is  perhaps  the  best  plan 
after  all,  throw  it  into  the  residue  tub,  when  the 
silver  it  contains  is  precipitated  and  eollected.  It 
is  always  well  to  skim  one’s  bath  every  morning 
before  use  with  a clean  bit  of  filter  paper,  for  in  this 
way  any  particle  of  dust  and  other  matter  floating 
upon  the  liquid  is  removed,  and  does  not  attach 
itself  to  the  film  as  soon  as  the  first  plate  is  immersed. 
Sunning  the  bath  frequently  in  full  daylight,  and 
then  filtering  it,  is  a good  way  to  remove  organic 
matter,  or  a few  drops  of  a weak  solution  of  per- 
manganate of  potash  may  be  added  with  a like  result. 
Fogging  of  the  image  is  generally  prevented  by  the 
adding  of  a drop  or  two  of  nitric  acid,  so  that  the 
liquid  when  tested  with  blue  litmus  paper  turns  the 
same  slightly  red.  Pinholes  on  the  plates,  arising 
from  too  large  a quantity  of  iodide  of  silver  in  the 
bath,  may  be  obviated  by  adding  a further  instalment 
of  nitrate  of  silver  dissolved  in  distilled  water. 

It  has  often  been  pointed  out,  and  among  others 
by  Captain  Abney  in  the  “ Year-book  of  Photo- 
graphy,” that  the  methods  usually  in  vogue  for  turn- 
ing old  baths  into  new  ones  do  not  genendly  rid  the 
solutions  of  the  whole  of  their  impurity;  and  the 
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cadmium,  potassium,  and  other  salts,  contracted  from 
the  collodion,  are  invariably  left  behind.  By  boiling 
down  a bath  to  dryness  and  fusing  the  silver,  the 
nitrate  of  silver  is  freed  from  organic  matter  and  the 
ammonia  salts.  By  precipitating  the  silver  as  car- 
bonate, the  ammonia  salts,  and  perhaps  the  potash, 
are  eradicated  ; but  in  both  cases  the  cadmium  salts 
are  left,  and  either  organic  matter  or  potash  salts 
are  left,  so  that  when  the  fused  mass  is  redissolved, 
the  negative  bath  is  still  impure.  Captain  Abney 
recommends  two  methods  of  treating  old  baths.  In 
both  cases  permanganate  of  potash  should  be  added 
to  the  bath  to  destroy  organic  matter  till  a faint  tint 
is  formed  in  the  solution ; next  add  a quarter  the 
bulk  of  water,  which  will  cause  an  emulsion  of  iodide 
of  silver,  and  filter;  take  one-twentieth  of  the  whole, 
and  add  a solution  of  caustic  potash  to  a portion. 
This  will  precipitate  the  silver  as  oxide  of  silver. 
Wash  well  in  a filter  till  the  droppings,  when  burnt 
on  cotton  wool  in  a flame,  show  no  violet  flame  when 
looked  through  blue  gla.ss.  Should  this  test  not 
be  available,  let  four  filters  full  of  water  pass  through 
the  oxide.  This  will  suffice.  Place  the  filter  paper 
on  a dish  near  the  fire,  so  that  the  excess  of  moisture 
is  drawn  off,  and  the  oxide  may  be  detached  from 
the  paper.  Thus  far  the  plan  of  operating  is  similar 
in  both  methods. 

Firtit  Method. — In  the  filtered-bath  solution  place 
strips  of  copper  or  copper -wire,  and  leave  them 
undisturbed  for  twenty-four  hours.  This  will  throw 
down  the  silver  in  a metallic  state,  leaving  the 
nitrates  of  copper  and  cadmium  and  potassium  in 
solution.  Take  two  or  three  drops  of  the  solution, 
and  test  for  the  absence  of  silver  by  adding  a little 
solution  of  common  salt  to  them.  If  no  white  pre- 
cipitate appear,  the  conversion  into  metallic  silver 
is  complete.  Carefully  decant  the  supernatant  fluid, 
and  withdraw  all  the  copper  visible  ; wash  the  silver 
in  three  or  four  changes  of  water  until  the  blue 
colour  due  to  the  nitrate  of  copper  is  absent;  all  the 
other  salts  will  be  washed  away  with  the  nitrate  of 
copper.  Place  the  metallic  silver  in  a large  porcelain 
dish,  and  add  gradually  1 drachm  of  pure  nitric  acid 
(T36,  the  strength  of  the  British  Pharmacopoeia)  to 
every  150  grains  of  nitrate  of  silver  in  the  original 
bath  solution.  The  silver  will  gradually  dissolve, 
and  will  be  much  aided  if  heat  be  applied.  The 
solution  will  now  have  a greenish  colour,  from  small 
particles  of  copper  which  have  fallen  from  the  ori- 
ginal wires  or  strips,  and  which  have  become  coated 
over  with  metallic  silver.  These  small  particles  of 
silver  will  be  dissolved  by  the  nitric  acid,  and  will 
form  nitrate  of  copper.  Boil  down  the  solution  to 
small  bulk,  till  it  begins  to  spurt.  This  will  free  it 
of  any  great  excess  of  nitric  acid.  Next  add  dis- 
tilled water  to  it  till  it  has  a slightly  larger  bulk 
than  it  had  before  boiling  down;  next  add  the  oxide 
of  silver,  little  by  little,  till  the  blue  or  greenish 
colour  has  entirely  disappeared.  This  will  precipi- 
tate the  oxide  of  copper  from  the  nitrate  of  copper, 
setting  free  the  nitric  acid,  which  in  its  turn  will 
combine  with  the  oxide  of  silver.  The  copper  will 
fall  as  a black  powder,  mixed  with  any  excess  of 
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oxide  of  silver  there  may  be.  Take  one  or  two 
drops  of  the  solution  in  a measure,  and  add  a drachm 
of  water,  and  then  add  ammonia  to  it  till  the  precipi- 
tate first  formed  is  redissolved.  If  no  blue  colour  is 
apparent,  the  substitution  of  the  silver  for  the  cop- 
per is  complete;  if  not,  more  oxide  of  silver  must  be 
added  till  the  desired  end  is  complete.  Distilled 
water  must  next  be  added  till  the  strength  of  the 
bath  is  that  required.  This  can  be  tested  by  the 
argentometer.  An  emulsion  of  iodide  of  silver  may 
here  appear ; if  it  does,  no  matter.  When  the  solu- 
tion is  filtered  the  bath  is  fit  for  use,  being  chemi- 
cally pure,  neutral,  and  charged  to  a proper  extent 
with  iodide  of  silver. 

Second  Method. — After  the  bath  has  been  diluted, 
add  a little  of  the  oxide  of  silver  till  there  is  no 
residue  left.  This  will  leave  the  bath  in  a strictly 
neutral  condition  ; filter,  and  to  it  add  a saturated 
and  filtered  solution  of  ferrous  sulphate  (perfectly 
clean  crystals  should  be  used);  about  a quarter 
of  an  ounce  of  iron  to  every  10  ozs.  of  bath 
should  be  prepared.  The  silver  will  be  precipitated 
in  the  metallic  state.  It  should  be  filtered  and 
well  washed  with  water,  till  the  droppings  from  the 
filter  show  no  signs  of  a red  colour  on  the  addition 
of  sulphocyanide  of  potassium,  or  a blue  tint  with 
cyanide  of  potassium.  The  silver  may  now  be  placed 
in  the  porcelain  dish,  and  nitric  acid  added  as  before. 
The  oxide  of  silver  must  be  added  till  there  are  a 
few  grains  left  unattacked  by  the  free  nitric  acid. 
The  solution  is  then  diluted  to  proper  strength,  and 
the  bath  after  filtering  is  fit  for  use.  The  super- 
fluous oxide  may  be  converted  into  nitrate  of  silver 
by  adding  nitric  acid  to  it,  leaving  a few  grains 
intact.  This  may  be  diluted  to  the  proper  strength, 
and  after  filtering  added  to  the  new  bath. 

These  may  appear  rather  complicated  methods  of 
treating  an  old  bath  to  make  it  do  duty  as  a new 
one,  but  it  is  only  by  a very  careful  and  thorough 
operation  that  the  desired  transformation  is  possible. 
If  a photographer  uses  a good  deal  of  silver  solution 
for  printing,  it  is  a far  wiser  course  to  employ  old 
dipping  baths  for  sensitizing  paper.  This  is  not, 
however,  always  possible,  for  carbon  printing  is 
coming  so  much  into  vogue  that  silver  is  employed 
in  no  other  branch  of  photography  than  in  the 
negative  process.  Under  these  circumstances,  should 
the  operator  fail  to  succeed  in  transforming  his  old 
bath  into  a good  servicable  solution  again,  he  has  no 
alternative  than  to  throw  it  into  the  residue  tub — 
a large  earthenware  pan  containing  some  salt,  or 
crude  muriatic  acid  in  solution,  to  bring  down  a 
precipitate  of  chloride  of  silver.  In  nine  cases  out 
of  ten  this  is  indeed  the  best  thing  to  do  with  old 
silver  solutions,  unless,  as  we  have  said  before,  they 
can  be  employed  for  exciting  paper  for  printing 
purposes. 

'I'hese  residues  may  be  sent  to  a refiner,  who  will 
give  a fair  equivalent  value,  or  the  photographer 
may  reduce  them  himself  if  he  has  a furnace  and 
crucibles  at  his  disposal.  (See  post.  Recovery  of 
Waste  Silver  and  Gold  in  Photography.) 

The  Exposure  in  the  Camera. — This  is  a point  on 

which  it  is  impossible  to  give  exact  directions ; but 
the  faults  due  to  over  and  under  exposure  may  be 
' clearly  pointed  out.  In  an  under-exposed  picture 
the  details  of  the  shadows  cannot  be  brought  out, 
and  the  blacks  acquire  excessive  opacity.  In  an 
over-exposed  picture  the  details  of  the  shadows 
appear  before  the  blacks  have  had  time  to  become 
sufficiently  intense ; and  since  the  development 
cannot  then  be  sufficiently  prolonged,  the  result  is 
a flat  feeble  picture,  deficient  in  contrasts. 

The  proper  time  of  exposure  depends  on  the 
aperture  of  the  lens  and  its  focal  length,  and  varies 
directly  as  the  square  of  the  focal  length,  and 
inversely  as  the  square  of  the  diameter  of  the 
aperture,  when  different  lenses  are  employed.  By 
the  focal  length  is  meant  the  distance  of  the  focus, 
or  point  of  convergence  of  the  rays,  from  the  centre 
of  the  lens ; that  is,  the  distance  at  which  the  image 
on  the  screen  appears  quite  distinct. 

To  Develop  the  Latent  Image. — Hold  the  plate  in  the 
left  hand  by  one  corner,  or  place  it  upon  a levelling 
stand,  and  pour  over  it  a sufficient  quantity  to  cover 
it,  of  either  of  the  following  mixtures : — 

HuDt’8.  DeUmotte's. 

Pyrogallic  acid, ...  1 grain 5 grains. ...  9 grains. 

Water, 1 oz 10  ozs 3 ozs. 

Glacial  acetic  acid,  1 scruple ...  40  drops. ...  2 drachms. 

Or  better  still — 

Sulphate  of  iron, J oz. 

Glacial  acetic  acid, i “ 

Alcohol, 1 “ 

Water, 8 ozs. 

In  a minute  or  less  the  dark  parts  of  the  image 
appear,  and  are  soon  followed  by  the  half  tones  and 
finer  details  in  the  shadows.  Let  the  developer 
flow  backwards  and  forwards  over  the  plate  until 
the  picture  is  fully  out  and  sufficiently  dense.  If 
the  collodion  is  good,  and  the  nitrate  bath  in  good 
order,  the  development  need  not  be  hurried,  but 
may  occupy  several  minutes.  Under  some  circum- 
stances it  may  be  well  to  add  a few  drops  of  solution 
of  nitrate  of  silver  to  the  developer  in  a measure, 
and  pour  it  again  over  the  plate,  in  order  to  give 
the  blacks  greater  intensity. 

When  the  negative  is  fully  out  in  all  its  details, 
wash  it  well  with  water. 

To  Fix  and  Finish  the  Picture. — When  the  plate 
has  been  well  washed  after  the  development,  by 
pouring  water  over  it  from  a jug,  the  yellow  iodide 
of  silver  should  be  dissolved  out  by  means  of  either 
a saturated  solution  of  hyposulphite  of  soda,  or  a 
solution  of  cyanide  of  potassium ; strength  about  5 
grains  to  the  ounce  of  water.  This  should  be  poured 
over  the  plate,  and  should  be  allowed  to  run  back- 
wards and  forwards  over  it  until  the  whole  of  the 
yellow  iodide  of  silver  in  the  plate  has  disappeared ; 
after  which  it  should  be  thoroughly  well  washed,  by 
pouring  water  over  it  from  a jug,  and  set  up  to 
drain  and  dry  ; or  it  may  be  dried  before  a fire.  It 
is  then  ready  to  be  varnished. 

The  best  kind  of  varnish  for  a cold  plate  is  made 
by  dissolving  powdered  dammara  resin  in  benzene. 
This  is  poured  over  the  picture  in  the  same  way  as 
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the  collodion  on  the  pLate.  It  dries  in  a few  minutes. 
But  a better  varnish,  used  with  a heated  plate,  is 
made  by  dissolving  shell-lac  in  alcohol.  This  is 
called  spirit  varnish.  Before  applying  it,  the  plate 
should  be  heated  before  a fire  to  about  100°  Fahr. 
(37°'7  C.) ; and  after  applying  it,  to  about  150° 
Fahr.  (6.5°-5  C.).  When  dry  this  varnish  is  extremely 
hard,  and  protects  the  picture  effectually  from  injury 
in  printing. 

The  negative  is  now  finished.  An  unlimited 
number  of  prints  may  be  taken  from  it  by  the 
printing  process. 

The  Positive  Collodion  Process. — A collodion 
negative  is  intended  to  be  looked  through ; a col- 
lodion positive  to  be  looked  at.  A negative  must 
possess  density  when  looked  through,  and  the  colour 
of  the  surface  deposit  is  of  little  consequence.  A 
positive  need  not  possess  density  when  looked 
tlirough,  and  the  colour  of  the  surface  deposit  is  of 
great  consequence,  for  it  should  be  white.  Hence 
the  difference  between  the  processes.  Now  it  is 
found  that  organic  matter  combined  with  the  silver 
of  the  images  gives  density  and  a bad  surface  colour ; 
while  the  absence  of  organic  matter  gives  a good 
surface  colour,  but  no  density.  It  is  evident, 
therefore,  that  in  the  positive  process  an  inorganic 
developer,  such  as  the  sulphate  of  iron,  must  be 
used  instead  of  pyrogallic  acid,  which  is  an  organic 
substance  ; while  the  nitrate  bath  should  be  acidified 
with  nitric,  and  not  with  acetic  acid.  Bearing  these 
things  in  mind,  the  processes  become  nearly  identical 
in  manipulation ; the  only  difference  being,  that  in 
the  development  of  positives,  the  operation  is  much 
quicker,  since  it  is  only  a superficial  indication  of 
detail  that  is  wanted,  and  not  density. 

A positive  is  true  to  nature,  because  wherever 
the  light  aets  metallic  silver  is  precipitated ; while 
the  parts  where  light  does  not  act  remain  clear  glass, 
and  these  are  converted  into  dense  blacks  by  simply 
applying  black  varnish  to  the  back  of  the  glass. 

The  nitrate-bath  for  positives  is  composed  of — 

Distilled  water, 1 oz. 

Nitrate  of  silver, 35  or  40  grains. 

Nitric  acid, 1 minim. 

The  developer  is  made  thus : — 

Ferrous  sulphate, 100  grains. 

Glacial  acetic  acid, ^ oz. 

Water, 10  ozs. 

Nitric  acid, 5 minims. 

Alcohol, ^ oz. 

The  development  of  a positive  only  occupies  a 
few  seconds,  and  must  be  stopped  as  soon  as  there 
is  the  faintest  indication  of  the  details  in  the 
shadows.  The  plates  should  then  be  well  washed 
to  remove  all  traces  of  iron,  and  the  picture  fixed 
with  a liquid  composed  of — 


Water 60  parts. 

Cyanide  of  potassium, 6 “ 

Nitrate  of  silver, 1 “ 


The  picture  should  be  fixed  with  potassium 
cyanide,  and  not  with  hyposulphite  of  soda,  for 
two  reasons:  first,  because  the  cyanide  removes 
more  perfectly  any  organic  compound  of  silver  which 
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might  injure  the  colour  of  the  picture ; and  secondly, 
because  the  hyposulphite  of  soda  injures  the  colour 
by  blackening  the  silver. 

A black  ground  may  be  given  to  the  picture, 
either  by  backing  the  plate  with  velvet,  or  by 
pouring  upon  it  black  varnish.  This  is  made  by 
dissolving  asphaltum  in  benzene,  and  adding  a little 
india-rubber  to  prevent  it  from  cracking,  a fault  to 
whici)  it  is  very  liable.  Printers’  ink  makes  a good 
varnish,  which  does  not  crack.  To  apply  it,  rub  it 
upon  the  back  of  the  glass,  and  also  upon  a piece 
of  paper,  and  then  press  the  blackened  side  of  the 
paper  against  the  blackened  side  of  the  glass,  and 
put  the  picture  at  once  into  its  case.  Collodion 
positives  should  always  be  taken  in  a non-reversing 
slide. 

Positive  pictures  may  be  obtained  from  negatives 
in  a variety  of  ways.  Fry,  after  developing  the 
images  with  the  ferrous  salts  as  above  described, 
changed  the  negative  to  a positive  by  pouring  upon 
it  a mixture  of  pyrogallic  acid  and  hyposulphite  of 
soda  which  had  undergone  partial  decomposition, 
and  warming  gently.  By  this  treatment  the  darkened 
parts  are  rendered  brilliantly  white  from  the  forma- 
tion of  metallic  silver.  Archer  pours  a mixture  of 
1 part  of  a saturated  solution  of  protochloride  of 
mercury,  acidulated  with  hydrochloric  acid  and  6 
parts  of  water,  upon  one  corner  of  the  plate,  and 
allows  it  to  flow  over  the  fixed  negative  picture.  At 
first  the  shades  are  deepened,  but  quickly  the  appear- 
ance alters,  and  a very  delicate  white  picture  results. 
This  picture  may  be  changed  from  positive  to  nega- 
tive, and  vice  versa,  by  applying  ammonia  and  the 
mercurial  compound  alternately. 

Dry  Collodion  Process. — Spiller  and  Crookes 
were  the  first  to  suggest  a method  of  preserving  the 
sensitive  collodion  film  after  it  had  been  excited  in 
the  silver  bath,  and  Dr.  Norris,  Fothergill,  and 
Paupenot  followed  soon  afterwards  with  various 
processes  to  the  same  purpose.  All  the  plans  sug- 
gested by  these  gentlemen  are  now  obsolete,  but 
many  of  the  dry-plate  processes  practised  at  the 
present  day  are  indications  of  the  earlier  methods. 
Of  late  years  dry-plate  photography  has  become 
exceedingly  important,  having  reached  a high  state 
of  perfection,  and  presenting  in  some  respects  great 
advantages  over  the  ordinary  wet  process. 

The  collodio-albumen  process  employed  by  W. 
England  is  one  of  the  simplest  methods  of  prepar- 
ing dry  plates.  After  the  glass  has  been  thoroughly 
cleaned,  it  is  coated  in  the  ordinary  way  by  bromo- 
iodized  collodion  of  any  good  maker,  and  sensitized 
in  a 40-grain  nitrate  of  silver  bath.  It  is  then 
washed  with  distilled  water,  or  good  rain  water, 
until  all  greasiness  has  disappeared ; and  then  plain 
albumen,  to  which  a few  drops  of  ammonia  have 
been  added,  is  poured  over  the  film.  In  hot  weather 
1 part  of  white  of  egg  to  3 parts  of  water  answers 
better ; the  albumen  is  beaten  to  a froth,  aOowed 
to  subside,  and  decanted  before  use.  The  albumen 
is  flowed  over  the  film  several  times  and  then  poured 
off,  and  the  film  washed  under  a gentle  stream  of 
water. 
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The  next  thing  is  to  sensitize  tliis  tliin  film  of 

The  Collodio-lromide  Dry  Process,  which  has  been 

albumen  covering  the  collodion  ; this  is  done  by 

worked  out  by  Messrs.  Sayce  and  Bolton,  Carey 

pouring  over  it  a 30-grain  solution  of  nitrate  of  silver, 

Lea,  H.  Cooper,  Colonel  Stuart  AVortley,  and 

to  which  a few  drops  of  acetic  acid  have  been  added. 

others,  consists  in  the  formation  of  an  emulsion  of 

In  summer,  when  diluted  albumen  has  been  em- 

bromide  of  silver  in  collodion,  with  an  excess  of 

ployed,  a 5-grain  solution  is  used,  with  a little  acetic 

nitrate  of  silver.  Colonel  AA''0Rtley  recommends 

acid.  This  restores  the  sensitiveness  of  the  film. 

the  addition  to  the  bromide  emulsion  of  2 per  cent. 

and  the  plate  should  then  be  thoroughly  washed 

of  nitrate  of  uranium;  and  certainly  the  AVortley 

and  placed  to  dry.  By  employing  a fresh  solution 

dry  plates,  as  prepared  commercially,  leave  very 

for  every  sensitizing,  each  plate  is  obtained  in  the 

little  to  be  desired.  The  uranium,  aecording  to 

best  possible  condition  and  of  precisely  the  same 

Colonel  AA’ortley,  adds  to  the  preservative  qualities 

quality. 

of  the  plates,  and  renders  them  more  sensitive. 

A convenient  article  for  washing  dry  plates  may 

The  Collodio  - bromide  Method,  given  by  Henry 

be  easily  made.  Procure  a small  india-rubber  tube. 

Cooper  in  the  “ Year  Book  of  Photography,”  is  also 

and  pass  one  end  through  an  American  clip,  a hole 

a very  good  one,  especially  when  great  sensitiveness 

having  been  made  in  one  of  the  pans  of  the  clip  for 

is  desired ; only  it  must  be  borne  in  mind  by  ex- 

the  purpose.  Allow  the  pipe  to  pass  through  about 

perimenters,  that  the  more  sensitive  they  may  use 

3 inches.  To  the  end  of  the  tube  attach  a rose  ; 

their  plate,  the  more  care  they  must  use  to  exclude 

those  sold  for  drawing-room  fountains  answer  per- 

daylight,  and  to  avoid  stains,  &c.,  from  want  of 

fectly.  In  this  way  a very  useful  article  may  be 

cleanliness.  After  the  glass  plates  have  been 

made,  for  by  pressing  the  clip  a soft  shower  of  water 

thoroughly  cleaned,  they  receive  a preliminary 

may  be  thrown  upon  the  plate.  The  tube  may  be 

coating,  or  substratum,  to  render  the  collodion  more 

attached  to  the  tap  of  any  vessel  containing  water. 

adhesive  to  the  glass.  Either  a weak  solution  of 

These  plates  should  be  exposed  three  or  four 

india-rubber  in  chloroform,  or  albumen  diluted  with 

times  as  long  as  a wet  plate.  To  develop,  place 

about  five  or  ten  times  its  bulk  of  water,  may  be 

the  plate  on  a levelling  stand,  and  moisten  the 

used.  If  a large  proportion  of  gum  is  afterwards 

surface  with  water.  Afterwards  pour  over  a solu- 

applied  as  a preservative,  the  india-rubber  solution 

tion  of  pyrogallic  acid,  of  the  strength  of  2 or  3 

is  better ; but  for  the  salicine  preservative,  or  one 

grains  to  the  ounce  of  water  Allow  this  to  remain 

in  which  there  is  little  or  no  gum,  albumen  is  pre- 

until  details  are  fully  out,  or  a faint  red  image 

ferable.  The  bromo  - chlorized  collodion  is  made 

shows  itself.  Now  proceed  to  intensify  with  either 

up  of — 

pyrogallic  or  citric  acid,  or  pyrogallic  and  acetic  acid. 
The  latter  is  to  be  preferred,  but  the  former  is  pro- 

Anhydrous  bromide  of  cadmium, 52  grains. 

Aiiliydrous  chloride  of  cadmium, 8 “ 

bably  better  in  warm  weather.  Fixing  may  be  under- 
taken either  with  hyposulphite  of  soda  or  cyanide  of 
potassium  (see  post,  Alkaline  Development). 

Alcohol,  '80.5, 2J  ozs. 

Pyroxylin, 45  grains. 

Ether,  refined  methylated 4^  ozs. 

As  regards  collodion,  it  should  be  employed  of 

Those  who  do  not  care  to  prepare  the  collodion 

two  kinds — one  prepared  with  3 grains  of  bromide 

for  themselves  may  obtain  it  from  Manson  & Swan, 

to  3 of  iodide,  and  a second  with  1 grain  of  bromide 

of  Newcastle ; the  pyroxylin  employed  is  that 

to  4 of  iodide,  to  each  ounce  of  collodion.  AVith  a 

manufactured  at  a high  temperature. 

view  to  presenting  very  great  contrast  of  light  and 

An  emulsion  is  next  formed  by  placing  14  grains 

shade,  a fine  soft  picture,  full  of  detail  in  the  shadows. 

of  powdered  nitrate  of  silver  in  a small  glass  flask  ; 

can  be  obtained  by  using  the  collodion  containing 

to  this  is  added  7 minims  of  distilled  water,  the 

the  larger  proportion  of  bromide.  On  the  other 

solution  being  facilitated  by  heat.  Pour  in  after- 

hand,  working  in  an  unfavourable  light,  and  on  a 

wards  3 drachms  of  absolute  alcohol,  and  warm 

subject  presenting  but  little  contrast,  a more  vigorous 

again  over  the  spirit  lamp  until  all  the  nitrate  has 

negative  can  be  obtained  by  decreasing  the  bromide. 

been  taken  up.  If  the  silver  is  precipitated  from  the 

Russell  Manners  Gordon’s  gum  process  is  as 

aqueous  solution  on  the  addition  of  the  alcohol,  it 

follows : — A good  collodion  and  a 40-grain  nitrate 

matters  little,  and  the  application  of  heat  a second 

of  silver  bath  are  chosen.  The  plates  having  been 

time  causes  the  alcohol  to  take  up  the  precipitated 

cleaned  and  coated  with  a preliminary  film  of  albu- 

salt  again.  AVhilst  the  solution  is  still  warm,  add 

men,  or  india-rubber  in  benzene,  are  collodionized 

it  gradually  to  7 drachms  of  the  bromo-chlorized 

and  placed  in  the  bath  for  not  less  than  ten  minutes. 

' collodion,  previously  measured  into  a clean  and 

They  are  then  washed  in  two  baths  of  distilled  water. 

dry- stoppered  bottle.  The  only  precaution  to  be 

and  subsequently  under  the  tap.  The  film  is  finally 

observed  is,  to  add  a very  little  of  the  nitrate  solu- 

swilled  with  distilled  water,  and  the  plate  flooded 

tion  at  a time,  shaking  violently  between  each  dose. 

with  a 3-grain  solution  of  gallic  acid ; drain  off,  and 

If  an  assistant  will  do  the  shaking,  the  operation  is 

apply  the  preservative,  freshly  prepared,  viz., — 

much  simplified,  as  the  flask  of  silver  need  not  then 

Gum  arabic, 20  grains. 

be  put  out  of  the  hands.  Finally  add  5 drops,  not 

Sugar  candy, ^ “ 

minims,  of  syrupy  lactate  of  ammonia,  llie  emul- 

Distilled  water, 1 oz. 

sion  may  be  used  in  about  twelve  hours,  but  gains 

Filtered  through  a sponge ; dry  the  plates  carefully. 

in  sensitiveness  by  keeping  somewhat  longer.  The 

These  plates  are  almost  as  sensitive  as  wet. 

quickest  plates  are  made  with  an  emulsion  prepared 
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as  follows : — 10  drachms  are  sensitized  as  directed 
above ; and  after  standing  two  days,  7 drachms  of 
bromo - chlorized  collodion  are  added;  and  after 
well  shaking,  it  is  fully  sensitized  with  14  grains  of 
nitrate  of  silver  dissolved  in  3 drachms  of  alcohol, 
and  5 drops  of  lactate  finally  added.  The  plan  of 
adding  fresh  emulsion  to  the  old  may,  of  course,  be 
adopted  with  any  residues  left  after  preparing  a 
batch  of  plates.  • 

After  coating  with  emulsion,  the  plate  is  rinsed  in 
two  changes  of  distilled  or  soft  water,  until  the 
greasy  lines  disappear,  and  is  then  soaked  for  two 
minutes  in  a bath  or  dish  of  the  preservative,  and 
then  drained  and  dried  perfectly.  Either  of  the  two 
under- mentioned  preservatives  may  be  employed; 
they  will  keep  good  a long  time,  and  may  be  used 
over  and  over  again  with  occasional  filtration.  For 
either  of  them  two  stock  solutions  are  required,  viz., 
a 60-grain  solution  of  tannin  in  water,  to  which  a 
little  carbolic  acid  is  added;  and  secondly,  a 48-grain 
solution  of  gallic  acid  in  alcohol.  The  tannin  solu- 
tion should  be  cleared  by  filtration  or  decantation  ; 
and  if  it  cannot  be  obtained  quite  bright  in  this  way, 
the  sample  of  tannin  should  be  rejected. 

Preservative  No.  1. 


Sugar, 50  grains. 

Gum, 50  “ 

60-grain  solution  of  tannin, 1 oz. 

48-grain  solution  of  gallic  acid, ^ “ 

Water, 9 ozs. 


Preservative  No.  2 (Colonel  Wortley’s  Salicine). 
Saturated  solution  of  pure  salicine  in  dis-"!  n 


tilled  water J 

60-grain  solution  of  tannin, 1 oz. 

48-graiu  solution  of  gallic  acid J “ 

Sugar, 40  grains. 

Water, 7 ozs. 


The  development  of  these  plates,  which  may  take 
place  weeks  afterwards,  should  be  conducted  by 
means  of  an  alkaline  developer  (see  post,  Alkaline 
Develorment). 

M.  de  Constant’s  albumino-gallic  dry  process  is 
the  result  of  many  years’  experience  of  dry  plates. 
M.  DE  Constant  of  Lausanne  has  been  from  the 
commencement  a most  busy  dry-plate  worker,  and 
has  elaborated  many  working  details  connected  with 
the  process  which  are  of  value.  His  improved 
process,  as  it  now  stands,  is  as  follows : — Good  clear 
glass  plates  are  well  cleaned  by  boiling  in  a solution 
of  common  soda  in  the  proportion  of  ^ lb.  of  the 
latter  to  8 litres  of  water,  and  afterwards,  when 
the  solution  is  cold,  the  plates  are  taken  out,  washed 
under  a tap,  and  rubbed  with  the  hand ; they  are 
then  stood  on  end  upon  blotting  paper  and  allowed 
to  drain,  and  finally  rubbed  dry  with  the  same  paper. 
They  are  coated  with  a solution  of  albumen — the 
white  of  an  egg  being  beaten  up  into  froth  and 
allowed  to  subside,  and  added  to  25  volumes  of 
water  with  a couple  of  drops  of  ammonia,  and 
filtered — the  solution  being  poured  on  the  plate 
and  spread  by  means  of  a glass  rod.  (Care  should 
be  taken  that  the  rod  is  scrupulously  cleaned  after 
the  coating  of  each  plate.)  The  plates  are  put  on 
end  on  filter  paper,  and  in  a couple  of  hours  are 
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perfectly  dry ; they  may  then  be  coated  at  once 
with  collodion,  or  stored  away  in  boxes  for  use  when 
convenient. 

The  collodion  employed  should  be  made  of  pyr- 
oxylin prepared  at  a high  temperature,  so  as  to  give 
a porous  film,  iodized  in  the  ordinary  manner ; but 
when  landscapes,  or  pictures  with  strong  contrasts, 
are  to  be  reproduced,  it  is  always  well  to  add  1 
gram,  of  bromide  of  cadmium  for  every  240 
grams,  of  collodion,  as  the  plates  are  thus  ren- 
dered more  sensitive  and  more  detailed  in  the 
shadows.  A little  stale  or  red  collodion  may  be 
added  with  advantage.  The  sensitizing  bath  should 
be  made  up  with  good  recrystallized  nitrate  of  silver, 
500  cubic  centimetres  of  distilled  water  being  em- 
ployed to  dissolve  40  grams,  of  the  nitrate ; one 
or  two  drops  of  pure  nitric  acid  are  afterwards  added 
until  blue  litmus  paper  indicates  an  acid  reaction. 
The  bath  must  be  kept  pure  by  frequent  sunning 
and  filtering,  and  should  be  tested  by  a wet  plate 
before  being  employed  in  the  preparation  of  dry 
plates. 

An  albumenized  plate  is  coated  with  collodion 
and  dipped  into  the  bath  at  one  stroke,  the  plate 
being  moved  up  and  down  oiice  or  twice,  and  then 
allowed  to  rest.  In  about  three  minutes,  if  j.11  signs 
of  greasiness  have  disappeared,  the  plate  may  be 
taken  out,  and  is  then  plunged  into  a bath  of  dis- 
tilled water,  to  which  a few  drops  of  acetic  acid 
have  been  added,  and  here  it  remains  while  a second 
plate  is  being  sensitized.  The  first  plate  is  now 
taken  from  the  bath  and  put  under  a soft  stream  of 
ordinary  water  from  a rose,  and  placed  on  end  in  a 
trough  of  water  until  the  end  of  the  operation,  and 
a sufficient  number  of  plates  have  been  prepared. 
Of  course,  no  white  light,  must  be  allowed  to  enter 
during  all  these  manipulations. 

In  this  trough  the  plates  are  allowed  to  remain 
for  a couple  of  hours ; strips  of  metal  about  half  an 
inch  high  soldered  at  the  bottom  of  the  trough  pre- 
vent the  plates  from  slipping,  while  wires  or  other 
strips  of  metal  near  the  top  serve  to  rest  the  backs 
of  the  plates  against  (see  Fig.  12). 


Fig,  12. 


The  preservative  for  covering  the  plates  is  pre- 
pared as  follows : — The  white  of  one  egg,  after 
separating  the  germ,  is  put  into  a vessel  witli  10 
cubic  centimetres  of  water,  and  whipped  to  a froth 
with  a wooden  fork.  After  standing  some  hours  4 
cubic  centimetres  of  the  liquid  is  shaken  up  in  a 
bottle  with  140  cubic  centimetres  of  distilled  water, 
and  ^ gram,  of  gallic  acid  and  2 grams,  of  pow- 
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dered  caramel  added.  The  mixture  is  agitated 
for  about  a quarter  of  an  hour,  and  the  dissolution 
is  then  complete ; it  is  then  filtered  twice  through 
white  filter  paper.  The  resulting  liquid  is  limpid, 
of  a brownish  colour,  containing  35  parts  of  water 
for  every  part  of  albumen,  and  it  should  be  em- 
ployed fresh.  When  the  prepared  plate  is  taken 
from  the  trough  a small  quantity  of  the  preservative 
is  poured  on  and  off,  and  then  a second  is  applied, 
which  remains  on  the  collodion  film  for  about  a 


minute;  the  liquid  must  not  be  allowed  to  fall  in  a 
stream  from  very  high  upon  the  plate,  otherwise 
bubbles  will  be  produced.  The  plates  are  drained 
as  before,  and  then  put  into  a drying  closet,  for  it  is 
very  important  that  the  films  should  be  well  and 
uniformly  dried.  The  drying  must  not  take  place 
too  rapidly,  but  should  be  of  an  even  nature,  and  if 
carried  out  successfully  the  film  is  perfectly  dry  and 
brilliant,  without  any  spots  or  markings  when  seen 
by  transmitted  light.  The  best  method  of  drying  is 


Fig.  13. 


to  have  a drying  cupboard  placed  in  a room  warmed 
to  a moderate  temperature.  The  cupboard  is  shown 
in  Fig.  13 ; A is  the  cupboard  closed,  with  window 
open  ; B,  the  yellow  tammy  stretched  over  window; 
C,  cupboard  open ; D,  pegs  for  leaning  the  plates 
against ; E,  lath  cut  to  a knife  edge  upon  which  the 
plates  rest ; F,  little  strips  of  paper  attached  to  plates 
for  draining  them  ; H,  sheets  of  filter  paper  to  receive 
draining  from  the  plates. 

Many  kinds  of  dry  plates  require  to  be  backed  by 
some  pigment  to  prevent  blurring,  the  transparent 
nature  of  the  film  allowing  the  light  to  pass  through 
too  freely.  This  is  not  necessary  in  this  case,  tor 
the  tint  of  the  caramel  renders  the  film  opaque. 
The  development  of  these  plates,  after  exposure,  is 
carried  out  with  an  alkaline  developer  (see  juosL, 
Alkaline  Development). 

As  dry  plates  are  usually  employed  by  travelling 
photographers,  it  is  very  necessary  that  on  the 
journey  they  should  be  packed  in  light-proof 
packages,  and  safe  from  the  action  of  a damp 
atmosphere.  Gordon  recommends  separating  the 
plates  by  placing  between  them  a guard  made  by 
pasting  two  strips  of  cardboard  longways  down  a 
piece  of  ribbon,  and  thus  making  a hinge,  in  which 
the  plates  rest  as  in  a groove.  Fig.  14.  Another 
plan  is  to  separate  them  by  sheets  of  thin  cardboard, 
of  which  the  middle  has  been  cut  out,  so  that  only 
the  margins  of  the  plates  are  touched  by  the  card. 
Fig.  15 ; but  any  simple  contrivance  will  answer, 
such  as  can  be  adjusted  in  the  dark,  for  so  sensitive 
are  the  dry  plates  of  the  present  day,  that  a candle 


flame  is  sufficient  to  injure  them.  In  packing  they 
should  be  enveloped  in  a moderate  temperature,  so 
that  heat  and  cold  will  have  little  effect  upon  their 
surfaces  when  in  the  dark  slides ; and  if  the  backs 
are  covered  with  a pigment  of  any 
kind,  they  must  be  separated  from  14. 

each  other,  as  otherwise  the  colour- 
ing matter  will  become  detached  and 
adhere  to  the  films.  First  a layer  of 
red  or  reddish-brown  paper  should 
envelop  the  plates,  and  then  a cover- 
ing of  brown  paper,  tarred  on  one 
side  to  render  it  water-proof,  is  used. 

Packing  subsequently  in  two  sheets 
of  tin  foil  will  sufficiently  protect 
the  films  from  damp  and  dust,  and 
also  from  the  clammy  sea  air  during 
a short  voyage.  The  first  sheet  of 
tin  foil  should  be  thin,  and  the 
second  thick  (caddy  tin)  ; and  fresh 
sheets  should  be  employed 
when  the  plates  have  been 
exposed,  and  they  are  to  be 
taken  home  for  development, 
as  the  thin  material  easily 
becomes  torn.  The  caddy  tin 
is  very  suitable,  as  it  bends 
and  does  not  break  easily.  Fig.  16. 

Before  putting  the  plates 

into  the  slides  for  the  day’s  work,  wipe  carefully 
the  inside  of  the  slide ; also  brush  lightly  with  a 
soft  silk  handkerchief  or  broad  camel’s  hair  brush 
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the  sensitive  films,  so  that  no  specks  of  dust  remain 
upon  the  surface,  which  would  otherwise  produce 
defective  negatives. 

Alkaline  Development. — Colonel  Stuaet  Wort- 
ley,  who  has  paid  considerable  attention  to  the  subject 
of  dry  plates  and  their  development  with  an  alkaline 
liquid,  recommends  the  experimenter  to  make  him- 
self well  acquainted  with  the  principles  and  practice 
of  alkaline  development,  as  upon  it  rests  in  a great 
measure  success  in  dry-plate  photography.  As  re- 
gards his  mode  of  development,  which  is  given  below 
(and  which,  although  more  especially  fitted  for 
uranium  dry  plates,  prepared  according  to  his  own 
formula,  may  nevertheless  be  employed  with  nearly 
every  kind  of  dry  plate),  pyrogallic  acid  and 
ammonia  are  the  active  agents,  while  bromide  is 
used  as  a restrainer,  replacing  in  this  process  the 
acid  used  in  the  wet.  The  pyrogallic  acid  should 
be  used  always  in  the  same  proportion,  and  the 
ammonia  and  bromide  varied  according  to  circum- 
stances. Colonel  WoiiTLEY  says,  if  a plate  fogs,  it 
is  due  to  one  of  three  causes — 1st,  from  extraneous 
light  having  got  at  the  plate  in  some  way;  2nd,  from 
over-exposure  ; and  3rd,  from  the  use  of  too  little 
bromide  in  the  development.  These  errors  are 
easily  guarded  against,  and  experience  soon  enables 
one  to  detect  faults  in  manipulation.  Should  the 
dark  shadows  remain  too  clear  and  deficient  in  de- 
tail, it  is  a sign  that  the  plate  is  under-exposed,  or 
that  too  much  bromide  has  been  used  in  the  develop- 
ment. One  noticeable  point  in  treating  plates  in 
this  way  is  the  advantage  they  have  over  wet  plates 
in  the  latitude  permissible  in  their  development ; 
so  that  if  you  know  they  have  been  over  or  under 
exposed,  you  may  remedy  the  fault  in  a great 
measure  by  altering  the  proportions  when  mixing 
the  developer.  Thus,  if  two  plates  are  exposed  at 
the  same  view  at  the  same  time,  one  for  five  seconds 
and  the  other  for  fifteen,  and  the  first  is  developed 
with  a solution  containing  ammonia,  30  drops,  and 
bromide,  20  drops,  and  the  second  with  a solution 
containing  ammonia,  30  drops,  and  bromide,  30 
drops,  the  resulting  negatives  will  be  as  nearly  as 
possible  identical ; but  if  you  were  to  reverse  the 
devehi)ing  solutions  on  the  two  plates,  you  would 
infallibly  spoil  both.  The  one  exposed  five  seconds 
would  be  useless,  because  the  short  exposure  and 
the  bromide  in  the  developer  would  both  act  in  pre- 
venting sufficient  detail  in  the  shadows ; while  the 
other  negative  would  fog,  having  had  a long  ex- 
posure, and  not  sufficient  bromide  being  used  to 
control  the  development.  If  the  experimenter  bears 
this  in  mind,  he  will  soon  obtain  the  necessary  ex- 
perience for  maintaining  a correct  balance  between 
the  exposure  of  the  plate  and  the  proportion  of 
bromide  and  ammonia.  Plates  that  have  been 
sufficiently  expo.sed  can  be  developed  quickly,  and 
will  attain  sufficient  density  without  redeveloping 
with  silver.  Plates  that  have  received  a short 
exposure,  such  as  skies,  instantaneous  views,  por- 
traits, &c.,  require  to  be  slowly  and  patiently 
developed,  in  order  to  obtain  the  best  results. 
With  such  subjects  it  may  occasionally  be  found  ' 
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undesirable  to  complete  the  development  with 
ammonia,  but  to  attain  density  by,  after  intensifi- 
cation with  pyro  and  silver,  stopping  the  ammonia 
development  when  the  detail  is  quite  out.  The 
following  solutions  will  be  required: — 


. ( Carbonate  of  ammonia, 64  grains. 

I Water, 1 oz. 

^ r Bromide  of  potassium, 4 grains. 

\ Water, 1 oz. 

p ( Pyrogallic  acid, 96  grains. 

( Pure  alcohol, 1 oz. 


W Distilled  water. 


Should  there  be  any  difficulty  in  obtaining  car- 
bonate of  ammonia,  ordinary  liquid  ammonia  will 
answer  the  purpose,  used  in  the  following  pro- 
portions : — 

Ammonia, 20  drops. 

Water 1 oz. 

The  carbonate  is,  however,  far  preferable. 

To  proceed  with  the  development:  put  the  ex- 
posed plate  on  a levelling  stand,  and  pour  over  it 
alcohol  of  "825  strength,  diluted  with  20  per  cent, 
of  distilled  water,  and  leave  it  to  soak  into  the  film 
for  about  a minute,  during  which  time  you  can  mix 
your  developing  solutions  in  the  following  manner : 
— Take  4 drachms  W and  1 drachm  M,  add  5 drops 
of  Pand  30  drops  each  A and  B ; pour  the  alcohol  off 
the  plate  back  into  its  bottle,  and  wash  the  plate 
thoroughly  under  a tap  till  the  greasiness  of  the 
alcohol  is  washed  from  the  surface ; if  there  is  any 
backing  or  pigment  on  the  plate,  wash  this  off  with 
a sponge  or  with  your  hand.  Pour  the  developer 
on  to  the  plate,  running  it  along  the  edge  and  over 
the  plate  with  an  even  sweep ; keep  pouring  off  and 
on,  and  the  negative  will  rapidly  come  up,  adding 
more  ammonia  from  time  to  time  to  bring  up  the 
density  and  detail,  adding  about  half  the  quantity 
of  bromide  with  it  each  time,  with  the  view  of  keep- 
ing the  shadows  clear.  The  first  alcohol  can  be 
used  over  and  over  again,  but  will  want  filtering. 
Those  to  whom  alkaline  development  is  quite  new 
will  do  well  to  begin  by  using  the  developer  diluted 
with  water. 

According  to  the  way  in  which  the  plate  comes 
out,  you  will  see  whether  the  exposure  and  develop- 
ment have  been  right ; if  the  plate  flashes  out  at 
once  on  the  application  of  the  developer,  it  is  over 
exposed,  and  more  bromide  should  be  added  at  once 
to  control  development.  If.  on  the  contrary,  the 
negative  remains  for  thirty  or  forty  seeonds  without 
the  picture  appearing,  it  is  a sign  of  under  exposure, 
and  from  10  to  20  drops  of  A may  be  added  to  the 
developer.  It  may  be  that  some  pictures  taken  in 
a weak  light  may  require  much  forcing ; if  so,  re- 
member to  add  the  same  proportions  of  B with  A. 
If  the  plate  is  very  clear  and  devoid  of  detail,  it 
may  be  well  to  add  a few  drops  of  A without  any  B. 
Bear  this  rule  ever  in  mind  : if  you  wish  the  plates 
to  work  more  quicklj',  reduce  the  bromide  in  the 
developer ; if  there  is  any  tendency  to  fog,  increase 
the  bromide  or  decrea.se  the  exposure.  On  any  dark 
I spot  in  the  picture  where  there  is  a deep  shadow 
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pour  the  solution  constantly,  -which  -will  soon  bring 
out  the  detail.  It  is  frequently  very  useful  to  pour 
the  developer  off  the  film,  and  leave  the  negative  on 
the  developing  stand  -with  no  solution  on  it  for  a 
minute  or  two  at  a time,  as  that  assists  to  bring  out 
both  detail  and  density.  In  pouring  off  the  de- 
veloper, rock  the  plate  so  that  the  former  does  not 
run  in  lines.  When  plates  appear  under-exposed, 
and  the  first  developer  has  exhausted  its  action, 
make  up  a second  quantity,  adding  4 drachms  of  water, 
10  drops  of  P,  30  drops  of  A,  and  20  drops  of  B, 
and  continue  to  add  A freely  with  the  same  pro- 
portion of  B till  the  negative  is  finished.  If  suffi- 
cient density  is  not  secured  by  this  development, 
then  the  plate  is  washed  well,  and  treated  with  a 
solution  of  acetic  acid  or  citric  acid  in  water — about 
half  a drachm  of  the  former  or  2 grains  of  the  latter 
to  the  ounce  of  water;  leave  this  on  the  film  for  a 
couple  of  minutes,  and  then  wash  thoroughly  off 
and  fix  in  a solution  of — 


Hyposulphite  of  soda, 1 oz. 

Water, 8 ozs. 

Or, 

Cyanide  of  potassium, 20  grains. 

Water, 1 oz. 


After  mixing,  wash  thoroughly,  and  make  a solu- 
tion of — 


S Nitrate  of  silver 10  grains. 

Nitric  acid, 20  minims. 

Water, 1 oz. 


Take  20  drops  of  P in  half  an  ounce  of  water,  and 
add  10  drops  of  S,  which  pour  on  and  off  till  the 
desired  intensity  is  obtained.  The  intensifying  can 
be  done  before  fixing  if  desired,  taking  care  to  use 
the  acid  before  employing  the  intensifier;  or  the 
negative  can  be  fixed  and  allowed  to  dry,  and  re- 
moistened and  intensified  at  any  time  afterwards. 
More  recently  Colonel  Wortley  has  advocated  the 
employment  of  a more  powerful  alkaline  developer 
than  the  one  above  specified. 

Another  plan  is  that  advocated  by  Messrs.  Manson 
and  Swan,  which  is  recommended  by  M.  de  Constant 
and  others.  Three  solutions  are  made  : — 

Tj  . t Alcohol, 30  c.c. 

\ Pyrogallic  acid, 4 grams. 

„ „ ( Distilled  water, 30  c.c. 

' I Carbonate  of  ammonia 1 gram. 

„ of  Distilled  water, 40  c.c. 

1 Bromide  of  potassium, 1 gram. 

The  plate,  after  exposure  in  the  camera,  is  put 
into  a bath  of  water,  where  it  remains  for  a minute 
or  two,  and  it  is  then  passed  under  a rose  ; if  the 
negative  is  full-plate  size,  30  c.c.  of  water  are 
added  to  20  or  30  drops  of  No.  1 solution,  and 
poured  upon  the  film  to  completely  soften  it.  This 
liquid  is  moved  to  and  fro  on  the  plate  for  a couple 
of  minutes  without  producing  any  image.  It  is 
then  poured  off  again  into  the  developing  cup,  and 
there  is  added  10  drops  of  No.  2 and  two  or  three 
drops  of  No.  3.  This  mixture  thrown  upon  the 
plate  at  once  produces  an  effect,  and  a picture  is 


produced  rarely  requiring  any  subsequent  intensify- 
ing with  silver.  If  the  details  do  not  readily  ajipear, 
a few  more  drops  of  No.  2 are  added ; or  a second 
mixture  of  the  solutions  may  be  employed,  in  which 
the  proportion  of  No.  3 (bromide)  may  be  reduced, 
or  omitted  altogether.  If  a sufficient  exposure  has 
been  given,  the  development  should  be  completed 
in  five  minutes.  Should  the  image  lack  vigour,  it 
is  intensified  with  a weak  solution  of  pyrogaUic  and 
citric  acid  in  water,  to  which  a few  drops  of  a 3 per 
cent,  solution  of  nitrate  of  silver  have  been  added. 
A thorough  fixing  of  the  plates  must  not  be  for- 
gotten, the  film,  having  once  dried,  requiring  longer 
treatment  with  the  fixing  solution  than  an  ordinary 
wet  film. 

Instantaneous  Pictures. — The  production  of  so- 
called  instantaneous  photographs  depends  for  the 
most  part  on  a quick  acting  lens,  an  energetic 
developer,  and  a good  light.  Any  rapid  lens  of 
short  focus  will  answer  the  purpose,  and  with  a 
large  aperture  it  is  sometimes  impossible  to  cap 
and  uncap  the  lens  with  sufficient  rapidity.  Some 
photographers  employ  instantaneous  shutters,  to  be 
lighted  by  a turn  of  the  wrist;  others  prefer  to 
employ  a dark  cloth,  or  a bit  of  velvet;  and  others 
again  have  an  arrangement  with  a spring  and  trig- 
ger for  gi-ving  very  brief  exposures.  The  plates 
must  be  cleaned  with  more  care  than  usual,  be- 
cause marks  which  would  produce  but  slight  stains 
in  ordinary  work  become  very  apparent  on  using  a 
strong  developer.  Dry  plates  have  now  reached 
such  a state  of  perfection  that  some  descriptions — 
the  collodio  - bromide,  for  instance  — may  be  em- 
ployed for  this  work.  In  this  case  a very  strong 
alkaline  developer  must  be  employed,  similar  to  the 
one  specified  under  the  paragraph  of  Alkaline  De- 
velopment, but  with  more  ammonia  added.  In  the 
wet  process  the  collodion  should,  of  course,  be  of 
first-class  quality  and  in  ripe  condition,  but  that  of 
nearly  every  well-known  maker  will  serve.  The 
dipping  bath  must  be  slightly  acid,  the  plates  being 
left  therein  for  the  usual  period.  Elwell,  who  has 
been  very  successful  in  this  branch  of  the  art,  uses  a 
developer  for  wet  plates  made  up  according  to  the 
following  formula : — 


Amm.  sulph.  of  iron, 1 oz. 

Sulph.  copper, 1 dram. 

Nitr.  jiotash 1 “ 

Water, 12  ozs. 

Glacial  acetic  acid, J “ 

Liquor  ammoiiise, 3 drops. 

Alcohol, Quant,  suff. 


In  development  you  must  work  rapidly  and  with 
judgment,  and  the  plate  should  be  intensified,  if  it 
requires  it,  both  before  and  after  fixing. 

Colonel  Stuart  Wortley  makes  his  developer 
as  follows: — 


Sulphate  of  iron, 20  ozs. 

Distilled  water, 120  “ 

Dissolve. 

Acetate  of  lead, i oz. 

Water 5 ozs. 

Dissolve. 


Mix  the  above  solutions,  and  when  the  precipitate 
has  all  settled,  decant  off  very  carefully.  Add — 
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Formic  acid 5 ozs. 

Acetic  acid, oz. 

Nitric  ether, 1 j “ 


This  is  kept  as  a stock  solution,  and  as  much  as  is 
required  for  use  is  filtered  off  and  acetic  acid  added 
in  proportion,  according  to  the  temperature  of  the 
weather  and  the  class  of  picture  required.  Colonel 
WoiW'LEY  recommends  intensifying  after  fixing,  pour- 
ing on  a saturated  solution  of  bichloride  of  mercury, 
and  after  a good  washing,  a 5-grain  solution  of 
iodide  of  ammonium  in  water.  Then  two  solutions 
are  used,  composed  of — 

PyroRallic  acid, 12  grs. 

Water, 1 oz. 

Citric  acid 50  grs. 

No.  2.  -<j  Nitrate  of  silver, 10  “ 

(Water, 1 oz. 

Pour  a few  drops  of  No.  2 into  No.  1,  and  pour  on 
and  off  the  film.  The  negative  can  be  made  to 
assume  any  desired  depth. 

Micro-photography. — One  of  the  most  successful 
micro-photographers  is  Dr.  E.  J.  Gayer,  who  has 
succeeded  in  depicting  instantaneously  animalculse 
alive  in  water.  He  employs  a large  compound  mic- 
roscope in  connection  with  his  camera ; the  former 
is  placed  horizontally,  the  eye-piece  end  being  slid 
into  a short  brass  tube  screwed  into  the  front  of  the 
camera.  He  employs  a one  and  a half  inch  object- 
glass,  and  an  A eye-piece ; and  the  difference  in  the 
magnifying  power  he  obtains  by  altering  the  dis- 
tance between  the  object-glass  and  the  eye-piece, 
and  by  increasing  or  diminishing  the  distance  be- 
tween the  eye-piece  and  the  photographic  plate. 
Dr.  Gayer  uses  either  direct  sunlight  reflected  from 
a plane  mirror,  and  if  the  objects  are  semi-opaque, 
he  illuminates  the  surface  by  reflected  light,  as  other- 
wise surface-markings  would  not  be  shown.  If  he 
requires  to  work  instantaneously  he  employs  a suit- 
able shutter  which  will  not  cause  the  instrument  to 
vibrate.  A good  strong  light,  a sensitive  collodion, 
and  an  active  developer,  is  all  that  is  needed. 

Theory  of  the  CoKodion  Processes — The  sensitive 
collodion  film  is  composed  of  iodide  of  silver, 
free  nitrate  of  silver,  and  collodion.  The  iodide 
of  silver  is  formed  by  immersing  the  iodized  collo- 
dion film  in  the  bath  of  nitrate  of  silver,  so  that 
iodide  of  potassium,  plus  nitrate  of  silver,  becomes 
iodide  of  silver,  plus  nitrate  of  potassium. 

The  collodion  in  the  above  equation  appears  to 
have  a retarding  effect  on  the  action  of  light,  because 
when  a mixture  of  iodide  of  silver  and  nitrate  of 
silver  alone  is  exposed  to  light,  it  darkens  more 
rapidly  than  when  collodion  is  present.  The  col- 
lodion must  not,  therefore,  be  considered  as  an 
accelerator,  but  as  the  vehicle  for  supporting  the 
sensitive  chemicals  upon  the  glass,  and  forming  with 
the  reduced  silver  an  opaque  compound  in  the 
darker  parts  of  negatives.  In  the  development  of 
the  picture,  the  pyrogallic  acid  accelerates  the  reduc- 
tion of  the  silver  salts  on  those  parts  on  which  the 
rays  of  sunlight  have  fallen,  producing  finely-divided 
metallic  silver,  which  constitutes  the  blacks  of  the 
negative.  The  acetic  acid,  added  to  the  pyrogallic 


developer,  prevents  its  spontaneous  or  too  rapid 
decomposition  when  mixed  with  the  nitrate  of  silver. 
When,  in  the  development  of  a positive,  ferrous 
sulphate  is  used  instead  of  pyrogallic  acid,  the 
difference  between  it  and  the  organic  acid  mentioned 
is  attributable  to  the  fact,  that  it  does  not  reduce  as 
much  of  the  metal  as  the  latter ; consequently  the 
precipitate  is  thin  and  transparent,  and  looks  white 
when  viewed  by  reflected  light. 

When  potassium  cyanide  is  used  to  fix  the  picture, 
that  is,  to  remove  the  silver  iodide,  it  has  but  little 
action  on  the  image,  while  it  decomposes  the  iodide 
of  silver,  and  forms  a soluble  double  cyanide  of 
silver  and  potassium,  together  with  potassium  iodide. 
When  hyposulphite  of  soda  is  used,  the  iodide  of 
silver  is  decomposed,  and  the  products  are  a soluble 
double  thiosulphate  of  silver  and  sodium,  together 
with  sodium  iodide. 

The  Albumen  Negative  Process  upon  Glass. — 
To  prepare  the  albumen  collect  in  a basin  the  whites 
of  a number  of  eggs,  carefully  separating  the  germ, 
and  all  portions  of  yolk.  To  each  ounce  of  this 
albumen  add  1 drachm  of  distilled  water,  in  which 
are  dissolved  6 grains  of  iodide  of  potassium ; also 
to  every  5 ounces  of  the  mixture  add  1 drop  of 
ammonia.  Beat  the  whole  to  a stiff  froth  with  a 
bunch  of  quills,  and  allow  the  liquid  to  settle  till  the 
following  day. 

To  Alhiimemze  the  Plate. — The  glass  plate  must  be 
cleaned  very  thoroughly,  dried,  and  polished  just 
before  use.  Attach  to  the  under  side  of  it  a gutta- 
percha plateholder,  having  a wooden  handle  a foot 
long.  Then  breathe  on  the  plate,  and  holding  it 
horizontally  in  the  left  hand,  pour  upon  the  centre 
of  it  a sufficient  quantity  of  the  albumen  from  the 
basin  to  cover  it,  allowing  the  albumen  to  filter 
through  an  opening  in  the  dry  froth  or  crust.  Make 
the  albumen  flow  backwards  and  forwards  over  the 
plate  three  or  four  times,  and  then  allow  the  excess 
to  run  off  into  a separate  basin,  from  which  it  must 
be  cai’efully  filtered  before  being  used  a second  time. 
In  coating  the  plate,  be  careful  to  remove  with  the 
point  of  a fine  camel-hair  pencil  any  air-bubbles 
which  may  have  formed  upon  it.  Next,  take  the 
handle  of  the  holder  between  both  hands,  and  with 
the  plate  in  a vertical  position,  spin  it  round  quickly 
for  a minute  or  so,  in  order  to  drive  the  albumen  to 
the  edges  by  centrifugal  force.  This  done,  remove 
the  excess  of  albumen  from  the  edges  by  means  of  a 
pipette,  and  dry  the  plate  before  a clear  fire,  keeping 
it  rotating  all  the  time  by  means  of  the  handle,  as 
before  directed.  When  dry  it  is  ready  for  the  next 
operation.  Albumenized  plates  may  be  put  away  in 
a plate-box,  and  kept  in  a dry  place  for  a consider- 
able time  without  deterioration.  Care  must  be 
taken  in  the  operation  of  albumenizing  the  plate 
that  no  particles  of  dust  adhere  to  it. 

A good  plan  of  applying  albumen  and  other  like 
solutions  is  that  adopted  by  Valentine  Blanchard, 
who  employs  for  the  purpose  what  is  termed  the 
“ Blanchard  Brush.”  See  Fig.  16.  This  is  a strip  of 
glass,  2 or  3 inches  broad  and  4 or  5 inches  long ; on 
one  end  is  fastened  a loop  of  swan’s  down  calico,  a 
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cotton  material  twilled  on  one  side,  and  with  a long 
plush-like  nap  on  the  other.  The  nap  must  be 
outwards ; two  thicknesses  will  be  found  better  than 
one,  and  the  loop  can  be  readily  fastened  to  the  end 
of  the  glass  by  a small  elastic  band. 

Solutions  of  any  kind  can  be  spread  with  the  most 
perfect  uniformity  by  the  aid  of  this  brush. 


Fig.  16. 


To  Excite  the  Plate. — Place  it  on  a dipper,  and 
immerse  it  quickly  and  without  hesitation  in  a 
vertical  bath  of  aceto-nitrate  of  silver,  made  thus: — 
Distilled  water  1 ounce,  nitrate  of  silver  60  grains, 
glacial  acetic  acid  1 drachm.  Leave  it  in  the  bath 
for  a couple  of  minutes,  then  wash  it  well  in  clean 
water,  and  lastly  in  distilled  water,  and  set  it  up  to 
dry.  When  dry,  put  it  away  in  the  plate-box  until 
ready  for  use  in  the  camera.  It  may  be  preserved 
in  a sensitive  state  for  several  days.  Some  persons 
add  a few  drops  of  a solution  of  potassium  iodide  to 
a new  nitrate  bath,  and  filter  it  on  the  following 
day,  in  order  to  saturate  it  with  iodide  of  silver. 
When  this  is  done,  a new  bath  is  not  so  liable  to 
attack  the  iodide  of  silver  in  the  film. 

The  Exposure. — Alburaenized  plates,  from  which 
the  excess  of  free  nitrate  of  silver  has  been  removed 
by  washing,  are.  whether  used  in  a dry  or  wet  state, 
extremely  sensitive  to  light ; but  when  only  slightly 
washed,  exposed  at  once,  and  developed  with  a strong 
developer,  a much  shorter  exposure  is  sufficient. 

To  Develop  the  Image. — Immerse  the  plate  in 
distilled  water;  then  place  it  on  a levelling-stand, 
and  pour  over  it  a saturated  solution  of  gallic  acid, 
to  which  a few  drops  of  aceto-nitrate  of  silver  have 
been  added.  The  development  occupies  about 
twenty  minutes. 

To  Fix  the  Picture. — Wash  the  plate  in  rain  water, 
and  pour  over  it  a nearly-saturated  solution  of  hypo- 
sulphite of  soda.  This  will  quickly  remove  the  yellow 
iodide  of  silver  from  the  film.  Then  wash  the  plate 
well  under  a tap,  and  dry  it  before  the  fire. 

A great  many  modifications  have  been  adopted 
with  albumen  to  give  greater  sensitiveness  and 
quickness  of  effect.  Serum  of  milk,  honey,  and  a 
dense  solution  of  sugar  have  been  mixed  with  the 
albumen,  in  order  to  get  a coating  of  silver  possess- 
ing more  body  than  can  be  obtained  by  the  albumen 
alone.  Hunt  introduced  tlie  use  of  potassium 
fluoride  mixed  with  iodide  ; and  this  method,  in  the 
hands  of  M.  Blanquart  Everard,  is  said  to  be  so 
sensitive  as  to  give  pictures  on  instantaneous 
exposure. 

The  Calotype  or  Paper  Pp.ocesses. — These 
processes  are  founded  on  the  same  principle  as  the 
collodion  and  albumen  methods,  the  only  difference 
being  that  the  vehicle  for  supporting  the  chemicals 
is  paper  instead  of  a collodionized  or  albumenized 


plate.  It  is  true  that  but  little  use  is  made  of  this 
branch  of  photography  now-a-days,  for  paper  nega- 
tives are  seldom  resorted  to,  except  for  enlargements; 
at  the  same  time,  calotype  is  too  valuable  a process 
to  be  ignored,  for  if  paper  negatives  lack  the 
transparency  and  sensitiveness  of  collodion  films  on 
glass,  their  supple  character  is  a quality  not  to  be 
despised. 

Considerable  attention  must  be  paid  to  the  quality 
of  the  paper.  That  most  suitable  is  a white  paper 
as  free  as  possible  from  mineral  matters,  having  a 
close  fibre,  sized  either  with  starch  or  gum,  and  well 
pressed,  to  render  the  surface  fine,  even,  and  homo- 
geneous throughout.  Unsized  paper  absorbs  too 
much  of  the  materials,  and  the  picture  is  developed 
rather  in  the  body  of  the  material  than  upon  its 
surface. 

The  calotype  processes  may  be  classed  under  two 
heads.  In  the  first  the  paper  is  coated  with  insensi- 
tive iodide  of  silver,  and  then  excited  by  a weak 
solution  of  acidified  gallo-nitrate  of  silver ; in  the 
second,  the  paper  is  first  coated  with  an  alkaline 
iodide,  and  then  excited  by  immersion  in  a strong 
bath  of  nitrate  of  silver,  the  excess  of  free  nitrate 
being  subsequently  removed  by  washing.  In  the 
processes  of  Class  I.  the  paper  is  iodized  with  iodide 
of  silver ; in  those  of  Class  II.  with  a soluble 
alkaline  iodide.  The  first  kind  of  iodized  paper 
may,  for  convenience,  be  called  argento-iodized  paper, 
the  second  kind  simply  iodized  paper. 

Class  I.  — There  are  two  methods  which  come 
under  this  head.  In  the  first,  argento-iodized  paper 
is  prepared  by  what  is  called  the  double  wash;  in  the 
second,  by  the  single  wash.  In  all  other  respects  the 
two  methods  are  identical. 

To  Argento-iodize  the  Paper  by  the  Double  Wash. — 
Float  the  face  of  the  paper  on  a bath  containing  20 
grains  of  nitrate  of  silver  to  the  ounce  of  distilled 
water.  Let  it  remain  a minute  or  two  in  the  bath, 
then  hang  it  up  to  dry.  Next  immerse  it  in  a solu- 
tion containing  25  grains  of  iodide  of  potassium  to 
the  ounce  of  distilled  water.  Let  it  remain  a minute 
or  two  in  this  solution,  the  exact  time  depending  on 
the  kind  of  paper  employed,  and  requiring  to  be 
ascertained  by  experiment.  If  too  short  a time  is 
allowed,  the  whole  of  the  nitrate  of  silver  is  not 
decomposed,  and  the  paper  dark,  is  in  the  light ; if, 
on  the  contrary,  too  long  a tii  t is  allowed,  the 
iodide  of  potassium  in  the  bath  d solves  the  iodide 
of  silver  in  the  paper.  The  time  of  immersion  in 
the  iodide-bath  is  therefore  rath  'r  critical.  On 
removing  the  paper  from  the  bath,  let  it  drain,  and 
then  immerse  it  in  a pan  of  water,  in  which  it  must 
be  allowed  to  soak,  the  water  being  changed  several 
times,  until  the  whole  of  the  free  iodide  of  potas- 
sium is  removed.  This  soaking  operation  is  rather 
troublesome,  and  the  texture  of  the  paper  is 
decidedly  injured  by  it.  Should  any  excess  of 
iodide  of  potassium  remain  in  any  part  of  the  paper, 
it  would  decompose  the  weak  exciting  solution  and 
produce  insensitive  iodide  of  silver,  and  consequently 
a white  patch  in  the  negative.  When  the  paper  has 
been  sufficiently  washed,  hang  it  up  to  dry.  It  is 


PHOTOGRAPHY.— Calotypes.  625 


of  a yellow  primrose  colour.  When  dry,  it  may  be 
kept  for  use  in  a portfolio.  It  is  not  sensitive  to 
Kght. 

To  Arjento-iodize  the  Paper  by  the  Single  Wash. — 
Lay  the  paper  on  a board  with  a piece  of  blotting 
paper  under  it,  and  brush  over  it  a solution  of  silver 
iodide  in  potassium  iodide,  technically,  “ double 
iodide.”  The  best  kind  of  brush  is  V.  Blanch- 
ard’s (described  ante),  or  a large  round  one  of 
camel’s  hair,  bound  with  a string  or  silver  wire. 
Apply  the  solution  copiously  both  longitudinally 
and  transversely,  inchning  the  board,  and  keep- 
ing a flowing  edge.  Hang  up  the  paper  to  dry 
in  a room  having  a pure  atmosphere.  When  very 
nearly  or  even  quite  dry,  immerse  the  paper  in 
a pan  of  water  as  before,  to  remove  completely 
the  excess  of  potassium  iodide  which  it  contains. 
Two  or  more  papers  should  not  be  soaked  in  the 
same  pan,  but  each  paper  ought  to  have  a separate 
one.  AVhen  sufficiently  washed,  an  operation  which 
requires  several  hours,  dry,  and  keep  for  use. 

The  solution  called  “ double  iodide  ” is  made  by 
dissolving  20  grains  of  silver  nitrate  in  1 oz.  of  dis- 
tilled water,  and  adding  crystals  of  potassium  iodide, 
a few  at  a time,  until  the  yellow  turbidity  at  first 
produced  in  the  solution  is  quite  cleared  up.  The 
quantity  required  is  nearly  half  an  ounce.  The  solu- 
tion should  then  be  filtered. 

Argento-iodized  paper  will  retain  its  good  qualities 
for  some  weeks.  Some  persons  even  affirm  that  it 
may  be  kept  for  an  indefinite  period  in  a dry  place. 
It  is  said  to  be  improved  by  exposing  it  for  an  hour 
or  two  to  strong  sunshine.  When  this  is  done,  it 
should  not  be  excited  immediately  after  insulation, 
but  kept  for  some  days  previously  in  the  dark,  since 
it  has  been  found  that  paper  absorbs  light  in  suffi- 
cient quantity  to  react  on  a sensitive  surface  placed 
in  contact  with  it  in  the  dark. 

On  comparing  the  two  foregoing  methods  of 
iodizing  the  paper,  it  will  be  seen  that  the  first  is 
the  most  economical,  but  at  the  same  time  tlie  least 
certain.  A considerable  quantity  of  potassium 
iodide  is  waSted  in  the  second  mode  of  iodizing, 
and  the  washing  operation  is  rather  more  tedious. 

To  Excite  the  Paper. — Make  a saturated  solution 
of  gallic  acid  in  cold  distilled  water,  which  call  solu- 
tion A ; and  another,  by  dissolving  50  grains  of 
silver  nitrate  in  1 oz.  of  distilled  water,  and  adding 
1 drachm  of  glacial  acetic  acid,  which  call  solution 
B.  Immediately  before  use,  mix,  in  a chemically 
clean  measure,  1 oz.  of  distilled  water,  15  drops  of 
solution  B,  and  about  as  many  drops  of  solution  A, 
the  number  of  the  latter  depending  on  the  tempera- 
ture and  kind  of  paper  employed. 

Lay  the  paper  on  a board  with  a piece  of  blotting 
paper  beneath,  and  apply  the  mixture  copiously 
with  a clean  Bl.\NCHAKd’s  brush.  Hold  up  the  paper 
to  drain  for  a minute,  then  abstract  the  surface 
moisture  with  elean  blotting  paper,  and  place  it  in 
the  dark  slide. 

The  Exposure. — The  average  time  of  exposure, 
with  a good  light,  a lens  of  15  inches’  focus,  and  a 
half  inch  stop,  is  seven  minutes. 
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To  Develop  the  Picture. — Lay  it  on  a board,  and  brush 
over  it,  with  a clean  Blanchard’s  brush,  a mixture 
composed  of  3 parts  of  solution  A and  2 parts  of 
solution  B.  The  picture,  the  darker  parts  of  which 
are  at  first  faintly  visible,  soon  comes  out  of  a fiery 
red  tint.  At  this  stage  of  the  development  .it  is 
necessary  to  check  it,  in  order  to  obtain  dense  blacks 
instead  of  feeble  reds  in  the  darker  parts  of  the 
negative.  To  accomplish  this,  brush  over  the  picture, 
and  complete  the  development  with  a solution  of 
gallic  acid  alone. 

Under  this  treatment  the  reds  soon  darken  and 
intensify,  and  become  eventually  opaque  blacks. 
The  active  development  should  occupy  about  twenty 
minutes.  It  is  an  excellent  plan,  after  having  brushed 
on  the  gallic  acid,  to  lay  the  paper  face  downwards 
on  a horizontal  glass  slab,  on  which  a quantity  of 
gallic  acid  solution  has  been  previously  spread. 

To  Fix  the  Picture. — When  the  details  are  fully 
out,  and  the  blacks  of  the  proper  intensity,  wash 
the  negative  with  water,  and  then  immerse  it  in  a 
solution  containing  1 part  of  hyposulphite  of  soda 
(sodium  thiosulphate)  to  4 of  water.  Let  it  remain 
until  the  whole  of  the  yellow  silver  iodide  dissolves ; 
then  wash  and  soak  in  water  for  several  hours, 
changing  the  water  several  times,  in  order  to  remove 
the  whole  of  the  hyposulphite  from  the  paper,  and 
hang  it  up  to  dry. 

The  negative  is  now  finished,  and  may  be  waxed 
at  any  convenient  time  in  order  to  render  it  more 
transparent.  This  is  done  by  melting  some  white 
wax  in  a vessel  placed  in  a shallow  pan  of  boiling 
water,  applying  it  with  a clean  hog’s  hair  paint  brush 
to  the  picture,  which  should  be  placed  between 
sheets  of  blotting  paper,  and  a moderately-hot  iron 
passed  over  the  whole  until  no  shining  patches  of 
wax  are  seen. 

There  are  one  or  two  important  points  to  be 
observed  in  this  process.  If  the  iodized  paper  is 
excited  with  a weak  solution  of  aceto-nitrate  of 
silver  containing  no  admixture  of  gallic  acid,  it  is 
quite  as  sensitive,  or  even  more  sensitive  than  before; 
but  the  negative  is  devoid  of  density,  and  the  dark 
portions  are  grey,  feeble,  and  metallic,  like  the  dark 
parts  of  a collodion  positive  on  glass  when  viewed 
by  transmitted  light.  This  shows  that  it  is  neces- 
sary to  employ  some  such  substance  as  gallic  acid  to 
continue,  as  it  were,  the  chemical  effect  of  the  radiant 
light,  or  the  proper  tones  cannot  be  produced.  If, 
on  the  other  hand,  too  much  gallic  acid  is  added  to 
this  solution,  the  reducing  effect  is  so  great  that  the 
paper  becomes  brown  all  over,  particularly  in  hot 
weather.  The  process  has  therefore  its  drawbacks 
and  uncertainties,  particularly  in  that  season  of  the 
year  when  photographic  tourists  are  most  in  want 
of  a good  process.  A good  test  of  the  proper  state 
of  the  sensitive  paper  is  to  take  a strip  into  the  light. 
If  it  darkens  instantly  to  a cold  grey  tint,  incapable 
of  being  intensified  by  the  further  action  of  light, 
the  negatives  will  probably  be  grey  .and  feeble ; 
but  if  it  assumes  a redder  tint,  which  becomes  still 
darker  by  continuing  the  exposure,  there  is  suffi- 
cient matter  present  to  give  a good  intense  picture. 
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Calotype  Processes — Class  H. — In  these  pro- 
cesses the  operations  consist  in  first  impregnating 
the  paper  with  an  alkaline  iodide  ; next,  rendering 
it  sensitive  by  immersion  in  a strong  bath  of  aceto- 
nitrate  of  silver,  and  developing  with  a weaker 
solution  of  gallo-nitrate  of  silver  than  that  used  in 
the  foregoing  process. 

To  Iodize  the  Paper. — Immerse  a number  of  sheets, 
one  by  one,  in  a solution  of  potassium  iodide  con- 
taining 20  grains  of  the  salt  to  the  ounce  of  distilled 
water.  Let  them  remain  together  in  the  bath  for  at 
least  two  hours,  then  hang  up  to  dry. 

To  Excite  the  Paper. — Immerse  it  in  a bath  of 
aceto-nitrate  of  silver,  containing  3o  grains  of  nitrate 
of  silver,  and  2 scruples  of  glacial  acetic  acid  to  the 
ounce  of  water.  First,  float  the  face  of  the  paper  for 
a few  seconds  on  the  bath,  then  immerse  it  entirely 
for  nearly  three  minutes,  and  then  remove  it  into  a 
dish  of  distilled  water.  Rinse  well,  then  press  it 
between  blotting  paper  and  put  it  into  the  slide,  with 
its  face  to  the  front  shutter. 

The  Exposure. — This  is  about  the  same  as  in  the 
former  process. 

The  Development. — The  paper  will  scarcely  exhibit 
any  trace  of  an  image.  Immerse  it  in  a solution  of 
gallic  acid,  to  which  a few  drops  of  aceto-nitrate 
have  been  added.  The  picture  should  be  of  a red 
tint  (not  grey),  and  should  darken  in  the  course  of 
the  development  to  an  intense  black  in  the  deepest 
parts.  The  dish  should  be  chemically  clean,  and  the 
developer  should  remain  colourless  throughout ; the 
whites  of  the  picture  will  not  then  be  discoloured,  and 
the  development  will  proceed  much  more  quickly. 

If  the  picture  comes  out  grey  and  metallic,  ex- 
hibiting all  the  detail,  and  having  but  little  intensity, 
it  indicates  the  want  of  a reducing  agent  in  the 
sensitive  film.  To  remedy  this,  add  a little  sodium 
citrate  to  the  iodizing  solution.  This  will  entirely 
alter  the  character  of  the  picture,  increasing  the 
density  of  the  black,  and  also  the  necessary  time  of 
exposure.  Sugar,  honey,  gelatine,  and  substances  of 
this  kind  added  in  large  quantity  to  the  iodizing 
solution,  produce  little  or  no  effect. 

As  a rule,  it  may  be  considered  that  organic  salts, 
which  both  decompose  silver  nitrate  and  form  insolu- 
ble silver  compounds,  act  most  powerfully  in  pro- 
ducing blacks ; for  instance,  gallic  acid,  when  add6d 
to  silver  nitrate,  forms  a mixture  which  is  imme- 
diately decomposed  by  light,  metallic  silver  being 
produced.  It  is  a convenient  plan,  when  travelling, 
to  develop  without  a dish,  by  turning  up  the  edges  of 
the  picture  and  making  it  into  a tray,  into  which 
the  developer  may  be  poured  and  spread  wdth  a 
glass  rod. 

To  Fix  the  Picture. — Proceed  as  in  the  former 
process. 

Waxed-paper  Process.  — Wax  is  nearly  inert  as 
regards  its  power  of  combining  with  silver ; its 
presence  does  not  modify  the  character  of  the  nega- 
tive in  any  appreciable  way  as  regards  density.  The 
only  benefit  derived  from  its  introduction  in  the  first 
stage  of  the  process  is,  that  it  stiffens  the  paper,  and 
renders  it  less  liable  to  be  torn.  There  is  some 


difficulty  in  getting  a sheet  of  waxed  paper  to  imbibe 
the  solutions.  This  may  be  overcome  by  dissolving 
a few  shreds  of  gelatine  in  the  iodizing  solution,  and 
by  adding  a little  alcohol  to  the  gallic  acid.  In  all 
other  respects  the  waxed-paper  process  is  the  same 
as  that  previously  described. 

The  other  processes  of  Class  II.  are  merely  modifi- 
cations of  the  waxed-paper  process  in  its  simplest 
and  best  form,  as  described  above.  They  consist  in 
adding  various  organic  substances,  such  as  rice-water, 
gelatine,  honey,  and  the  like,  and  also  bromides,  cyan- 
ides, fluorides,  &c.,  to  the  iodizing  solution.  Most 
of  the  organic  substances  are  nearly,  if  not  absolutely 
inert,  and  many  of  the  mineral  salts  added  are  of 
very  questionable  utility.  Potassium  bromide  may, 
however,  be  employed  to  replace  the  iodide  with 
good  effect,  especially  in  taking  landscape  views, 
since  it  gives  a better  result  as  to  light  and  shade. 
Cadmium  iodide  is  also  sometimes  used  instead  of 
potassium  iodide.  The  negative  is  free  from  the 
white  spots  which  sometimes  occur  when  a crystal 
of  iodide  of  potassium  remains  undecomposed.  But 
the  cadmium  nitrate  introduced  into  the  nitrate  bath 
has  an  acid  reaction,  which  renders  the  paper  less 
sensitive,  increases  the  difficulties  of  bringing  out  the 
details  of  the  shadows,  and  diminishes  the  density  of 
the  blacks. 

The  Printing  Processes.  — There  are  several 
methods  of  printing  positives  from  a negative. 
Some  of  these  consist  in  producing  prints  upon 
paper,  others  in  producing  prints  upon  glass,  ivory, 
fabrics,  &c. 

Printing  on  Albumenized  Paper.  — No  one  nowa- 
days thinks  of  preparing  his  own  albumenized  paper, 
for  it  can  be  obtained  in  commerce  of  a far  superior 
nature  than  it  could  be  made  by  any  one  but  a 
manufacturer.  There  is  a great  difference  in  the 
paper  of  various  makers,  and  experience  alone  will 
prove  which  is  best  suited  to  the  photographer’s  use. 
There  are  two  distinct  classes  of  paper  in  the  market, 
termed  Rive  and  Saxe.,  the  former  of  which  is  gene- 
rally employed  where  great  brilliancy  is  desired,  as 
in  the  case  of  small  portraits  and  the  like  ; for  land- 
scapes and  larger  portraits  Saxe  paper  is  usually 
preferred,  as  it  has  a more  uniform  appearance,  and 
is  not  so  liable  to  metallic  spots  and  other  defects  as 
the  Rive.  In  a highly  albumenized  paper,  too,  like 
the  latter,  the  prints  are  apt  to  blister  in  the  fixing 
bath,  or  in  other  words,  water  forces  itself  between 
the  paper  and  the  albumen  film,  often  rendering  the 
pictures  useless.  A good  plan  to  avoid  blistering  is 
to  employ  two  fixing  baths,  that  in  which  the  prints 
are  introduced  first  being  much  weaker  than  the 
other.  SCHNAL'SS  says  that  damping  the  albumenized 
paper  on  the  back,  before  it  is  sen.sitized,  will  also  have 
the  effect  of  preventing  blisters. 

The  albumenized  paper  is  sensitized  by  floating  for 
two  or  three  minutes  upon  a solution  of  nitrate  of 
silver,  60  to  70  grains  of  the  latter  to  the  ounce  of 
water.  The  solution  becomes  impoverished  after 
several  sheets  have  been  sensitized,  and  then  a fresh 
quantity  of  nitrate  must  be  added.  The  strength  of 
the  solution  should  never  be  allowed  to  fall  much 
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below  60  grains  per  ounce,  if  good  and  vigorous 
prints  are  desired.  If  the  liquid  becomes  discoloured, 
it  is  shaken  up  with  a little  kaolin  ; and  when  this 
has  subsided  the  clear  solution  is  decanted  off. 

After  sensituing  (in  the  dark  room,  of  course), 
the  sheets  are  hung  up  to  dry  on  lines  by  means  of 
American  clips,  and  may  then  be  put  into  the  print- 
ing frames  under  a negative.  Although  there  is  no 
actual  necessity  for  doing  so,  the  pictures  will  be 
much  brighter  and  fresher  if  the  paper  is  sensitized, 
printed,  toned,  and  fixed  the  same  day.  The  print- 
ing is  carried  rather  more  deeply  than  the  finished 
picture  is  required  to  be,  for  the  impression  loses 
some  of  its  vigour  subsequently  in  the  toning  and 
fixing  baths.  It  should  be  borne  in  mind  that  unless 
the  paper  is  pressed  firmly  against  the  negative  film 
while  in  the  printing  frame,  the  impression  will 
not  be  a sharp  one.  The  prints  are  kept  from 
the  light  until  wanted  for  toning,  and  then  are 
washed  in  two  or  three  changes  of  water  (which 
should  not  be  thrown  away,  as  they  contain  much 
silver),  and  then  placed  one  by  one  in  the  toning 
bath.  This  is  made  up  by  preparing,  in  the  first 
place,  three  separate  solutions; — (1),  2 drachms  of 
chloride  of  gold  dissolved  in  15  ozs.  distilled 
water;  (2),  1 oz.  carbonate  of  lime  mixed  with 
15  ozs.  boiling  water ; (3),  1 oz.  borax  mixed  with 
15  ozs.  boiling  water.  Of  the  gold  solution  half 
an  ounce  is  taken,  and  of  the  other  two  1 oz. 
each ; and  when  mixed  together  the  compound  is 
allowed  to  stand  for  a couple  of  hours,  and  is  then 
filtered  for  use.  This  amount  will  tone  one  sheet  of 
paper.  The  liquid  will  keep  any  length  of  time,  and 
is  recruited  from  the  stock  bottles  just  as  occasion 
requires.  The  toning  bath  recommended  by  Hughes 
is  made  up  a couple  of  days  before  use.  It  is  thus 
composed — 

Chloride  of  gold, grains. 

Acetate  of  soda, | oz. 

Carbonate  ol  soda, \ oz. 

Distilled  water, 40  ozs. 

The  prints  are  turned  over  and  over  in  the  toning 
solution  until  they  have  assumed  the  tint  most 
agreeable  to  tlie  photographer,  who  has  only  to  bear 
in  mind  not  to  over  tone.  Wash  the  prints  after 
they  come  out  of  the  toning  bath,  and  then  place 
them  for  ten  minutes  or  a quarter  of  an  hour  in  the 
fixing  bath,  made  up  of — 


Hyposulphite  of  soda, 1 oz. 

\\  ater, 8 ozs. 


After  fixing  it  is  well  to  wash  the  prints  in  a 
moving  stream  of  water  for  four  and  twenty  hours  ; 
but  if  rinsed  in  alternate  changes  of  warm  and  cold 
water,  a much  less  period  is  sufficient. 

Many  substances  have  been  proposed  for  admix- 
ture with  the  silver  bath,  as  a means  of  {)reserving  the 
paper  in  good  condition  for  some  time  after  it  has 
been  sensitized — such  as  sugar,  citric  acid,  &c. 
Another  plan  of  keeping  sensitive  paper  white,  after 
sensitizing,  is  to  Wiish  the  surface  as  soon  as  it  comes 
from  the  silver  bath  in  a few  changes  of  water. 
Washed  paper,  when  dried  and  preserved  well  from 


the  light,  will  keep  many  weeks  in  good  condition ; 
but  before  being  placed  in  the  printing  frame,  it 
must  be  subjected  first  of  all  to  the  action  of 
ammonia  fumes  (in  a box  with  a saucer  of  liquid 
ammonia),  or  the  pad  of  the  printing  frame  must  be 
stuffed  with  powdered  carbonate  of  ammonia. 

Printing  on  Plain  Paper. — A fine  paper  should  be 
employed,  such  as  5'oxc,  or  other  possessing  a uniform 
surface  ; and  this  is  floated  upon  a salting  bath  made 
up  in  the  proportion  of  1 oz.  of  distilled  water  to 
4 grains  of  gelatine  and  4 grains  of  common  salt. 
When  dry,  the  paper  is  treated  as  if  it  were  albu- 
menized,  being  sensitized,  toned,  and  fixed  in  the 
usual  manner. 

One  of  the  great  causes  of  fading  of  albumenized 
prints  is  their  defective  washing,  after  they  have 
been  fixed  in  the  hyposulphite  of  soda  bath.  Unless 
this  body  is  perfectly  removed  by  subsequent  wash- 
ing, albumenized  pictures  very  soon  become  yellow 
and  fade  aw^ay.  The  sulphur  in  the  hyposulphite  is 
liable  to  form  various  compounds  with  the  silver  and 
albumen  in  the  picture,  and  thus  bring  about  changes 
which  are  injurious  to  the  prints.  Four  and  twenty 
hours  is  usually  cited  as  the  time  for  pictures  to 
remain  in  flowing  water  to  remove  all  traces  of 
hyposulphite,  and  washing  machines  of  various  kinds 
have  been  invented  for  securing  a thorough  rinsing 
of  the  prints.  One  great  thing  to  be  attended  to  is 
not  to  allow  the  pictures  to  mass  together  in  the 
washing  trough ; they  should  be  put  in  singly,  and 
if  possible  be  prevented  from  clinging  to  each  other. 
Automatic  rocking  troughs  and  siphon  arrangements 
are  employed  to  this  end ; for  an  entire  change  of 
the  washing  water  should  be  made  frequently,  the 
prints  being  allow'ed  to  drain  now  and  then  before 
being  put  into  a fresh  supply  of  water.  Varying  the 
temperature  of  the  changes  of  w’ater,  now  using  hot 
and  now  cold,  is  a good  plan.  There  is,  as  Spiller 
has  shown,  another  danger  of  discoloration  in 
albumenized  prints  ; the  silver  forms  with  albumen 
albuminate  of  silver,  which  in  the  whites  of  the 
picture  gradually  becomes  acted  upon  by  light  and 
darkens,  thus  degrading  the  high  lights  of  the  print. 
A plan  has  been  brought  forward  by  Dr.  Gayer 
which,  that  gentleman  states,  produces  permanent 
silver  prints,  and  which  mainly  rests  upon  employ- 
ing a maximum  quantity  of  hyj^osulphite  in  the 
fixing  bath,  and  operating  in  the  dark.  He  recom- 
mends dissolving  1 oz.  of  hyposulphite  of  soda  in 
8 ozs.  of  water  in  a perfectly  clean  glass  bath ; 
having  taken  it  into  the  dark  room,  immerse  in  it 
one  print,  not  more  than  8 inches  square,  for  ten 
minutes,  or  at  most  a quarter  of  an  hour.  Then 
take  the  print  out,  and  rinse  it  in  two  waters  for  a 
few  minutes  before  removing  it  from  the  dark  room; 
afterwards  let  it  receive  the  usual  washing  in  plenty 
of  water,  the  latter  operation  being  performed  in 
the  daylight.  The  hyposulphite  solution  is  then 
thrown  away,  as  it  is  quite  useless  for  fixing  a second 
[)icture.  Dr.  Gayer  says  that  ten  years’  experience 
in  India  has  shown  him  that  prints  treated  in  this 
I way  remain  unaltered  and  fresh-looking,  while  those 
^ manipulated  in  the  ordinary  way  have  faded  sooner 
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or  later.  The  chemical  explanation  offered  is  as 
follows; — Chloride  of  silver,  although  perfectly 
insoluble  in  pure  water,  is  easily  soluble  in  a solu- 
tion of  hyposulphite  of  soda;  but  the  hyposulphites 
of  silver  thus  formed  are  extremely  unstable. 
Chloride  of  silver  forms  two  series  of  double  salts 
with  an  alkaline  hyposulphite,  such  as  the  hypo- 
sulphite of  soda.  Of  these  sodio-argentic  hyposul- 
phites, whose  chemical  symbols  are  Ag2Na^Sg0g,2H20 
and  AgNaS20g,2H20,  the  first  easily  dissolve  in 
water,  the  second  are  nearly  insoluble.  All  these 
double  salts  decompose  very  easily  when  heated 
and  exposed  to  sunlight,  yielding  sulphite  and 
sulphate  of  silver.  They  are  also  decomposed  by 
alkalies  and  excess  of  the  alkaline  hyposulphites ; 
and  if  to  a solution  of  the  soluble  Ag2Na^Sg0g,2Il20 
in  hyposulphite  of  soda  more  silver  salt  is  added,  the  in- 
soluble sodio-argentic  hyposulphite  AgNaS20g,2H.,0, 
is  formed ; and  it  is  this  latter  highly  unstable  in- 
soluble salt  which,  once  formed  in  the  photograph, 
cannot  be  washed  out  of  it,  and  decomposing  sooner 
or  later,  destroys  the  picture.  The  object  of  Dr. 
Gayer’s  process  is  to  prevent  the  formation  of  this 
insoluble  salt  in  the  print,  and  to  prevent  the 
decomposition  of  the  soluble  sodio-argentic  hyposul- 
phite while  the  photograph  is  in  the  hypo-solution. 
This  can  be  done,  he  affirms,  by  keeping  the  pro- 
portion of  chloride  of  silver  very  low  in  proportion 
to  the  quantity  of  hyposulphite  of  soda,  and  excluding 
the  light  while  the  process  is  being  carried  on. 
Captain  Abney,  R.E.,  with  a view  of  making  albu- 
menized  prints  more  stable,  has  made  some  experi- 
ments with  albumen  with  a view  of  eliminating  the 
sulphur  contained,  and  thus  securing  a product 
which  would  be  less  open  to  objection.  It  is  a 
moot  question,  however,  whether  sulphur  is  not  a 
constituent  of  the  albumen  ; and  whether  in  separat- 
ing it,  either  by  chemical  or  mechanical  means,  the 
character  of  the  albumen  will  not  be  altogether 
changed. 

Hyposulphite  of  soda  also  exists  frequently  in 
white  paper  and  cardboard.  For  this  reason  the 
photographer  must  choose  carefully  the  mounts  upon 
which  the  finished  silver  print  is  to  be  placed.  The 
simplest  test  is  with  iodine,  a piece  of  cardboard 
being  soaked  for  some  hours  in  water,  and  the 
liquid  then  tested  for  hyposulphite. 

Uranium  Printing. — In  this  process  a sheet  of  paper 
is  immersed  in  a saturated  solution  of  nitrate  of 
uranium,  and  dried  in  the  dark.  It  is  then  exposed, 
under  a negative,  to  sunshine  for  a few  minutes. 
Where  the  light  acts  the  uranic  salt  is  reduced,  and 
a faint  positive  picture  obtained.  This  is  intensified 
to  a deep  purple  tint  by  immersing  the  paper  in  a 
solution  of  chloride  of  gold ; strength,  half  a grain 
to  the  ounce  of  distilled  water.  After  which  it 
is  well  washed  in  water,  dried,  and  the  print  is 
finished. 

Printing  by  Development. — Immerse  paper  in  a thin 
solution  containing  6 grains  of  salt  and  1 part  of 
potassium  iodide  to  the  ounce  of  rain  water.  When 
dry,  brush  over  it  the  following  solution  of  nitrate 
of  silver : — 


Disti’led  water, 1 oz. 

Nitrate  of  silver, 30  grains. 

Lemon  juice, 6 drops. 


Expose  in  the  pressure  frame  until  a faint  image 
is  produced ; this  will  require  a few  seconds  only. 
Then  turn  up  the  edges  of  the  paper ; place  it  upon 
a sheet  of  glass,  and  pour  into  it  saturated  solu- 
tion of  gallic  acid.  When  developed,  wash  in  two 
or  three  changes  of  water,  and  fix  it  by  the  same 
treatment  as  that  described  in  the  ammonio-nitrate 
process  ; leaving  out  the  gold  toning  as  unnecessary. 

Printing  on  Silk,  Linen,  and  other  Fabrics. — Baden 
Pritchard  gives  the  following  advice  regarding 
the  production  of  silver  photographs  upon  textile 
fabrics:— A densely  woven  material  should  be 
seleeted,  and  if  cotton  or  hnen  is  to  be  used,  these 
must  be  obtained  as  free  from  dressing  as  possible  ; 
no  glazed  stuff  of  any  description  can  be  employed. 
The  starch  or  stiffening  is  removed  by  allowing  the 
fabric  to  remain  for  a quarter  of  an  hour  in  warm 
water  containing  a small  quantity  of  potash  in 
solution,  and  afterwards  rinsing  it  well  in  hot  water. 
When  dry,  the  fabric  is  stretched  and  mangled,  to 
render  it  smooth,  and  albumenized  with  a mix- 
ture of — 


Chloride  of  ammonia, 2 grams. 

Water, 250  c.c. 

White  of  two  eggs. 


The  ammonium  salt  is  dissolved  in  the  water  and 
put  into  a large  stoppered  bottle,  and  the  white  of 
egg  having  been  beaten  to  a froth,  is  added  by 
degrees ; the  mixture  being  well  shaken  and  allowed 
to  subside  after  every  addition  of  albumen.  After 
standing  twenty-four  hours  it  is  strained  through  a 
piece  of  muslin,  and  is  ready  for  use.  The  surface 
of  the  fabric  is  allowed  to  remain  in  contact  with  the 
albumen  for  about  five  minutes.  It  is  then  dried 
slowly  and  passed  through  a rolling  press,  to  give  it 
a smooth  surface  ; sometimes  a second  treatment  of 
albumen  is  to  be  recommended.  The  silver  bath 
should  be  rather  strong,  about  70  grains  of  silver  to 
the  ounce  of  water.  The  fabric  is  floated  for  five 
or  six  minutes,  and  when  dry  is  easily  manipulated 
in  the  printing  frame.  It  must  be  rather  overprinted, 
as  it  loses  much  in  toning,  and  it  should  be  toned 
and  fixed  as  soon  as  possible;  the  whites  of  the 
picture  are  not  fully  restored  till  the  print  has 
been  fixed.  The  operations  of  sensitizing,  printing, 
toning,  and  fixing  sliould  be  all  carried  out  in  one  day. 
The  negatives  for  this  kind  of  work  must  be  brilliant 
and  vigorous;  a soft  delicate  negative,  which  gives 
the  best  results  on  paper,  is  not  so  well  suited  for 
the  purpose. 

Any  stains  which  may  have  been  formed  on  the 
fabric  during  the  process,  are  best  removed  by 
brushing  over  with  a solution  of  iodine,  and  wash- 
ing out  with  hyposulphite  of  soda,  care  being  taken 
not  to  touch  the  border  of  the  picture  with  the 
iodine.  The  solution  of  iodine  is  prepared  by  add- 
ing three  pai-ts  of  iodide  of  potassium  to  one  part  of 
iodine,  and  dissolving  the  same  in  ten  times  their 
bulk  of  water. 
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Collodio-ckloriile  Printing. — This  process  is  the  in- 
vention of  Wharton  Simpson.  To  prepare  the  col- 
lodio-chloride,  a good  normal  collodion  should  be 
used,  rather  thick,  giving  a film  not  too  horny  or  bril- 
liant, and  perfectly  transparent.  In  regard  to  the 
salts,  chlorides  of  various  kinds  may  be  used,  those 
of  strontium,  calcium,  and  lithium  being  all  suitable. 
There  must  not  be  too  much  nitrate  of  silver  added 
to  the  collodion,  otherwise  crystals  will  be  formed 
on  the  drying  of  the  film  ; too  small  a dose  of  silver, 
on  the  other  hand,  causes  a lack  of  vigour.  The 
collodio-chloride  is  prepared  thus : — Some  nitrate 
of  silver  is  dissolved  in  methylated  spirit — as  much 
as  16  grains  of  the  salt  to  the  ounce  of  spirit  being 
dissolved  readily  if  triturated  in  a mortar ; the  spirit 
added  gradually  until  aU  is  dissolved.  To  1 oz.  of 
this  spirit  is  added  1 oz.  of  ether  and  the  requisite 
amount  of  gun-cotton  (say  6 to  10  grains  to  every 
ounce  of  ether  and  alcohol)  ; and  afterwards  there 
is  added  three-quarters  of  a drachm  of  solution  of 
chloride  in  alcohol,  containing  16  grains  to  the 
ounce.  This  is  added  a few  drops  at  a time,  the 
collodion  being  shaken  between  each  addition.  In 
a few  minutes  the  decomposition  is  complete,  and 
something  like  an  emulsion  is  formed,  with  excess 
of  about  3 grains  of  nitrate  of  silver  in  each  ounce. 
This  is  immediately  ready  for  use,  and  may  be  kept, 
screened  from  the  light,  fox  a period  at  any  rate  of 
many  months.  Another  mode  of  preparation  is  to 
produce  three  solutions  as  follows : — 

Nitrate  of  silver, 1 drachm. 

Distilled  water, I “ 

XT  o ( Chloride  of  strontium, 64  grains. 

2-  I Alcohol, ; 2ozs. 

of  Citric  acid, 64  grains. 

\ Alcohol, 2ozs. 

To  every  2 ozs.  of  plain  collodion  add  30  drops 
of  No.  1 solution,  previously  mixed  with  1 drachm 
of  alcohol ; then  1 drachm  of  No.  2 solution  gradu- 
ally, shaking  well  at  the  same  time ; lastly,  half  a 
drachm  of  No.  3 solution.  In  a quarter  of  an  hour 
the  collodio-chloride  will  be  fit  for  use. 

This  collodio-chloride  may  be  applied  to  any  basis 
desired  — paper,  porcelain,  opal  glass,  ivory,  &c. 
IVhen  applied  to  paper  which  has  not  a very  uni- 
form and  polished  surface,  there  is  a tendency  in 
the  film  to  peel  off  ; although  by  careful  manipula- 
tion of  the  finished  prints,  not  allowing  them  to 
become  too  dry  before  mounting,  this  inconvenience 
is  obviated  to  a great  degree.  The  collodio-chloride 
is  applied  to  these  surfaces  in  the  same  way  as 
ordinary  collodion,  being  poured  upon  the  paper  or 
glass  and  dried.  A sizing  of  arrowroot  or  gum 
tragacanth  should  be  first  applied  to  the  paper,  to 
render  it  non-absorbent ; the  sheet  is  turned  up  at 
the  sides  to  form  a tray,  fixed  upon  a flat  board 
with  pins,  and  then  coated  with  the  collodion.  It 
should  dry  very  thoroughly  before  being  placed  in 
contact  with  tlie  negative.  Collodion  paper  thus 
prepared  should  be  printed  rather  more  deejily  than 
albumenized  paper ; and  if  sufficient  vigour  cannot 
otherwise  be  obtained,  the  sensitive  surface  is  formed 
with  ammonia  vapour  for  a short  time  before  it  is 


put  into  the  printing  frame.  Any  toning  bath  may 
be  employed,  but  an  old  dilute  acetate  bath  answers 
best.  A bath  of  hyposulphite  of  soda  and  gold  also 
answers  well.  The  fixing  is  done  in  a hyposulphite 
of  soda  solution — 3 ozs.  to  a pint  of  water.  Five 
minutes’  immersion  is  generally  sufficient.  The 
prints  must  be  thoroughly  washed  afterwards,  but 
do  not  require  such  continued  immersion  in  water 
as  albumen  photographs.  The  pictures  should  not 
be  deeper  than  a warm  brown  or  purple,  as  they 
lose  no  depth  in  the  hyposulphite  bath,  and  are 
blacker  after  drying.  Glass  plates  should  have  a 
preliminary  coating  of  dilute  albumen  (the  white 
of  one  egg  in  8 ozs.  of  water)  before  receiving  the 
collodio-chloride  ; and  after  the  latter  is  dry,  it  is 
formed  with  ammonia,  the  plate  being  simply  held 
over  the  mouth  of  a bottle  of  strong  liquid  ammonia, 
and  moved  about  until  the  whole  surface  is  brought 
in  contact  with  the  fumes.  When  completely  formed, 
the  bright  surface  becomes  dulled.  An  intensifying 
solution  may  be  used  after  printing,  if  increased 
vigour  is  required.  The  solution  is  prepared  as 
follows : — 

Gallic  acid, 75  grains. 

Acetate  of  lead,  60  “ 

Acetic  acid, 2 drachms. 

Distilled  water, 26  ozs. 

The  solution  should  be  filtered,  and  a few  drops 
of  a 20-grain  nitrate  of  silver  solution  added  just 
before  use.  The  solution  is  applied  to  the  plate  in 
the  dark  room,  just  as  in  the  wet  collodion  process. 
The  image  will  be  seen  gradually  to  acquire  intensity, 
but  it  must  be  borne  in  mind  that  the  print  when 
dry  is  much  more  vigorous  than  when  wet.  The 
picture  is  washed,  toned  if  necessary,  and  fixed. 

A good  plan  of  reproducing  photographs  from  a 
transparent  positive  is  this  : — A picture  on  paper  is 
waxed  to  render  it  transparent,  and  then  used  for 
printing  from.  A well  cleaned  glass  plate  is  coated 
with  collodio-chloride,  as  described  above,  and  upon 
this  a print  is  obtained  from  the  transparent  positive. 
No  toning  is  required  in  this  case,  but  a little  in- 
tensifying ; and  the  result  is  a collodio-chloride 
negative,  possessing  all  the  detail  and  qualities  of 
the  original  positive  print  in  a most  perfect  degree. 

PiGJiENT  OR  Carbon  Printing. — Printing  in  per- 
manent pigments,  or  in  carbon,  as  it  is  often  called, 
is  based,  like  most  of  the  recent  printing  processes, 
upon  the  action  of  light  upon  the  bichromate  of 
ammonia  and  potash,  when  mixed  with  certain 
organic  substances.  Gelatine,  isinglass,  gum,  and 
similar  substances,  if  mixed  with  a small  percentage 
of  the  bichromates  above  alluded  to,  and  exposed 
to  the  light  for  a short  time,  become  insoluble,  and 
refuse  to  dissolve  either  in  warm  or  cold  water.  This 
fact  Mungo  Ponton  first  observed  in  1839,  that  gen- 
tleman describing  a process  of  photographic  printing 
by  means  of  bichromate  of  potash  in  the  same  year. 
The  method  consists  in  taking  an  ordinary  sheet  of 
sized  paper  (faced  with  gelatine  therefore),  dipping 
it  into  a solution  of  bichromate  of  potash,  and  after 
drying  it  in  the  dark,  printing  upon  it  in  the  sun 
the  image  of  any  object  placed  thereon.  By  subse- 
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quently  washing  the  sheet  in  water,  and  in  this  way 
removing  those  portions  of  the  salt  which  are  still 
soluble  (and  which  have  been  protected  from  sun- 
light), a brownish  picture  is  obtained  that  may  be 
regarded  as  perfectly  permanent. 

PoiTEViN  appears  to  have  been  the  first  to  elabor- 
ate a pigment  or  carbon  process — or,  in  other  words, 
to  obtain  photographic  impressions  formed  of  some 
peimaneiit  colouring  matter  ; and  this  was  effected 
by  adding  to  the  mixture  of  bichromate  and  gelatine 
a third  body,  in  the  form  of  powdered  vegetable 
charcoal,  Indian  ink,  or  some  such  material.  This 
was  in  1855.  The  inventor  prepared  a mixture  of 
the  three  ingredients  we  have  mentioned,  and  spread 
it  upon  paper.  The  sheet  thus  faced  with  a black 
compound  was,  after  drying,  put  under  a negative, 
and  printed  in  sunlight  for  a sufficient  period. 
When  taken  from  the  printing  frames,  portions  of 
this  surface  had,  of  course,  been  rendered  insoluble 
— those  parts,  to  wit,  where  the  negative  had  allowed 
the  light  to  pass  through  and  attack  the  film ; and 
these  insoluble  portions,  when  the  sheet  was  subse- 
quently washed  in  warm  water,  refused  to  leave  tlie 
paper,  and  formed  an  image  corresponding  to  that 
upon  the  negative.  The  bichromate  mixture,  where 
it  became  insoluble,  kept  the  pigment  imprisoned, 
and  the  colouring  matter  thus  fixed  formed  the 
photograph.  The  print  produced  in  this  way  was 
not  very  delicate,  but  still  it  was  a carbon  photo- 
graph, and  as  such  was  comparatively  imperishable  ; 
for  the  picture  being  made  up  simply  of  minute 
particles  of  insoluble  pigment,  was  not  so  liable  to 
perish  as  those  produced  in  the  chloride  of  silver 
printing  process  by  the  reduction  of  a metal  salt. 
Other  inventors  quickly  followed  M.  Poitevin,  but 
none  of  them  were  more  successful  than  the  French 
inventor. 

It  was  not,  indeed,  until  the  Abb]^  Laborde  in 
France,  and  independently  of  each  other,  Burnett, 
Swan,  and  Blair  in  Great  Britain,  added  an  im- 
provement to  the  process,  that  carbon  printing  was 
capable  of  furnishing  pictures  possessed  of  delicate 
half  tone.  Carbon  photographs  had  a want  of  depth, 
and  were  bereft  of  all  delicacy  before  these  gentle- 
men suggested  a sensible  modification  in  the  process. 
This  was  to  develop  the  film  or  cake  of  bichromated 
gelatine  from  the  back,  instead  of  from  the  front,  after 
it  had  been  printed  under  a negative.  Blair’s  method 
was  to  coat  transparent  waxed  paper  with  the  sensi- 
tive mixture,  and  to  allow  the  light  from  the  nega- 
tive to  traverse  the  waxed  paper  (the  negative  being 
laid  next  the  paper),  and  thus  impress  the  pigment 
on  the  inside ; then  by  dissolving  away  from  the 
surface  of  the  pigment  he  obtained  an  image  with 
good  half  tones,  but  which,  owing  to  the  opaqueness 
of  the  waxed  paper,  was  defective  in  the  whites. 
A French  experimenter,  M.  Fargier,  succeeded 
better;  he  coated  a glass  plate  with  the  sensitized 
pigment  and  exposed  the  same  to  light,  the  pigment 
surface  next  the  negative.  When  the  pigment  sur- 
face had  been  sufficiently  exposed  he  coated  the  same 
with  collodion,  and  when  the  film  had  dried,  placed 
the  whole  in  a vessel  of  w'arm  water.  All  the  pig- 


ment mixture  that  was  still  soluble  was  speedily 
removed,  and  then  remained  an  image  in  carbon, 
adhering  to  the  film  of  collodion.  In  this  case  the 
image  was  of  a most  perfect  character ; for  being 
washed  from  the  back  (the  film  of  collodion  still 
adhered  to  the  face),  the  most  delicate  half  tones 
were  obtained.  M.  Fargier’s  method  was  in  truth 
the  first  perfect  plan  suggested,  and  it  is,  with  slight 
modification,  the  one  in  use  at  the  present  day.  In 
1864  J.  W.  Swan  patented  a process,  which  was  of 
an  eminently  practical  nature,  and  was  in  fact  instru- 
mental in  causing  photography  in  pigments  to  be 
taken  up  in  an  extensive  manner  both  in  England 
and  abroad.  Swan  specified  certain  improvements 
in  the  making  up  of  the  sensitized  pigment  mixture  ; 
but  the  main  point  of  the  process  was  his  method  of 
developing  and  redressing  the  prints.  Paper  coated 
with  a layer  of  the  sensitive  mixture,  and  termed 
carbon  tissue,  was  printed  against  a negative  in  the 
ordinary  way,  the  pigmented  surface  next  the  cliche; 
and  after  printing,  a sheet  of  india-rubber  paper  was 
placed  face  downwards  upon  the  tissue,  and  cemented 
together  with  india-rubber  cement.  The  tissue  was 
then  plunged  into  warm  water,  which  as  a matter  of 
course  dissolved  away  all  that  was  still  soluble,  leav- 
ing an  image  in  carbon  upon  an  india-rubber  surface. 
The  picture  was  now  developed,  but  it  was  reversed, 
and  required  to  be  redressed  before  it  could  be  seen 
properly.  To  do  this  a sheet  of  white  paper  was 
coated  with  warm  gelatine,  pressed  down  upon  the 
image,  and  allowed  to  dry;  and  then  by  softening 
the  back  of  the  india-rubber  paper  with  benzol  this 
became  easy  to  remove,  and  the  image  remained 
attached  to  the  gelatine  paper,  and  could  then  be 
seen  in  its  proper  aspect.  Thus,  to  summarize  the 
process,  the  picture  was  printed  on  the  face  of  the 
tissue ; this  was  then  attached  to  the  rubber  paper 
while  the  development  from  the  back  went  on  ; and 
finally  the  print  was  put  back  again  to  its  original 
position  upon  a sheet  of  gelatined  paper.  This 
process  of  Swan’s  solved  the  problem  of  carbon 
printing  as  a practical  method,  and  proved,  more- 
over, a commercial  success. 

Of  late,  however,  pigment  printing  has  been  fur- 
ther simplified  by  J.  R.  Johnson,  who  altogether 
obviates  the  use  of  india-rubber  paper  for  cementing 
the  exposed  carbon  tissue  to  during  development. 
Johnson’s  process  is  generally  termed  the  autotype 
method,  to  distinguish  it  from  other  plans  of  carbon 
printing.  Paper  faced  with  a mixture  of  bichromate, 
gelatine,  and  pigment,  or  as  we  have  termed  it,  car- 
bon tissue,  is  printed  under  a negative  in  the  ordi- 
nary way,  the  pigment  film  next  the  cliche.  When 
removed  from  the-  printing  frame  the  sheet  is  put 
into  cold  water,  which  gradually  permeates  the  gela- 
tinous film  and  makes  it  swell ; in  a minute  or  two 
the  tissue  is  removed  from  the  water  bath,  and 
pressed  face  downwards  upon  a polished  plate  of 
glass  or  metal.  To  this  impermeable  surface  the 
carbon  tissue  tenaciously  adheres,  in  the  same  way 
exactly  as  a boy’s  leather  sucker  will  adhere  to  a 
paving  stone.  A few  minutes  are  allowed  to  elapse, 
and  then  the  plate  with  the  tissue  sticking  to  it  is 
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j)Ut  into  a warm-water  bath  of  about  90°  Faiirenheit. 
The  paper  backing  is  at  once  removed  by  the  warm 
water  (for  it  must  be  borne  in  mind  that  the  tissue 
is  face  downwards),  and  there  remains  the  film  of 
black  pigment  adhering  of  itself  to  the  surface  of  the 
plate.  This  is  washed,  and  gradually  dissolves  away, 
leaving  the  photographic  impression  sticking  to  the 
plate.  The  picture  cannot  be  removed  by  the  warm 
water,  for  it  consists  of  insoluble  matter;  and  when 
it  has  been  thoroughly  washed  and  freed  from  the 
soluble  pigment  clinging  to  it,  the  photograph  is 
dipped  into  cold  water  to  stop  any  further  action ; 
and  furthermore,  into  a strong  solution  of  alum, 
which  has  the  effect  of  tanning  or  fixing  the  gela- 
tinous print.  The  latter  is  subsequently  thoroughly 
washed  and  allowed  to  dry.  We  have  now  a per- 
fect photograph  before  us  upon  a glass  or  metal 
plate,  only  it  is  reversed ; so  a sheet  of  white  paper 
well  sized  with  gelatine  is  put  into  hot  water,  together 
with  the  plate  with  the  photograph,  and  the  sticky 
surface  of  the  paper  pressed  in  contact  with  the 
image.  On  drying  the  sheet  of  paper  spontaneously 
leaves  the  plate,  bringing  with  it,  attached  to  its 
surface  by  the  gelatine,  the  pigment  impression;  and 
thus  we  obtain  an  impression  in  carbon  not  reversed, 
but  in  its  proper  aspect. 

The  above  is  termed  the  autotype  double-transfer 
process,  and  is  that  generally  used,  as  it  is  suited 
for  all  ordinary  negatives.  There  is,  however,  a 
single-transfer  process  which  yields  prints  of  rather 
more  delicate  nature,  only  in  this  case  the  negatives 
used  must  be  reversed.  In  the  single-transfer  pro- 
cess the  carbon  tissue  is  printed  as  before  under  a 
negative,  and  is  then,  after  immersion  in  cold  water 
to  swell,  placed  face  downwards  upon  white  paper, 
and  developed  upon  the  latter,  which  forms,  indeed, 
the  ultimate  support  of  the  picture  ; for  this  does 
not  require  to  be  transferred  again,  if  the  negative 
from  which  it  was  printed  was  taken  reversed. 

Pigment  pictures  can  be  produced  of  any  desired 
tint,  for  it  is  only  necessary  to  change  the  colouring 
matter  used  when  preparing  the  tissue. 

Of  the  difficulties  inherent  to  carbon  printing 
that  of  timing  the  exposure  is  perhaps  the  greatest. 
In  silver  printing  we  have  a white  surface,  which 
gradually  darkens ; but  in  the  present  instance  the 
sensitive  surface  is  dark  to  begin  with,  and  no 
apparent  change  takes  place  by  the  action  of  the 
sun.  A photometer  of  some  kind  is  usually  em- 
ployed, and  the  simpler  it  is  the  better.  The  most 
practicable  is  that  employed  by  the  Autotype 
Company,  consisting  of  a little  square  wooden  box, 
having  a slit  in  the  lid.  A roll  of  paper  tape,  sensi- 
tive to  light,  is  contained  in  this  box,  a small  portion 
of  it  being  visible  through  the  slit  in  the  lid  ; and 
every  time  the  light  blackens  the  tiny  portion  of 
paper  exposed,  and  renders  it  of  a colour  similar 
to  that  of  which  the  lid  of  the  box  is  painted,  the 
photometer  has  marked  one  degree.  The  sensitive 
tape  is  then  moved  forward,  and  a fresh  portion 
of  it  submitted  to  the  action  of  the  light.  Very 
thin  negatives  take  one  or  two  degrees  to  print — 
that  is  to  say,  the  tissue  requires  to  be  left  under 


them,  exposed  to  the  action  of  daylight,  for  the 
space  of  time  required  to  blacken  sensitive  paper 
once  or  twice  over ; but  negatives  of  ordinary 
density  require  four,  six,  and  eight  degrees.  The 
density  of  a negative  can  only  be  judged  by  ex- 
perience. 

Pigmented  paper  or  tissue  can  be  purchased  either 
sensitive  (containing  bichromate)  or  insensitive,  in 
which  latter  case  it  is  floated  in  the  dark  upon  a 3 
or  5 per  cent,  bichromate  of  potash  solution,  and 
dried.  Sensitive  tissue  will  keep  good  several  weeks, 
if  stored  carefully  away  from  the  light.  Some  care 
is  necessary  in  its  development  in  warm  water. 
Over-exposed  prints  may  be  developed,  if  necessary, 
in  water  a little  above  90°  Fahr. ; but,  as  a rule, 
this  temperature  should  not  be  exceeded.  Insolu- 
bility of  the  tissue  sometimes  occurs  when  the  same 
has  become  stale,  but  this  is  a defect  not  difficult  to 
guard  against.  The  surface  of  the  picture  may  be 
varied  at  will,  according  to  the  nature  of  the  plate 
upon  which  the  development  takes  place.  As  the 
pigment  tissue  during  development  adheres  very 
closely  to  the  impermeable  surface  to  which  it  clings, 
the  image  naturally  enough  adopts  in  some  measure 
the  character  of  the  support.  Thus  a glass  plate, 
having  over  it  a film  of  collodion,  will,  if  used  as  a 
developing  basis,  yield  a print  having  a most  glaring 
and  brilliant  surface ; while  a zinc  plate,  roughly 
grained,  gives  a heavy,  dull  print.  A very  suitable 
developing  basis  is  that  afforded  by  a polished  zinc 
plate ; for  .the  latter  imparts  a finished  appearance 
to  the  photograph  and  perfect  transparency  in  the 
shadow,  without,  at  the  same  time,  rendering  the 
surface  too  glaring  or  brilliant.  Unfortunately  in 
most  cases  a white  developing  surface  is  necessary, 
in  order  that  the  operator  may  see  how  far  to  push 
matters ; for  the  grey  colour  of  the  zinc  is  rather 
misleading.  Matt  opal  glass  or  biscuit  porcelain  are 
both  suitable  for  the  purpose,  but  they  are  rather 
costly,  and,  moreover,  easily  broken. 

Photo-lithography  and  Photo-zincography.— 
Many  excellent  plans  have  been  proposed  for  placing 
the  photographic  image  upon  stone  and  zinc,  and  print- 
ing from  the  same  by  lithography.  No  half  tone 
can  be  obtained  in  this  way  in  any  degree  of  per- 
fection ; but  in  the  reproduction  of  drawings,  designs, 
line  engravings,  MSS.,  and  the  like,  the  processes 
are  very  successful.  One  of  the  methods  in  general 
use  is  that  of  Sir  Henry  James,  which  is  employed 
at  the  Ordnance  Survey  Office,  Southampton ; but 
lately  many  improvements  have  been  made  in  this 
kind  of  printing.  Butter’s  process,  as  practised  by 
that  gentleman  in  the  Royal  Carriage  Department  at 
Woolwich,  is  a most  perfect  one ; and  being  to  our 
knowledge  of  an  exceedingly  practical  nature,  we 
give  the  details  in  cxtenso. 

The  Drawing  or  Dedgn  to  be  copied  for  reproduction 
should  have  weU-dcfined  black  lines,  and  should  not 
be  shaded  with  Indian  ink,  or  tinted  with  flat  washes 
of  any  kind.  It  should  be  properly  stretched  on  a 
level  board,  or  pinned  out  as  flat  as  possible,  in 
order  that  all  the  lines  may  be  kept  in  the  same  plane. 

In  Taking  the  Negative,  select  a situation  where 
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diffused  light  falls  upon  the  drawing;  as  when  the 
lighting  proceeds  strongly  from  one  direction,  the 
grain  on  the  surface  of  the  paper  and  the  glazed  ink 
lines  give  false  lights  and  shadows  in  the  negative, 
causing  some  of  the  lines  and  figures  to  be  broken 
and  confused.  The  size  of  the  intended  copy  being 
determined,  it  is  marked  on  the  ground  glass  of  the 
camera,  and  the  drawing  placed  in  such  a position 
as  to  reflect  an  image  which  exactly  fills  the  space 
marked  on  the  ground  glass ; the  right  angles  at  the 
corners  being  accurately  preserved,  whidli  can  only 
be  done  by  keeping  the  plane  of  the  picture  or 
drawing  parallel  to  that  of  the  ground  glass,  and  the 
centre  in  a line  with  the  axis  of  the  lens.  Small 
stops  are  used  to  get  sharp  definition,  and  some 
point  midway  between  the  centre  and  outside  parts 
of  the  drawing  is  used  to  focus  by.  The  collodion 
must  not  be  newly  mixed,  should  be  perfectly  clear, 
and  adhere  well  to  the  glass  plate. 

The  Nitrate  of  Silver  Bath  is  of  the  ordinary  strength, 
but  made  slightly  acid,  to  prevent  any  chance  of 
fogging.  The  exposure  in  the  camera  should  be 
sufficiently  prolonged  to  get  a fair  deposit  of  silver, 
but  should  not  be  carried  so  far  as  to  risk  filling 
up  the  lines  whilst  developing ; as  one  of  the  most 
essential  conditions  to  insure  success  in  the  subse- 
quent ojrerations  is  to  secure  in  the  negative  perfect 
transparency  in  lines  representing  the  drawing,  and 
as  much  opacity  as  possible  in  every  other  part. 

The  Developing  Process  which  gives  the  best  results 
is  the  following ; — Develop  in  the  first  place  by 
means  of  a lo-grain  solution  of  sulphate  of  iron, 
with  15  minims  of  acetic  acid,  and  stop  the  action 
the  moment  the  lines  are  distinctly  visible.  After 
well  washing  the  jflate,  if  it  appears  very  weak,  pour 
over  it  a mixture  of  equal  parts  of  the  following: — 


Pyrogallic  acid, 8 grains. 

Citric  acid, 25  “ 

Distilled  water, 2 ozs. 

Nitrate  of  silver, 10  grains. 

Distilled  water, 2 ozs. 


This  should  not  be  used  unless  the  deposit  is 
very  feeble,  and  must  be  washed  off  before  becoming 
much  discoloured.  The  negative  should  now  be 
fixed  with  a saturated  solution  of  hyposulphite  of 
soda,  and  the  film  rendered  dense  and  opaque  by 
first  repeating  the  use  of  the  mixed  jiyrogallic  acid 
and  nitrate  of  silver  solutions ; and  after  washing, 
pouring  over  the  plate  a saturated  solution  of  bi- 
chloride of  mercury  until  it  has  whitened  ; washing, 
and  finally  darkening  with  a weak  solution  of  hypo- 
sulphite of  soda  (about  1 part  saturated  solution 
and  12  parts  water).  Before  using  the  bichloride 
of  mercury,  the  plate  may  be  dried  and  the  edges 
varnished,  to  prevent  the  collodion  rising;  and  if 
a single  application  is  not  sufficient  to  obtain  the 
requisite  density,  the  treatment  with  mercury  and 
hyposulphite  of  soda  solution  may  be  repeated. 
Great  care  must  be  taken  in  well  washing  the  film 
after  the  use  of  the  hitter,  since  there  is  otherwise 
a liability  to  the  formation  of  red  and  brown  steins, 
which  would  render  the  negative  altogether  useless. 

The  Photo-lithogi-aphic  Paper  is  prepared  by  dissolv- 


ing separately  3 ozs.  of  the  best  gelatine  (“Nelson’s 
opaque  ” answers  very  well)  in  40  ozs.  of  hot  water, 
and  2 ozs.  of  bichromate  of  potash  in  10  ozs.  of  hot 
water ; the  two  solutions  are  mixed  together,  and 
should  then  be  kept  from  the  light.  When  required 
for  use  the  beaker,  or  other  vessel  containing  the 
mixture,  should  be  immersed  in  hot  water  for  the 
purpose  of  liquefying  the  gelatine,  which  may  then 
be  poured  into  a flat  porcelain  dish,  placed  within 
another  containing  hot  water ; and  the  paper  is  then 
floated  in  the  liquid  for  about  seven  or  eight  minutes, 
the  corners  being  lifted  and  all  air-bubbles  carefully 
dispersed,  so  as  to  insure  a perfect  coating  The  sheet 
is  then  raised,  drained  over  the  dish,  and  hung  up  to 
dry,  after  which  the  process  is  repeated.  Bank  post 
paper  is  found  to  be  most  suitable,  and  before  its 
preparation  one  side  should  be  marked,  so  'as  to 
readily  distinguish  the  prepared  surface.  The  whole 
of  this  operation  must,  of  course,  be  conducted  in 
the  dark. 

When  perfectly  dried  after  the  second  coating, 
the  prepared  paper  should  be  laid  face  downwards 
on  a polished  lithographic  stone,  heated  and  passed 
through  the  press  in  order  to  give  it  a smooth 
uniform  surface ; care  being  taken  that  no  light 
gets  to  it,  to  insure  which  in  this,  as  in  subsequent 
operations,  the  lithographic  press  should  be  in  the 
dark  room,  or  used  at  night,  or  the  stone  may  be 
lifted  from  the  press  and  taken  into  the  dark  room 
each  time  it  is  necessary  to  handle  the  paper  on  it, 
using  several  folds  of  yellow  paper  as  backing  sheets, 
to  protect  the  prepared  paper  during  the  transit. 

The  operation  of  printing  is  precisely  the  same  as 
with  albumenized  paper,  extra  care  being,  however, 
needed  that  no  light  reaches  the  print.  As  the 
printed  parts  are  of  a yellowish-brown  colour,  while 
the  whole  surface  of  the  paper  is  of  a deep  yellow, 
the  difference  between  the  two  is  scarcely  discern- 
ible in  the  yellow  light  of  the  dark  room ; but  the 
operator  must  not  be  tempted  to  examine  the  pro- 
gress in  daylight.  It  is  also  of  the  utmost  import- 
ance that  the  image  should  not  be  overprinted,  for 
if  the  action  of  the  light  extends  to  the  general 
surface  of  the  paper,  it  is  altogetlier  impossible  to 
succeed  in  clearing  the  print  in  the  next  process; 
if,  on  the  other  hand,  the  image  be  underprinted, 
there  is  a great  probability  of  the  finest  lines  being 
rubbed  away. 

Inking  the  Impression  is  the  next  stage  in  the  pro- 
cess after  exposure,  and  again  brings  the  lithographic 
press  into  requisition.  The  greasy  ink  used  may  be 
either  the  common  litho-retransfer  ink,  with  which 
the  most  satisfactory  results  have  been  obtained,  or 
the  following  ^Grind  together  2 lbs.  of  chalk  litho- 
graphic ink  and  1 lb.  of  middle  linseed  varnish ; melt 
in  an  iron  ladle  4 ozs.  of  Burgundy  pitch,  and  add 
gradually  2 ozs.  of  palm  oil  and  2 ozs.  of  white  wax ; 
stir  the  mixture  till  it  burns;  and  then  put  in  the 
ink  and  varnish  in  small  quantities  at  a time,  stirring 
the  whole  well  together.  When  required  for  u.se  a 
small  portion  is  melted  with  sufficient  spirits  of  tur- 
pentine, so  as  to  give  it,  when  cold,  the  consistence 
of  treacle.  To  ink  the  print,  a polished  lithographic 
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stone  (having  been  cleaned  with  spirit  of  turpentine, 
if  it  has  been  used  for  the  same  purpose  before)  is 
charged  with  a very  thin  coating  of  the  ink  by  means 
of  a litho-roller,  and  the  print  laid  face  downwards 
upon  it  and  passed  through  the  press,  using  a rather 
lighter  pressure  than  in  ordinary  printing.  On  taking 
up  the  print  it  should  be  found  uniformly  covered 
with  a thin  tint  of  the  black  ink : the  thinner  the  layer 
of  the  ink,  the  sharper  and  finer  will  the  drawing 
come  out. 

Removing  the  superfluous  ink  is  accomplished  in 
the  following  manner : — Prepare  some  strong  gum 
water  and  warm  it  slightly;  pour  some  hot  water 
(about  100°  Fahr.)  into  a flat  porcelain  dish,  and 
upon  it  float  the  inked  print,  face  upwards,  allowing 
it  to  remain  until  the  warm  moisture  has  penetrated 
the  gelatinous  film,  which  will  be  known  by  the 
appearance  of  innumerable  glossy  patches  over  the 
surface  of  ink.  Then  pour  off  the  water,  leaving 
the  print  evenly  spread  on  the  bottom  of  the  warm 
dish,  and  wash  it  very  carefully  with  a soft  sponge 
and  the  warm  gum  water.  If  the  gelatine  is  of  good 
quality,  the  negative  sufficiently  opaque,  and  no 
light  has  been  permitted  to  reach  the  print  beyond 
that  which  passed  through  the  transparent  parts  of 
the  negative,  the  coating  of  gelatine,  and  with  it  the 
greasy  ink  on  its  surface,  will  be  removed  from  the 
paper  with  the  slightest  touch  of  the  sponge,  leaving 
behind  such  portions  of  the  composition  only  as  have 
been  made  insoluble  by  the  action  of  light,  and 
which  consequently  also  retain  the  ink  on  them  ; 
gum  water  being  incapable  of  attacking  the  grease 
and  removing  it  from  the  paper,  unless  it  can  do  so 
by  first  dissolving  away  the  foundation  of  gelatine 
upon  which  it  rests. 

When  all  the  superfluous  ink  has  been  removed, 
the  print  is  washed  in  several  changes  of  tepid  water 
(not  so  warm  as  before),  and  hung  up  to  dry.  A 
careful  examination  will  now  point  out  any  errors 
in  the  foregoing  process.  If  the  fine  lines  which  lie 
close  together,  or  the  angles  formed  by  the  junction 
or  crossing  of  the  lines,  are  filled  in  with  ink,  and 
the  drawing  generally  appears  rough  and  wanting  in 
sharpness,  there  has  been  too  much  ink  on  the  stone 
in  the  inking  process ; if,  on  the  other  hand,  the 
lines  are  very  sharp  and  fine,  but  extremely  j^ale 
and  wanting  in  sufficient  body  to  transfer  themselves 
to  stone,  there  has  been  too  little  (a  very  rare  fault). 
If  the  ink  leaves  the  paper  sluggishly,  and  there 
remsiins  behind  a dark  scum  in  patches  over  the 
drawing,  light  has  affected  the  paper,  either  through 
the  negative  being  not  sufficiently  dense  (a  very 
likely  cause),  or  from  carelessness  in  conducting  the 
operations.  If  the  lines  are  broken,  and  exhibit  a 
tendency  to  leave  the  paper,  the  print  has  been 
under-exposed ; whilst  if  the  thick  lines,  dots,  «&c., 
are  finn,  sliarp,  and  well  defined,  and  the  fine  ones 
rotten  and  feeble,  the  negative  itself  is  ft  fault, 
having  its  fine  lines  partly  covered  up  in  the  intensi- 
fying process.  This  fault  is  not  so  easily  discerned 
on  looking  through  the  negative  as  might  be 
imagined,  on  account  of  the  filling  up  frequently 
consisting  of  a thin  yellowish  veil,  transparent  to 
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the  eye  and  chemically  opaque — a fault  generally 
due  to  over-exposure  and  carrying  the  development 
too  far  previously  to  fixing,  but  occasionally  due  to 
insufficiently  washing  away  the  hyposulphite  of  soda 
in  each  operation  in  which  it  has  been  used. 

The  Transferring  to  Stone  is  performed  in  the  same 
manner  as  with  ordinary  transfer  in  lithography. 

M.  Rodriques,  a professor  of  chemistry  at  Lisbon, 
has  also  elaborated  a process  of  photo-zincogTaphy, 
which  is  used  with  great  success  in  the  Government 
Topographical  Department  of  Portugal.  The  details 
of  his  method  are  as  follows : — 

Preparation  of  the  Negatives. — The  ordinary  phoot- 
graphic  processes  are  used,  choice  being  made  of  that 
one  which  gives  the  most  opaque  density  of  ground 
and  the  greatest  transparency  in  the  lines. 

Preparation  of  the  Zinc  Plates. — -Very  thin  plates 
of  metal  are  used,  having  a very  even  surface,  which 
is  polished  with  emery  powder.  Upon  the  plate, 
after  it  has  been  thoroughly  cleansed  from  every 
impurity,  is  applied  a very  thin  coating  of  the 
under-mentioned  solution ; — 


Gelatine, 2 grams. 

Bichromate  of  ammonia 1 gram. 

Water, 100  grams. 


After  drying  over  a gas  flame  the  plate  is  exposed 
to  diffused  light  under  a cliche,  in  an  ordinary  print- 
ing frame,  for  a period  varying  from  fifty  seconds 
to  a minute  and  a half,  according  to  the  opacity  of 
the  blacks  (the  blacks  must  be  quite  opaque).  It  is 
then  allowed  to  remain  for  about  five  minutes,  to 
allow  the  chemical  action  to  proceed.  After  this 
the  plate  is  covered  with  a mixture  composed  of 
ordinary  lithographic  ink  and  transfer  ink,  in  the 
proportion  of  4 parts  of  the  former  to  1 of  the 
latter — the  roller  used  for  the  purpose  being  one  of 
very  supple  leather ; and  the  plate  is  then  plunged 
into  cold  water  for  three  or  four  hours.  It  is  need- 
less to  say  that  the  last  operations  are  conducted  in 
the  dark.  The  plate  is  next  taken  out  of  the  water, 
and  with  the  same  roller  the  image  is  developed  by 
depriving  the  plate  of  all  the  superfluous  ink.  The 
impression  is  put  into  tepid  water  for  a period  suffi- 
cient to  dissolve  away  completely  the  parts  where 
the  light  has  not  acted ; the  plate  is  further  washed 
with  cold  water,  drained,  and  as  soon  as  dry  covered 
with  a solution  of — 


Water, 1000  grams. 

Gum  arahic, 40  “ 

Sulpliate  of  copper, 2 “ 

Gallic  acid, 5 “ 

Nitric  acid, J gram. 


Printing.  — A printing  press  may  be  employed 
instead  of  a lithographic  one.  Every  plate  will  yield 
from  200  to  300  impressions,  and  the  same  zinc 
plate  will  serve  the  purpose  several  times  if  properly 
cleaned  with  dry  emery  powder.  By  employing 
thicker  plates,  and  etching  the  metal  as  in  chemical 
engraving,  sufficient  relief  is  obtained  for  typo- 
graphic printing.  The  main  points  of  advantage 
in  the  process  are — (1),  that  no  transfer  is  neces- 
sary; (21,  the  printing  is  very  rapid;  (3),  perfect 
80  
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contact  between  the  clicM  and  the  zinc  is  insured 
during  exposure  to  light;  (4),  no  graining  of  the 
pktes  is  necessary;  and  (5),  there  is  great  adher- 
ence of  the  sensitive  film  to  the  zinc,  the  former 
being  exceedingly  thin,  and  well  cemented  to  the 
metal. 

Another  efficient  process  of  photo-lithography,  or 
Papyrography,  as  its  inventor.  Captain  Abney,  R.E., 
terms  it,  consists  in  taking  a sheet  of  paper  of  suit- 
able size,  and  coating  it  with  a sensitive  film,  by 
floating  upon  a solution  made  up  of — 


Gelatine, 3 ozs. 

Bichromate  of  potash, IJ  oz. 

Water, 50  ozs. 


When  dry  the  operation  is  repeated,  and  the  sheet 
hung  up  the  reverse  end.  To  give  a fine  surface 
to  the  paper,  a preliminary  coating  of  gelatine  and 
alum  may  be  applied.  When  perfectly  dry  the 
sensitive  paper  is  put  under  a negative  to  print ; 
and  after  removal  from  the  pressure  frame,  it  is  put 
into  cold  water  containing  a little  alum.  After 
remaining  immersed  for  some  time  to  allow  the 
soluble  bichromate  to  dissolve  out,  the  paper  is  put 
upon  a flat  support  of  glass,  zinc,  or  any  other  firm 
basis,  and  the  superfluous  moisture  removed  by 
means  of  bibulous  paper.  Lithographic  transfer 
ink  is  then  applied  by  means  of  a soft  leather  roller, 
and  the  impression  is  then  treated  like  an  ordinary 
transfer,  and  put  down  upon  a stone  or  zinc  surface 
in  the  lithographic  press.  If  the  negative  employed 
is  a thin  one,  and  causes  what  should  be  unaltered 
gelatine  to  be  altered  by  the  light,  a stiff  ink  must 
be  used,  as  an  ink  of  this  kind  has  a less  degree  of 
affinity  for  the  parts  which  have  been  feebly  acted 
upon.  After  the  inking  of  the  impression  has  been 
effected,  it  is  sometimes  advisable  to  reimmerse  the 
print  in  a solution  of  alum.  It  is  also  advisable  to 
dry  the  picture  at  this  stage,  and  in  the  event  of  the 
whole  of  the  bichromate  not  having  been  washed 
out,  to  expose  it  to  light  again,  so  as  to  insure  the 
surface  becoming  as  hard  as  possible,  and  thus  pre- 
venting it  from  adhering  to  the  stone  or  zinc  when 
the  image  is  being  transferred.  The  impression 
should  be  damped  before  transfer. 

Photographic  Engraving. — This  process  was 
patented  by  Fox  Talbot  in  April,  1858 ; it  consists 
in  etching,  by  chemical  means,  a positive  photograph 
printed  upon  a copper  plate. 

Plates  of  steel,  copper,  or  zinc,  such  as  are  com- 
monly used  by  engravers,  are  employed.  Before 
using  a plate  its  surface  should  be  well  cleaned.  It 
should  then  be  rubbed  with  a linen  cloth  dipped  in 
a mixture  of  caustic  soda  and  whiting,  in  order  to 
remove  any  remaining  trace  of  greasiness.  The 
plate  is  then  to  be  rubbed  dry  with  another  linen 
cloth.  This  process  is  then  to  be  repeated,  after 
which  the  plate  is  in  general  sufficiently  clean. 

The  sensitive  coating  for  receiving  the  image  is 
prepared  by  adding  to  about  a quarter  of  an  oz.  of 
gelatine,  dissolved  in  8 or  10  ozs.  of  water  by  the 
aid  of  heat,  1 oz.,  by  measure,  of  a saturated  solu- 
tion of  potassium  bichromate  in  water,  and  straining 


the  mixture  through  a linen  cloth.  The  best  sort  of 
gelatine  for  the  purpose  is  that  used  by  cooks  and 
confectioners.  Isinglass  does  not  answer  so  well, 
since  it  sometimes  has  an  acidity  which  corrodes  the 
metal  plates.  In  tliis  case  ammonia  should  be  added 
to  the  mixture.  The  mixture  of  gelatine  and  potas- 
sium bichromate  keeps  good  for  several  months.  It 
remains  liquid  and  ready  for  use  during  the  summer 
months,  but  in  cold  weather  becomes  a jelly,  and 
has  to  be  warmed  before  employing  it.  It  should 
be  kept  in  a cupboard  or  dark  jilace.  The  propor- 
tions given  above  may  be  considerably  varied  with- 
out injuring  the  result.  The  engraving  process 
should  be  carried  on  in  a partially  darkened  room. 

A little  of  the  prepared  gelatine  is  poured  on  the 
plate  to  be  engraved,  which  is  then  held  vertically, 
and  the  superfluous  liquid  drained  off  at  one  of  the 
corners.  It  is  then  held  in  a horizontal  position  over 
a spirit  lamp,  which  soon  dries  the  gelatine,  which  is 
left  as  a thin  film  of  a pale  yellow  colour,  covering 
the  metallic  surface,  and  generally  bordered  with 
several  narrow  bands  of  prismatic  colours.  These 
tints  enable  the  operator  to  judge  of  the  thickness 
of  the  film.  When  it  is  very  thin,  prismatic  colours 
are  seen  over  the  whole  surface  of  the  plate. 

The  object  to  be  engraved  is  laid  on  the  metal 
plate,  and  screwed  down  upon  it  in  a photographic 
copying  frame.  The  plate  is  then  placed  in  the 
light  for  a space  of  time  varying  from  one  to  several 
minutes,  according  to  circumstances.  When  the 
frame  is  withdrawn  from  the  light,  and  the  object 
removed  from  the  plate,  a faint  image  is  seen,  upon 
it,  the  gelatine  having  turned  brown  wherever  the 
light  has  acted.  Finely-powdered  gum  copal  or 
common  resin  is  then  spread  over  the  surface  of 
the  plate,  carefully  and  very  evenly;  care  being  taken 
to  guard  against  putting  on  too  much  of  the  powder. 
The  plate  is  then  held  over  a spirit  lamp,  in  order 
to  melt  the  gum.  This  requires  a considerable  heat. 
The  melting  of  the  copal  is  known  by  its  change  of 
colour.  The  plate  should  then  be  withdrawn  from 
the  lamp,  and  suffered  to  cool.  The  gelatine  being 
thus  covered  with  a layer  of  copal ; ferric  chloride, 
the  etching  liquid,  is  poured  on.  This  is  prepared 
by  dissolving  hot  ferric  oxide  in  hydrochloric  acid. 
After  straining  the  solution  to  remove  impurities, 
it  is  evaporated,  and  is  then  poured  off  into  bottles. 
As  it  cools,  it  solidifies  into  a brown  semi-crystalline 
mass,  which  when  laid  upon  a surface  of  iron,  copper, 
or  zinc,  attacks  these  bodies,  being  itself  reduced 
to  the  state  of  ferrous  chloride. 

A bottle  (No.  1)  is  filled  with  a saturated  solu- 
tion of  ferric  chloride  in  water ; a bottle  (No.  2) 
with  a mixture  consisting  of  5 or  6 parts  of  the 
saturated  solution  and  1 part  of  water  ; and  a bottle 
(No.  3)  with  a weaker  liquid,  consisting  of  equal 
parts  of  water  and  of  the  saturated  solution.  Before 
employing  these  solutions  to  etch  the  photoglyphic 
plate,  the  operator  tests  their  power,  by  apply- 
ing a portion  of  No.  2 bottle  to  metallic  surfaces 
prepared  as  directed ; and  when  the  etching  goes 
on  too  rapidly,  adds  to  it  a quantity  of  the  saturated 
liquid  in  No.  1 bottle.  On  the  contrary,  if  the 
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etching  does  not  commence  for  a few  minutes,  or 
proceeds  only  slowly,  it  is  a sign  that  the  liquid  is 
too  dense,  and  requires  dilution  either  with  water 
or  the  contents  of  the  third  bottle;  either  of  which 
ought,  however,  to  be  added  very  sparingly,  as  a 
small  proportion  of  either  gives  great  activity  to  the 
etching  liquid.  After  the  strength  and  power  of 
the  solution  have  been  detennined  by  three  or  four 
such  trials,  it  may  be  poured  on  the  prepared  plate, 
and  spread  evenly  with  a camel-hair  brush.  The 
liquid  penetrates  the  gelatin  wherever  the  light  has 
not  acted  on  it,  but  does  not  penetrate  those  parts 
upon  which  the  light  has  sufficiently  acted.  In  this 
way  the  etching  proceeds  till  all  the  details  of  the 
picture  have  become  visible,  which  generally  occurs 
in  two  or  three  minutes ; the  operator  stirring  the 
liquid  all  the  time  with  a camel-hair  brush,  and  thus 
slightly  rubbing  the  surface  of  the  gelatin.  When 
it  seems  likely  that  the  etching  will  improve  no 
further,  it  must  be  stopped.  This  is  done  by  wiping 
off  the  liquid  with  cotton  wool,  and  then  rapidly 
pouring  a stream  of  cold  water  over  the  plate,  which 
carries  off  all  the  remainder  of  it.  The  plate  is 
then  wiped  with  a clean  linen  cloth,  and  rubbed  with 
soft  whiting  and  water  to  remove  the  gelatine.  The 
etching  is  then  found  to  be  completed. 

Phuto-galvaiiography. — This  process  consists  in 
obtaining  from  a photograph,  and  by  meaus  of 
electro-plating,  a metal  plate  in  raised  and  sunk 
{)arts,  from  which  impressions  can  be  printed  in 
printers’  ink. 

ITie  positive  print — generally  on  paper — is  laid, 
face  upwards,  on  a sheet  of  glass  coated  with  gelatine, 
containing  potassium  bichromate  and  dried ; it  is 
then  exposed  to  light  in  a pressure  frame  for  a few 
hours.  The  picture  on  the  gelatine  is  developed  in 
raised  and  sunk  parts  by  immersion  in  water.  Where 
the  light  has  not  acted  the  gelatine  swells;  but  where  • 
it  has  acted,  the  gelatine  is  hardened  and  does  not 
swell.  The  picture  thus  formed  is  very  curious, 
and  resembles  a positive  by  reflected  light ; the 
shadows  and  dark  parts  being  rough,  and  the  lights 
smooth  and  polished. 

A mould  of  the  picture  is  then  tiiken  in  gutta- 
percha about  half  an  inch  thick,  and  a copperplate 
is  made  from  the  gutta-percha  mould  by  electrolysis. 
The  copperplate  thus  obtained  is  called  the  matrix. 
It  precisely  resembles  the  original  gelatine  picture. 
The  plate  from  which  the  proof  is  to  be  printed  is 
obtained  from  the  matrix  by  the  electrotype  j)rocess. 
From  the  final  plate,  four  or  five  hundred  good 
impressions  may  be  struck  in  the  ordinary  way.  A 
considerable  number  of  plates  may  be  obtained  from 
the  matrix  ; also  of  matrices  from  the  gutta-percha 
mould,  and  of  gutta-percha  moulds  from  the  gelatine 
picttire. 

WooDBURYTYPE. — This  process,  the  invention  of 
Walter  H.  Woodbury,  is  perhaps  the  most  perfect  | 
photo-mechanical  printing  process  at  present  known. 
Although  patented  some  time  previously,  it  was  in  ! 
1866  that  the  inventor  published  the  first  example 
of  the  process,  by  way  of  illustration,  in  the  Photo-  [ 
graphic  News,  when  the  sterling  value  of  the  inven-  j 


tion  was  at  once  apparent.  Of  late  years  several 
very  material  improvements  have  been  made  in  the 
process  by  Woodbury  and  others,  and  large  establish- 
ments for  printing  by  the  Woodburytype  or  photo- 
relief process  exist  in  London  as  well  as  in  the  large 
cities  of  Europe  and  America.  The  way  in  which 
the  printing  block  is  obtained  and  the  mode  of 
printing,  are  easily  explained,  the  key-stone  of  the 
whole  process  being  the  power  of  light  to  render 
insoluble  a mixture  of  bichromate  and  gelatine,  when 
the  latter  is  exposed  to  its  action  for  a sufficient  period 
— (See  section  on  Pigment  or  Carbon  Printing). 

The  first  thing  to  be  done  is  to  obtain  the  printing 
block.  A negative  of  any  description  is  taken  and 
put  into  a printing  frame  with  a film  of  gelatine, 
sensitized  with  bichromate.  A good  method  of  pre- 
paring this  film  is  to  coat  a glass  with  collodion,  and 
when  this  has  set,  to  pour  thereon  a warm  and  thick 
solution  of  gelatine  containing  3 to  5 per  cent,  of 
bichromate  of  potash.  The  film  must  be  of  tolerable 
thickness,  and  therefore  two  or  more  applications  of 
the  gelatine  are  usually  necessary.  When  dry,  this 
sensitive  film  is  placed  under  the  negative  to  be 
printed,  the  printing  frame  being  placed  at  the 
bottom  of  a box,  so  that  the  rays  can  only  come 
direct  from  above,  and  not  from  all  sides.  This  is  a 
very  necessary  precaution,  because  the  printing  goes 
to  some  depth  into  the  gelatine;  and  if  the  light  rays 
were  not  perfectly  vertical,  the  impression  would  not 
be  a sharp  one.  After  printing,  the  film  is  put  into 
warm  water,  or  has  warm  water  poured  upon  it,  and 
this  has  the  effect  of  dissolving  out  such  parts  of  the 
film  as  may  still  be  soluble.  Where  the  light  has 
been  altogether  screened  from  the  film  by  an  opaque 
part  of  the  negative,  there  the  gelatine  is  still  quite 
soluble,  and  consequently  the  warm  water  produces 
quite  a deep  hollow  in  those  parts ; where  the  gela- 
tine has  been  only  partly  shielded  from  the  light  by 
a slight  covering  of  the  negative — in  the  half  tones, 
for  instance — there  the  warm  water  has  but  little 
action,  but,  nevertheless,  washes  away  the  gelatine 
in  a slight  degree ; while  under  the  transparent  parts 
of  the  negative,  where  the  light  has  had  free  access 
to  the  film,  there  the  gelatine  is  perfectly  insoluble, 
and  consequently  no  amount  of  washing  will  remove 
it.  Thus  the  washing  of  the  impressed  gelatine  film 
has  the  effect  of  producing  an  image  in  relief ; for 
we  have  a photograph  on  gelatine,  not  made  up  of 
light  and  shade,  but  of  depressions  and  hollows  of 
various  depths.  This  gelatine  image,  which,  it  must 
be  remembered,  has  a stout  backing  of  collodion  to 
give  it  strength,  is  next  put  into  a strong  solution  of 
alum,  which  has  the  effect  of  tanning  and  fixing  the 
image,  rendering  the  whole  more  permanent.  This 
matrix  or  mould  is  next  dried,  and  is  then  ready  to 
furnish  the  engraved  plate.  A sheet  of  type  metal, 
or  lead  mixed  with  a small  percentage  of  antimony, 
is  placed  face  to  face  with  the  gelatine  matrix  and 
subjected,  in  a hydraulic  press,  to  an  even,  steady, 
and  very  heavy  pressure;  the  result  being  that  the 
gelatine,  without  being  injured  in  the  slightest 
degree,  is  pressed  into  the  type  metal,  which  receives 
a counterpart  image  similar,  down  to  the  most 
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minute  details,  to  that  upon  the  gelatine  matrix. 
The  latter,  which  might  be  deemed  the  most  delicate 
of  the  two  substances,  and  the  most  ready  to  give 
way,  is,  strange  to-  say,  so  free  from  injury  after  the 
process  that  it  will  serve  for  the  purpose  a score  of 
times ; so  that,  the  matrix  once  secured,  there  is 
scarcely  any  limit  to  the  number  of  engraved  plates 
which  it  will  furnish.  The  engraved  plate,  as  we 
have  said,  is  of  precisely  the  same  nature  as  the 
gelatine  film,  only,  of  course,  the  picture  is  reversed, 
and  the  prominences  and  depressions  have  changed. 

The  engraved  plate  is  put  into  a press  ready 
for  printing,  and  a sheet  of  thin  paper,  which  has 
been  submitted  to  considerable  pressure,  and  thus 
rendered  of  uniform  thickness,  is  put  in  position 
under  it ; upon  the  paper  is  poured  a little  trans- 
parent gelatinous  ink  in  a warm  state,  the  same 
being  of  such  a nature  that  a thick  layer  of  it  appears 
black,  while  a thinner  layer  is  only  dark  or  light 
brown,  according  to  the  amount  of  ink  in  the  film. 
A little  pool  of  this  ink  is  poured  upon  the  paper 
which  is  to  receive  the  impression,  and  the  printing 
block  then  descends  and  presses  out  all  that  is 
superfluous.  The  block  is  not  raised  again  immedi- 
ately afterwards,  but  is  allowed  to  remain  for  about  a 
minute,  to  allow  time  for  the  ink  to  set;  and  during 
this  period  the  printer  may  turn  his  attention  to 
other  printing  presses.  After  an  interval  the  block 
is  lifted,  and  we  have  then  an  impression  upon  paper 
similar  in  detail  and  half  tone  to  an  ordinary  sQver 
print.  Li  the  deep  shadows  of  the  picture  there  is 
a thick  layer  of  the  dark  transparent  ink,  while  in 
the  half  tones  the  layer  is  thinner,  and  consequently 
lighter ; for  it  must  be  borne  in  mind  that  the 
shadows  of  the  image  upon  the  engraved  plate  are 
represented  by  deep  hollows,  and  consequently  these 
allow  a thick  layer  of  ink  to  remain,  when  the  block 
descends  and  squeezes  the  pool  of  ink  from  under 
it ; and  so  in  like  manner  with  the  half  tones,  where 
the  depressions  in  the  plate  are  less.  The  print  is 
formed  of  ink  made  up  for  the  most  part  of  gelatine 
and  Indian  ink,  or  other  suitable  pigment ; and  in 
order  to  render  it  more  permanent,  it  is  dipped  into 
an  alum  solution  to  tan  the  gelatine. 

Woodburytype  prints  may  be  produced  of  so  fine 
and  delicate  a nature  as  to  be  quite  indistinguishable 
from  silver  prints ; and  as  in  pigment  printing, 
they  may  be  produced  of  any  desired  colour,  accord- 
ing to  the  kind  of  pigment  introduced  into  the  ink. 
There  is  one  serious  drawback  in  this  production  at 
present,  however,  and  that  is  the  impossibility  of 
furnishing  prints  beyond  a certain  size — say  10  or 
12  inches  square.  This  is  due  to  the  great  difficulty 
that  exists  of  obtaining  metal  plates  of  large  size 
absolutely  uniform  in  thickness  and  in  evenness  of 
surface.  As  the  tone  of  a picture  depends  solely 
upon  the  uniform  pressure  of  the  block  against  the 
paper,  any  unevenness  in  this  respect  causes  a 
portion  of  the  print  to  be  darker  or  lighter  in  colour. 
The  desideratum  is,  of  course,  more  easy  to  secure  in 
the  case  of  small  pictures  than  large.  The  rapidity 
with  which  these  photo-mechanical  prints  can  be 
produced  is  unlimited  ; for  once  the  gelatine  matrix  i 


is  secured,  no  further  aid  from  daylight  is  necessary, 
and  the  preparation  of  engraving  blocks  and  the 
printing  off  of  copies  can  be  proceeded  with  without 
delay.  Woodburytype  is,  we  repeat,  the  most  per- 
fect photo-mechanical  printing  process  known  at 
the  present  day,  and  produces  pictures  more  closely 
allied  to  silver  prints  than  any  other. 

Collotype  Printing. — Collotype  printing,  or  print- 
ing from  a colloid  film,  differs  much  from  photo-litho- 
graphy, where  the  impressions  are  pulled  off  a stone 
or  zinc  surface.  In  photo-lithography  only  black 
lines  can  be  produced,  such  as  are  to  be  found 
in  engravings,  drawings,  and  the  like ; but  in  collo- 
type printing,  whether  termed  Liclitdruch,  Albert-type, 
Heliotype,  &c.,  half  tones  can  be  obtained.  It  is 
a photo-mechanical  process,  therefore,  producing 
every  gradation  of  tone,  like  Woodburytype.  It  is 
a less  expensive  process  than  the  latter,  and  will 
yield  prints  of  much  larger  dimensions ; but  these 
are  scarcely  so  vigorous  and  sharp  as  those  by  the 
Woodbury  process. 

Photo-collotype,  like  Woodburytype  and  pigment 
printing,  requires  the  employment  of  gelatine  and 
bichromate  of  potash.  The  essential  principle  upon 
which  collotype  printing  rests  was  first  pointed  out 
by  PoiTEViN  and  Pretsch— viz.,  the  property  of 
bichromated  gelatine,  after  exposure  to  light  under 
a negative,  to  repel  or  attract  in  parts  a greasy  ink 
rolled  over  its  surface.  Tessie  du  Motay  may  be 
said  to  be  the  first  who  invented  a practical  photo- 
collotype process,  the  only  drawback  to  his  invention 
being  the  fragile  character  of  the  printing  blocks 
produced,  these  being  broken  up  and  ruined  before 
a hundred  prints  could  be  pulled  from  the  surface. 
The  gelatine  surface  which  printed  off  the  impression 
could  not  be  backed  up  with  sufficient  firmness  to 
withstand  the  great  pressure  to  which  it  was  sub- 
jected. Tessie  du  Motay’s  plan  was  to  take  a 
mixture  of  gelatine,  gum,  and  isinglass,  and  support 
the  same  upon  a copper  plate.  This  copper  plate 
played  an  important  role  in  the  process ; for  by 
using,  in  conjunction  with  the  trichromate  (employed 
instead  of  bichromate  as  being  more  suitable  when 
thick  surfaces  are  to  be  sensitized),  a reducing  salt, 
a reaction  was  brought  about  upon  the  organic 
compound,  rendering  that  portion  of  it  in  contact 
with  the  metal  perfectly  insoluble — a result  acceler- 
ated by  warming  the  plate  prior  to  its  being  placed 
upon  the  metal.  In  this  way  Tessie  du  Motay 
succeeded  in  establishing,  between  his  sensitive 
surface  (that  was  to  be  solarised  and  subsequently 
inked  up)  and  support,  an  insoluble  layer,  which, 
while  serving  to  attach  the  printing  block  to  its 
foundation,  and  acting  as  a kind  of  medium  or  buffer, 
was  at  the  same  time  perfectly  incapable  of  absorb- 
ing moisture  during  the  manipulation  of  the  plate 
in  the  lithographic  press.  The  gelatine  surface  was 
exposed  under  a cliche,  and  then  put  into  the  press 
for  printing  from,  the  image  being  moistened  with 
a wet  sponge  and  inked  up  as  in  lithography. 

The  reason  of  the  plates  breaking  up  was  doubt- 
less the  fact  that  the  gelatine  mixture  was  not  so 
uniformly  cemented  to  the  metal  plate  as  the  inven- 
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tor  hoped,  and  this  difficulty  Albert  overcame 
in  his  process.  Instead  of  a copper  plate  as  a support 
he  employed  a sheet  of  patent  plate  glass,  coating 
one  side  of  it  with  a bichromated  gelatine  mixture, 
then  laying  it  prepared,  face  downwards,  upon  a 
sheet  of  black  paper,  and  exposing  it  to  the  action 
of  light  from  the  back.  The  black  paper  absorbed 
the  rays  from  the  surface  touching  it ; and  thus, 
while  the  greater  portion  of  the  film  was  rendered 
insoluble,  the  exterior  surface  remained  unacted 
upon,  and  capable  of  adhering  to  the  second  sensitive 
film  subsequently  placed  on  the  top  of  it  to  receive 
the  image,  and  become  in  course  of  time  the  print- 
ing block.  By  employing  glass  the  great  advantage 
was  obtained  of  being  able  to  watch  and  control 
the  action  of  the  light,  and  insure  the  production  of 
an  insoluble  layer  in  bitumen,  which  cemented  the 
image  firmly  to  the  glass  plate. 

The  Lichtdruck  process  is  very  similar  to  Albert- 
type;  but  Heliotypc  is  somewhat  different,  chrome  alum 
being  employed  with  the  gelatine  to  render  it  insolu- 
ble in  water,  although  still  capable  of  absorbing 
moisture.  In  heliotype  the  gelatine  mixture  is  pre- 
pared in  the  form  of  skins,  and  these  are  exposed  to 
light  and  cemented  to  a metal  or  stone  basis  for 
printing  from. 

The  collotype  process,  as  practised  by  Captain 
James  Waterhouse,  the  assistant  surveyor  general 
of  India,  gives  remarkably  good  results,  and  we 
shall  therefore  describe  it  in  detail.  It  is  similar 
to  the  heliotype,  Lichtdruck,  and  Alberttype,  the 
printing  surface  being  a layer  of  insoluble  gelatine 
which  has  been  acted  upon  by  light,  through  the 
agency  of  an  alkaline  bichromate,  in  such  a manner 
that  tlie  parts  exposed  to  light  become  non-absorbent 
of  water  in  proportion  to  the  degree  in  which 
they  have  been  acted  upon,  while  the  protected 
parts  absorb  water  in  proportion  to  the  amount 
of  protection  they  have  received.  If  the  surface  be 
wetted,  and  a roller  charged  witli  printing  ink  be 
passed  over  its  surface,  the  exposed  parts  will  attract 
the  ink  exactly  in  proportion  as  they  are  non- 
absorbent of  water,  while  the  unexposed  and  fully 
absorbent  parts  will  repel  the  ink  exactly  in  the  same 
manner  as  the  wet  parts  of  the  stone  in  lithographic 
printing.  The  practical  working  of  the  process  may 
best  be  considered  under  four  heads : — 1st,  the 
original  drawing  ; 2nd,  the  negative  ; 3rd,  the  pre- 
paration of  the  printing  film ; 4th,  the  printing. 

The  Original  Drawing. — The  great  advantages  of 
the  photo-collotype  process  over  ordinary  photo- 
lithography is  that  any  drawing  or  sketch,  whether 
drawn  in  lines  only,  or  coloured  in  washes  that  will 
give  a good  photograph,  may  be  reproduced  by  it; 
while  photo-lithography,  as  already  pointed  out,  can 
only  reproduce  designs  in  black  and  white.  At  the 
same  time,  in  this  process  it  is  necessary  that  the 
drawing  to  be  reproduced  be  well  and  accurately 
executed,  otherwise  the  copies  will  be  unsatisfactory. 

The  Xegatire.  — As  the  printing  surface  receives 
the  imsige  direct  from  the  negative,  and  not  by 
transfer  as  in  photo-lithography,  the  necessity  for 
the  negative  to  be  reversed  will  be  easily  under- 

stood.  There  is  no  difficulty  in  obtaining  reversed 
negatives  by  either  of  the  three  following  methods : — 

1.  By  the  use  of  a reversing  mirror  in  front  of 
the  lens: 

2.  By  taking  the  negative  through  the  glass-plate 
instead  of  on  its  surface,  i.e.,  by  turning  the  glass  in 
the  camera  so  that  the  collodion  film  may  be  turned 
away  from  the  lens  instead  of  facing  it: 

3.  By  coating  an  ordinary  negative  with  gelatine, 
or  transfer  collodion,  and  stripping  it  off  the  glass. 

The  first  plan  is  a good  and  simple  one;  the 
second  answers  well  if  the  glass  plate  can  be  obtained 
free  from  bubbles  and  other  imperfections.  The 
third  plan  will  not  do  well  where  mathematical 
accuracy  is  required,  as  the  gelatine  is  apt  to  con- 
tract; but  in  any  other  case  it  may  be  employed  with 
advantage.  The  best  plan  to  strip  off  a negative 
film  is  to  carefully  put  it  on  a levelling  stand,  and 
surround  the  plate  by  a wall  of  putty  or  dough.  A 
solution  of  gelatine  composed  of — 

Gelatine, 1 oz. 

Water, 8 ozs. 

Glycerin, 1 drachm 

is  poured  upon  it,  and  left  to  dry  in  a place  free 
from  dust ; as  soon  as  the  film  is  dry,  a knife  is  run 
round  the  four  sides,  and  the  film  instantly  peels 
off  the  glass.  If  the  gelatine  film  receives  a coat  of 
collodion  to  which  a little  castor  oil  has  been  added, 
it  is  proof  against  any  atmospheric  influence.  A 
plan  suggested  by  Captain  Abney,  R.E.,  of  trans- 
ferring the  negative  films  by  means  of  india-rubber 
solution  and  transfer  collodion,  and  then  laying 
them  down  reversed  on  a glass  plate,  is  most  suc- 
cessful, and  obviates  many  difficulties. 

Preparation  of  the  Printing  Plate. — The  printing 
plates  are  of  glass,  ordinary  plate  glass  about  three- 
eighths  of  an  inch  in  thickness  answering  very  well. 
The  plates  are  ground  on  one  side  with  very  fine 
sand.  When  required  for  use  they  are  thoroughly 
cleaned  in  the  usual  manner,  and  carefully  levelled 
by  means  of  tripod  levelling  screws  placed  so  as  to 
form  an  isosceles  triangle  corresponding  to  the  size 
of  the  plate ; this  method  is  much  more  convenient 
than  using  the  ordinary  levelling-stands. 

While  the  plates  are  being  levelled,  the  gelatine 
solution  is  prepared  as  follows : — 

( Gelatine, 1 oz. 

A K Sugar, 1 drachm 

( Idstilled  water, 6 ozs. 

Heated  in  a water  bath  till  the  gelatine  is  dissolved. 

g / Honey  soap, 30  grains 

\ Distilled  water, 1 oz. 

Boiled  till  the  soap  is  dissolved. 

p f Tannin, 10  grains. 

\ Water, 1 oz. 

The  above  quantity  will  be  found  sufficient  for  two 
square  feet  of  plate. 

As  soon  as  the  gelatine  solution  A is  quite  ready, 
solutions  B and  C are  mixed  together  hot.  .and  poured 
gradually,  with  constant  stirring,  into  A.  The  whole 
j is  then  strained  tlirough  two  thicknesses  of  coarse 
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cotton  cloth,  and  poured  evenly  over  the  plates, 
any  bubbles  being  removed  with  the  point  of  a pen- 
knife. The  plates  are  then  covered  over  with  a 
light  paper  cover  to  prevent  dust  falling  on  them, 
and  in  the  cold  months  will  set  firmly  in  about  an 
hour,  when  they  may  be  removed  into  the  open  air 
and  turned  face  downwards  upon  small  blocks  of 
wood  at  tlieir  corners  to  remain  till  quite  dry,  which 
will  be  in  from  twelve  to  twenty-four  hours.  In  the 
hot  weather,  however,  they  will  neither  set  nor  dry 
so  readily,  and  it  wiU  be  advisable  to  increase  the 
setting  power  of  the  gelatine  by  substituting  1 oz. 
of  spirits  of  wine  in  place  of  the  water  used  in  dis- 
solving the  tannin. 

When  the  plates  are  dry,  they  may  either  be  put 
away  till  required,  or  sensitized  at  once  in  a bath  of — 


Bichromate  of  potash, 1 part. 

Water 20  parts. 


They  are  allowed  to  remain  in  this  for  about  five 
minutes,  and  are  then  removed  to  a drying-box  and 
dried  with  a gentle  heat.  When  dry,  the  deposit 
at  the  back  of  the  plates,  as  well  as  any  inequalities 
at  the  corners  of  the  gelatine  film,  are  removed, 
and  the  plates  are  ready  for  exposure  to  light  under 
the  negative. 

This  operation  is  performed  in  a pressure-frame, 
in  the  same  way  as  for  ordinary  photographs.  It 
is  advisable,  however,  to  .secure  clean  margins  by 
shielding  the  borders  of  the  negative  by  means  of 
a mask  cut  out  in  yellow  or  brown  paper,  which 
should  well  overlap  the  edges  of  the  printing  plates. 
The  mask  is  laid  on  the  glass  of  the  pressure-frame ; 
then  the  negative  in  its  proper  position  (should  this 
be  a transferred  film,  it  is  advisable  to  place  a glass 
plate  between  it  and  the  mask,  in  order  to  secure 
the  most  perfect  contact)  ; the  sensitive  plate  is  then 
rubbed  over  with  a little  powdered  soapstone,  to 
prevent  its  adhesion  to  the  negative,  and  adjusted  in 
its  place  over  the  negative,  covered  with  a sheet  of 
black  velvet  or  brown  paper,  over  which  a thick 
glass  plate  is  laid,  and,  if  necessary,  a few  sheets  of 
thick  paper  to  give  a good  strong  pressure,  when 
the  bars  are  shut  down.  The  thick  plate  of  glass 
has  been  found  to  give  much  sharper  and  more  even 
contact  than  the  usual  backboard. 

The  amount  of  exposure  to  light  varies  from  about 
ten  minutes  in  the  sun  for  a clear  line  subject,  to 
from  twenty-five  to  fifty  minutes  for  a subject  in 
half  tones,  according  to  the  nature  of  the  negative 
and  the  intensity  of  the  light.  As  there  is  some 
difficulty  in  estimating  the  amount  of  exposure 
necessary — for  the  impression  cannot  be  referred  to 
during  the  printing — it  is  well  to  have  recourse  to  an 
actinometer,  such  as  that  described  in  the  section  on 
Pigment  and  Carbon  Printing. 

When  the  ex|>osure  to  light  is  considered  suf- 
ficient, the  negative  and  mask  are  removed,  and  the 
lack  of  the  sensitive  plate  is  then  exposed  to  light 
for  about  five  or  ten  minutes,  to  thoroughly  harden 
the  gelatine  and  prevent  it  from  swelling  too  much 
in  the  after  processes.  It  is  as  well  to  carry  on  this 
second  exposure  under  a piece  of  ground  glass, 


otherwise,  if  there  should  be  any  scratches  on  the 
back  of  the  sensitive  plate,  or  on  the  glass  of  the 
pressure-frame,  they  will  show  as  white  lines  on 
the  print;  after  this,  the  plate  is  taken  out  of  the 
frame,  a little  tallow  is  rubbed  round  the  edges  to 
prevent  water  getting  underneath  and  stripping  the 
film,  and  it  is  then  plunged  in  water  and  thoroughly 
washed  till  all  traces  of  bichromate  have  been  re- 
moved, and  is  then  ready  for  printing. 

The  Printing. — The  plate  may  be  printed  in  the 
lithographic  press,  and  in  this  case  requires  to  be 
fixed  on  a level  stone  with  plaster  of  Paris.  Vertical 
pressure  is,  however,  better,  and  the  Albion  press 
answers  the  purpose  well ; the  bed  of  the  press  being 
fitted  with  two  or  three  thicknesses  of  kamptulicon, 
besides  a sheet  of  vulcanized  rubber  on  which  the 
plate  rests.  It  is  also  desirable  to  place  a sheet  of 
white  paper  over  the  bedding,  in  order  to  enable 
the  printer  the  better  to  see  the  state  of  the  plate 
when  it  is  being  inked  up.  The  plate,  having  been 
well  soaked  in  water,  is  laid  on  the  press,  and  after 
being  wiped  to  remove  the  excess  of  moisture,  is 
inked  in,  if  a Une  subject,  with  an  ordinary  litho- 
graphic roller  charged  with  an  ink  composed  of 
lithographic  chalk  ink,  thinned  with  a little  olive  oil, 
followed  by  a rolling  with  a smooth  roller  to  clean 
away  the  superfluous  ink.  A mask  of  the  required 
size  is  laid  on  the  plate ; over  this  comes  the  printing 
paper,  covered  with  a piece  of  soft  felt  to  drive  the 
paper  well  into  the  hollows  of  the  plate;  the  tympan 
is  lowered,  and  the  impression  pulled  in  the  ordinary 
way.  The  plate  is  then  damped,  and  the  work  goes 
on  in  the  same  manner  without  difficulty. 

For  printing  in  half  tones  the  process  is  some- 
what different,  and  to  obtain  uniformly  successful 
results  requires  considerable  skill  and  experience. 
The  plate  is  first  inked  in  with  a small  leatlier  hard 
roller  charged  with  stiff  ink  (rendered  stiffer,  if 
necessary,  by  the  addition  of  a little  Canada  bal- 
sam), which  adheres  only  to  the  deeper  shadows; 
the  half  tones  are  then  brought  out  by  rolling  in 
with  a smooth  lithographic  roller,  charged  with  a 
lighter  and  softer  ink.  Rollers  composed  of  glue, 
treacle,  soap,  and  catechu  have  been  found  useful 
in  certain  cases,  but  on  the  whole  lithographic  rol- 
lers are  to  be  preferred.  The  impressions  are  best 
printed  upon  an  enamelled  paper,  or  one  having  a 
smooth  glazed  surface. 

Before  putting  away  the  plates  after  printing  they 
should  be  washed  with  turpentine,  followed  by  a 
very  weak  solution  of  caustic  potash  to  remove  all 
traces  of  the  greasy  ink ; they  may  also  be  treated 
after  this  with  a mixture  of  gum  and  glycerin  with 
advantage. 

For  clearing  the  image  after  it  has  been  inked  up, 
an  aqueous  solution  of  citric  acid  will  be  found  use- 
ful. Water  containing  20  per  cent,  of  acid  is  a good 
mixture ; it  has  all  the  valuable  properties  of  nitric 
acid  and  cyanide  of  potassium  in  clearing  the  surface 
of  greasy  scum,  and  at  the  same  time  makes  the  lines 
take  the  ink  well. 

It  should  be  borne  in  mind  that  perfect  results 
cannot  be  obtained  unless  the  surface  of  the  gelatine 
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printing  block  is  in  absolute  contact  with  the  negative 
during  printing;  and  this  cannot  be  secured  unless 
the  negative  in  the  form  of  a film  (detached  from 
the  glass,  therefore)  is  laid  upon  the  sensitive  gela- 
tine surface.  This  should  always  be  done,  if  possible, 
the  negative  film  being  strijiped  from  the  glass  in  the 
manner  already  indicated.  When  the  film  has  been 
obtained  upon  a layer  of  gelatine  or  india-rubber,  the 
pliin  of  0[ieration  is  as  follows : — The  sensitized  and 
dried  gelatine  plate,  which  is  subsequently  to  form  the 
printing  surface,  is  covered  with  an  extremely  thin 
coating  of  wax  (dissolved  in  turpentine  or  benzol), 
and  is  then  put  into  a bath  of  spirits  of  wine. 
The  negative  film  is  laid  upon  the  gelatine  surface  in 
its  proper  position,  and  then  both  are  removed  from 
the  bath,  and  tlie  film  is  pressed  down  by  means  of 
a sponge ; a few  thicknesses  of  blotting  paper  and  a 
glass  plate  being  put  upon  the  film  until  dry.  The 
gelatine  surface  is  then  exposed  to  light  with  the 
negative  film  upon  it,  and  the  latter  is  removed  as 
soon  as  the  printing  is  complete.  If  the  gelatine 
surface  has  been  well  coated  with  wax,  and  the 
negative  film  is  pretty  tough,  there  is  no  difficulty 
in  removing  it,  and  it  may  be  laid  aside  in  sheets  of 
blotting  paper  for  future  use.  Should  the  film  tear, 
or  be  difficult  to  remove,  it  should  be  dissolved  off 
at  once  with  ether  or  other  solvent;  otherwise,  if 
left  to  soak  in  water  there  will  be  a continuing 
action  of  the  light  in  the  parts  protected  by  the  film, 
and  they  will  print  darker  than  the  other  parts  of 
the  plate,  and  spoil  the  impressions.  Before  the 
gelatine  surface  is  put  to  soak  the  wax  should  be 
removed  with  a little  turpentine ; the  image  may 
tlien  be  washed  aud  inked  up  as  already  described. 

Another  formula  for  making  the  tanno -gelatine 
composition  used  for  the  printing  plates  is  as  fol- 
lows : — 

Gelatine, 30  parts. 

Albumen, 30  “ 

Tannin, 1 part. 

Water, 240  parts. 

The  addition  of  albumen  is  advantageous  in  ren- 
dering the  film  tough,  and  making  it  more  adherent 
to  the  glass. 

Enlargements. — It  isverynecessary  that  the  nega- 
tive from  which  the  enlargement  is  to  be  made 
should  be  most  perfect  in  its  character.  Fine  thin 
glass  must  be  selected,  free  from  every  kind  of  im- 
perfection, and  the  image  produced  must  be  soft 
and  transparent.  In  no  portion  should  it  be  very 
dense.  A long  exposure  will  generally  give  a plate 
of  the  required  kind ; it  must,  however,  be  quite 
free  from  fog,  and  perfectly  transparent  in  the  clearer 
portions.  The  image  must  be  sharply  formed,  and 
appear  clear  and  bright. 

The  enlargement  may  either  be  made  in  a copy- 
ing camera,  or  by  means  of  sunlight  or  artificial 
light  reflected  tlirough  the  negative  upon  a screen. 
Solomon  has  constructed  a magnesium  lamp  which 
answers  the  purpose,  the  negative  being  put  into  the 
apparatus  in  tlie  same  way  as  a slide  is  put  into  a 
magic  lantern.  To  give  the  illumination  magnesium 
wire  is  burnt,  the  same  being  regularly  paid  out  by  a 

clock-work  movement.  The  image  is  focused  and 
projected  upon  a screen,  upon  which  is  stretched 
sensitized  paper.  After  the  luminous  image  has 
acted  for  the  period  of  a minute,  more  or  less, 
according  to  the  density  of  the  negative,  the  paper 
is  put  into  a developing  solution  and  afterwards 
fixed.  Solomon’s  instructions  as  to  formulae  are — 

IODIZING  SOLUTION. 

Iodide  of  potassium, 80  grains. 

Bromide  of  ammonium, 35  “ 

Chloride  of  ammoniutn, 10  “ 

Gelatine, 60  “ 

Albumen, 1 oz. 

Distilled  water, 10  ozs. 

Mix  and  let  the  solution  stand  until  the  gelatine  has 
become  soft,  and  then  apply  heat  until  it  has  per- 
fectly dissolved.  The  solution  should  be  applied  to 
the  paper  with  a clean  sponge. 

SENSITIZING  SOLUTION. 

Nitrate  of  silver 1 oz. 

Glacial  acetic  acid, J “ 

Distilled  water, 12  ozs. 

When  the  paper  has  been  iodized  and  dried,  float 
it  on  this  solution  for  five  minutes,  or  it  can  be 
applied  with  a little  cotton  wool. 

DEVELOPER. 

Gallic  acid 60  grains. 

Acetate  of  lead, 10  “ 

Distilled  water, 10  “ 

Filter  well.  In  cold  weather  the  solution  should 
be  used  warm. 

FIXING  SOLUTION. 

Hyposulphite  of  soda, ...  10  ozs. 

Water, 60  “ 

Dr.  Von  Monckhoven  recommends,  for  enlarging, 
an  oxyhydrogen  apparatus  of  his  own  construction,  by 
means  of  which,  he  obtains  most  excellent  results. 
It  may  be  employed  for  producing  enlarged  col- 
lodion negatives  on  glass  from  small  glass  positives, 
a few  seconds’  exposure  being  necessary.  To  obtain 
enlarged  paper  prints  the  paper  is  stretched  on  a 
screen  as  in  the  former  case,  the  paper  being  first 
prepared  with  a mixture  of — 

Water, 1 litre. 

Tapioca, 10  grams. 

Iodide  of  potassium 10  “ 

Bromide  of  potassium, 10  “ 

The  tapioca  is  boiled  in  water  and  then  passed 
through  linen ; the  iodide  and  bromide  are  then 
added.  The  sheets  of  paper  are  immersed  one  after 
the  other  in  this  liquid,  and  are  then  suspended  to 
dry;  they  are  kept  in  a portfolio  till  required  for 
use.  Tlie  paper  is  sensitized  by  being  plunged  into 
a silver  bath,  or  the  liquid  may  be  applied  carefully 
by  means  of  a tuft  of  cotton  wool.  Another  plan, 
which  is  a good  one  with  large  sheets,  consists  in 
employing  a large  horizontal  wooden  tray  on  two 
pivots,  by  means  of  wliich  the  sensitizing  solution 
poured  upon  the  paper  is  rocked  to  and  fro  over  the 
surface.  The  sensitizing  bath  is  made  up  of — 

Distilled  water, 5 litres. 

Nitrate  of  silver, 250  to  400  grama. 

Citric  acid, 20  “ 

640  PHOTOGRAPHY.— Enamels. 


After  sensitizing  the  sheet  is  dried,  althougli  it  may  ; 
very  well  be  exposed  in  a comparatively  moist  state 
to  receive  the  impression.  The  paper  is  exposed 
until  the  heavy  shadows  are  slightly  seen,  and  the 
image  is  then  developed  by  gallic  acid.  Two  solu- 
tions are  prepared  and  filtered,  made  up  as  follows ; 


. ( Gallic  acid, 100  grams. 

t Alcohol, 1 litre. 

r>  J Acetate  of  lead, 100  grams. 

\ Distilled  water, 1 litre. 


The  best  plan  is  to  form  the  paper  to  be  developed 
into  a tray,  and  place  it  upon  a developing  board ; 
or  better  still,  in  the  rocking  tray  on  pivots  just 
mentioned.  If  the  print  is  not  very  large,  an 
ordinary  porcelain  dish  may  be  employed.  As  many 
litres  of  water  are  put  into  the  utensil  as  will  suffice 
to  cover  the  print,  and  then  for  every  litre  of  water, 
c.c.  of  gallic  acid  (A)  and  10  c.c.  of  glacial  acetic 
acid,  the  utensil  being  rocked  to  mix  the  liquids. 
Then  2|  c.c.  of  the  lead  solution  (B)  are  added,  and 
the  mixture  again  agitated.  The  solution  should  be 
perfectly  clear,  and  not  in  any  way  turbid.  The 
print  is  not  washed,  but  is  introduced  as  uniformly 
as  possible  into  the  liquid,  rocking  the  bath,  mean- 
while, so  that  the  sheet  is  constantly  bathed ; other- 
wise, spots  and  stains  upon  the  print  will  be  produced. 
The  time  of  development  varies  from  ten  to  forty 
minutes ; the  developing  solution  being  poured  away 
and  replaced  by  water. 

The  best  enlargements  are,  however,  produced  by 
means  of  an  enlarging  camera.  A positive  is  first 
taken  from  the  negative  of  the  same  size  as  the 
latter,  this  being  done  either  by  placing  a dry 
sensitive  plate  against  the  negative,  and  letting  the 
light  act  through  for  a second  or  so,  and  developing 
the  plate  in  such  a manner  that  a good  vigorous 
cliche  is  the  result ; or  the  positive  may  be  obtained, 
and  this  is  by  far  the  best  plan,  by  carbon  printing. 
A piece  of  carbon  tissue  is  simply  exposed  under 
the  negative,  soaked  in  cold  water,  applied  to  a glass 
plate,  and  then  developed;  this  makes  a most 
suitable  positive  transparency  for  enlarging  from, 
because  it  h;is  far  more  vigour  of  a uniform  character 
than  a collodion  film,  and  it  is  for  this  reason, 
indeed,  that  the  latter  never  furnishes  a thoroughly 
satisfactory  enlargement.  The  transparent  positive 
is  placed  in  the  camera,  and  by  means  of  a suitable 
lens  an  enlarged  image,  this  time  a negative  one,  is 
thrown  on  the  focusing  screen.  The  camera  is 
adjusted  until  the  enlargement  is  shown  to  be  of 
the  required  size,  and  then  a collodionized  plate  is 
put  into  the  apparatus,  and  a negative  secured  in 
the  usual  manner.  Of  course,  if  very  big  enlarge- 
ments are  desired,  the  camera  must  be  a very  long 
and  spacious  affair.  The  negatives,  and  consequently 
the  prints  produced  by  this  method  of  enlargement, 
are  soft  and  brilliant,  and  free  from  that  disagreeable 
grain  and  coarseness  which  characterizes  the  ordinary 
enlargement.  B.  J.  Edwakds,  whose  method  of 
enlarging  is  also  a very  perfect  one,  employs  neither 
collodion  nor  carbon  tissue  in  the  production  of  his 
positive,  but  a sensitive  composition  whicli  is  kept 
a secret. 


Photo-Enamels. — Mostof  the  enamellingprocesses 
practised  at  the  present  day  are  secret  methods. 
M.  Poitevin,  M.  Tessie  du  Motay,  M.  Lafon  de 
Camersac,  M.  Joubert,  M.  Grune,  M Leth,  and 
MM.  Geymet  and  Alker,  abroad ; and  Messrs.  Hen- 
derson, Mayland,  Robinson  and  Cherrill,  and 
others  in  this  country,  have  brought  the  process  to 
a very  high  degree  of  perfection.  So  delicate  and 
risky  is,  however,  the  preparation  and  burning  in  of 
pictures  of  this  kind,  that  it  is  natural  that  even 
skilful  workers  cannot  work  with  uniform  success ; 
and  it  not  unfrequently  happens  that  a most  per- 
fect enamel  at  the  very  last  stage  of  production 
cracks,  or  loses  its  agreeable  tint,  without  almost 
any  apparent  cause.  M.  Leth,  of  Vienna,  a good 
photo-enameller,  proceeds  in  the  following  man- 
ner;— In  the  first  place,  a collodion  positive  is 
produced  upon  glass  in  the  camera,  or  by  means  of 
a dry  plate  in  the  printing  frame.  This  positive  is 
covered  with  a solution  of  1 gram,  of  gutta-percha 
in  30  grams,  of  chloroform,  previously  filtered. 
When  cold  the  margin  of  the  film  is  cut,  and  the 
same  plunged  into  cold  water,  and  in  this  way  the 
collodion  positive  separated  from  the  glass.  It 
should  be  kept  flat  under  pressure.  As  enamel 
surfaces  are  rarely  flat,  but  generally  convex,  it  is 
a matter  of  necessity  that  the  collodion  film  should 
be  on  an  elastic  basis.  Enamelled  plates  of  a suit- 
able character  may  be  purchased,  being  of  copper, 
covered  with  white  enamel;  they  are  oval,  and 
possess  a relief  like  a cameo.  The  surface  of  the 
enamel  is  well  cleaned  and  polished,  and  then 
coated  with  a mixture  made  up  in  the  following 
proportions : — 


Distilled  water, 100  grams. 

Bichromate  of  potash, 6 “ 

Gum  arahic, 5 “ 

Honey, 1 “ 

White  sugar, 1 “ 


So  long  as  this  mixture  is  liquid,  it  is  not  sensitive 
to  light.  It  must  be  filtered  through  Swedish 
filtering  paper,  an  operation  which  proceeds  very 
slowly.  As  it  has  the  consistence  of  syrup  it  may 
be  easily  applied,  after  a little  practice,  to  the  curved 
surface  of  the  enamel  plate,  the  coating  being  after- 
wards dried  at  a gentle  heat  before  a stove ; this  last 
operation  must  be  carried  on  in  the  dark.  The 
enamel  plate,  thus  prepared,  is  covered  with  the  film 
carrying  the  positive  image.  By  carefully  pressing 
the  same  down  in  every  direction,  the  film  is  placed 
into  perfect  contact  with  the  enamel ; the  operation 
being  more  facile  if  the  film  is  rather  larger  than  the 
plate,  the  edges  of  the  former  being  pressed  under- 
neath the  margin  of  the  enamel.  In  this  state  the 
same  is  exposed  to  the  action  of  sun-light  for  the 
space  of  one  or  two  minutes,  or  in  diffused  light 
for  a period  of  from  five  to  fifteen  minutes.  'I'o 
develop  the  image,  it  is  taken  into  the  dark  room 
and  the  film  removed,  when  a visible  image  will  be 
found  upon  the  prepared  enamel  surface.  Finely 
ground  pigment,  as  for  instance,  powdered  charcoal, 
sprinkled  over  this  exposed  surface,  adheres  to  those 
portions  where  the  light  has  not  acted  ; but  instead 
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of  charcoal,  powdered  enamel  of  any  desired  colour 
is  employed,  together  with  a flux  of  some  kind,  also 
in  powder.  M.  Leth  prepares  his  powder  by  fusing 
in  a crucible  a mixture  of  2 parts  of  sulphate  of 
cobalt,  1 part  of  sulphate  of  zinc,  2 parts  of  sulphate 
of  iron,  2 piirts  of  sulphate  of  manganese,  and  12 
parts  of  saltpetre.  The  product  is  reduced  to  powder 
and  well  washed.  One  part  of  this  powder  is  mixed 
with  2 or  3 parts  of  flux,  also  reduced  to  powder. 
I’he  flux  is  secured  by  calcining  in  a crucible  2 parts 
of  sand,  1 piirt  of  borax,  and  6 parts  of  red  lead ; 
tlie  fusible  glass  thus  produced  being  subsequently 
reduced  to  a fine  powder.  A flux  containing  no 
lead  may  be  obtained  by  calcining  in  a crucible  8 
parts  of  quartz  sand,  4 to  6 parts  of  fused  borax,  1 
or  2 parts  of  saltpetre,  and  1 part  of  chalk.  To 
operate  well  the  powders  must  be  impalpable,  and 
are  either  sprinkled  upon  the  image  from  a bag,  or 
applied  over  the  surface  with  a soft  camel’s-hair 
brush.  In  the  latter  case  a brush  full  of  powder 
is  taken,  and  commencing  from  the  top,  the  image  is 
dabbed  over  with  it,  any  superfluous  powder  being 
afterwards  removed  by  sweeping  the  brush  over  the 
surface.  If  the  image  appears  too  black,  a too  large 
amount  of  powder  having  become  attached,  the 
enamel  plate  is  heated  slightly  over  a spirit  lamp, 
and  the  excess  of  pigment  powder  removed  by  means 
of  a fresh  brush.  If,  on  the  other  hand,  the  amount 
of  powder  attached  appears  too  small,  it  is  well  to 
breathe  on  the  surface  of  the  image,  and  apply  a 
further  quantity  of  powder. 

The  enamel  is  ne.xt  immersed  in  sulphuric  acid 
diluted  with  twice  its  volume  of  water  and  alcohol, 
which  has  the  effect  of  eliminating  the  soluble  salts 
of  chromium,  which  impart  a yellowish  tint  to  the 
image.  It  is  then  washed  in  plenty  of  water  and 
allowed  to  dry.  The  plate  is  then  ready  to  be 
burnt.  This  is  done  in  a small  muffle-furnace  ; the 
image  upon  the  enamel  plate  loses  a little  during 
the  operation,  and  may  even  disappear  altogether  if 
the  temperature  is  too  high,  or  the  heat  too  pro- 
longed. In  the  latter  case  the  image  becomes 
dissolved  in  the  excess  of  white  enamel  covering 
the  plate.  Very  handy  and  cleanly  furnaces  are  now 
manufactured,  burning  petroleum  or  gas,  and  these 
are  very  suitable  for  enamelling.  The  temperature 
to  which  the  enamels  should  be  exposed  is  that  of  a 
cherry  red  colour,  and  this  ought  never  to  be  passed. 
The  enamel  is  put  upon  a metal  plate  in  the  red-hot 
furnace,  and  allowed  to  remain  therein  for  not  less 
than  a few  minutes. 

Another  method  of  producing  enamels  is  simply 
to  attach  a collodion  film,  carrying  an  ordinary  silver 
image,  to  a porcelain  or  enamelled  surface.  This 
silver  image  may  be  burnt  in,  by  putting  the  same 
into  a muffle  - furnace,  or  if  desired,  the  silver 
picture  may  be  changed  into  gold,  platinum,  or 
iridium,  by  immersing  it  in  a solution  of  the  salts  of 
these  metals.  When  the  image  has  been  burnt  in 
upon  the  surface,  it  assumes  the  colour  of  the  metal 
of  which  it  is  composed. 

J.  Solomon  gives  two  methods  for  producing  this 
most  beautiful  and  permanent  form  of  photograph. 
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He  calls  them  the  powder  process  and  the  film  pro- 
cess; and  both  depend  upon  securing  good  transpar- 
encies, or  photographic  clichen^  on  a supple  film.  The 
transparency  best  suited  for  the  powder  process  is, 
however,  entirely  unsuited  to  the  film  process.  In 
the  former  case  it  must  be  fully  developed,  with  high 
lights  full  of  detail,  and  look  well  by  transmitted 
light,  the  image  serving  for  any  number  of  proofs ; 
in  the  film  process  each  enamel  requires  a trans- 
parency, the  film  being  transferred  to  the  enamel 
tablet.  In  this  case  the  film  cliche  must  appear  best 
against  a white  background,  the  high  light  being 
transparent,  so  that  the  white  ground  behind  shows 
through,  and  the  blacks  rich  and  opaque.  The 
developer  recommended  to  be  used  for  producing 
the  collodion  transparency  for  the  film  process  is — 


Pyrogallic  acid, 3 grains. 

Citric  acid, 3 “ 

Glacial  acetic  acid 15  minims. 

Water 1 oz. 

Or, 

Proto-sulphate  of  iron, 10  grains. 

Gracial  acetic  acid 12  minims. 

Water, 1 oz. 


Slow  development  is  best,  and  the  iron  developer 
should  only  be  employed  in  the  case  of  a very  dense 
negative,  and  then  only  in  the  first  stage  of  the 
operation.  To  produce  the  transparency  for  the 
film  process,  a copying  camera  must  be  employed. 

In  the  powder  process  the  following  solutions 
should  be  prepared,  not  being  mixed  together  until 
actually  required,  as  they  are  then  sensitive,  and 
must  be  kept  in  the  dark  room : — 


FORMULA  I. 

a Dextrine, 1 oz. 

Grape  sugar, 1 “ 

Finest  powdered  gum  arahic, 1 drachm. 

Distilled  water, 10  ozs. 

h Bichromate  of  ammonia, 1 oz. 

Distilled  water, 10  ozs. 

FORMULA  II. 

a Best  honey, 8 grains. 

White  sugar, 15  “ 

Gum  arahic, 1 drachm. 

Glucose, 1 “ 

6 Bichromate  of  ammonia, 5 ozs. 

Distilled  water, J oz. 


When  required  for  use,  a and  b are  mixed  in  equal 
proportions  and  filtered. 

A well  cleaned  glass  jilate  is  coated  (in  the  dark 
room,  of  course)  with  either  of  the  sensitive  com- 
pounds mentioned,  and  drained  on  blotting  paper  ; 
it  is  then  placed,  while  still  in  a slanting  position 
and  upon  the  blotting  paper,  on  an  iron  plate,  under 
which  is  a spirit  lamp,  for  the  purpose  of  gently 
drying  the  film.  When  hard  and  dry,  it  is  covered 
with  the  transparency  (film  against  film)  and  put 
into  a printing  frame,  the  time  of  exposure  being 
judged  by  a trial  plate — in  sunlight  thirty  seconds 
being  enough,  while  in  dull  light  half  an  hour  is  not 
too  much.  The  pressure  frame  must  not  be  allowed 
to  be  damp  and  cold  in  unfavourable  weather,  and 
the  development  must  take  place  in  a warm  room. 
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The  plate  is  held  in  the  left  hand,  and  black  vit- 
rifiable  powder,  made  up  of — 


Hard  black  China, 100  parts. 

Brown-purple, 40  “ 


Ground  up  for  use, 

is  strewn  over  it,  the  plate  being  shaken  to  scatter 
the  powder  all  over  it.  The  powder  is  brushed  to 
and  fro  with  a camel-hair  mop,  and  then  the  plate 
allowed  to  remain  to  be  influenced  by  the  humidity 
of  the  atmosphere.  The  operation  of  dusting  may 
be  repeated  three  or  four  times  till  the  image  is 
brilliant ; and  it  is  well  to  treat  several  images  at 
the  same  time,  and  then  select  the  best  for  vitrify- 
ing. Coat  the  plate  then  with  plain  collodion,  and 
as  soon  as  this  has  set,  the  margins  of  the  film  are 
rubbed  off  with  the  finger  nail ; it  is  then  immersed 
in  water,  acidulated  with  a little  hydrochloric  or 
nitric  acid,  which  eliminates  the  bichromate  and 
loosens  the  film.  After  remaining  here  for  some 
time,  the  plate  is  transferred  to  pure  water,  where 
the  image  is  floated  off  the  glass  and  reversed  in  the 
water,  so  that  the  collodion  side  is  downwards.  The 
enamel  plate  having  been  washed  in  carbonate  of 
soda  to  remove  greasiuess,  is  carefully  put  under 
the  floating  film,  the  film  being  adjusted  on  the 
surface  by  the  aid  of  a soft  brush — both  surfaces 
being  withdrawn  from  the  water  when  they  are  in 
proper  juxtaposition.  The  margin  of  the  film  is 
bent  round  underneath  the  enamel  to  make  it  adhere 
more  closely.  The  heating  of  the  enamel  in  the 
furnace  is  a difficult  oper.ition ; the  heat  should  be 
ardent  and  equally  distributed  over  the  surface  of 
the  enamel,  the  colour  being  a cherry  red.  Solomon 
is  very  particular  on  this  point.  The  draft  hole 
must  be  stopped  before  placing  the  tablet  in  the 
inuftle,  so  as  to  prevent  a current  of  air  from  that 
quarter,  and  the  room  door  must  be  closed  for  the 
same  reason.  When  nearly  ready,  place  inside  tlie 
muffle  one  of  the  cylindrical  lumps,  and  upon  it 
the  hollow  hemisphere  of  clay,  whereon  the  disc 
which  carries  the  tablet  in  the  furnace  is  turned. 
Then  take  one  of  the  largest  circular  plates  of  fire- 
clay, cover  it  with  whitening  to  form  a bed  on  which 
afterwards  to  place  the  enamel,  and  transfer  it  with 
the  tongs  to  the  hemispherical  disc  in  the  muffle, 
and  leave  it  till  well  heated.  Remove  and  lay  it  ! 
on  a piece  of  fire-clay,  while  the  tablet  is  placed  on  : 
its  centre.  Then  return  to  the  muffle,  and  Watch  ■ 
carefully  the  result.  The  tablet  heats  very  rapidly, 
the  collodion  film  burns  away,  the  image  will  dis- 
appear, but  will  quickly  re-appear  with  some  parts 
brilliant,  indicating  fusion.  T’he  disc  is  turned 
slowly  round,  so  that  parts  may  be  influenced  by 
tlie  heat ; and  when  the  picture  is  brilliant  all  over 
and  the  fusion  complete,  the  tablet  must  be  instantly 
removed. 

Fluxing  the  image  gives-  increased  brilliancy; 
and  as  recommended  by  Tunny,  should  be  per- 
formed as  follows: — ‘‘Take  as  much  flux  as  would 
lie  upon  hall  a crown,  grind  it  up  in  a small  mortar 
in  half  an  ounce  of  spirits  of  wine,  and  add  this  to 
half  an  ounce  of  ordinary  normal  collodion  ; this 
forms  the  glazing  emulsion.  When  you  have  sub- 


jected the  enamel  tablet  with  its  image  to  a sufficient 
heat  in  the  mouth  of  the  furnace  to  destroy  the 
collodion  film,  lay  it  aside  until  cool ; then  take  the 
bottle  containing  the  enamel  emulsion  (whioh  must 
always  be  shaken  before  use),  and  pour  over  its 
surface  in  the  same  manner  as  you  would  a collodion 
plate.  Have  a little  bit  of  blotting  paper  ready  to 
lead  off  the  last  drop,  in  order  to  avoid  the  thicken- 
ing which  would  otherwise  take  place,  and  cause 
thereby  a transparent  mark.  The  surface  now 
presents  a perfect  coating  of  enamel  glaze ; when 
dry  pass  it  into  the  furnace,  and  in  a very  short 
time  it  will  become  vitrified,  giving  to  the  surface 
a most  perfect  brilliancy.”  In  the  film  process  the 
transparency  having  been  produced,  is  treated  in  an 
acidulated  bath  and  removed  from  the  plate  ; and 
after  washing,  it  is  toned  in  a bichloride  of  platinum, 
and  fixed  in  a hyposulphite  solution.  The  image  is 
not  reversed,  but  simply  transferred  to  the  tablet, 
and  burned  as  before  described. 

Recovery  of  Waste  Silver  and  Gold  in  Photo- 
graphy.— Monckhoven,  in  his  “Treatise  of  Photo- 
graphy,” goes  very  fully  into  this  subject,  for,  as  he 
points  out,  it  is  one  of  extreme  importance,  seeing  that 
90  per  cent,  of  the  precious  metals  employed  are  to  be 
found  in  the  residues.  Silver  residues  are  to  be  found 
in  the  filter  paper  which  has  served  for  filtering  silver 
baths,  in  the  paper  employed  in  wiping  out  glass 
slides,  in  old  unfixed  prints,  and  in  cuttings  from 
untoned  pictures.  All  these  papers  should  be  burnt, 
not  in  too  dense  a heap,  but  loosely,  so  that  a white 
ash,  and  not  a black  one,  is  secured.  Next  there  are 
the  old  hyposulj)hite  or  fixing  baths,  which  contain 
silver,  and  these  are  collected  in  a large  barrel, 
which  should  liave  a stop-cock  of  copper  pierced  in 
the  side  about  8 inches  from  the  bottom.  When 
the  cock  is  full,  put  in  a solution  of  “ liver  of  sul- 
j)hur,”  which  will  precipitate  the  silver.  The  danger 
to  be  avoided  here,  is  not  to  add  an  excess  of  “liver 
of  suljihur ; ” and  to  avoid  this,  when  the  deposit  has 
been  formed  it  is  well  to  take  a little  of  the  liquid 
in  a test  tube,  and  add  to  it  some  of  the  sulphur 
compound  to  ascertain  if  all  the  silver  has  been 
thrown  down.  If  the  addition  of  a few  drojis  pro- 
duces no  turbidity,  then  make  the  reverse  experiment, 
taking  another  sample  of  the  liquor  and  adding  to  it 
a little  solution  of  silver.  If  a precipitate  is  then 
formed,  you  have  an  excess  of  sulphur,  and  then  you 
must  add  some  more  old  hypo  bath  and  allow  it  to 
deposit.  Without  these  tests  are  made,  either  the 
whole  of  the  silver  is  not  precipitated,  or  a portion 
of  the  precipitate  has  become  re-dissolved  in  the 
sulphur.  After  a few  days  the  liquid  is  drawn  off 
from  the  toji ; and  when  sufficient  residue  has  been 
thus  collected,  it  is  taken  out  and  dried.  Another 
cask  or  pan  should  be  devoted  to  the  receipt  of  all 
old  silver  baths,  washings  from  the  prints  before 
toning,  rinsings  of  utensils  which  have  contained 
silver  solution,  and  indeed  all  liquids  but  those  of  the 
fixing  baths.  When  this  vessel  is  pretty  full,  a large 
piece  of  copper  sheet  is  put  into  it  for  a day,  and  the 
abundant  precipitate  formed  is  allowed  to  subside. 
Then  take  a little  of  the  liquor  in  a test  tube,  and 
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add  a drop  or  two  of  hydrochloric  acid.  If  a preci- 
pitate is  formed,  the  copper  plate  must  still  remain 
in  the  bath ; and  this  it  is  allowed  to  do  until  no 
more  precipitate  is  formed  on  testing  with  hydro- 
chloric acid.  Then  pour  off  the  liquid,  and  filter 
the  residue. 

From  old  gold  toning  baths  the  precious  metal 
is  thus  recovered.  Pour  into  the  collected  liquid, 
which  is  often  turbid  by  reason  of  gold  in  fine 
black  powder  precipitated  in  it,  some  common 
muriatic  acid,  until  the  liquid  assumes  a decided 
yellow  colour.  Dissolve  some  sulphate  of  iron  in 
ten  times  its  bulk  of  water,  filter  the  solution,  and 
add  it  to  the  gold  liquid,  in  the  proportion  of  100 
c.c.  of  the  former  to  a litre  of  the  latter.  The 
gold  will  immediately  be  precipitated.  Allow  the 
precipitate  to  be  deposited,  decant  off  the  waste 
liquid,  and  collect  the  precipitate  upon  a filter. 
Let  it  dry  thoroughly,  and  then  it  is  ready  to  be 
reduced  to  a metallic  state.  We  now  proceed  to 
describe  how  this  should  be  done : — 

The  residue  from  the  gold  toning  baths,  as  also 
the  ashes  from  paper  cuttings,  to  which  we  have 
referred  above,  are  put  into  a crucible  with  half  their 
weight  of  dry  carbonate  of  soda  and  a fifth  their 
weight  of  sand,  and  the  vessel  is  placed  in  a good 
furnace.  The  reduction  will  take  place  at  a com- 
paratively low  temperature.  The  silver  will  be 
recovered  in  a pure  ingot  which  is  completely  soluble 
in  nitric  acid,  while  the  gold  alloyed  with  silver 
remains  in  the  crucible  in  the  form  of  a black 
powder.  In  dealing  with  the  sulphide  of  silver 
(from  fixing  solutions)  the  operator  should  be 
very  careful,  for  it  will  detonate  if  mixed  with 
saltpetre  in  a mortar ; the  saltpetre  should  be  first 
powdered,  therefore,  and  mixed  with  the  sulphide  by 
hand,  one  part  of  the  latter  to  three  parts  of  the 
former  being  taken.  Put  the  mixture  into  a crucible 
heated  to  bright  redness,  in  instalments  of  from  15 
to  20  grams,  at  a time,  and  wait  an  interval  of  a 
minute  or  two  between  each  addition.  When  all 
has  been  introduced,  the  crucible  is  thoroughly 
heated  in  order  that  one  single  ingot  may  be 
formed.  Let  the  crucible  cool  on  the  fire,  and 
then  break  it  up  and  secure  the  metal;  the  latter 
may  be  dissolved  in  nitric  acid  to  give  a nitrate 
of  sUver ; and  if  there  is  any  gold,  this  will  remain 
in  the  acid  in  the  form  of  a black  powder.  The 
chloride  of  silver  is  reduced  by  preparing  an  intimate 
mixture  of — 


Dry  chloride  of  silver, 100  parts. 

Carbonate  of  lime, 70  “ 

Carbon, 4 “ 


This  mixture  is  heated  in  a crucible  to  a red  heat  for 
an  hour  at  least,  and  when  cool  the  vessel  is  broken, 
and  an  ingot  of  pure  metallic  silver  is  secured.  It 
should  be  borne  in  mind,  that  before  residues  are 
placed  in  the  crucible,  tliey  must  be  most  carefully 
and  thoroughly  dried. 

PIGMENTS.  — Pigments  are  coloured  powders, 
insoluble  in  water,  which,  when  mixed  with  size, 
gums,  oils,  or  varnishes,  form  paints.  They  are 


derived  from  both  inorganic  and  organic  sources. 
Under  the  former  are  included  minerals  and  such 
chemical  products  as  owe  their  colouring  power  to 
metallic  and  other  salts ; the  latter  derive  their  tints 
from  animal  or  vegetable  sources.  As  a general 
rule,  the  latter  are  more  fugitive  than  the  former. 
Some  pigments  are  opaque,  some  semi-transparent, 
and  some  transparent.  All  these  qualities  are  useful, 
especially  to  the  artist,  and  depend  for  the  most  part 
on  the  aggregation  of  the  particles  of  the  pigment. 
The  same  body,  chemically  speaking,  may  vary  con- 
siderably in  these  respects,  according  to  the  mode 
adopted  in  its  preparation.  When  ground  with  oil 
or  varnish  some  pigments  have  the  quality  of  quickly 
oxidising  the  vehicle,  or  allowing  of  its  quick  oxida- 
tion, whilst  others  retard  this  oxidation.  They  are 
said  to  be  good  or  bad  dryers,  accordingly.  With 
bad  dryers  artificial  aids  are  resorted  to.  Amongst 
the  substances  emploj'ed  as  siccatives  are  acetate  of 
lead,  lime,  sulphate  of  zinc,  and  oxide  and  borate  of 
manganese.  Other  substances  have  this  siccative 
property,  as  burnt  alum.  This  subject  opens  out 
for  the  chemist  a large  and  remunerative  field  for 
investigation,  and  the  direction  in  which  this  should 
be  carried  on  seems  to  be  that  of  the  state  of  hydra- 
tion of  the  pigments  and  tlieir  hygroscopic  chai’acter. 
The  good  dryers  now  in  use,  unfortunately,  in  most 
ca-es  interfere  with  the  delicacy  of  the  tint  of  the 
pigment,  whilst  those  which  do  not  are  inferior  in 
siccative  properties. 

Pigments  should  invariably  be  fine  in  texture. 
This  qualit}'  is  brought  about,  in  such  substances  as 
are  not  naturally  in  fine  powder,  by  grinding  and 
levigation ; but  some  substances  formed  by  pre- 
cipitation are  already  in  the  form  of  impaljjable 
powder.  Millstones  arranged  in  different  well- 
known  ways  are  usually  employed  for  this  purpose. 
The  material  is  ground  in  a stream  of  water,  which 
carries  off  the  fine  portions  into  settling  tanks 
arranged  in  succession.  The  rougher  grains  are 
deposited  in  the  first  tanks,  and  require  regrinding ; 
the  lighter  parts  remain  longer  in  suspense  in  the 
water,  and  flow  on  to  larger  tanks,  where  they  are 
deposited  after  some  time  of  rest.  There  are  also 
other  methods  of  grinding,  a description  of  which 
hardly  comes  within  the  scope  of  this  article.  When 
pigments  are  intended  to  be  made  into  oil  paints,  it 
is  generally  necessary  to  dry  them  after  grinding. 
AVith  many  substances  great  care  is  necessary  in  this 
operation,  as  an  elevated  temperature  either  destroys 
their  tone  or  materially  changes  their  cliaracter : the 
carmines  are  an  excellent  illustration  of  this.  The 
best  method  of  heating  drying  chambers  is  that 
supplied  by  Perkins,  as  by  it  high  and  regular 
temperatures  can  be  obtained.  The  use  of  the  word 
hixhj  in  connection  with  pigments  is  somewhat 
ambiguous.  AA'hen  applied  to  opaque  pigments,  such 
as  white  lead,  Naples  yellow,  &c.,  it  is  usually  under- 
stood to  signify  density  and  covering  power ; when 
applied  to  transparent  colours,  as  Prussian  blue,  &c., 
it  would  seem  to  mean  tinctorial  power. 

In  tlie  following  pages  pigments  are  treated  of 
individually.  Their  manufacture,  chemical  composi- 
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tion,  properties,  and  the  adulteration  found  in  the 
commercial  products,  are  entered  into  at  length. 

Whites.  — White  Lead,  Ceruse. — This  important 
white  pigment,  for  which  hitherto  the  science  of 
chemistry  has  scarcely  found  an  efficient  substitute, 
is  a carbonate  of  lead  more  or  less  basic,  according 
to  the  process  by  which  it  is  manufactured.  For 
a description  of  most  of  the  processes  by  which  the 
pigment  is  made,  see  article  Lead. 

There  are  many  other  modifications  of  the  manu- 
facture of  white  lead  which  present  no  great  novelty, 
or  only  produce  an  inferior  article— inferior  because 
the  tint  is  bad,  and  because  the  covering  power  is 
imperfect. 

In  whatever  manner  white  lead  is  prepared,  it  is 
found  to  be  a carbonate  of  lead  more  or  less  basic. 
It  would  appear,  on  a review  of  the  different  analyses  ! 
given  by  chemists  who  have  devoted  much  labour  to  : 
ascertaining  the  exact  composition  of  this  pigment,  j 
that  seldom  is  a specimen  found  to  correspond  | 
exactly  to  a definite  chemical  formula.  Twenty- 
seven  samples  of  Holland  manufacture,  examined  by 


Vlaandern,  gave  the  following 

results : — 

I. 

II. 

111. 

IV. 

V. 

CO-i  . 

. 11-4  . 

. 11-4  . 

. 12-4 

. . 12-2  .. 

12-0 

H^O  . 

. 2-3  . 

. 2-4  . 

. 20 

2-1  .. 

2'0 

PbO  . 

. 86-4  . 

. 86-5  . 

. 85-0 

..  85-6  .. 

85-9 

VI. 

VII. 

VIII. 

IX. 

X. 

CO2  . 

. 12-4  . 

. 12-0  . 

,.  12-3 

. . 12-3  .. 

12-0 

H-iO  . 

. 2-1  . 

. 20  . 

2-1 

2-3  ., 

1-8 

PbO  . 

. 8.V7  . 

. 861  . 

. 85-4 

..  85-5  .. 

85-6 

XI. 

XII. 

XIII, 

XIV. 

XV. 

CO2  . 

. 12-3  . 

. 12-2  . 

. 12-7 

. . 12-7  .. 

12-5 

H.,0  . 

. 2-1  . 

. 20  . 

2-3 

..  1-7  .. 

2-1 

PtiO  . 

. 85-5  . 

. 85-6  . 

. 85.2 

. . 85  5 . . 

85-8 

XVI. 

XVII. 

XVIII. 

XIX. 

XX, 

CO;  . 

. 12-7  . 

. 125  . 

, . 12-9 

. . 12-9  . . 

131 

H.,()  . 

. 1-9  . 

1-9  . 

1-2 

2-1  .. 

2-0 

PbO  . 

. 8,’)-4  . 

. 85-7  . 

,.  85-3 

..  85-1  .. 

83-4 

XXI. 

XXII. 

XXIII. 

XXIV. 

XXV. 

CO.,  . 

. IS-.")  . 

. 13-5  , 

, . 13>2 

. . 13-0  .. 

13-3 

H.,0  . 

. 1-5  . 

. 1-6  , 

..  1-7 

1-8  .. 

1-8 

PbO  . 

. 84-7  . 

. 84-9  . 

, . 85-2 

..  85-2  .. 

85-1 

XXVI.  XXVII. 

CO.^  ..  13-2  ..  13-1 

H.jU  ..  19  ..  2-0 

PbO  ..  86-0  ..  85-1 

The  first  two  of  these  samples  nearly  correspond 
to  a composition  which  may  be  represented  by  the 
formula,  Pbll202  + 2(PbC03l , the  next  ten  would  i 
seem  to  have  2 parts  of  the  hydrate  to  b of  the  car-  ! 
bonate,thus,  2(PbIl20.2)  + .^(PbCOj);  thenextseven 
approach  to  the  formula,  PbH,0,  + ^(PbCOj); 
and  the  remaining  eight  specimens  to  the  formula, 
PbIIo02  +, 4(PbC03).  If  we  consider  the  rationale 
of  the  manufacture  by  the  Dutch  process,  this  variable 
composition  will  not  appear  strange.  The  action 
commencing  on  the  surface  of  the  crates,  gradually 
penetrates  to  the  interior;  and  it  frequently  happens 
that  a crate  is  not  thoroughly  attacked,  a core  of 
metallic  lead  remaining  beneath  the  crust.  AVe 
may  represent  the  action  step  by  step  thus  : — The 
surface  of  the  lead  is  oxidised  by  the  combined 
action  of  the  oxygen  of  the  air  and  moisture ; the 
vapours  of  acetic  acid  rise  as  the  stack  becomes 
heated  and  dissolve  this  oxide,  forming  basic  acetate; 


carbonic  acid,  generated  by  the  fermenting  tan, 
decomposes  the  acetate,  forming  neutral  carbonate 
of  lead,  and  leaving  neutral  acetate  to  dissolve  more 
oxide  of  lead.  The  basic  acetate  acts  back  on  the 
neutral  carbonate,  forming  a basic  carbonate.  This 
latter  reaction  was  first  pointed  out  by  Barreswill, 
who  showed  that  when  neutral  carbonate  of  lead  is 
added  to  basic  acetate  of  lead,  basic  carbonate  of 
lead  results.  This  action  continues  to  the  interior 
of  the  crate.  The  same  explanation  holds  good  in 
the  precipitation  processes. 

White  lead  of  commerce  is  frequently  adulterated ; 
when  sold  as  a paint  it  is  usually  mixed  with  some 
foreign  ingredient,  though  the  best  manufacturers 
send  it  Out  in  a perfectly  simple  state.  For  this 
purpose,  sulphate  of  lead,  sulphate  of  baryta,  sul- 
phate of  lime,  and  carbonate  of  lime  are  used. 
AVhen  a paint  has  to  be  examined,  it  is  necessary 
to  remove  the  oil.  This  is  a tedious  process.  It 
may  be  accomplished  by  treating  the  paint  with 
successive  quantities  of  benzol,  and  allowing  the 
pigment  to  subside,  and  decanting  the  benzol. 
After  two  or  three  washings,  the  benzol  should 
be  tested  for  oil.  This  may  be  accomplished  by 
evaporating  a small  quantity  at  a gentle  heat  in  a 
watch  glass ; if  there  is  a greasy  residue,  the  wash- 
ing must  be  continued.  When  the  oil  has  been 
satisfactorily  removed,  the  pigment  may  be  dried 
on  filter  paper.  Pure  white  lead  is  perfectly 
soluble  with  effervescence  in  dilute  nitric  aci.’.  A 
specimen,  therefore,  when  treated  with  this  reagent, 
should  wholly  pass  into  solution ; if  there  is  any 
residue,  it  may  be  lead  sulphate,  barium  sul- 
phate, or  calcium  sulphate.  Calcium  carbonate 
would,  however,  pass  into  solution  with  the  lead. 
To  determine  the  nature  of  the  insoluble  residue, 
it  is  necessary  to  wash  it  well  on  a filter  to  free  it 
from  any  traces  of  nitrate  of  lead.  If  it  be  then 
treated  with  potassium  bichromate,  sulphate  of  lead, 
if  present,  will  be  changed  into  yellow  chromate, 
which  will  remain  when  the  excess  of  bichromate 
of  potash  is  completely  washed  away.  Sulphide  of 
ammonium  will  change  sulphate  of  lead  into  black 
sulphide.  It  is  then  easily  changed  into  chloride 
by  strong  hydrochloric  acid,  and  becomes  soluble 
in  boiling  water.  After  removing  all  traces  of  lead 
by  this  method,  if  there  is  still  a residue,  it  may  be 
barium  sulphate  and  gypsum  (ealcium  sulphate). 

I By  boiling  for  some  time  with  a large  quantity  of 
nitric  acid,  the  gypsum  may  be  separated  from  the 
baryta,  and  may  be  detected  in  the  clear  solution 
by  adding  chloride  of  barium,  when,  if  sulphate  of 
lime  were  jiresent,  there  will  be  a precipitate  of 
barium  sulphate.  If  after  this  treatment,  there  is 
still  left  a white  residue,  it  may  be  safely  considered 
as  barium  sulphate.  It  is  hardly  necessary  for  the 
purposes  of  this  article  to  enter  into  details  of 
the  verification  of  this.  To  detect  an  admixture  of 
chalk  or  carbonate  of  lime,  the  solution  in  nitric 
acid  should  be  treated  with  sulphuretted  hydrogen 
until  there  is  no  further  precipitation  of  sulphide 
of  lead  ; then,  after  filtration,  the  filtrate  should  be 
neutralized  with  ammonia,  aud  ammonium  oxalate 


PIGMENTS.— Zinc  White. 


C45 


added.  A white  precipitate  of  calcium  oxalate,  re- 
soluble in  acetic  acid,  will  demonstrate  the  presence 
of  chalk  in  the  pigment. 

The  merits  of  white  lead,  as  a pigment,  are  its 
good  covering  power  and  the  ease  with  which  it  can 
be  worked.  This  latter  quality  is  no  doubt  due  to 
its  saponifying  with  the  oil  used  as  a vehicle.  It  is 
well  known  both  to  house  painters  and  artists  that 
the  body,  or  opacity  of  this  body,  is  lost  in  process 
of  time.  When  applied  on  a dark  colour  so  as  to 
completely  cover  it,  although  at  first  it  presents  a 
surface  of  pure  white,  it  gradually,  in  course  of  time, 
begins  to  grow  semi-transparent,  and  permits  the 
colour  beneath  it  to  be  clearly  seen.  This  is  due 
to  the  fact  that  the  fatty  acids  of  the  oil  drive  off 
carbonic  acid  from  the  white  lead,  and  form  a trans- 
lucent lead-soap  known  as  lead-plaster.  The  forma- 
tion of  this  soap  promotes  the  good  drying  properties 
of  lead  paint.  Foul  gas  quickly  blackens  white  lead, 
the  sulj  Imr  usually  contained  in  such  gases  uniting 
with  lead  to  form  black  plumbic  sulphide  (PbS). 
In  the  trade  there  are  pigments  which  go  by  the 
names  of  Venice,  Hamburg,  and  Holland  whites. 
The  first  is  a mixture  of  equal  parts  of  sulphate  of 
baryta  and  white  lead,  the  second  contains  2 parts 
of  baryta,  and  the  third  3 parts  to  1 of  white  lead. 

Zinc  White,  Zinc  Oxide. — Tliis  pigment  is  equal  in 
whiteness  to  white  lead,  but,  unfortunately,  is  de- 
ficient in  body.  It  is  not  attacked  by  sulphuretted 
hydrogen  nor  by  other  deleterious  gases.  As  a 
paint  it  does  not  affect  the  vehicle  as  white  lead 
does ; specimens  in  tlie  author's  possession  have 
been  exposed  to  the  influence  of  a laboratory  atmos- 
phere for  years,  and  are  still  as  brilliant  as  when 
first  laid  on  the  canvas.  It  is  a bad  drier ; but  this 
can  be  remedied  by  using  a siccative,  like  dry  sul- 
phate of  zinc,  also  called  white  vitriol,  which  does 
not  affect  tlie  colour  in  the  slightest  degree.  It  is 
now  manufactured  on  a large  scale,  and  could  the 
quality  termed  “ body  ’’  be  imparted  to  it,  without 
doubt  white  lead  as  a pigment  would  be  driven  from 
the  market. 

In  its  manufacture,  metallic  zinc  is  heated  until  it 
is  vaporized.  The  vapour,  on  coming  into  contact 
with  air,  burns,  and  the 
’•  white  zinc  oxide  is  pro- 
duced. Figs.  1,  2,  and  3 
“ represent  the  usual  form 
of  retort  employed  in 
this  operation.  It  is  a 
depressed  cylinder  of  fire 
clay  gradually  t ipering  to 
the  opening,  shown  in  Fig.  3,  which  serves  for  the 
introduction  of  the  metal  and  the  escape  of  the  vapour. 
It  measures  usually  28  inches  long,  10  broad,  and  6 
high.  The  sides  are  2|  inches  thick.  Figs.  4,  5, 
6,  and  7 represent  the  sections  and  plan  of  the 
reverberatory  furnace,  in  which  a number  of  these 
retorts  are  arranged.  The  fire-place  is  at  c.  The 
flame  jtasses  over  the  cylinders,  a a a,  and  passes  by 
the  flue,  d f(j,  which  communicates  with  the  chimney 
stalk,  h.  Pipes,  ss,  opening  in  front  of  the  mouths 
of  the  retorts  serve  to  conduct  the  air,  raised  to  a 


j high  temperature  by  the  waste  heat  of  the  furnace, 
for  the  combustion  of  the  zinc  vapour.  When  the 


Fig.  3. 


retorts  have  been  raised  to  a bright  red  heat,  one  or 
two  bars  of  metallic  zinc  are  projected  into  each. 


Fig.  4. 


They  melt  at  once,  nd  bOon  enter  into  ebullition. 
The  vapour  meeting  with  the  air  takes  fire,  and  the 


white  oxide  produced  is  carried  by  the  air  through 
the  tubes,  k k,  into  the  collecting  chambers,  ll.  The 
I arrangement  of  these  chambers  is  shown  in  Fig. 
6,  in  which  A represents  the  furnace,  B B the 
pipes  leading  into  the  chambers,  and  G G the  flues 
, leading  into  the  stalk  ii.  There  are  usually  four 
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condensing  chambers  for  each  retort,  communicating  door  of  the  retort,  any  oxide  which  adheres  to  the 
with  e?.ch  by  openings  alternately  at  the  top  and  the  aperture  is  knocked  off.  The  oxide  and  metalhc 


Fig.  6. 


Fig.  8. 


bottom  of  the  partition  walls.  Tlie  last  opening 
leading  into  the  flue,  G,  is  covered  with  a screen  of 


fine  wire  gauze  to  prevent  any  particles  of  oxide 
from  being  carried  away.  Other  screens  are  also 
placed  in  the  flue,  G,  all  of  which  can  be  removed 
and  cleaned  when  the  meshes  become  closed  with 
the  fine  powder.  When  sufficient  oxide  has  been 
prepared,  it  can  be  easily  removed  from  the  walls  of 
the  condensing  chambers  through  the  openings  in 
the  hoppers  beneath,  which  during  the  operation 
are  kept  closed  with  sliding  doors.  The  oxide  in 
the  first  chamber  is  usually  impure,  and  has  a 
greyish  tinge.  Besides  impurities  resulting  from 
foreign  bodies  in  the  original  zinc  used,  particles  of 
metal  which  have  escaped  combustion  are  found. 
After  sifting,  the  contents  of  this  chamber  are  em- 
ployed for  an  inferior  pigment. 

There  are  many  modifications  in  the  arrangements 
for  the  production  of  this  substance;  the  method 
devised  by  M.  Leclaire  is  worthy  of  mention.  We 
transcribe  the  description  and  reproduce  the  engrav- 
ings given  in  the  article  on  Zinc  in  the  earlier 
editions  of  this  Dictionary,  originally  abridged  from 
Le  Genie  Industriel. 

The  Figs.  (8,  9,  and  10)  show  the  distillatory 
furnace  in  longitudinal  and  transverse  vertical  sec- 
tions and  in  plan.  In  these  figures,  A represents  the 
fire-door,  B the  fire,  and  C the  retorts,  which  are 
made  of  refractory  material.  Five  are  generally 
ranged  at  either  side  of  the  grate,  but  the  number 
can  be  varied  according  to  circumstances.  I'he 
volatilized  metallic  vapours  escape  by  the  orifice,  D, 
of  the  retort,  before  which  are  disposed  a .series  of 
plates,  E,  called  scrapers,  attached  to  a horizontal 
iron  rod,  F,  by  similar  pendant  ones.  By  motion 
communicated  by  hand  or  machinery  to  the  horizon- 
tal rod,  the  scrapers,  E E,  are  moved  backwards  and 
forwards,  and  coming  at  each  movement  against  the  1 


that  terminates  in  another  funnel-shaped  conduit, 
G^,  and  this  leads  them  into  the  receiver,  G^.  It  is 


evident  that  the  small  conduits,  G G,  receive  only 
such  matters  as  solidify  in  the  mouth  of  the  retort, 


vapours  issuing  from  the  retort  are  received  in  small 
receptacles,  G G,  which  open  into  an  inclined  channel 
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and  which  from  their  density  cannot  be  drawn  off  to  tlie 

The  oxide  so  produced  is  conducted  to  receiving 

receivers  by  the  force  of  the  current  of  gases  passing 

chambers  in  a manner  somewhat  similar  to  the  two 

through  this  arrangement  to  the  chambers  wherein 

methods  already  described. 

the  oxide  of  zinc  is  collected.  A small  plate-iron  cage 

There  are  several  patented  modifications  of  this 

or  box,  II  (Fig.  8),  is  fixed  over  the  mouth  of  each 

manufacture,  the  chief  differences  b.dng  merely  in 

of  the  retorts  in  order  to  isolate  them.  It  rests  upon 

details  of  mechanical  arrangement.  Geyelin  uses 

a framework  of  metal,  id,  fixed  into  the  wall  of  the 

steam  instead  of  air.  A jet  of  steam  is  admitted  at 

furnace,  and  so  constructed  that  it  may  be  removed 

the  back  of  the  retort,  and  in  its  passage  over  the 

at  will  by  means  of  a crane,  or  by  making  it  slide  or 

molten  metal  is  decomposed,  oxide  of  zinc  being 

roll  on  a framework  or  small  railway.  The  anterior 

formed  and  hydrogen,  which  escapes  at  the  moutli 

aperture  is  directed  towards  the  orifice  of  the 

and  burns  in  the  air.  By  this  method  a more  dense 

retort,  so  that  the  products  of  the  distillation  empty 

product  might  be  reasonably  expected ; but  the 

themselves  into  it,  and  tlie  posterior  part  has  a door 

author  has  not  been  able  to  ascertain  if  such  is 

which  may  be  opened  at  will.  A trap-door,  J,  is 

the  fact. 

contrived  in  the  suspended  plate,  K,  and  which  can  be 

When  ground  in  oil  as  a paint,  zinc  white  is  fre- 

raised  or  lowered  at  will  by  an  iron-wire  rope  pass- 

quently  adulterated  to  a great  extent,  the  same 

ing  througli  the  posterior  plate,  i,  of  the  box,  H, 

materials  being  used  as  in  the  sophistication  of  white 

without  opening  the  door  in  this  part  of  the  latter. 

lead,  namely,  sulphate  of  baryta,  sulphate  of  lime, 

Sometimes,  instead  of  lifting  the  trap-door,  it  is  so 

and  carbonate  of  lime.  They  may  be  discovered  by 

formed  that  it  can  be  drawn  backwards  when  it  is 

testing  in  the  way  described  under  White  Lead. 

necessary  to  open  it.  K designates  the  suspended 

After  separating  the  'piginent  from  the  vehicle,  the 

plate  upon  which  the  box  or  cage  is  placed;  it  is  iso- 

powder  may  be  treated  with  dilute  sulphuric  acid ; 

lated  in  its  construction  from  the  chamber  of  oxida- 

the  zinc  oxide  will  alone  dissolve  ; carbonate  of  lime 

tion.  Currents  of  cold  air  may  be  directed  upon 

will  be  converted  into  insoluble  sulphate  of  lime,  its 

this  plate  in  order  to  cool  it,  so  as  to  resist  the  tern- 

presence  being  indicated  by  effervescence.  If  it  is 

perature  of  the  chamber.  The  hot  air,  admitted  for 

desired  to  know  whether  the  adulterant  is  baryta  or 

the  combustion  of  the  metal,  enters  from  the  pipe. 

lime,  the  white  powder  remaining  after  treatment 

L;  it  communicates  with  the  passage  from  the  retorts 

with  acid  should  be  washed  by  decantation,  then 

to  the  receivers,  and  so  drives  the  oxide  of  zinc 

thrown  on  a filter,  and  again  washed  with  hot  water. 

formed  into  the  latter.  In  the  receivers  the  inventor 

If  the  powder  is  now  boiled  for  some  time  with  a 

places  cloths  for  sifting  or  screening  the  products. 

strong  solution  of  carbonate  of  soda,  the  sulphate 

the  floor  of  each  being  a kind  of  hopper,  or  inclined 

of  lime  becomes  converted  into  the  carbonate  of 

plane,  whereby  the  product  gliding  over  the  cloth  is 

that  metal,  whilst  the  barium  sulphate  is  scarcely 

separated  into  its  various  qualities  of  fineness,  and 

affected.  Again,  the  precipitate  must  be  well  washed 

received  at  once  into  separate  boxes  placed  beneath 

until  quite  free  from  adhering  soda  salt.  It  may  be 

the  sifter.  In  order  to  retain  the  finely-divided  par- 

then  treated  on  the  filter  with  small  quantities  of 

tides  of  zinc  white  which  arise  from  the  agitation. 

dilute  hydrochloric  acid.  If  there  is  effervescence. 

cloths  are  suspended  at  regular  distances.  These, 

it  is  a sign  that  lime  was  present.  The  liquid  parting 

while  they  afford  a passage  to  the  gases,  retain  the 

through  the  filter  should  be  collected,  neutralized 

particles  of  metallic  oxide,  and  so  prevent  a loss  of 

with  ammonia,  and  treated  with  ammonium  oxalate. 

material. 

An  abundant  white  precipitate  confirms  the  presence 

A draught  pipe,  Q,  draws  off  the  air  and  gases  as 

of  lime.  A white  residue  on  the  filter,  insoluble  in 

well  as  the  finely-divided  oxide  from  the  oxidising 

the  dilute  acid,  is  barium  sulphate.  As  much  as 

chamber  through  the  whole  arrangement.  Another 

75  per  cent,  of  sulphate  of  baryta  has  been  found  in 

pipe,  E,  placed  at  the  top  of  each  retort,  draws  into 

paint  sold  as  zinc  white. 

it  by  a funnel-shaped  opening  all  vapours  and 

Griffith's  New  Zinc  White. — There  has  just  ap- 

powder  emitted  from  the  retorts  whilst  they  are 

peared  in  the  market  a new  zinc  white,  which  is 

being  charged,  and  the  draught  of  which,  whenever 

almost  equal  in  body  to  the  best  white  lead,  and 

isolated  from  the  oxidising  chamber,  is  sufficient  to 

quite  surpasses  ordinary  samples.  It  works  freely, 

draw  the  products  througli  a series  of  chambers  not 

and  mixes  well  with  oil  without  any  tendency  to 

shown  in  the  drawing,  having  cloth  screens  as  usual 

drag.  Having  for  its  basis  a sulphide  of  zinc,  it  is 

to  retain  the  oxide  of  zinc.  The  ventilation  of  both 

not  affected  by  foul  gases,  and  in  all  the  expert- 

the  draught  pipes,  Q and  u,  is  effected  by  means  of 

ments  to  which  the  author  has  subjected  it,  does 

the  waste  heat  of  the  furnace. 

not  affect  other  pigments  mixed  with  it.  It  would 

The  same  inventor  combines  the  principle  of  the 

be  very  desirable  to  prepare  this  body  for  artists’ 

reverberatory  furnace  in  the  distillation  of  zinc  for 

use,  as  ordinary  zinc  oxide  lacks  covering  power  and 

the  purpose  of  making  zinc  white.  In  this  arrange- 

does  not  work  well  under  the  brush.  It  would 

ment  he  so  disposes  the  retorts  that  the  flame  from 

seem  that  this  new  pigment  possesses  all  the  good 

the  coal  fire  circulates  round  them,  and  then  passes 

qualities  of  white  lead  without  any  of  its  defects. 

into  a chamber  over  the  dome  inclosing  the  retort. 

The  process  of  manufacture,  as  far  as  is  yet 

where  pipes  may  be  laid  for  raising  the  temperature 

known,  is  as  follows : — A solution  of  zinc  sulphate 

of  the  air  which  is  forced  into  the  space  surrounding 

or  chloride  is  precipitated  by  a soluble  alkaline  sul- 

the  mouths  of  the  retorts  to  oxidise  the  zinc  vapours. 

phide,  which  is  preferably  sufficiently  alkaline  to 
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precipitate  magnesium  oxide  from  a solution  of  a 
magnesium  salt  which  is  originally  mixed  with  the  zinc 
salt.  But  if  the  alkaline  sulphide  be  too  alkaline, 
there  is  fear  of  sodium  zincate  being  formed.  The 
precipitates  are  dried  and  heated  to  a suitable  tem- 
perature in  a reverberatory  furnace,  and  suddenly 
cooled.  Careful  grinding  is  now  all  that  is  necessary 
to  prepare  it  for  the  market.  The  presence  of  mag- 
nesia seems  to  give  the  pigment  that  soft  quality  so 
much  sought  for  in  white  lead. 

Baryta  White. — Sulphate  of  barium,  both  natural 
and  artificial,  is  used  as  a pigment,  but  has  little 
body.  This  defect,  however,  does  not  prevent  its 
being  used  in  distemper  painting,  for  which  it  is 
eminently  fitted.  It  is  chiefly  employed,  as  has 
been  said,  in  adulterating  the  whites  of  lead  and 
zinc.  The  cheaper  product  found  in  the  market  is 
native  heavy  spar,  an  abundant  mineral,  ground  to 
a fine  powder.  It  has  not  such  a good  colour  as 
the  same  body  produced  by  artificial  means,  and 
does  not,  accordingly,  command  such  a high  price. 
Moreover,  the  artificial  product  is  in  a finer  state  of 
division,  as  it  is  produced  by  precipitation  and  not 
by  mechanical  grinding.  In  France  it  is  manufac- 
tured on  a large  scale,  and  is  sold  under  the  name 
of  blanc  fixe.  M.  Kuhlman.  in  his  extensive  alkali 
works  at  Lille,  manufactures  this  pigment,  utilizing 
for  this  purpose  the  residue  from  the  chlorine  stills. 
He  conducts  his  process  as  follows ; — An  intimate 
mixture  of  ground  heavy  spar  and  bituminous  coal 
is  thrown  upon  the  hot  hearth  of  a reverberatory 
furnace,  arranged  similarly  to  that  used  in  the  manu- 
facture of  soda.  This  furnace  is  divided  into  two 
compartments  by  a low  wall.  The  above  mixture 
is  placed  in  that  compartment  furthest  removed  from 
the  source  of  heat.  Here  it  is  mixed  to  the  con- 
sistency of  a thin  paste  with  the  still  liquor,  pre- 
viou.sly  neutralized  by  chalk,  or,  better,  by  native 
barium  carbonate,  known  as  W,therite.  The  greater 
part  of  the  water  is  driven  off  by  tlie  heat.  When 
the  mass  becomes  sufficiently  thick,  it  is  raked  over 
the  partition  wall  into  the  hotter  portion  of  the 
furnace  with  suitable  tools.  Here  it  is  calcined  for 
about  an  hour,  carbonic  oxide  being  evolved,  which 
burns  on  the  surface  of  ttie  mass  with  a greenish 
flame,  owing  to  the  volatilization  of  a small  portion 
of  the  baryta.  When  the  calcination  is  complete,  a 
point  learned  by  experience,  the  semi-fluid  is  with- 
drawn from  the  furnace  exactly  in  the  same  manner 
as  in  the  manufacture  of  black  ash.  It  solidifies  to 
a black  mass,  which  contains  chloride  of  barium,  a 
small  quantity  of  hyposulphite  of  barium,  together 
with  sulphides  of  manganese  and  iron,  and  the 
residue  of  the  bituminous  coal.  After  a few  days 
of  exposure  to  the  air,  this  mass  becomes  disinte- 
grated (the  barium  liyposulphite  beeomes  oxidised 
to  the  state  of  sulphate),  and  is  ready  for  lixiviation. 
This  part  of  the  process  is  carried  on  in  vats  similar 
to  those  used  in  the  manufacture  of  soda.  If  the 
materials  have  been  mixed  in  right  quantities,  the 
resulting  liquor  is  an  almost  pure  solution  of 
chloride  of  barium,  marking  24°  or  25°  Beauine. 
If  it  should  contain  any  sulphide  of  barium  (which 
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is  easily  ascertained  by  treating  a small  portion  with 
acetate  of  lead  solution,  which  will  give  a black 
precipitate  should  any  be  present),  the  addition 
of  a small  quantity  of  chloride  of  manganese  will 
decompose  it,  forming  chloride  of  barium  and  sul- 
phide of  manganese.  Should  there  be  chloride  of 
manganese  in  solution,  sulphide  of  barium  may  be 
used  to  effect  its  decomposition  with  the  same 
result.  The  clear  liquid  is  drained  off  from  the 
sediment  into  vessels  for  the  precipitation  of  the 
sulphate  of  barium.  For  this  purpose  dilute  sul- 
phuric acid  is  used,  being  added  until  there  is  no 
further  precipitation.  The  solid  powder  soon 
settles,  and  the  fluid,  which  consists  of  weak  hydro- 
chloric acid,  may  be  siphoned  off  from  the  sed  ment. 
A few  washings  with  pure  water  remove  all  traces 
of  acid.  It  is  then  drained  on  cloth  filters,  in  which 
process  it  is  found  convenient  to  have  recourse  to 
pressure.  It  is  sent  to  the  market  either  as  a paste 
or  as  a dry  powder.  Tlie  chemical  reaction  brought 
about  in  the  furnace  may  be  represented  by  the 
equation — 

BaS04  + MnClj  + 4C  = BaCl2  + MnS  + 4C0. 

The  loss  of  sulphate  of  baryta  seems  to  be  very 
small,  seldom  amounting  to  more  than  5 per  cent. 
M.  Kuhlman  produces  in  his  works  about  2000 
kilos,  of  this  pigment  per  diem. 

Whiting,  Spanish  White. — These  whites  are  pre- 
pared either  by  grinding  native  chalk  or  by  precipi- 
tating carbonate  of  lime  from  a soluble  salt  of  lime 
by  carbonate  of  soda.  They  are  of  no  use  in  oil 
painting,  but  are  used  largely  in  distemper. 

There  are  a variety  of  earthy  whites,  which  present 
no  advantages  over  carbonate  of  lime,  found  in  the 
market.  Whites  of  cadmium,  tin,  mercury,  arsenic, 
antimony,  and  bismuth  have  been  proposed  as  pig- 
ments. They  possess  no  advantages  over  white 
lead,  as  they  are  all  injured  by  bad  gases ; more- 
over they  have  little  body,  less  even  than  zinc  white, 
and  are  bad  driers. 

Red  Pigments. — Vermilion,  Cinnabar,  Sulphide  of 
Mercury. — This  pigment  is  identical  in  chemical  com- 
position with  black  sulphide  of  mercury.  To  obtain 
it  of  a fine  colour  many  precautions  are  required, 
which  experience  alone  teaches.  There  are  two 
methods  in  vogue,  both  producing  excellent  results, 
but  differing  essentially  in  their  nature.  The  Hutch, 
or  dry  way,  will  first  occupy  our  attention.  Vermil- 
ion is  produced  by  this  method,  by  subliming  the 
black  sulphide  at  a high  temperature.  The  modus 
operandi  is  as  follows: — Mercury  and  sulphur  in  the 
proportion  of  about  88  parts  of  the  former  to  22  of 
the  latter  are  well  mixed  together,  until  the  whole 
becomes  converted  into  a homogeneous  black  powder. 
This  sulphide  is  known  as  Ethiops.  In  furnaces 
specially  adapted  for  the  purpose  of  sublimation, 
large  pots  made  of  sand  and  clay  well  luted  are  so 
arranged  that  the  fire  may  play  over  about  two-thirds 
of  their  height.  These  are  provided  with  well-fitting 
covers  of  polished  iron.  The  operation  is  begun 
by  raising  the  pots  to  a dark  red  heat;  the  ethiop.s, 
which  is  usually  kept  in  jars  of  about  a pint  capacity. 
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is  then  thrown  in ; three  jnrs  full  is  usually  enough 
for  the  first  charge.  The  flame  of  burning  sulphur 
rises  to  a height  of  4 or  5 feet  above  the  top  of  the 
pot.  As  this  subsides  the  iron  cover  is  adjusted,  and 
the  mass  is  stirred  from  time  to  time  with  an  iron 
rod  which  passes  through  a hole  in  the  cover.  Every 
four  or  five  hours  more  of  the  sethiops  is  added,  and 
the  sublimation  is  continued  for  thirty-six  hours. 
'I'he  proper  temperature  is  indicated  by  the  height 
of  the  flame  above  the  edge  of  the  pot  when  the  lid 
is  raised.  This  should  never  exceed  4 or  5 inches. 
At  the  end  of  the  period  above  mentioned,  the  pots 
are  allowed  to  cool,  are  then  removed  from  the  fur- 
nace, and  broken.  The  vermilion,  which  forms  a 
thick  coating  chiefly  on  the  sides  of  the  upper  part, 
is  then  removed,  ground  in  a mill,  levigated,  and 
dried.  The  finer  the  state  of  comminution,  the 
more  brilliant  is  the  product.  No  little  experience 
is  required  in  the  management  of  the  temperatftre 
in  the  furnaces,  as  the  depth  of  tone  of  the  pigment 
seems  to  depend  in  a great  measure  on  the  regularity 
with  which  the  sublimation  is  kept  up. 

In  Idria  the  process  is  somewhat  modified.  The 
ethiops  is  prepared  by  placing  8 lbs.  of  sulphur  and 
42  of  mercury  in  barrels,  which  are  made  to  revolve 
on  their  axes  until  the  combination  of  the  two 
bodies  is  effected.  This  usually  requires  three  or 
four  hours.  The  sublimation  is  carried  on  in  iron 
cylinders  heated  to  dull  redness.  When  the  charge 
is  first  thrown  in,  tight-fitting  iron  covers  are  placed 
on  these  cylinders  until  all  crackling  ceases.  These 
are  then  removed,  and  replaced  by  earthenware  caps 
connected  with  tubes  to  receivers.  The  temperature 
is  raised  and  the  sulphide  sublimed.  The  cinnabar 
is  found  caked  in  the  covers,  while  some  is  carried 
along  with  uncombined  sulphur  into  the  tubes  and 
receivers.  This  is  again  returned  with  fresh  ethiops 
to  the  cylinders  to  be  resublimed.  After  finely 
grinding  in  water,  the  product  is  boiled  with  caustic 
soda  or  potash  to  remove  free  sulphur,  and  subse- 
quently washed  with  hot  and  then  cold  water. 

The  wet  method  of  procuring  this  body,  sometimes 
called  the  Chinese  method  (because  it  is  supposed 
to  be  the  method  by  which  the  beautiful  pigment 
termed  Chinese  vermilion  is  produced),  is  carried 
out  in  one  of  the  following  ways : — 68  parts-  of  sub- 
limed sulphur  moistened  with  a solution  of  caustic 
potash  are  ground  together  in  a mortar  with  300 
parts  of  mercury.  The  magma,  when  perfectly 
homogeneous,  is  then  mixed  with  a solution  of  160 
parts  of  caustic  potash  in  an  equal  weight  of  water. 
The  mixture  is  then  heated  on  a sand  bath  with 
constiuit  stirring,  fresh  water  being  added  to  make 
up  for  that  driven  off  in  evaporation.  After  a time, 
arrived  at  by  experience,  water  ceases  to  be  added, 
and  heat  is  applied  with  great  care.  The  substance 
becomes  gelatinous  and  red,  and  at  a certain  moment 
it  attains  its  most  brilliant  intensity.  This  point 
has  to  be  carefully  watched,  for  a few  seconds  on 
one  side  or  the  other  materially  interferes  with  the  | 
beauty  of  the  pigment.  When  the  desired  result  | 
has  been  arrived  at,  the  source  of  heat  is  withdrawn.  ! 
The  vermilion  is  then  washed  with  a solution  of  ^ 
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caustic  soda,  and  afterwards  with  water.  The  tem- 
perature at  which  this  operation  is  carried  on  is  a 
very  important  matter.  It  should  not  exceed  50°  C. 

The  foregoing  is  the  method  recommeni'.ed  by 
Kirchoff;  it  is  known  as  the  Brunner  process: — 
An  ethiops  is  made  by  mixing  intimately  300  granus. 
of  mercury  with  114  grams,  of  sulphur.  In  small 
portions  at  a time  is  added  to  this  a solution  of 
caustic  potash,  containing  75  grams,  of  the  alkali  to 
450  grams,  of  water.  Vessels  of  porcelain,  earthen- 
ware, or  cast  iron  are  made  for  heating  the  mixture. 
This  is  jjerformed  in  a sand  bath,  care  being  taken 
that  the  temperature  never  exceeds  50°  C.  Water 
is  added  to  make  up  for  the  loss  by  evaporation. 
After  seven  or  eight  hours  the  black  ethiops  will 
have  acquired  a reddish  hue,  which  soon  turns  to  the 
characteristic  scarlet  of  vermilion.  At  this  point  the 
vessel  is  removed  from  the  sand  bath.  After  diges- 
tion with  warm  water  for  some  time,  the  pigment 
is  well  washed  by  decantation,  and  separated  from 
uncombined  mercury. 

Jacquelin’s  process  does  not  differ  essentially  from 
the  two  processes  described,  but  the  proportions  of  in- 
gredients are  not  the  same.  He  recommends  that  90 
grams,  of  mercury  and  30  of  sulphur  should  be  mixed 
with  a solution  composed  of  20  grams,  of  potash  and 
30  of  water,  and  this  mixture  heated  for  an  hour  at 
a temperature  of  80°  C.  The  resulting  vermilion  is 
washed  and  dried  as  usual.  Manufacturers  have  tried 
to  brighten  their  products  by  subsequent  treatment 
with  nitric  acid,  potash,  and  hydrochloric  acid ; it 
would  seem,  however,  that  when  pure  materials  are 
used,  and  the  temperature  well  regulated,  such  treat- 
ment is  superfluous.  The  author  would  especially 
call  the  attention  of  manufacturers  of  vermilion  by  the 
wet  method  to  the  preparation  of  the  potassium  or 
sodium  sulphide  used.  The  soda  and  potash  of 
commerce  are  never  pure,  and  not  unfrequently  con- 
tain considerable  quantities  of  iron  and  other  metals 
which  would  injure  the  vermilion  in  colour.  If  the 
sulphide  used  is  allowed  to  settle  for  some  days  the 
chief  impurities  are  thrown  down,  and  the  clear  solu- 
tions may  be  decanted  for  use.  The  manufacture 
of  this  pigment  is  carried  on  by  only  a few  firms  in 
this  country,  secrecy  being  maintained  ; this  evi- 
dently points  to  the  fact  that  the  manipulative  pro- 
cesses are  peculiar,  as  the  chemical  composition  of 
the  pure  product  is  in  all  cases  the  same. 

Vermilion  is  frequently  adulterated.  Among  the 
substances  used  for  this  purpose  are  red  oxide  and 
red  chromate  of  lead,  colcothar,  red  ochre,  and  brick 
dust.  If  any  of  these  substances  are  present,  tliey 
will  remain  as  a residue  when  the  vermilion  is  volati- 
lized. The  writer  of  this  article  lately  examined  a 
specimen  of  vermilion  ground  in  oil  for  artists’  use, 
which  was  shown  to  contain  large  quantities  of  red 
chromate  of  lead  and  crimson  lake.  In  most  speci- 
mens of  vermilion  free  sulphur  is  found  in  small 
quantities.  This  can  be  scarcely  looked  upon  as  an 
adulteration;  it  may  be  that  much  of  the  quality  of 
the  colour  is  dependent  on  its  presence. 

Red  Lead,  Minium. — This  pigment  is  largely  used 
for  painting  wood  and  iron;  as  an  artist’s  colour  it 
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is  by  all  means  to  be  avoided,  as  it  is  quickly  affected 
by  foul  air,  and  has  no  permanency.  In  its  prepara- 
tion much  care  is  required  to  produce  an  article 
brilliant  in  colour.  Litharge  produced  from  pure 
lead  is  used,  since  impurities,  such  as  antimony,  iron, 
or  silver,  greatly  detract  from  its  purity  of  tint. 
This  is  spread  upon  the  sole  of  a reverberatory  fur- 
nace, and  heated  to  dull  redness,  air  being  admitted 
over  the  fire  and  by  the  working  doors.  It  is  fre- 
quently agitated  by  means  of  rakes,  and  fresh 
surfaces  exposed  for  oxidation.  After  about  forty- 
eight  hours  the  desired  tint  is  acquired.  It  is  then 
ground  under  iron  disks  and  packed  for  the  market. 
Red  lead  has  no  definite  chemical  composition,  but 
seems  to  be  a mixture  of  two  oxides,  litharge  or  pro- 
toxide, and  the  brown  dioxide.  Its  formula  is  ap- 
proximately PbgO^.  Nitric  acid  dissolves  out  the 
protoxide  and  leaves  the  brown  oxide  untouched.  A 
variety  of  red  lead  is  prepared  by  heating  the  carbon- 
ate in  contact  with  air ; it  is  called  orange  mineral. 

Red  Chromate  of  Lead. — This  body  will  be  de- 
scribed under  chrome  yellow. 

Antimony  Vermilion. — When  sulphuretted  hydro- 
gen gas  is  passed  into  an  acid  solution  of  an  antimony 
salt,  an  orange-coloured  precipitate  is  formed  which 
has  been  used  in  various  forms  as  a pigment.  If, 
however,  the  salt  of  antimony  is  heated  with  hypo- 
sulphite of  soda,  the  resulting  precipitate  has  a deep 
scarlet  hue.  To  obtain  a good  product,  pure  chloride 
of  antimony  should  be  used.  It  can  be  obtained  by 
dissolving  the  sulphide  of  that  metal  in  boiling  hydro- 
chloric acid,  sulphuretted  hydrogen  being  set  free. 
The  resulting  solution  should  be  then  boiled  down 
until  it  becomes  quite  thick ; in  this  operation  any 
arsenic  which  was  present  in  the  crude  mineral  is 
driven  off  as  chloride.  The  residue  on  cooling 
solidifies  into  a mass  of  a buttery  consistency.  This 
should  be  broken  into  lumps,  and  introduced  into 
a retort  to  which  a convenient  receiver  is  adapted. 
On  apjjlying  heat  the  mass  melts  and  distils,  the 
non-volatile  impurities  remaining  in  the  retort.  The 
distillate  crystallizes  on  cooling.  On  mixing  the 
distillate  with  water,  a white  precipitate  is  foi’med 
which  is  usually  called  an  oxychloride.  On  adding  a 
saturated  solution  of  hyposulphite  of  soda  to  this  mix- 
ture the  precipitate  is  quickly  dissolved.  The  tem- 
perature of  the  solution  should  now  be  gently  raised 
in  a water  bath  until  it  reaches  about  30°  C.,  when 
a precipitate  will  begin  to  form,  at  first  of  an  orange 
colour;  as  the  temperature  rises  it  becomes  scarlet. 
At  about  55°  C.  the  vessel  should  be  removed  from 
the  water  bath.  The  whole  of  the  antimony  will  be 
precipitcated,  provided  a sufficiency  of  hyposulphite 
was  added  in  the  first  instance.  The  pigment  should 
then  be  washed,  at  first  with  very  dilute  hydrochloric 
acid,  and  afterwards  with  water.  Hyposulphite  of 
lime  may  advantageously  replace  the  sodium  salt;  a 
higher  temperature  is,  however,  necessary  to  bring 
about  the  reaction.  If  prepared  with  care,  this 
pigment  has  good  colour,  and  gives  pure  tints  with 
white.  It  covers  well,  and  is  not  affected  by  light 
or  impure  air.  It  is  said  to  turn  brown  in  course  of 
time. 


Kermeet  Mineral  is  another  sulphide  of  antimony 
which  has  been  used  as  a pigment.  When  black 
sulphide  of  antimony  is  dissolved  by  heating  it  in  a 
solution  of  carbonate  of  potash,  and  the  solution  is 
allowed  to  cool,  a red  powder  is  deposited  which 
is  called  kermes  mineral,  the  chemical  composition 
of  which  is  not  definite.  It  is  best  to  filter  off  the 
solution  hot,  and  then  a very  clean  red  precipitate  is 
formed  when  the  filtere  1 liquid  cools. 

Red  Ochre. — This  pigment  will  be  treated  of  under 
Yelloiu  ochres. 

Colcothar,  English  Rouge.- — In  the  manufacture  of 
Nordhausen  sulphuric  acid  a residue  is  left  in  the 
retorts,  which  formerly  was  known  under  the  name 
of  caput  mortuuni  vitrioli.  It  consists  of  sesquioxide 
of  iron,  resulting  from  the  decomposition  of  the 
sulphate  of  iron  employed.  After  grinding  and 
levigation  it  is  ready  for  the  market,  and  is  known 
as 'colcothar.  It  is  more  carefully  prepared  by  first 
driving  off  the  water  of  crystallization  from  pure  sul- 
phate of  iron  by  heat,  and  then  grinding  the  resulting 
white  substance  to  powder.  On  heating  this  in 
closed  retorts,  sulphurous  and  sulphuric  acids  are 
driven  off,  and  the  ferric  oxide  remains  behind. 
Care  must  be  taken  not  to  raise  the  temperature  too 
high,  or  the  resulting  powder  will  be  too  brown.  It  is 
also  prepared  by  roasting  precipitated  feiric  oxide 
at  a dull  red  heat.  To  effect  this  pure  sulphate  of  iron 
in  solution  is  treated  with  carbonate  of  soda.  The 
resulting  precipitate,  which  is  at  first  of  a dingy  green 
colour,  becomes  brown  on  exposure  to  the  atmosphere. 
After  washing  and  drying  it  is  carefully  calcined, 
the  temperature  being  so  regulated  as  to  produce 
a fine  tint.  This  pigment  is  much  used  for  painting 
iron.  When  made  up  as  a paint  it  is  not  unfre- 
quently  adulterated  to  a large  extent  with  sulphate 
of  baryta.  After  getting  rid  of  the  oil  by  the  usual 
methods,  this  may  be  easily  detected  by  heating  the 
powder  with  hydrochloric  acid.  The  sesquioxide  of 
iron  will  be  dissolved,  and  the  barium  sulphate  will 
remain  as  an  insoluble  white  powder. 

Lukes.  — These  pigments  consist  essentially  of 
alumina,  or  a mixture  of  alumina  and  hydrated 
ferric  oxide,  with  a vegetable  or  animal  colouring 
matter.  The  usual  method  of  proceeding  in  their 
preparation  is  to  mix  a proper  proportion  of  alum  in 
solution  with  the  aqueous  extract  of  the  colouring 
substance,  and  then  add  carbonate  of  soda.  The 
alumina  is  precipitated,  and  carries  down  with  it 
the  colouring  principle.  When  a ferric  is  used 
along  with  the  alum,  the  lakes  have  a darker  hue, 
resulting  from  the  admixture  of  the  red  brown 
oxide  of  that  metal.  The  addition  of  a certain  pro- 
portion of  perchloride  of  tin  has  also  an  effect  on 
the  resulting  colours.  Thus  the  red  colouring  prin- 
ciples of  the  dye-woods  of  Brazil,  Santa  Martha, 
Lima,  Sapan,  Pernambuco,  &c.,  can  be  all  converted 
into  pigments.  Campeachy  (logwood)  produces 
purple  or  violet  lakes.  Quercitron  bark  gives  a 
yellow  lake.  Unfortunately  these  pigments,  al- 
though delicate  in  tint,  have  no  stability,  being 
affected  by  light.  Those,  however,  produced  from  the 
colouring  principles  of  madder  are  quite  permanent. 
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Madder  Lakes. — Madder  is  the  ground  root  of  tlie 
Ridiia  tinctormn.  It  hfis  long  been  cultivated  in  the 
East  and  in  Holland,  and  latterly  most  successfully 
in  France,  for  purposes  of  dyeing  This  plant  con- 
tains many  colouring  principles,  which  have  been 
carefully  studied  by  chemists ; in  fact,  the  literature 
of  the  subject  is  voluminous.  Madder  lakes,  how- 
ever, owe  their  colour  chiefly  to  one  jmnciple, 
which  has  been  termed  purptirine.  There  are  many 
methods  of  treating  madder  for  the  production  of 
lakes,  which  space  wiU  not  permit  us  to  discuss  in 
detail.  The  process,  however,  devised  by  M.  Khittel, 
following  in  the  steps  of  Peksoz,  and  described  at 
length  in  the  Technologiste,  are  interesting.  He  takes 
garancin,  produced  by  treating  the  madder  powder 
with  two-tliirds  of  its  weight  of  concentrated  oil  of 
vitriol,  and  steeps  it  in  a cold  solution  of  sulphate 
of  soda  for  twelve  hours.  The  most  satisfactory 
proportions  are  found  to  be — 


Garancin, 1 kilo. 

Sulphate  of  soda, 1 “ 

Water, 36  litres 


After  standing  it  is  well  washed  and  pressed,  until 
all  traces  of  the  sulphate  are  removed.  A quantity 
of  alum,  equal  in  weight  to  the  garancin  originally 
taken,  is  dissolved  in  10  or  12  times  its  weight  of 
water,  and  boiled.  It  is  then  removed  from  the  fire, 
and  the  purified  garancin  is  introduced.  The  madder 
should  not  be  boiled,  or  the  resulting  colour  will  be 
injured.  After  about  twenty  minutes,  the  greater 
portion  of  the  colouring  matter  will  have  been 
extracted.  The  liquid  is  then  filtered  from  the  resi- 
due. When  it  has  cooled  down  to  a temperature  of 
about  45'’  C.  subacetate  of  lead  is  added  in  quantity 
equivalent  to  that  of  the  alum  employed.  On  stirring 
the  mixture,  sulphate  of  lead  is  precipitated  and  rapidly 
subsides.  The  clear  liquid  is  then  decanted  before 
it  has  had  time  to  cool.  It  is  then  heated  for  some 
time  to  nearly  the  boiling  point,  when  a purple  red 
lake  separates  of  a beautiful  bright  tint.  The  liquor 
is  not  yet  exhausted,  however.  It  is  divided  into 
two  equal  portions;  to  one  of  which  is  added  a solu- 
tion of  carbonate  of  ammonium  until  a slight  turbidity 
is  caused.  The  two  portions  are  then  iijixed  and 
again  heated,  when  a new  quantity  of  lake  is  thrown 
down,  which,  however,  is  not  so  bright  as  the  first. 
Great  care  must  be  taken  in  drying  these  lakes,  as 
with  all  mcadtler  lakes.  An  elevated  temperature 
destroys  their  brilliancy. 

M.  Sace  obtains  fine  madder  lakes  by  using  the 
pasty  alcoholic  extract  of  madder.  He  mixes  50 
grams,  of  \vater  with  100  grams,  of  the  extract,  and 
allows  the  mixture  to  macerate  for  tw'enty-four 
hours.  More  water  is  then  added,  and  the  solutioir 
is  separated  from  the  solid  residue  by  passing  it 
through  a silk  sieve.  A boiling  solution  of  alum, 
containing  100  grams,  of  the  salt  to  1 litre  of 
water,  is  gradually  added  with  constant  stirring. 
This  lake  has  a deep  red  tint.  By  substituting  sul- 
phate of  sesquioxide  of  iron  for  the  alum,  a deep 
violet  lake  is  formed. 

M.  Kopp  treats  the  powdered  root  with  a solution 


of  sulphurous  acid,  and  allows  it  to  macerate.  The 
hot  filtered  liquid  is  then  treated  with  acetate  or 
hyposulphite  of  aluminium,  or  with  alum  neutralized 
with  carbonate  of  soda.  Four  kinds  of  lakes  are 
successively  deposited;  the  first  is  bright  dark  red, 
the  second  is  of  the  same  hue  but  lighter,  the  third 
is  a pure  pink,  and  the  fourth  a yellowish  pink. 

Madder  lakes  are  frequently  adulterated  with 
lakes  formed  from  other  cheaper  eolouring  matters, 
and  the  violet  lakes  are  sometimes  found  to  contain 
Prussian  blue.  M.  Chateau  has  devoted  some  atten- 
tion to  these  adulterations.  We  quote  his  methods 
of  detection  as  given  in  Malepeyre’s  treatise  “On 
the  Manufacture  of  Colours:”  — 

Red  and  Fink  Lakes. — “These  lakes  do  not  colour 
either  hot  or  cold  water.  They  colour  alcohol  and 
ether  very  slightly,  and  only  after  a certain  length 
of  time.  By  calcination  they  leave  a white  residue 
of  alumina. 

Santaline. — If  the  lake  be  dark  it  may  contain 
santaline,  which  is  detected  by  the  orange-red  colour 
acquired  by  the  ether  digested  with  the  suspected 
lake.  Alcohol,  under  the  same  circumstances,  would 
be  coloured  red. 

“ If  the  lake  be  of  a pink  hue,  it  may  be  falsified 
with  lakes  of  Brazil  wood  or  cochineal.  But  as 
madder  lakes,  and  generally  all  lakes,  are  insoluble  in 
water,  ether,  or  alcohol,  their  colouring  substance 
should  be  insulated,  and  I propose  the  following 
method : — Every  lake  with  alumina  for  base  is  solu- 
ble in  hydrochloric  acid,  or  in  acetic  acid  to  which  a 
few  drops  of  the  former  acid  have  been  added,  or  in 
a solution  of  protochloride  of  tin.  After  the  lake  is 
dissolved,  ether  is  added  to  the  solution,  and  the 
whole  is  shaken.  All  the  colouring  matter  is  dis- 
solved in  the  ether,  which  will  acquire  different 
colorations,  according  to  the  lakes  introduced. 

‘■‘■Lakes  of  Brazil  wood — First  Process. — Let  us 
suppose  that  a madder  lake  is  adulterated  with  the 
lakes  of  Pernambuco,  Japan,  or  Brazil  wood,  the 
colouring  matter  will  be  rendered  soluble  in  ether 
by  the  process  indicated  above,  and  the  ether  will  be 
coloured  a gold-yellow. 

“ Venice  Lake,  hall  shape — Second  Process. — A mad- 
der lake  adulterated  by  Venice  lake,  baU  shape  (one 
of  the  finest  lakes  of  Brazil  wood),  will  dise.igage 
ammonia  if  it  be  heated  in  a test  tube  with  a solution 
of  potassa.  Under  the  same  treatment  a pure  mad- 
der lake  does  not  produce  ammonia. 

“Brazil  Lake — Ihird  Process. — A madder  lake,  fal- 
sified with  the  lakes  of  Brazil  wood,  will  be  generally 
recognized  by  its  effervescence  with  the  acids,  and 
its  blue  coloration  by  iodine.  These  reactions  are 
due  to  the  presence  of  chalk  and  sterch,  which  are 
used  for  thickening  the  lakes  made  with  Brazil  wood. 

“ Carmine  Lake. — Another  adulteration  of  madder 
lakes  is  that  with  the  so-called  carmine  hikes  of  an 
inferior  quality.  This  fraud  is  easily  detected. 

“Water  is  not  coloured  with  madder,  while  it  is 
coloured  with  carmine  lake.  The  coloration  is 
immediate,  and  becomes  more  intense  by  heating. 
This  aqueous  solution  of  carmine  lake  becomes  violet 
by  soluble  alkalies,  and  gives  a violet  precipitate  with 
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lime  water,  chloride  of  tin,  sulphate  of  copper, 
acetate  of  lead,  and  sulpliate  of  zinc. 

“ All  that  has  been  said  about  red  and  pink  lakes 
may  be  applied  to  the  niadder  carmine. 

“ Violet  Lakes. — The  violet  madder  lakes,  after  cal- 
cination, leave  an  ash  of  oxide  of  iron,  which,  being 
dissolved  in  hydrochloric  acid,  produces  an  abundant 
precipitate  of  Prussian  blue  by  the  addition  of  ferro- 
cyanide  of  potassium. 

“'rhese  lakes,  under  the  action  of  hydrochloric 
acid,  turn  a dirty  orange-yellmv  colour. 

“ Campeachy  Lakes. — 1.  If  adulterated  with  Cam- 
peachy  lakes,  the  addition  of  hydrochloric  acid  will 
produce  a crimson-red  coloration.  After  calcination 
the  ash  will  be  nankin-yellow  or  white,  whether  the 
Campeachy  lake  is  partly  or  entirely  substituted  for 
that  of  madder. 

“2.  After  having  extracted  the  colouring  matter  in 
the  afore-mentioned  manner,  the  ether  is  coloured 
a gold-yellow,  and  will  give  the  Campeachy  reaction, 
if  that  substance  be  present. 

Alkanet. — 1.  The  madder  lakes,  falsified  by 
alkanet  lakes,  are  easily  recognized.  The  lake  is 
dissolved  in  acetic  acid,  and  bisulphide  of  carbon  is 
added,  which  after  shaking  is  coloured  an  intense 
violet  red  if  alkanet  be  present.  This  reaction  is 
characteristic  of  that  substance. 

“ 2.  A madder  lake  adulterated  by  alkanet  disen- 
gages violet  fumes  when  lieated.  Moreover,  such  a 
lake  is  coloured  blue  by  alkalies,  baryta,  and  lime. 

“3.  After  solution  of  the  adulterated  lake  in 
acetic  acid,  and  separation  of  the  colouring  matter 
in  ether,  this  is  evaporated,  and  the  residue  is  treated 
by  alcohol,  which  dissolves  the  colouring  principle  of 
alkanet.  This  alcoholic  solution  gives  a blue  precipi- 
tate with  lead  subacetate  or  acetate,  if  it  contains 
anchusine.  the  colouring  matter  of  alkanet. 

“ Orchil. — Orchil  lake  is  dissolved  in  hydrochloric 
acid,  which  becomes  red.  Ether,  shaken  with 
solution,  does  not  dissolve  a trace  of  the  colouring 
matter.  The  same  reaction  takes  place  with  bisul- 
phide of  carbon. 

“ Prusdaii  Blue. — Prussian  blue,  added  to  a violet 
madder  lake  for  the  purpose  of  deepening  the  hue, 
is  recognized  by  the  addition  of  hydrochloric  acid, 
which  changes  the  violet  of  the  lake  to  a green. 
Hypochlorites,  and  especially  hypochlorous  acid, 
turn  the  violet  to  a blue. 

“ Black  Lakes. — By  calcination  these  lakes  give  an 
ash  of  oxide  of  iron.  Hydrochloric  acid  changes 
them  by  degrees  into  a dirty  orange.  They  turn  a 
brown,  rusty  colour  by  the  action  of  protochloride 
of  tin. 

“ Chai’coal  and  Lamp  Black. — These  lakes  being 
of  a fine  iilack  colour,  it  is  possible  to  falsify  them 
with  finely-ground  charcoal  or  lamp  black.  This 
fraud  will  be  detected  by  boiling  the  sample  with 
hydrochloric  acid,  which  will  dissolve  the  lake,  and 
will  leave  the  charcoal  or  lamp  black  as  a residue. 

“ Black  Campeachy  TmI  cs. — Black-  madder  lakes 
may  be  mistaken  for  those  of  Campeachy.  The 
latter  will  redden  strongly  by  the  action  of  hydro- 
chloric acid  and  of  the  protochloride  of  tin.  In  the 


first  case  the  red  portions  will  stain  paper  a cherry- 
red  colour ; in  the  second  case,  a more  or  less 
violet  red. 

“ Lake  with  Cochineal  Basis. — In  order  to  distin- 
guish a black  madder  lake  from  one  with  cochineal 
basis,  an  addition  of  chloride  of  tin  will  turn  the 
cochineal  lake  a cherry-red,  and  white  paper  will  be 
stained.  The  madder  lake  presents  no  such  reaction. 

Black  Sumach  Lake,  ^-c. — While  the  black  madder 
lakes  are  of  a pure  colour,  those  manufactured  from 
galls,  sumach,  and  other  astringent  substances,  are 
olive-black.  I do  not  believe  that  the  latter  can  be 
mixed  with  the  former,  on  account  of  the  olive  hue. 
Moreover,  the  adulteration  must  be  considerable  in 
order  to  be  profitable.” 

Besides  the  vegetable  colouring  matters  already 
named  which  serve  to  produce  lakes,  there  are  many 
others.  The  boughs  of  buckthorn  and  the  berries 
of  the  elder  give  violet,  red,  chocolate,  and  brown 
decoctions,  the  colouring  matters  of  which  can  be 
combined  with  alumina,  oxide  of  tin,  magnesia, 
oxide  of  zinc,  and  oxide  of  antimony.  They  are, 
however,  of  little  value  to  the  artist  on  account  of 
their  want  of  stability. 

Carmine  or  Crimson  Lake. — This  lake,  so  exquisite 
in  tint,  is  unfortunately  affected  by  light.  It  is 
prepared  from  the  colouring  matter  of  the  cochineal 
insect  (Coccus  cacti).  Twenty  parts  of  powdered 
cochineal  are  boiled  with  400  parts  of  water  and  10 
parts  of  cream  of  tartar.  After  filtration,  a solution 
of  300  parts  of  alum  with  a small  quantity  of  proto- 
chloride  of  tin  is  added  to  the  decoction.  The  pre- 
cipitate first  formed  is  exceedingly  brilliant;  the 
liquid  still,  however,  contains  the  greater  part  of  the 
colouring  matter.  To  effect  its  precipitation  a solu- 
tion of  carbonate  of  soda  is  cautiously  added,  when 
the  alumina  becomes  wholly  precipitated  along  with 
the  colouring  matter. 

Carmine. — This  brilliant  but  fugitive  pigment  is 
also  prepared  from  the  cochineal  insect  by  different 
methods,  most  of  which  are  kept  secret.  It  is  not 
a lake  in  the  ordinary  acceptation  of  the  word,  as  it 
contains  no  base  equivalent  to  alumina.  The  phos- 
phate and  carbonate  of  lime,  which  are  found  in 
small  quantities,  are  derived  from  the  insect  itself. 
It  seems  to  be  essentially  a mixture  of  fatty  matters 
with  the  acid  used  for  precipitation  and  the  colour- 
ing matter  of  the  insect.  De  la  Rue,  who  has 
carefully  investigated  the  subject,  terms  this  colour- 
ing matter  carminic  acid,  and  assigns  to  it  the 
formula,  Cj^Hj^Og.  The  following  are  a few  of  the 
methods  made  public  by  which  this  pigment  may  be 
produced.  For  other  processes  and  the  chemistry 
of  carmine,  seei  the  article  on  Cochineal  in  vol.  I. 
of  this  Dictionary. 

The  Old  German  Recipe. — Take  580  parts  of  clear 
river  water,  and  boil ; add  16  parts  of  powdered 
cochineal,  stir  well  and  allow  to  boil  for  six  minutes; 
then  add  1 part  of  ground  alum,  and  boil  for  three 
minutes  more.  Remove  from  the  fire,  and  filter 
into  porcelain  vessels.  Leave  to  settle  for  three 
days,  and  separate  the  liquid  from  the  precipitated 
carmine.  On  standing  for  a further  length  of  time. 
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a second  inferior  deposit  is  obtained.  The  liquid, 
■which  still  contains  much  colouring  matter,  may  be 
used  for  the  preparation  of  carmine  lake. 

Carmine  with  Tartar. — To  8 lbs.  of  boiling  water 
are  added  8 ozs.  of  cochineal,  and  after  a little  time, 
half  an  ounce  of  cream  of  tartar.  After  boiling  for 
eight  minutes,  three-quarters  of  an  ounce  of  alum 
are  added,  and  the  boiling  continued  for  a few 
minutes.  The  rest  of  the  process  is  conducted  as 
before. 

The  .‘ilxnn  or  Lam/loid  Process. — 30  pints  of  boiling 
water  are  mixed  with  1 lb.  of  cochineal ; and  after  a 
time,  a solution  of  6 drachms  of  carbonate  of  soda 
to  1 lb.  of  water  is  added.  After  boiling  for  an 
hour,  the  decoction  is  removed  from  the  fire,  and  6 
drachms  of  powdered  alum  are  added,  the  liquid 
being  agitated  with  a brush.  The  liquid,  after  rest- 
ing for  twenty  minutes,  is  carefully  decanted,  and 
then  is  added,  with  constant  agitation,  a solution 
containing  the  whites  of  two  eggs  beaten  up  with 
half  a pound  of  water.  After  reheating  for  some 
time  the  liquid  is  allowed  to  cool,  when  the  carmine 
is  deposited. 

Process  of  Madame  Cenette. — To  6 parts  of  boiling 
river  water  are  added  2 lbs.  of  cochineal,  and  the 
boiling  continued  for  two  hours  ; then  are  added  3 
ozs.  of  saltpetre  and  4 ozs.  of  salt  of  sorrel.  After 
ten  minutes  the  vessel  is  removed  from  the  fire,  and 
the  liquid  is  allowed  to  settle  for  four  hours.  The 
clejir  liquid  is  siphoned  off  into  shallow  plates,  and  left 
for  three  weeks  to  deposit  the  carmine.  A mouldy 
mass  is  formed  on  the  surface  ; this  is  dexterously 
removed  by  a piece  of  whalebone,  care  being  taken 
not  to  break  it.  TJie  supernatant  liquid  is  then 
siphoned  off,  and  the  carmine  dried  in  the  shade. 

Carmine  of  China.  — The  cochineal  solution  is 
made  as  in  other  processes,  with  the  addition  of 
Roman  alum.  This  solution  is  then  added,  drop 
by  drop,  to  the  clear  liquid,  until  all  the  carmine  is 
precipitated. 

Ordinary  Carmine.  — 60  pints  of  water,  1 lb.  of 
cochineal  in  powder,  and  3^  drachms  of  carbonate 
of  potash  are  boiled  together.  The  vessel  is  removed 
from  the  fire  and  placed  in  a convenient  position  for 
decantation,  3 drachms  of  powdered  alum  are  added, 
and  the  liquid  soon  becomes  clear.  It  is  then  de- 
canted, and  again  placed  on  the  fire.  Then  a solution 
of  3 drachms  of  fish  glue  in  a large  quantity  of  water 
is  added.  As  soon  as  ebullition  sets  in  the  vessel  is 
removed,  and  the  liquid  strongly  agifiited.  Carmine 
is  j)recipitated  and  collected  in  the  usual  manner. 

This  pigment  is  frequently  .adulterated.  It  should 
be  quite  soluble  in  ammonia.  Any  residue  left, 
therefore,  on  digesting  a sample  with  this  reagent, 
may  be  looked  upon  as  foreign  matter  added  for 
purposes  of  sophistic.ation. 

Madder  Carmine. — JI.  BOURGEOIS  discovered,  early 
in  the  present  century,  a preparation  from  m.adder 
w hich  is  said  to  jmssess  all  the  perm.anent  qu.alities 
of  the  madder  lakes,  but  to  exceed  them  in  delic.acy 
and  depth  of  tint.  Ilis  process  h.as  been  kept  secret. 
^I.  IjEKORT,  however,  in  his  “ Chimie  des  Colours  ” 
gives  a method  of  preparing  a brilliant  madder  car- 


mine. He  first  causes  the  root,  which  should  be  of 
the  best  quality,  to  enter  into  fermentation  by  placing 
it  in  a damp  place.  When  the  saccharine  matter  is 
thus  destrojed  and  acid  fermentation  has  set  in,  he 
treats  the  disintegrated  root  with  sulphuric  acid 
diluted  to  55°  Beaume.  Great  care  must  be  taken 
at  this  stage  of  the  operation  that  the  temperature 
should  not  rise  too  high.  For  this  reason  he  makes 
the  addition  of  acid  in  a leaden  vessel,  surrounded 
with  cold  water.  After  standing  for  three  or  four 
hours  the  paste  is  tre.ated  with  cold  water,  and  the 
residue  removed  from  the  solution  by  filtration 
through  a bed  of  broken  glass.  The  filtrate  is 
received  in  a large  quantity  of  pure  water.  The 
carmine  is  soon  deposited  from  this  solution,  and 
can  be  collected  and  dried  in  the  usual  manner. 

Rose  Pink. — This  common  pigment,  largely  used 
in  paper  staining  and  distemper,  consists  merely  of 
chalk  coloured  with  solution  obtained  from  dye- 
woods.  It  has  no  permanency. 

There  are  many  other  red  pigments,  both  organic 
and  inorganic,  known  to  chemists ; but  they  are 
mostly  curiosities  of  the  laboratory.  Scarlet  iodide 
of  mercury  merits  mention  on  account  of  its  sur- 
passing brilliancy.  It  is  produced  when  a solution 
of  potassic  iodide  is  mixed  with  a mercuric  salt,  the 
perchloride  being  preferable.  It  is  soluble  in  excess 
of  either  of  the  reagents,  and  it  therefore  requires 
some  care  in  exactly  hitting  the  medium.  Br.d  gases 
quickly  affect  it,  and  it  loses  its  brilliancy  by  ex- 
posure to  light.  It  is,  however,  still  used  as  a 
pigment  by  artists ; it  must  never  be  allowed  to 
come  into  contact  with  metallic  iron,  as  it  w(  uld  be 
decomposed ; it  should  never  be  mixed  with  other 
pigments,  and  when  employed  should  be  mixed  with 
such  a medium  as  will  thoroughly  protect  it  from 
the  air.  Cobalt  furnishes  rose  pinks  of  considerable 
intensity ; but  as  they  are  thrown  into  the  shade 
by  madder  colours,  they  find  no  place  on  the  artist’s 
palette.  Ferrate  of  barium,  chrom.ate  of  silver,  per- 
chloride of  chromium,  hyposulph-arsenite  of  man- 
ganese, persulpho-molybdate  of  calcium  and  barium, 
terchromate  of  thallium,  &c.,  have  all  been  sug- 
gested as  pigments ; but  they  are  mostly  inadmissible. 

Yellow  Colours. — Yellow,  Oranye,  Red,  and  Brown 
Ochres. — These  pigments  are  clays,  which  owe  their 
colour  chiefly  to  sesquioxide  of  iron  existing  in  a 
gre.ater  or  less  state  of  hydration.  They  are  found 
abundantly  in  n.ature,  and  merely  require  floating  to 
remove  grit,  &c.,  and  drying  to  prepare  them  for 
artists’  use.  The  finer  their  state  of  comminution, 
the  more  fitted  they  are  for  the  p.alette.  They 
have  no  definite  chemical  composition.  The  well- 
known  yellow  found  .at  Saint-Georges-sur-la-Pres 
has  the  following  composition  : — 

Clay, 69-5  per  cent. 

Oxide  of  iron, 23-5  “ 

Water, 7-0  “ 

I Under  this  he.ad  may  be  classed  the  Teiwa  di  Sienna, 

I a pigment  most  useful  to  the  artist,  both  in  its  i-aw 
\ state  and  also  when  calcined  or  burnt.  Venice  .and 
Antwerp  reds,  .and  a variety  of  tinted  earths  found  in 
different  localities,  belong  to  this  class.  By  subject- 
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iDg  the  yellow  varieties  to  a greater  or  less  degree  of 
calcination,  a great  variety  of  hues  may  be  obtained. 
With  regard  to  permanency,  the  ochres  leave  nothing 
to  be  desired.  The  brown  varieties  frequently  con- 
tain manganese.  An  artificial  ochre  known  as  orient 
yellow,  of  a fine  pure  tint,  is  spoken  of  very  highly. 

Yellow,  Orange,  Brown,  and  Red. — These  pig- 
ments consist  of  sesquioxide  of  iron,  containing  more 
or  less  water  of  hydration.  The  method  of  preparing 
them  is  kept  secret.  They  are  not  unfrequently 
adulterated  with  chromate  of  lead,  orpiment,  and 
sulphate  of  lime.  When  treated  with  a solution  of 
sulphuretted  hydrogen,  no  blackening  should  ensue. 
A spurious  imitation  containing  sulphate  of  lime  is 
obtained  by  treating  ferrous  sulphate  with  milk  of 
lime,  and  exposing  the  resulting  precipitate  to  the 
action  of  the  air.  The  hydrated  monoxide  of  iron 
thus  becomes  oxidised  to  ferric  oxide, and  the  sulphate 
of  lime  formed  remains  intimately  mixed  with  it. 

Iron  Yellow — Oxalate  of  Iron. — This  pigment  is 
produced  when  a boiling  saturated  solution  of  oxalate 
of  ammonium  is  added  to  a hot  solution  of  ferrous 
sulphate.  It  can  scarcely  be  recommended.  With 
Prussian  blue  it  does  not  form  greens,  as  a mutual 
decomposition  takes  place  when  the  two  bodies  are 
brought  together.  It  is  decomposed  by  lime  and 
other  alkaline  bodies. 

Naples  Yellow. — The  old  Naples  yellow  is  an  anti- 
moniate  of  lead  produced  by  different  processes. 
Many  recipes  are  given  for  its  production.  The 
three  following  give  good  tints 


1.  Tartar  emetic 1 part. 

Nitrate  of  lead, 2 parts. 

Chloride  of  sodium, 4 “ 


This  mixture  is  heated  to  fusion  for  two  hours  in  a 
crucible.  It  is  then  powdered,  and  the  chloride  of 
sodium  carefully  washed  out  with  water. 

2.  Two  parts  of  pulverized  type  metal  (an  alloy  of 
equal  parts  of  lead  and  antimony)  are  fused  with  4 
parts  of  nitre  and  6 parts  of  chloride  of  sodium. 
The  product  is  washed  free  from  soluble  matter. 

3.  Twelve  parts  of  white  lead,  3 parts  of  anti- 
moniate  of  potash,  1 part  of  sal-ammoniac,  and  1 
part  of  alum,  are  intimately  mixed  and  kept  at  a 
red  heat  in  a crucible  for  three  hours.  The  soluble 
salts  are  removed  by  washing. 

Brunner,  who  specially  studied  this  compound, 
prefers  the  first  method  of  preparation.  As  a pig- 
ment it  possesses  a good  body,  but  is  quickly  affected 
by  foul  air.  It  is  also  decomposed  by  contact  with 
iron  ; hence  a palette  knife  of  wood  or  ivory  must 
be  used  in  collecting  it.  The  pigments  now  usually 
sold  as  Naples  yellow  are  mixtures  of  white  lead  and 
chromate  of  lead,  or  zinc,  or  ochre.  AVhite  lead  and 
dark  cadmium  yellow,  mixed  in  proper  proportions, 
imitate  the  shade  of  colour  fairly  well.  Indeed,  this 
mixture  is  much  less  objectionable  for  artistic  i>ur- 
poses  than  the  real  yellow.  (See  Antimony.) 

Cadmium  Yellows. — These  pigments  are  compounds 
of  sulphur  and  cadmium.  They  may  be  prepared 
either  by  passing  a stream  of  sulphuretted  hydrogen 
through  a solution  of  a cadmium  salt,  or  by  heating 
the  oxide  of  the  metal,  or  the  metal  itself,  with  sub- 


limed sulphur.  When  made  with  care  from  pure 
cadmium  salts,  and  when  free  from  uncombined 
sulphur,  they  are  eminently  good  pigments.  They 
are  brilliant  in  tone  and  stable.  A cadmium  red  has 
also  been  obtained  possessing  all  the  virtues  of  the 
yellow  pigments.  Cheap  cadmiums  obtained  from 
abroad  are  almost  invariably  adulterated,  or  pre- 
pared without  due  care,  and  are  therefore  very 
objectionable  for  artistic  purposes. 

Indian  Yellow  is  an  organic  substance  of  indefinite 
composition  ; as  a pigment,  it  is  not  trustworthy. 

Chrome  Yellows. — Under  this  head  may  bo  included 
the  chromates  of  lead,  zinc,  barium,  strontium,  and 
calcium.  They  are  for  the  most  part  prepared  by 
double  decomposition,  from  the  admixture  of  a soluble 
chromate  with  a salt  of  the  metal.  For  this  purpose 
the  chromate  or  dichromate  of  potassium  is  usually 
employed,  but  under  certain  circumstances  the  corre- 
sponding sodium  salt,  and  even  the  chromate  of  lime, 
is  used.  The  manufacture  of  these  chromates  has 
undergone  considerable  modification  during  the  last 
few  years.  New  and  more  economical  methods  have 
been  substituted  for  the  older  plans  of  preparation, 
as  the  demand  and  consumption  have  increased. 
The  former  plan  of  producing  the  yellow  chromate 
of  potassium  consisted  in  mixing  finely-pow’dered 
chrome  ironstone  with  nitre,  and  fusing  the  two 
bodies  together  on  the  bed  of  a reverberatory  fur- 
nace. The  mass  was  subsequently  lixiviated;  the 
filtered  yellow  solution  was  then  boiled  down  rapidly, 
so  as  to  deposit  the  salt  as  a granular  crystalline 
powder.  After  draining  these  crystals  were  redis- 
solved, and  the  solution  slowly  evaporated  so  as  to 
obtain  larger  crystals;  or  a quantity  of  mineral  acid 
was  added  to  this  neutral  chromate,  until  it  became 
converted  into  acid  chromate  thus: — 

2(K.,CrOJ  + 2(HN03>  = 2(KN03)  + H^O  + KXr^Oir. 

The  red  acid  chromate  was  then  separated  from 
the  nitrate  or  other  salt  formed  simultaneously  by 
crystallization.  It  was  found  that  a portion  of  the 
nitre  might  be  dispensed  with,  and  pearl  ash  (car- 
bonate of  potash)  substituted  ; or  that  by  admitting 
air  into  the  reverberatory  furnace,  the  oxidation 
might  be  carried  out  without  the  aid  of  nitre. 
Stromever  suggested  the  admixture  of  lime  with 
the  ore  and  pearl  ash.  This  addition  makes  the 
mixture  thick,  so  that  it  may  be  easily  turned,  and 
thus  every  portion  may  be  exposed  to  the  oxidising 
influence  of  the  air.  Before  this  suggestion  was 
adopted,  much  mechanical  difficulty  was  experienced 
in  decomposing  the  whole  of  the  chrome  ore,  as  it 
sank  to  the  bottom  of  the  thin  alkaline  fluid,  and  thus 
escaped  oxidation.  Watt  still  further  economized 
the  manufacture  by  substituting  the  cheaper  sul- 
phates of  sodium  or  potassium  for  the  carbonates. 
Tilghman  uses  felspar  as  the  source  of  alkali.  He 
mixes  4 parts  of  that  mineral  in  powder  with  an 
equal  weight  of  lime  and  1 part  of  the  chrome  iron- 
stone, and  calcines  the  mixture  in  a reverberatory 
furnace.  The  subsequent  operations  for  producing 
the  crystalline  salt  are  similar  in  all  these  methods 
to  that  already  described,  differing  only  in  mechanical 
details.  The  process  devised  by  Booth,  of  Phila- 
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delphia,  consists  of  two  operations.  The  powdered 
ore  is  first  agitated  with  coke  or  charcoal ; the  iron 
is  thus  reduced  to  the  metallic  state,  and  may  be 
dissolved  out  from  the  mass  by  dilute  suljihuric 
acid.  The  sulphate  of  iron  thus  formed  is  evaporated 
and  crystallized.  The  chromic  oxide  is  then  fused 
with  alkali  and  nitre  to  produce  the  chromate. 
Oxygen  is  thus  economized,  as  there  is  no  loss,  as 
in  the  other  methods,  in  converting  the  monoxide 
into  the  sesquioxide  of  iron ; the  by-product  of 
green  vitriol  also  defrays  some  of  the  expense  of 
working.  Jacqi'ELAin  decomposes  the  chrome  iron- 
stone by  chalk,  to  form  the  acid  chromate  of  calcium. 
To  tills  end  he  mixes  the  finely  ground  ore  with  the 
powdered  chalk  in  proper  proportions,  and  spreads 
it  in  a layer  of  about  2 inches  deep  on  the  floor  of 
a reverberatory  furnace.  It  is  then  heated  for  nine 
to  ten  hours  to  bright  redness,  being  frequently 
turned  over  during  the  calcination.  The  greenish- 
yellow  mass  produced,  which  consists  for  the  most 
part  of  ferric  oxide  and  neutral  chromate  of  calcium, 
is  ground  to  a fine  powder.  This  powder  is  mixed 
with  water,  and  sulphuric  acid  is  added  until  a slight 
acid  reaction  is  perceptible.  The  neutral  chromate 
of  calcium  is  thus  converted  into  the  acid  salt,  which 
remains  in  solution.  The  small  quantity  of  sulphate 
of  iron  formed  at  the  same  time  is  decomposed 
by  otirring  up  the  liquid  with  fresh  carbonate  of 
lime,  which  precipitates  the  iron.  To  prepare  the 
potassium  dichromate  from  the  solution,  it  is  only 
necessary  to  treat  it  with  a proper  quantity  of  car- 
bonate of  potassium,  when  by  double  decomposition 
carbonate  of  calcium  is  formed  and  precipitated, 
while  the  potassium  dichi-omate  remains  in  solution. 
For  the  preparation  of  pigments  this  last  operation 
is  unnecessary,  as  the  calcium  dichromate  may  be 
used  directly. 

Chromates  of  Lead. — The  neutral  chromate  of  lead, 
of  a light  yellow  colour,  is  easily  produced  by  mixing 
together  a dilute  solution  of  nitrate  or  acetate  of 
lead  (by  preference,  nitrate)  and  one  of  chromate 
of  potassium.  The  reaction  may  be  thus  repre- 
sented : — 

KjCrOj  + Pb(N03)2  = 2KNO3  + PbCr04. 

If  the  solutions  are  too  concentrated,  an  orange 
precipitate  is  produced.  It  may  be  also  prepared 
from  sulphate  of  lead  by  treating  that  powder  with 
chromate  of  potash.  Lieisig  proposed  to  utilize  the 
sulphate  of  lead,  obtained  as  a by-product  in  several 
industries,  for  the  manufacture  of  this  pigment.  In 
practice,  however,  it  is  found  that  the  whole  of  the 
sulphate  is  not  decomposed,  nor  does  tlie  product 
cover  so  well  as  that  jiroduced  by  precipitation. 

Basic  chromate  of  lead,  or  oram/e  chrome,  when 
quite  free  from  the  neutral  salt,  may  be  produced 
by  digesting  the  neutral  chromate  in  caustic  alkalies. 
It  has  the  formula — FbO.PbCrO^.  According  to 
the  mode  in  which  it  is  prepared  it  assumes  various 
hues,  from  light  orange  to  deep  scarlet.  One  method 
of  preparing  it  consists  in  boiling  the  neutral  chromate 
with  caustic  lime.  A portion  of  the  chromic  acid 
thus  passes  to  the  Ume  and  remains  in  solution. 

j The  precipitate  has  now  acquired  an  orange  tone, 
which  may  be  deepened  by  cautious  heating  after  it 
has  been  well  washed  and  dried.  Or  again,  a solu- 
tion of  a lead  salt  may  be  precipitated  by  chromate 
of  potassium  containing  free  alkali.  By  varying  the 
proportions  of  soda  or  potash,  added  for  this  pur- 
pose, different  tones  of  orange  may  be  produced. 
When  a great  excess  of  alkali  is  used,  the  brownish 
orange  precipitate  first  formed  begins  soon  to  alter 
its  character  on  standing  undisturbed.  Scarlet 
patches  begin  to  form  in  the  precipitate,  which 
gradually  extend  through  the  whole  mass.  It  thus 
passes  from  the  amorphous  into  the  crystalline  form. 
The  finest-coloured  product  is  obtained  by  throwing 
the  neutral  chromate  of  lead,  by  small  quantities  at 
a time,  into  a crucible  filled  with  melted  nitre.  The 
basic  chromate  thus  formed  is  of  a deep  cinnabar 
scarlet.  It  sinks  to  the  bottom  of  the  crucible.  The 
liquid  above  it  may  then  be  poured  off  and  used  for 
subsequent  operations.  The  sediment  should  be 
well  washed.  A brilliant  scarlet  may  be  also  pro- 
duced by  treating  white  lead  with  chromate  of 
potassium.  The  scarlet  modifications  of  this  chro- 
mate have  little  body,  on  account  of  their  crystalline 
nature.  They  are  known  as  Persian  reds. 

Chromates  of  lead  are  adulterated  frequently  with 
chromates  of  lime,  baryta,  and  sulphate  of  lead.  To 
detect  these  sophistications  requires  some  practical 
acquaintance  with  analysis.  The  very  objectionable 
pigment  which  goes  by  the  name  of  Cologne  yellow  is 
a mixture  of  sulphate  of  lime,  sulphate  of  lead,  and 
chromate  of  lead.  The  two  first  bodies  form  about 
75  per  cent,  of  the  whole.  As  pigments  the  chromates 
of  lead  are  objectionable  on  the  same  grounds  as  other 
pigments  having  lead  for  a basis,  they  are  quickly 
attacked  by  foul  gases.  They  also  have  a tendency 
to  turn  green  by  reduction  of  the  chromic  acid,  and 
this  is  effected  by  organic  substances  with  which  they 
are  mixed,  when  used  as  pigments. 

Chromate  of  Lime. — This  pigment  is  little  used  in 
oil  painting.  It  may  be  prepared  by  mixing  together 
chloride  of  calcium  and  chromate  of  potassium,  and 
precipitating  the  mixed  solutions  with  ammonia. 
After  draining  away  the  liquids  the  precipitate  may 
be  heated  to  about  200°  C.,  when  it  loses  water  and 
becomes  very  much  less  soluble  in  that  menstruum. 
The  soluble  salt  may  be  then  washed  out.  As  a 
pigment  it  cannot  be  recommended  for  artistic 
purposes. 

Chromate  of  Baryta  may  be  prepared  by  adding 
chromate  of  potash  to  nitrate  or  chloride  of  barium. 
It  is  nearly  insoluble  in  water,  and  has  a fine  lemon- 
yellow  tint.  It  has  been  said  that  it  becomes  green- 
ish on  exposure  to  light ; this  is  not  the  experience 
of  the  author  with  the  pure  compound.  It  is  known 
in  the  arts  by  the  name  of  “ lemon  yellow.” 

Chromate  of  Zinc. — This  beautiful  and  stable  pig- 
ment is  prepared  by  treating  a hot  solution  of  sul- 
phate of  zinc  with  chromate  of  potash.  The  zinc 
solution  must  be  perfectly  neutralized  with  carbonate 
of  soda,  or  the  precipitate  produced  will  be  of  pasty 
consistency,  and  of  a faint  straw-yellow  hue,  in  place 
of  the  pulverulent  fine  yellow  chromate.  This  pig- 
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ment  may  be  safely  recommended  to  the  artist,  when 
prepared  from  pure  materials. 

Other  yellow  chromates  have  been  proposed  as 
pigments,  as,  for  instance,  the  chromates  of  thallium 
and  cadmium;  but  they  have  many  disqualifications. 
Strontium  chromate,  which  may  be  prepared  in  a 
similar  method  to  the  barium  chromate,  has  no 
advantages  over  the  latter  body. 

Iodide  of  Lead. — This  compound  is  produced  when 
a soluble  lead  salt  is  precipitated  with  iodide  of  pot- 
assium. Besides  being  soluble  in  hot  water,  it  is 
quickly  affected  by  light. 

Massicot. — This  is  a monoxide  of  lead,  varying  in 
colour  from  a pale  straw  to  an  orange -yellow  tint. 
It  may  be  prepared  bj"^  gently  calcining  white  lead  in  a 
reverberatory  furnace.  It  is  seldom  used  by  artists. 

Turner  Yellow,  Carsel  Yellow,  Montpellier  Yellow, 
Verona  Yellow.  — These  yellows  seem  to  be  oxy- 
chlorides of  lead,  varying  in  composition.  They 
are  produced  when  red  lead  or  litharge  is  heated 
with  common  salt  or  sal-ammoniac.  Besides  having 
the  disadvantages  of  all  pigments  with  a lead  basis, 
they  are  quickly  affected  by  light.  A variety  known 
as  mineral  straw  yellow  is  more  durable  than  the 
preceding. 

Orpiment. — This  mineral,  which  is  the  trisulphide 
of  arsenic,  when  ground  to  a fine  powder  is  some- 
times used  as  a pigment.  It  can  be  procured  arti- 
ficially by  subliming  a mixture  of  1 part  of  flowers 
of  sulphur  and  2 parts  of  arsenious  acid.  It  is 
wanting  in  durability,  and  is  poisonous.  When  a 
stream  of  sulphuretted  hydrogen  gas  is  passed 
through  a solution  of  arsenious  acid,  the  yellow 
precipitate  formed  has  the  same  chemical  composi- 
tion as  orpiment,  and  has  the  same  disadvantages 
as  that  body.  It  is  known  as  King's  yellow,  and 
invariably  contains  arsenious  acid.  There  is  some 
doubt  as  to  whether  pure  arsenious  sulphide  is 
poisonous. 

Mineral  or  Arsenic  yellow  is  a pigment  containing 
both  arsenic  and  lead.  It  may  be  produced  by 
fusing  together  litharge  and  arsenious  acid,  and 
reducing  the  resulting  mass  to  powder.  For  the 
reasons  cited  above,  it  is  not  to  be  recommended  as 
an  artist’s  colour. 

.AnreoUn. — Much  has  been  said  in  praise  of  this 
pigment,  which  is  the  nitrite  of  {)Otassium  and 
cobalt.  It  is  a pure  transparent  yellow,  of  great 
tinctorial  power.  It  is  said  to  be  quite  stable, 
although  its  chemical  composition  would  suggest 
doubt.  It  can  be  juepared  by  precipitating  a salt 
of  cobalt  by  carbonate  of  soda,  washing  the  precipi- 
tate, and  dissolving  in  excess  of  acetic  acid : this 
solution  is  treated  with  a slight  excess  of  nitrite  of 
potassium.  The  precipitate  takes  some  time  to 
form,  and  invariably  contains  the  whole  of  the 
cobalt  of  the  original  solution,  in  so  mucli  that  it 
is  used  as  a quantitative  separation  of  cobalt  in 
analysis.  The  chemical  comiiosition  of  this  pig- 
ment has  not  been  definitely  determined.  It  com- 
pletely resists  the  action  of  a moderately  dilute  solu- 
tion of  caustic  soda,  and  is  therefore  suitable  for 
fresco  and  siliceous  painting. 


Green  Pigments. — Terra  Vei-te,  Verona  Earth. — 
Many  localities  furnish  these  earths,  which  are  very 
useful  on  the  palette.  They  owe  their  colouring 
power  to  monoiride  of  iron,  which  seems  to  be  pre- 
vented from  absorbing  more  oxygen  from  the  air 
by  some  organic  substance,  the  nature  of  which  has 
not  as  yet  been  well  investigated.  Besides  silicate 
of  alumina,  they  contain  variable  quantities  of  mag- 
nesia. In  some  varieties  copper  is  found,  which 
adds  indeed  to  their  brilliancy,  but  detracts  from 
their  durability.  They  are  prepared  for  use  by 
washing  and  floating  the  powdered  mineral,  so  as  to 
remove  aU  gritty  matter. 

Copper  Greens. — There  is  an  immense  variety  of 
greens  having  copper  for  a basis,  all  of  which,  how- 
ever, are  injured  by  bad  gases. 

Cop2>er  Carbonates. — The  most  stable  of  these 
greens  is  the  native  malachite,  or  mountain  green. 
Its  composition  may  be  expressed  by  the  formula 
Cii2CO^  + Aq.  The  finest  portions  of  the  ore  are 
picked  out  and  ground  to  a fine  powder  for  use  as  a 
pigment.  Its  crystalline  texture  militates  against 
its  covering  power.  Damp,  and  foul  gases  are  fatal 
to  this  colour.  It  is  also  decomposed  by  alkaline 
bodies ; it  cannot,  therefore,  be  used  with  safety  in 
fresco,  on  account  of  the  lime  employed  in  that 
mode  of  painting.  It  can  be  prepared  artificially  by 
precipitating  a salt  of  copper  with  carbonate  of  soda. 

Green  Verditer,  Bremen  Green. — These  pigments, 
which  vary  much  in  shade  owing  to  slight  differ- 
ences in  their  mode  of  preparation,  are  hydrated 
oxides  of  copper.  The  first  step  in  their  manufac- 
ture is  the  production  of  a basic  chloride  of  copper. 
This  is  effected  in  several  ways : 1,  by  exposing  to 
the  action  of  the  air  scrap  copper  in  contact  with 
moist  sulphate  of  potash  and  common  salt ; 2,  by 
treating  old  copper  sheathing  with  dilute  sulphuric 
acid  and  common  salt ; 3,  or  by  treating  the  copper 
with  a solution  of  chloride  obtained  by  acting  upon 
copper  scales  (oxide  of  copper)  with  hydrochloric 
acid.  In  whatever  way  the  basic  chloride  is  formed, 
it  is  necessary  for  success  in  the  production  of  these 
pigments  that  no  subchloiide  should  be  present,  as 
it  would  interfere  with  subsequent  reactions.  This 
is  insured  by  exposing  the  magma  to  the  action  of 
the  atmosphere  for  a long  period  of  time  before 
using  it : 100  parts  of  this  basic  chloride  are  then 
mixed  with  a concentrated  solution  of  sulphate  of 
copper,  containing  7 parts  of  the  salt ; to  this  is 
added  40  parts  of  a solution  of  caustic  soda  or 
potash,  marking  32°  to  36°  Beaume.  The  precipitate 
formed  is  well  washed,  and  carefully  dried  at  a low 
temperature. 

Brunswick  Green. — This  pigment  may  be  produced 
by  acting  upon  poor  copper  ores  with  hydrochloric 
.acid  in  contact  with  air,  or  by  exposing  copper  turn- 
ings moistened  with  sal-ammoniac.  An  oxychloride 
of  copper  is  thus  formed,  which  may  be  worked  off 
with  water  and  carefully  dried.  The  Brunswick 
greens  found  in  the  trade  are,  for  the  most  part, 
mixtures  of  Prussian  blue  and  chromate  of  lead  or 
zinc,  with  a basis  of  baryta  or  carbonate  of  lime. 
The  chromates  react  on  Prussian  blue,  .and  this  is 
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Bhown  by  the  greens  turning  brownish  or  “foxey.” 

Vienna  green,  Ilirchherger  green,  are  also  arsenites  of 

There  are  other  kinds  which  contain  in  place  of  the 

copper.  'I  hey  are  prepared  in  the  same  manner  as 

chromate  a vegetable  yellow,  probably  a preparation 

Scheele’s  green.  They  are  frequently  found  greatly 

of  quercitron  bark.  Some  of  these  latter  greens  are 

adulterated.  Greeii  ashes  are  prepared  by  the  admix- 

used  in  bouse  painting,  and  retain  their  colour  well. 

ture  of  arsenite  of  lime  with  sulphate  of  copper. 

These  also  soon  lose  their  brilliancy,  and  become 

Insoluble  sulphate  of  lime  is  thus  formed  along  with 

brownish.  Brunswick  green  is  never  used  as  a 

the  arsenite  of  copper.  Paul  Veronese  green,  Engli.di 

pigment  by  artists.  Messrs.  Blundei.l,  Spicnce,  & 

green,  Nciiwied  green,  Mineral  green,  &c.,  belong  to 

Co.,  of  Hull,  have  long  been  noted  for  their  excel- 

this  class.  They  are  not  to  be  recommended  as 

leuce  in  the  manufacture  of  this  jiaint. 

artist’s  pigments. 

Schweiiifurt  Green,  known  also  as  Emerald  Green, 

Verdigris  is  a subacetate  of  copper.  The  following 

&c.,  is  an  aceto-arsenite  of  copper.  There  are 

table  gives  the  composition  of  different  specimens. 

several  methods  of  preparing  it.  Liebig  directs 

as  determined  by  Berelius  and  Phillips  (Watt’s 

that  1 jiart  of  verdigris  be  heated  with  sufficient 

“ Chem.  Diet.”)  : — 

weak  acetic  acid  to  dissolve  it : to  this  1 part  of 

EDglish. 

arsenious  acid  dissolved  in  water  is  added.  The 

French.  e— * , 

■ * 1 Phillips. 

precipitate  produced  is  of  a dirty  green  colour.  It 

Calculated.  Berzelius.  Crystal-  Com- 

lizetl.  pressed. 

is  dissolved  in  a fresh  portion  of  acetic  acid,  and  the 

2CiiO,  160  ..  43-24  ..  43-34  ..  43-.’i  ..  43-25  ..  44-2.5 

solution  boiled.  After  some  time  a brilliant  pre- 

102  ..  27-57  ..  27-45  ..  29-3  ..  28-30  ..  29-62 
6H..O,'  108  ..  29-19  ..  29-21  ..  25-2  ..  28-45  ..  25-51 

cipitate  is  formed,  vliich  is  carefully  drained  and 

Impurities,  — — 2-0  — 6-62 

washed.  The  colour  may  be  heightened  by  boiling 



with  a weak  solution  of  potash.  Another  method 

370  100-0  100-0  100-0  100-0  100-0 

consists  in  mixing  to  a thick  paste  with  warm  water 

The  common  verdigris  of  commerce  is  procured  by 

acetate  of  copper,  and  then  adding  a boiling  aqueous 

treating  copper  plates  with  acetate  of  copper,  and 

solution  of  arsenious  acid.  Again,  a hot  saturated 

then  covering  them  with  the  skins  of  grapes  under- 

solution  of  6 parts  of  sulphate  of  copper  is  mixed 

going  acetic  fermentation.  The  plates  are  removed 

with  another  solution  prepared  by  mixing  6 parts  of 

at  intervals  learnt  by  experience,  and,  after  washing. 

arsenious  acid  with  8 parts  of  carbonate  of  potash. 

again  subjected  to  the  same  operation.  The  verdi- 

The  dirty  green  precipitate  obtained  is  converted 

gris  formed  on  the  plates  is  then  scraped  off  and 

by  acetic  acid  into  a fine  green.  This  pigment  is 

dried.  As  a pigment  it  is  bad,  though  when  pro- 

highly  poisonous.  It  is  chiefly  used  in  paper  stain- 

tected  by  good  varnish  from  the  action  of  foul  gases 

iug,  and  seems  to  stand  weU. 

and  moisture  it  has  considerable  durability.  In  oil 

Much  has  been  written  in  warning  against  the 

painting  it  should  never  be  used  mixed  with  other 

use  of  paper  hangings  coloured  with  these  arsenical 

pigments ; it  is  sometimes  admissible  as  a glaze 

pigments.  They  are  certainly  very  dangerous  when 

used  with  a varnish  vehicle.  The  author,  in 

the  powder  is  not  firmly  fastened  with  strong  size. 

examining  a painting  by  Tintoretto,  found  large 

It  is,  however,  a popular  error  to  suppose  that  the 

quantities  of  copper  in  some  of  the  darker  parts 

pigment  emits  poisonous  fumes  at  ordinary  tempera- 

of  the  picture ; these,  when  used,  were  evidently 

tures.  It  is  abraded  particles  which  mix  with  the 

greenish,  but  had  changed  in  time  to  brown  by  the 

dust  of  the  room,  and  render  the  air  noxious. 

decomposition  of  the  copper  pigment. 

To  test  a suspected  paper,  portions  of  it  should 

Stannale  of  Copper. — This  pigment  has  been  sug- 

be  placed  in  a retort  connected  with  a receiver  sur- 

gested  as  a substitute  for  arsenic  greens,  and  if 

rounded  with  cold  water.  Strong  hydrochloric  acid 

carefullj'  prepared  rivals  them  in  richness  of  tint. 

should  be  added  to  the  paper,  and  the  distillation 

It  may  be  prepared  by  first  bringing  to  a red  heat 

carried  on  until  about  one-half  of  the  liquid  passes 

in  a crucible  a mixture  of  100  parts  of  nitre  with 

over.  The  distillate  may  then  be  examined  for  arsenic 

59  parts  of  tin  ; di.ssolving  the  cooled  mass  in  dilute 

in  the  usual  way ; that  is,  by  passing  sulphuretted 

caustic  lye,  and  permitting  the  solution  to  clear  by 

hydrogen  gas  into  the  solution,  when,  if  arsenic  be 

standing.  This  is  then  further  diluted,  and  added 

])resent,  a bright  yellow  precipitate  will  be  formed, 

to  a solution  of  sulphate  of  copper.  The  dark- 

soluble  in  sulj)hide  of  ammonium,  also  in  a solution 

brown  precipitate  at  first  formed  soon  changes  to  a 

of  carbonate  of  ammonia.  Care  must  be  taken  in 

bright  green.  Another  method  is  also  in  use,  which 

this  operation  not  to  inhale  any  fumes  that  may 

is  said  to  produce  a better  result.  A solution  of 

escape,  as  the  chloride  of  arsenic  formed  is  an  insidi- 

118  parts  of  tin  in  nitro-muriatic  acid  is  added  to 

ous  poison.  Not  only  the  green  colours  in  wall 

a solution  of  250  parts  of  sulphate  of  copper,  and 

papers  often  contain  arsenious  acid,  but  some  of  the 

the  mi.\ture  is  precipitated  by  caustic  soda.  Tliis 

bright  reds,  blues,  and  purples,  likewise  contain  it 

precipitate  requires  careful  washing  and  drying. 

in  considerable  quantity. 

Zincate  of  Copper  (?). — M.  Habich,  in  the  'Pechno- 

Schcele's  Green. — This  is  an  arsenite  of  copper. 

logiste,  describes  the  preparation  of  a blue-green 

darker  in  hue  than  the  one  described,  and  does  not 

compound  containing  zinc  and  copper.  He  does  not 

contain  acetic  acid.  It  is  produced  by  precipitating 

give  the  analysis  of  this  body ; but  from  its  mode 

a solution  of  sulphate  of  copper  with  arsenite  of 

of  preparation  it  would  appear  to  be  a zincate  of 

potash.  It  does  not  seem  t‘o  be  so  durable  as 

copper.  “ When  neutral  nitrate  of  copper,”  he 

Schweinfurt  green  ; it  is  also  poisonous.  Nitin  green, 

says,  “ is  decomposed  by  an  insufficient  proportion 
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of  a solution  of  carbonate  of  potassium,  the  flocculent 
precipitate  of  carbonate  of  copper  at  first  formed 
is  gradually  transformed  into  a subnitrate  of  copper, 
which  precipitates  in  the  shape  of  a heavy  green 
powder.  If  this  basic  salt  of  copper  be  treated  with 
a solution  of  oxide  of  zinc  in  potassium  hydrate,  there 
is  formed  a dark-blue  colour,  which  is  extremely 
light  and  has  great  cbvering  power.  It  appears  to 
be  a ziucate  of  copper  with  a very  small  portion  of 
a highly  basic  nitrate  of  copper. 

“In  order  to  render  this  process  practical,  the 
operation  will  be  conducted  as  follows : — 

“ Copjier  scales  are  calcined  in  a reverberatory 
furnace,  or  a muffle,  until  all  the  suboxide  (CugO) 
is  transformed  into  monoxide  (CuO)  ; that  is  to  say, 
until  a sample  dissolves  in  nitric  acid  without  the 
production  of  red  nitrous  vapours.  If  the  nitric 
acid  contains  hydrochloric  acid,  which  is  often  the 
case,  the  silver  which  may  be  present  in  the  copper 
scales  will  be  precipitated  in  the  form  of  chloride, 
and  may  then  be  collected. 

“ The  solution  of  nitrate  of  copper  is  heated,  and 
decomposed  by  a clear  solution  of  carbonate  of 
potassium.  As  soon  as  the  effervescence  diminishes 
in  intensity,  the  solution  of  carbonate  of  potassium 
is  added  by  small  quantities  at  a time,  until  there 
remains  but  little  undecomposed  copper  in  the  solu- 
tion. In  order  to  collect  the  remainder  of  the 
metal,  the  clear  liquor  is  decanted,  and  the  green 
precipitate  is  washed  several  times  with  small  quan- 
tities of  water.  All  the  liquors  are  collected,  and 
the  remaining  copper  is  precipitated  by  a solution 
of  potash.  The  green  carbonate  of  copper  is  intro- 
duced into  a new  solution  of  nitrate  of  copper,  in 
which  it  is  transformed  into  a basic  salt.  The  pre- 
vious liquors  are  evaporated  and  leave  crystals  of 
nitrate  of  potassium. 

“ An  economical  solution  of  oxide  of  zinc  is  made 
as  follows : — Clippings  of  metallic  zinc  are  treated  in 
a cast-iron  vessel  with  a caustic  solution  of  potash 
or  soda.  Hydrogen  is  immediately  disengaged,  and 
the  alkali  becomes  saturated  with  the  oxide  of  zinc, 
which  plays  the  role  of  an  acid.  When  the  liquor  is 
clear,  it  is  employed  for  the  decomposition  of  the 
basic  nitrate  of  copper.  The  product  is  a handsome 
and  light  Bremen  blue,  and  the  evaporated  liquor, 
when  potash  has  been  used,  gives  crystals  of  nitrate 
of  potassium. 

“ The  advantage  of  this  process  is  based  princi- 
pally upon  the  preparation  of  a cheap  nitrate  of 
copper  (since  nitric  acid  may  at  a moderate  cost  be 
extracted  from  nitrate  of  soda),  and  upon  the  pro- 
duction of  nitrate  of  potash,  which  is  a valuable 
secondary  product.” 

Basic  Sulphate  of  Copper. — The  author  is  not 
aware  that  this  body,  which  has  a lively  light  green 
tint,  has  been  used  as  a pigment;  but  it  excels,  both 
in  purity  of  colour  and  in  permanency,  many  of  the 
copper  greens  hitherto  described.  It  can  be  easily 
produced  by  boiling  hydrate  of  cupric  oxide,  pro- 
duced by  precipitating  a cupric  salt  with  caustic 
soda  or  potash,  with  a strong  solution  of  sulphate 
of  copper. 


Erlaa  Green. — Contains  hydrated  oxide  of  copper, 
chromate  of  lime,  and  sulphate  of  lime. 

Eisner  Green. — This  seems  to  be  stannate  of  copper, 
with  some  vegetable  yellow. 

German  Green  without  Arsenic. — Many  attempts 
have  been  made  to  produce  green  jiigments  for  wall 
paper  decorations,  possessing  the  brilliancy  of  arseni- 
cal green,  but  free  from  that  ingredient.  We  sub- 
join Struve’s  analysis  of  such  a green ; — 


Chromate  of  lead, 13‘65 

Basic  carbonate  of  copper, 80 '24 

Oxide  of  iron, 0'77 

Carbonate  of  lime 2‘65 

Water, 2 "58 


99-89 

It  will  at  once  be  seen  that  such  a mixture  is  quite 
unfit  for  artistic  purposes,  and  must  be  very  fugitive. 

Mineral  Green  Lake. — This  pigment,  improperly 
called  a lake,  is  prepared  by  precipitating  with  car- 
bonate of  potash  a mixture  of  chloride  of  copper 
and  nitrate  of  zinc.  The  precipitate  is  subsequently 
calcined,  and  the  mass  ground  to  a fine  powder. 

Borate  of  Copper. — The  precipitate  obtained  by 
mixing  a solution  of  borax  with  one  of  sulphate  of 
copper,  after  careful  washing  and  ignition  (fusion 
must  be  avoided),  affords  a yellow-green,  which 
becomes  darker  the  longer  the  ignition  is  continued. 
This  pigment  has  little  body,  and  is  objectionable 
on  many  grounds. 

Rinman's  Green.,  Cohalt  Green. — This  beautiful  and 
permanent  pigment  is  a compound  of  oxide  of  zinc 
and  oxide  of  cobalt.  It  may  be  prepared  by  mixing 
together  the  nitrates  of  zinc  and  cobalt,  and  pre- 
cipitating the  mixture  with  carbonate  of  potash. 
The  pink  precipitate  is  carefully  washed  and  dried, 
and  then  ignited  in  a crucible  at  a very  high  tem- 
perature, when  its  tint  changes  to  green.  It  is 
very  necessary  to  use  pure  chemicals  to  obtain  a 
good  result.  The  best  proportions  for  a good  deep 
pigment  are  9 to  10  parts  of  oxide  of  zinc  with 
1 to  1-.5  parts  of  protoxide  of  cobalt.  It  may  be 
also  prepared  by  moistening  oxide  of  zinc  with 
a solution  of  a cobalt  salt,  calcining  the  dried 
preparation,  and  washing  the  mass.  II.  Wagner, 
in  the  Technolorjiste,  recommends  that  the  cobalt 
solution  should  be  precipitated  as  a phosphate  or 
arseniatc.  He  says — “ If  the  cobaltic  solution  be  pre- 
cipitated by  the  phosphate  orarseniate  of  potassium, 
the  phosphate  or  the  arseniate  of  cobalt  thus  pro- 
duced possesses  the  property  of  imparting  a green 
coloration  to  zinc  white,  at  a temperature  much 
lower  than  that  necessary  with  the  ordinary  pro- 
toxide of  cobalt.  Moreover,  the  monoxide  of  cobalt 
seems  to  have  gained  more  body.  The  green  is  also 
of  a purer  colour  and  brighter.  The  alkaline  arseni- 
ates  act  like  phosphoric  and  arsenic  acids.  If  before 
the  calcination  a small  proportion  of  arsenious  acid 
be  added  to  the  ordinary  mixture,  the  calcined  mass 
will  be  of  an  exceedingly  bright  green ; and  its 
structure  being  loosened  by  the  volatilization  of  the 
arsenious  acid,  it  will  be  easy  to  grind.” 

The  subjoined  analyses  of  specimens  of  Rinman’s 
green  are  given  by  Wagner  ; — 
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Oxide  of  zinc, 

Oxide  of  iron, 

....  0-298 

Monoxide  of  cobait, 

....  11-662 

lo’o-ooo 

I. 

n. 

Oxide  of  zinc 

71-93  . 

....  71-68 

Monoxide  of  cobalt, 

19-15  . 

. ...  18-93 

Phosphoric  acid, 

....  8-29 

Soda, 

0-69  . 

....  

Chrome  Greens. — The  oxides  and  hydrated  oxides 
of  chromium  form  pigments  varying  in  hue  from 
grey-green  to  most  vivid  and  pure  green.  There 
are  many  methods  of  procuring  these  oxides,  a few 
of  wliich  we  shall  indicate ; — 

(1)  By  heating  chromate  of  ammonium.  Ammonia 
is  driven  off  in  this  operation,  oxygen  is  absorbed 
from  the  air,  and  the  oxide  of  chromium  is  left 
behind,  retaining  the  form  of  the  original  crystals, 
which  gives  it  the  appearance  of  green  tea.  When 
finely-powdered  and  ground  in  oil,  it  forms  a deep 
but  somewhat  grey-green  paint. 

(2)  By  decomposing  bichromate  of  potash  with 
hydrochloric  acid  in  just  sufficient  quantity  to  com- 
bine with  all  the  potash. 

(3)  By  heating  bichromate  of  potash  until  it  is 
decomposed.  The  potash  may  be  then  dissolved 
out  with  water,  and  the  oxide  of  chromium  will 
remain  as  a fine  powder. 

(4)  To  a boiling  concentrated  solution  of  bichro- 
mate of  potash  sublimed  sulphur  is  added  by  small 
quantities  at  a time.  The  gelatinous  hydrate  formed, 
after  being  well  washed,  is  calcined  to  drive  off  the 
water  of  hydration.  Or  a mixture  of  equal  parts 
of  powdered  bichromate  and  sulphur  is  heated  in  a 
crucible  to  redness,  and  subsequently  lixiviated  with 
hot  water. 

(5)  By  decomposing  chromate  of  mercury.  When 
neutral  proto-nitrate  of  mercury  is  treated  with 
bichromate  of  potash,  an  orange  precipitate  is  thrown 
down.  After  washing  and  drying,  it  is  finely 
powdered  and  introduceil  into  a retort.  Mercury 
in  the  metallic  state  is  drained  off  on  the  application 
of  heat,  and  may  be  condensed  by  passing  it  into 
water.  The  oxide  of  chromium  left  behind  is  a fine 
green,  of  great  depth  of  tint. 

(6)  By  calcining  a mixture  of  3 parts  of  neutral 
chromate  of  potash  with  2 parts  of  sal-ammoniac. 
Ammonia  is  driven  off,  and  green  oxide  of  chromium 
remains  mixed  with  chloride  of  potassium.  Tlie 
latter  may  be  removed  by  treating  the  mass  with  hot 
water. 

(7)  Finely  powdered  bichromcate  of  potassium 
is  mixed  with  its  own  weight  of  potato  starch,  and 
calcined  at  a high  temperature.  ITie  chromate  is 
reduced  to  the  state  of  sesquioxide,  and  carbonate  of 
poUish  is  formed,  which  may  be  removed  by  washing. 
A further  calcination  of  the  dried  oxide  produces  a 
pigment  wliich  is  said  to  have  a fine  colour,  and  to 
work  well  as  a paint 

(8)  A mixture  is  made  with  45  parts  of  gunpow- 
der, 240  parts  of  perfectly  dry  chromate  of  potash, 
and  35  piurts  of  sal-ammoniac.  This  is  pressed  into 


moulds  and  ignited.  After  elutriation  a bright 
oxide  of  chromium  is  left  behind. 

(9)  When  powdered  bichromate  of  potash  is 
heated  with  strong  sulphuric  acid  until  oxygen 
ceases  to  be  given  off,  a basic  sulphate  of  chromium 
is  left  behind.  This  body  is  insoluble  in  water.  It 
has  a fine  apple-green  colour  when  prepared  with 
care,  and  might  be  used  safely  as  a pigment.  When 
this  body  is  boiled  with  strong  soda  or  potash  it 
undergoes  decomposition,  sulphate  of  potassium 
being  formed,  and  chromic  oxide  in  the  state  of  a 
fine  powder.  Thus  prepared,  the  powder,  after 
washing  and  drying,  has  a somewhat  bluish 
hue.  With  oil  it  forms  a deep  transparent  green 
paint  with  great  tinctorial  power.  The  author  has 
performed  many  experiments  on  this  process  for 
making  greens,  and  recommends  it  strongly  to  colour- 
makers,  as  he  feels  sure  that  very  favourable  results 
can  be  obtained. 

Veridian,  Chrome  Emerald  Green. — These  beautiful 
pigments  are  hydrated  oxides  of  chromium.  They 
contain,  however,  phosphoric  or  boracic  acid,  even 
after  long-continued  washing  with  hot  water.  A 
specimen  of  Vert  de  Guigntt,  examined  by  Siiipton, 
contained  as  much  as  12  per  cent,  of  boracic  acid. 
M.  Guignet  directs  that  it  should  be  prepared  by 
calcining  at  a red  heat  a mixture  of  3 parts  of  boracic 
acid  and  one  part  of  bichromate  of  potash.  On 
treating  the  resulting  mass  with  hot  water,  uucom- 
bined  boracic  acid  is  dissolved  out  along  with  borate 
of  potassium.  Chromate  of  soda  may  be  used 
instead  of  the  potassium  salt;  the  product,  however, 
has  a lighter  tint.  M.  Arnaudon  recommends  a 
mixture  composed  of  128  parts  of  neutral  phosphate 
of  ammonia  and  149  parts  of  bichromate  of  potash. 
This  is  mixed  with  a small  quantity  of  water  to  form 
a magma,  and  gently  heated  until  on  cooling  a brittle 
mass  is  formed.  This  mass,  after  being  broken  to 
small  pieces,  is  heated  to  a temperature  between 
180°  C.  and  200°  C.  for  about  half  an  hour.  Am- 
monia and  water  are  given  off,  and,  provided  the 
temperature  is  not  raised  higher  than  200°  C.,  a 
bright  green  oxide  of  chromium  is  formed.  Water 
removes  the  phosphate  of  soda,  leaving  the  pigment 
in  the  state  of  a fine  powder.  Prepared  in  this 
manner  the  product  is  finer  in  tint,  and  more  to  be 
recommended  than  the  Vert  de  Gidgnet. 

These  greens  are  all  stable,  being  unaffected  by 
admixture  with  other  pigments,  or  by  contact  with 
foul  gases  or  damp.  VeriJian  |)roduced  by  M. 
Arnaudon’s  process  is  quite  equal  in  tint  to  the 
finest  Schweinfurt  green,  and  has  none  of  the  faults 
of  that  pigment.  The  author  has  analyzed  several 
specimens  of  this  green,  prepared  and  sold  by 
Messrs.  Winsor  & Newton,  of  liathbone  Place, 
London,  and  has  found  them  to  be  perfectly  stable 
and  trustworthy ; he  is  induced  to  make  this  remark 
from  the  fact  that  he  has  heard  that  some  artists 
fear  the  durability  of  this  pigment. 

Mixed  Greens. — These  pigments,  knosvn  frequently 
as  Brunswick  green.s,  sometimes  called  Chrome  greens, 
are,  as  has  been  already  stated,  mere  mixtures  of 
blue  and  yellow  pigments.  Thus,  Hooker's  greens 
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are  mixtures,  in  varying  proportions,  of  Prussian 
blue  and  gamboge.  Milory  green,  silk  green,  leaf  green, 
&c.,  also  belong  to  this  category.  None  of  these 
pigments  are  fit  for  artistic  purposes,  as  they  are 
wanting  in  stability.  The  green  paints,  known  as 
Cinnabres,  also  belong  to  this  class.  These  are  for 
the  most  part  made  in  France,  and  contain  chrome 
yellow  and  Prussian  blue;  they  are  very  unstable, 
and  must  not  be  confounded  with  the  green  oxides 
of  chromium  already  treated  of.  Mixed  greens  can 
be  prepared  with  ultramarine  and  cadmium  yellow ; 
yellow  ochre,  or  Mars  yellow  or  cobalt  blue,  may  be 
substituted  for  the  ultramarine.  Such  mixtures  are 
stable,  provided  the  constituents  are  themselves 
pure. 

Titanium  Green. — This  pigment,  which  is  a ferro- 
cyanide  of  titanium,  has  been  recommended  as  a 
substitute  for  Schweinfurt  green,  but  it  is  far  from' 
being  as  brilliant  in  tone.  It  is  prepared  by  adding 
ferrocyanide  of  potassium  to  a very  acid  solution  of 
titanium  chloride.  As  this  precipitate  is  decom- 
posed at  100°  C.,  care  must  be  taken  in  drying  it. 

Vanadium  Green. — This  pigment  is  also  a ferro- 
cyanide, and  is  prepared  in  a similar  manner  to  the 
last  product.  It  is  finer  in  colour  than  titanium 
green.  At  present,  however,  on  account  of  the 
rarity  of  vanadium,  the  compound  is  not  used  in  the 
arts. 

Uranium  Green. — The  hydrated  uranoso- uranic 
oxide  is  of  a grey-green  colour,  possessing  no  bril- 
liancy. Some  ores  of  uranium  contain  green  crys- 
talline masses,  which  appear  to  consist  of  the  sulphate 
of  the  metal,  along  with  lime  and  copper.  As  pig- 
ments these  compounds  are  useless. 

Molybdenum  Green. — When  molybdate  of  sodium 
is  added  to  a solution  of  chrome  alum,  a light  green 
precipitate  is  thrown  down,  which  is  at  first  some- 
what gelatinous,  but  on  washing  becomes  jmlver- 
ulent.  As  a pigment  it  has  no  special  advantages. 
There  is  also  a molybdate  of  copper,  which  is  of  a 
pale-green  tint. 

Manganese.  Green. — This  is  a manganate  of  barium. 
It  may  be  prepared  by  igniting  nitrate  of  barium  with 
peroxide  of  manganese,  or  by  adding  baryta  water 
to  a solution  of  permanganate  of  barium,  and  allow- 
ing the  mixture  to  stand.  As  a pigment  it  is  not 
to  be  relied  upon,  as  the  manganates  are  unstable 
bodies. 

Green  Ultramarine. — This  body  is  produced  in  the 
manufacture  of  artificial  ultramarine,  which  is  de- 
scribed later.  It  is  a light-bluish  green,  but  does 
not  seem  to  have  found  favour  with  artists.  It  is 
said  to  be  quite  stable,  provided  the  vehicles  com- 
pounded with  it  are  not  acid,  or  do  not  produce 
acid  by  decomposition. 

Green  Lakes. — These  fugitive  colours  are  prepared 
from  the  juice  of  buckthorn  berries,  the  leaves  of 
the  woad  plant,  and  many  other  vegetable  greens. 
There  are  many  varieties;  but  all  are  unstable. 
Sap  or  bladder  green.  Iris  green,  Venetian  green,  grass- 
green,  China  green,  belong  to  this  class.  The  last 
named  has  a reputation  for  stability;  but  it  is  in- 
eligible as  a pigment.  Many  of  the  pigments  sold 


as  green  lakes  are  niixtures  of  yellow  lakes  with 
Prussian  blue. 

Br.UE  Pigments. — Native  Ultramarine. — This  most 
beautiful  of  all  blue  pigments  is  obtained  from  lapis 
lazuli,  a mineral  of  somewhat  rare  occurrence.  The 
finest  samples  of  the  mineral  are  obtained  from 
Prussia,  China,  and  Great  Bucharia.  It  has  usually 
an  earthy  bluish  - grey  tone,  enlivened  with  pure 
azure  and  deep  blue.  It  contains  not  unfrequently 
small  glittering  crystals  of  iron  pyrites,  which  at 
first  gave  rise  to  the  idea  that  the  blue  colour  was  in 
some  way  due  to  the  presence  of  iron.  It  is  now, 
however,  well  ascertained  that  such  is  not  the  fact. 
To  procure  the  blue  pigment  free  from  the  earthy 
matters  with  which  it  is  intimately  mixed,  it  is  first 
necessary  to  reduce  the  mineral  to  a fine  powder. 
This  is  greatly  facilitated  by  heating  the  substance 
and  cooling  it  by  immersion  in  water  or  vinegar. 
It  is  then  ground  in  a mill.  The  powder  is  mixed 
with  a pasty  composition  prepared  with  resin,  wax, 
and  linseed  oU.  This  mass  is  placed  in  a cloth  and 
kneaded  under  hot  water.  The  first  portions  of 
colouring  matter  expressed  are  generally  dirty ; but 
as  the  operation  proceeds,  the  brighter  portions 
I make  their  way  through  the  cloth.  Inferior  quali- 
ties succeed.  These  are  carefully  collected  and 
classified.  This  operation  is  tedious ; but  hitherto 
no  better  method  has  been  suggested.  It  would 
seem  that  the  ultramarine  adheres  less  to  the  com- 
position than  the  grey  earthy  matter  with  which  it 
is  associated.  This  pigment  is  very  expensive, 
owing  not  merely  to  the  rarity  of  the  mineral,  but 
also  to  the  labour  required  in  its  preparation.  For 
purity  of  tone  and  stability  it  has  no  rival. 

For  a long  time  the  composition  of  this  body 
remained  a mystery  to  chemists.  The  analyses  did 
not  give  any  clue  to  the  nature  of  the  colouring 
matter.  Chemists  were  stimulated  by  prizes  to  find 
a method  of  preparing  the  pigment  artificially;  after 
long  investigation  perseverance  was  rewarded  and 
an  artificial  ultramarine  was  produced,  which  if  not 
equal  to  the  native  body  in  purity  of  tone,  is  but 
little  removed  from  it.  It  would  appear  that  a 
memoir,  published  by  Gmelin  iii  1828,  gave  the 
key  to  its  ready  production.  In  fact,  that  chemist 
gave  a formula  for  manufacturing  it  which  has  only 
been  varied  in  minor  details  by  the  best  makers  of 
the  present  day.  M.  Guimet  was  the  first  to  intro- 
duce a marketable  product,  and  the  colour  produced 
by  his  method  still  holds  high  rank  in  the  trade. 
The  process  actually  followed  out  by  Guimet  is  still 
kept  secret;  but  other  methods  of  manufacture  are 
known  in  detail,  some  of  which  we  proceed  to  give. 
They  have  been  collected  from  Malepeyre’s  “Prac- 
tical Treatise  on  the  Manufacture  of  Colours  for 
Painting.” 

There  are  two  operations  in  the  manufacture — 
1st,  the  production  of  green  ultramarine  ; and  2nd, 
the  conversion  of  this  into  the  blue  pigment.  The 
ingredients  used  are  a good  clay  of  the  kaolin  type ; 
one  containing  little  iron  is  sought  for.  This  is 
most  important.  It  should  approximate  as  nearly  as 
possible  to  the  composition  of  a silicate  of  aluminium. 
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Gritty  particles,  and  foreign  matter  generally,  is 
removed  by  washing  and  floating.  It  is  then  cal- 
cined and  reduced,  by  grinding,  to  a fine  powder. 
Pure  crystallized  itulphale  of  soda  rendered  quite 
neutral  is  employed.  The  crystals  are  slowly  dried, 
to  expel  water  of  crystallization.  This  is  also  ground 
and  passed  through  sieves.  Anhydrous  carbonate  of 
soda  and  dry  sulphide  of  sodium.  Refined  sulphur, 
ground  to  a powder,  and  carbon.  This  latter  may  be 
wood  charcoal  or  a good  bituminous  coal,  with  a 
small  percentage  of  ash.  This  is  also  ground  to  a fine 
powder.  These  bodies  are  thoroughly  mixed  together 
in  right  proportions.  Manufacturers  vary  on  this 
point,  each  preferringan  admixture  which  he  considers 
to  be  the  best.  Some  discard  the  carbonate  of  soda 
altogether,  some  do  not  use  the  sulphate,  and  some  use 
a polysulphide  of  sodium,  and  thus  avoid  the  addition 


of  sulphur.  The  following 

formulse  are  in 

use : — 

I. 

II. 

III. 

Clav 

100 

100 

100 

Sulphate  of  soda, 

83  to  100 

— 

41 

Carbonate  of  soda, 

— 

100 

41 

Sulphur, 

— 

60 

13 

Coal, 

17 

12 

17 

Dry  sulphide  of  sodium  may  be  substituted  in  part 
for  the  carbonate  of  soda  or  the  sulphate  ; 80  parts 
may  replace  100  of  carbonate,  or  60  parts  100  of 
the  sulphate. 

The  mixture  is  then  calcined  in  clay  crucibles. 
This  is  perhaps  the  most  important  part  of  the 
manufacture.  The  regulation  of  the  temperature 
of  calcination,  and  its  duration,  are  acquired  by 
practice  and  observation  alone.  The  crucibles  are 
piled  on  each  other  in  specially-built  ovens,  re- 
sembling small  })orcelain  kilns.  If  the  calcination 
has  been  properly  conducted,  the  material  shrinks 
and  becomes  grey  or  yellowish-green.  The  contents 
of  the  crucibles  are  then  lixiviated  in  water,  and  the 
insoluble  portion  washed  until  it  loses  every  trace 
of  a soluble  sulphide.  This  is  ascertained  by  testing 
the  wash  water  with  a lead  salt.  If  no  black  pre- 
cipitate is  produced,  the  absence  of  sulphide  of 
sodium  is  ascertained.  The  porous  residue  is  then 
ground  with  water,  and  again  washed.  After  dry- 
ing, it  is  stamped  and  passed  through  fine  sieves. 
It  is  now  ready  for  the  second  operation  — the 
transformation  into  blue  ultramarine.  This  is 
effected  by  calcining  the  green  product  with  fresh 
sulphur.  In  Germany  this  is  carried  out  in  iron  or 
clay  cylinders  built  into  a furnace,  and  furnished  with 
agitators.  The  powder  is  brought  to  a low  heat, 
and  sulphur  is  thrown  into  the  cylinders.  Air  is 
admitted,  and  the  sulphur  burns.  Specimens  are 
taken  from  time  to  time,  and  the  operation  is  stopped 
when  the  ultramarine  has  attained  its  greatest 
intensity  of  colour.  In  France  this  operation  is 
performed  in  muffles.  The  product  is  again  washed 
with  water  to  remove  sulphate  of  soda,  which  is 
produced  in  large  quantities  in  this  operation. 
Such  is  the  general  outline  of  the  manufacture  of 
this  beautiful  pigment.  Chemists  still  differ  as  to 
the  cause  of  the  colour,  but  a general  opinion  is 
that  it  is  owing  to  sulphide  and  hyposulphide  of 
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sodium.  Different  samples  vary  greatly  on  analysis. 
The  following  by  Gmelix  is  an  example  : — 


Soda  aud  potash, 12'863 

Lime, 1'546 

Alumina, 22  000 

Silica, 47 '306 

Sulphuric  acid 4'679 

Sulphur  aud  loss, 12’218 


100-612 

Cobalt  Blue,  Gahn's  Uilramnrine. — This  fine  blue 
pigment  is  a eompound  of  alumina  with  oxide  of 
cobalt.  It  is  of  variable  composition.  It  is  prepared 
by  mixing  solutions  of  alum  and  chloride  or  nitrate 
of  cobalt  together,  and  precipitating  the’ mixture 
with  carbonate  of  soda.  After  careful  washing  and 
drying  the  pink  precipitate  is  heated  in  a crucible  to 
a high  temperature,  when  it  assumes  a deep-blue 
colour.  In  artificial  light  it  has  a purple  tinge. 

Thmard's  Blue  is  another  compound  of  cobalt, 
containing  phosphoric  acid  and  alumina.  Basic 
phosphate  of  soda,  added  to  a solution  of  a cobalt 
salt,  produces  a violet  or  pink  precipitate.  This  is 
mixed  intimately  with  alumina  whilst  still  gelatinous, 
aud  the  mixture,  after  drying,  is  heated  to  a high 
temperature  in  a crucible.  There  is  a modification 
of  this  blue  in  which  arseuious  acid  takes  the  place 
of  phosphoric  acid.  Like  Gahn’s  blue,  it  has  a 
purple  tone  when  viewed  by  artificial  light. 

Caruleum. — This  pigment  is  of  a light  sky  blue 
with  a somewhat  greenish  tinge,  and  is  well  adapted 
for  painting  transparent  skies.  The  process  of 
manufacture  is  kept  secret.  It  gives  on  analysis — 


Stannic  acid 49-66 

Oxide  of  cobalt, 18  66 

Suljihate  of  lime,  &c., 31-68 


100-00 

This  colour  does  not  appear  purple  under  artificial 
light. 

Smalt  Zajf'cr  Blue,  Saxony  Blue. — This  is  a glass 
coloured  with  silicate  of  cobalt.  There  are  many 
qualities  of  this  pigment  in  the  market ; but  its  use 
in  artistic  painting  is  limited.  With  oil  it  is  said  to 
have  a tendency  to  turn  green,  and  even  black.  In 
fresco  painting  it  stands  well.  It  is  prepared  on 
the  large  scale  by  mixing  zaffer,  prepared  from 
arsenical  ores  of  cobalt,  ground  to  a fine  powder 
with  sand  and  potash.  The  mixture  is  placed  in 
pots,  such  as  are  used  for  the  manufacture  of  glass, 
having  a hole  in  the  bottom  which  can  be  closed 
with  a plug,  'riie  pots  are  placed  in  a furnace,  and 
their  contents  brought  into  a state  of  fusion.  Three 
layers  are  formed,  the  middle  one  being  smalt. 
The  upper  layer,  or  dross,  is  skimmed  off  with  iron 
ladles,  and  the  lower  layer  is  removed  through  the 
opening  before  mentioned.  The  glass  is  then  ladled 
into  water,  which  partially  disintegrates  it.  It  is 
then  ground  and  floated.  In  purchasing,  small  colour- 
makers  should  be  warned  that  several  samples  have 
been  sent  to  the  author  for  analysis,  which  have 
been  largely  adulterated  with  the  cobalt  blue  con- 
taining 'phosphoric  acid.  As  the  pigment  is  costly, 
it  w'ould,  before  purchasing,  be  weU  to  have  the 
sample  tested  for  phosphoric  acid. 
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Copper  Bhief!,  Blue  Ashes,  Afountain  Blue,  Lime 
Blue.— All  blues  having  copper  for  their  basis  are 
fugitive,  or  quickly  turn  green,  and  in  time  black. 
Blue  ashes  are  prepared  by  precipitating  a solution 
of  sulphate  of  copper  with  milk  of  lime.  Mountain 
blue  is  a native  carbonate  of  copper  known  as  azurite. 

Prussia7i  Blue.  — As  this  well-known  pigment  is 
necessarily  connected  with  the  manufacture  of  ferro- 
cyanide  of  potassium,  a short  account  of  the  chief 
processes  in  vogue  for  procuring  this  salt  will  not 
be  misplaced  here.  This  body,  better  known  as 
prussiate  of  potash,  is  a double  cyanide  of  iron  and 
potassium,  having  the  formula  K2FeCyg.  Animal 
matters,  such  as  hoofs,  dried  blood,  skin,  hair,  horn, 
&c.,  are  used  to  furnish  the  requisite  nitrogen  and 
carbon.  In  practice,  these  organic  matters  are  pre- 
viously calcined  on  account  of  the  large  quantities 
of  ammonia  which  they  yield;  sufficient  nitrogen, 
however,  is  retained  for  the  production  of  the 
cyanogen.  The  charred  substances  are  made  into 
a paste  with  a strong  solution  of  carbonate  of 
potash,  and  the  mixture  is  dried.  The  potash  is 
thus  brought  into  close  contact  with  the  nitrogenous 
matter.  The  mixture  is  then  heated  in  a cast-iron 
retort,  whose  sides  are  very  thick.  The  iron  neces- 
sary for  the  formation  of  the  salt  is  thus  procured 
from  the  retort  itself.  Fig.  11  will  show  the  general 
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arrangement  of  the  retort  and  furnace,  a is  the  body 
of  the  retort,  supported  in  the  back  wall  of  thefurnace, 
g,  by  the  projection  b ; the  neck,  e,  has  two  projections, 
c c,  which  serve  to  hold  the  retort  in  position  ; i is 
the  lid,  and  d is  a working  plate  of  stone  or  iron.  The 
retort  is  half  filled  with  the  mixture,  and  gently 
raised  to  a red  heat.  The  lid  is  then  adjusted,  and 
the  fire  regulated  so  as  to  keep  a steady  temperature. 
From  time  to  time  the  pasty  mass  is  stirred  with  a 
rabble.  On  uncovering  the  mouth  of  the  retort,  com- 
bustible gases  escape  and  take  fire ; as  the  process 
nears  completion  this  emission  of  gas  diminishes,  and 
at  length  ceases.  The  charge  is  then  ready  for  with- 
drawal. This  is  effected  by  means  of  an  iron  scroop. 
The  pasty  mass  is  placed  in  an  iron  box  and  closed 
up,  so  as  to  prevent  contact  with  the  air  until  quite 
cool.  It  is  then  ready  for  lixiviation  with  hot  water. 
When  thoroughly  disintegrated,  the  yellow  solution 
is  filtered  from  the  residue  of  charcoal ; and  if  the 
salt  is  required  to  be  crystallized,  is  set  to  ev£,porate 
in  suitable  pans.  As  the  iron  for  the  ferrocyanide  is 
supplied  from  the  retort  itself,  it  is  gradually  worn 


Blue.  Indigo.  Brown. 


away.  It  then  becomes  necessary  to  turn  it  half 
round  on  its  axis,  and  thus  present  a new  surface. 
Tliere  are  many  more  economical  methods  of  manu- 
facturing this  salt,  too  numerous  to  mention. 

The  yellow  liquid  above  mentioned  contains  some 
impurities — chiefly  carbonate,  phosphate,  chloride, 
sulphide,  and  sulphocyanide  of  potassium ; but  for 
the  manufacture  of  common  Prussian  blue,  the 
makers  do  not  take  the  trouble  to  purify  it  by 
crystallization,  but  the  crude  solution  is  immedi- 
ately added  to  a solution  of  sulphate  of  iron,  which 
has  been  partially  peroxidised  by  exposure  to  the 
air.  There  results  a light  blue  precipitate,  which 
becomes  dark  Prussian  blue  by  the  absorption  of 
oxygen  from  the  air.  The  carefully-prepared  pig- 
ment for  artistic  purposes  should  be  procured  from 
pure  materials. 

Antwerp  Blue  is  a carefully  prepared  Prussian  blue. 

Indigo. — This  colouring  matter  is  of  vegetable 
origin,  and  is  derived  from  the  leaves  of  a number  of 
plants  indigenous  to  India  and  Mexico.  Amongst 
these  may  be  mentioned  the  Indigolifera  argenlea, 
the  Indigolifera  iinctoria  (which  is  cultivated  in 
France),  the  Polijgonum  tinctorium,  and  the  Neidiim 
tinctorium.  The  leaves  of  the  plant  are  steeped  in 
water,  and  compressed  between  boards.  Fermenta- 
tion sets  in,  and  the  water  becomes  green.  The 
clear  solution  is  decanted  from  the  sediment,  and 
a sufficient  quantity  of  lime  water  added  until  all 
colouring  matter  is  precipitated.  The  precipitate 
is  carefully  washed.  The  powder  is  of  a violet-blue 
colour,  and  when  exposed  to  the  air  is  permanent. 
Turpentine  is  said  to  partially  bleach  it.  Weak 
acids  do  not  act  upon  it,  but  it  is  easily  dissolved  in 
Nordhausen  sulphuric  acid.  It  is  easily  sublimed 
in  needle-shaped  crystals  in  closed  vessels ; and  as 
the  commercial  article  is  seldom  pure,  this  mode  of 
purification  ought  to  be  used  in  preparing  the  pig- 
ment for  artistic  purposes.  With  oil  it  loses  its 
tone,  but  is  a very  useful  colour  when  mixed  with 
gum  or  size. 

Indigo  Carmine — Holland  or  English  Blue. — These 
blues  seem  to  be  mixtures  of  indigo,  Prussian  blue, 
smalt,  and  chalk,  thickened  with  starch  or  flour. 

Browns  and  Blacks. — Mars  Browns. — These  are 
produced,  as  stated  under  Red  Pigments,  by  calcining 
at  a high  temperature  sesquioxide  of  iron,  prepared 
either  by  precipitation  or  by  calcining  the  sulphate 
of  iron.  There  are  also  brown  ochres  ; these  some- 
times contain  manganese.  Their  preparation  for 
painting  is  the  same  as  described  under  Yellow  Ochres. 

Manganese  Brown.  — Binoxide  of  manganese  or 
artificially  - prepared  sesquioxide  form  very  good 
browns.  Some  specimens  of  the  mineral  known 
as  wad,  which  is  an  ore  of  manganese  containing 
much  combined  water,  give  beautiful  browns  after 
careful  calcination. 

Prussian  Brown  is  prepared  by  carefully  calcining 
Prussian  blue  in  a closed  retort. 

Ulmin  Browns. — These  colours  are  procured  by 
partially  carbonizing  certain  organic  matters.  There 
are  several  ways  of  preparing  them — by  acting  on 
alcohol  with  caustic  soda,  and  heating  for  a few 
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hours ; by  heating  sugar  and  potash  together,  and  j funnel  connected  with  a vessel,  D,  in  which  water 
subsequently  treating  with  hydrochloric  acid.  Peat,  ! and  other  liquids  are  condensed;  eee,  &c.,  are  sacks. 


cotton,  and  wood-soot  yield  a brown  when  treated 
with  alkalies  and  starch,  &c.,  when  treated  with 
strong  acids.  Bidre,  a pigment  used  in  water-colour 
drawing,  is  the  soot  produced  in  burning  beech 
wood.  This  must  be  well  washed,  to  remove  all 
soluble  matters. 

Iron  Brown. — The  author  has  obtained  a beautiful 
semi-transparent  brown  from  the  deposit  found  at 
the  bottom  of  caustic  pots.  It  seems  to  be  produced 
by  the  decomposition  of  the  ferrate  of  sodium  formed 
in  the  manufacture  of  white  caustic.  After  washing 
out  the  adhering  soda,  the  sediment  should  be 
passed  through  a silk  sieve  to  remove  particles  of 
dirt  and  graphite,  and  then  floated. 

Bitumen,  Asphaltum. — Bitumen  is  found  in  many 
parts  of  the  world,  but  the  bitumen  of  Judea  is  the 
kind  most  usually  employed  for  artistic  purposes. 
It  is  found  on  the  surface  of  the  Dead  Sea.  It  is 
soluble  in  turpentine ; but  when  mixed  with  oil, 
dries  badly  and  cracks.  It  is  frequently  mixed  with 
wax  when  prepared  as  a paint.  It  should  never  be 
used  as  a pigment ; Sir  David  Wilkie’s  pictures, 
where  it  was  largely  used,  are  cracking  in  many  places. 

Umher. — This  pigment  is  found  native  in  the  island 
of  Cyprus.  It  is  a hydrated  compound,  containing 
silica,  iron,  and  manganese.  The  heavier  impurities 
are  removed  by  floating.  When  calcined,  the  water 
of  hydration  is  expelled,  and  a darker  brown 
is  produced,  known  as  burnt  umber.  Sienna 
earth  has  already  been  mentioned  under 
Yellow  Pigments.  When  calcined,  burnt  Sienna 
is  produced,  which  has  a brownish-red  hue. 

Charcoal  blacks  are  produced  by  the  dry 
distillation  of  grape  stalks,  wine  lees,  peach 
stones,  cork  cuttings,  &c.  These  all  produce  differ- 
ent qualities  of  brown-blacks,  which  are  ground  in 
water  to  a fine  powder  for  use. 

Lamp  Black. — This  black  pigment  is  obtained  by 
condensing  the  smoke  given  off  in  the  imperfect 
combustion  of  vegetable  oils,  resin,  coal  tar,  or  the 
dead  oil  obtained  by  the  distillation  of  coal  tar.  The 
finest  qualities  are  obtained  from  burning  vegetable 
oils.  An  apparatus  employed  for  this  purpose  is 
shown  in  the  accompanying  engraving  (Fig.  12). 

Fig.  12. 


joined  by  tubes,  as  shown,  in  which  the  soot  is  de- 
posited; G is  a pipe,  connected  with  a chimney 
stack,  to  produce  a draught  of  air  through  the 
arrangment ; fee,  &c.,  are  plugs  for  removing  the 
product.  In  the  first  two  sacks  the  lamp  black  is 
usually  found  to  be  contaminated  with  oils  and 
salts ; but  in  the  others,  if  the  operation  has  been 
well  conducted,  the  product  is  found  to  be  a fine 
soft  black,  nearly  free  from  foreign  admixture.  It 
is  a matter  of  importance  to  regulate  the  draught, 
as  the  contents  of  the  sacks  run  the  risk  of  being 
inflamed  if  the  admission  of  air  is  too  rapid,  whereas 
an  insufficient  supply  would  not  allow  the  smoke  to 
pass  through  the  apparatus.  The  dead  oils  from 
coal  tar  may  be  burnt  in  like  manner,  and  produce 
a good  quality  of  lamp  black.  Where  large  quantities 
are  produced,  the  apparatus  described  above  is  not 
used  ; but  the  oils  are  burnt  in  a pan,  and  the  pro- 
ducts of  combustion  are  carried  through  a series  of 
chambers,  communicating  alternately  at  the  top  and 
bottom  by  the  draught  created  by  a chimney  (Fig. 
13).  The  lamp  black  is  deposited  on  the  walls 

Fig.  la 


A is  a lamp,  so  arranged  as  to  supply  a continuous 
stream  of  oil  at  the  level  of  the  wick,  B ; C is  a 


and  floors  of  these  chambers,  and  is  periodically 
removed.  Thus  prepared,  this  pigment  is  con- 
taminated with  greasy  substances  of  a complex 
nature,  which,  if  not  removed,  greatly  impair  its 
drying  qualities.  The  usual  plan  adopted  is  to 
calcine  the  product  in  iron  cylinders,  which,  for 
convenience,  are  formed  in  two  portions  hinged  to- 
gether. Further  treatment  with  dilute  hydrochloric 
acid  and  subsequent  washing  with  water  remove 
any  soluble  salts.  From  experi- 
ments which  are  now  in  hand,  the 
author  believes  that  this  method  of 
purification,  which  is  cumbersome 
and  expensive,  may  be  altogether 
dispensed  with  by  using  a liquid 
which  will  dissolve  the  fatty  matters 
adhering  to  the  carbon. 

Blacks  from  vegetable  sources  are 
very  numerous. 

Bone  Black,  Ivory  Black. — These 
are  prepared  by  carefully  calcining 
bones  or  ivory  in  close  retorts. 
After  all  gaseous  matter  is  ex- 
pelled, the  contents  of  the  retorts 
are  permitted  to  cool,  and  then  subjected  to 
careful  grindimrs. 
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PLATINUM  — Platine,  French;  Plalin,  German. 
Atomic  weight,  197’6.  Symbol,  Pt.  This  metal  is 
not  very  abundant.  The  first  account  of  it  with 
which  we  are  acquainted  is  that  of  Antonio 
d’Ulloa,  in  1736,  who  observed  it  in  the  auriferous 
sands  of  South  America.  Among  the  metallurgists 
of  South  America,  however,  it  was  long  known,  and 
bore  the  name  platina — a diminutive  of  the  Spanish 
name  (plata)  for  silver. 

The  principal  districts  which  afford  platinum  are 
Brazil,  Peru,  Antioquia,  and  the  slopes  of  the  Ural 
Mountains.  In  Borneo,  and  in  almost  all  the  gold- 
washing districts  throughout  the  world,  traces  of  the 
metal  have  likewise  been  detected.  Along  the  coast 
of  the  South  Sea,  and  on  the  western  slopes  of  the 
Cordilleras  of  the  Andes,  between  the  second  and 
sixth  degrees  of  north  latitude,  platinum  occurs;  but 
the  most  productive  washings  are  those  of  Condoto, 
in  the  province  of  Novita,  of  Santa  Rita  or  Viroviro, 
of  Santa  Lucia,  of  the  ravine  of  Iro,  and  Apoto, 
between  Novita  and  Taddo.  In  the  provinces  of 
Matto  Grosso  and  Minaes  Geraes  in  Brazil,  platinum 
is  found  in  the  alluvial  deposits  wliich  produce  gold. 
The  veins  of  manganese  in  the  weathered  syenite 
near  Santa  Rosa  de  Osos,  in  the  Columbian  pro- 
vince of  Antioquia,  afford  platinum ; and  it  has 
been  obtained  from  the  valley  of  the  river  Jacky  in 
Saint  Domingo. 

Platinum  washings  in  the  Ural  Mountains  were 
established  in  1824,  and  since  that  jieriod  consider- 
able quantities  have  been  annually  produced  by  them ; 
they  are  situated  on  the  western  slopes  of  the  chain 
of  mountains,  and  the  ore  is  met  in  alluvial  deposits 
partly,  and  in  other  localities  injected  into  the 
greenstone  and  serpentine  rocks. 

Platinum,  though  invariably  found  in  the  metallic 
state,  has  never  been  discovered  pure  and  unalloyed. 
It  is  generally  met  with  in  small  grains ; but  con- 
siderable masses  of  the  metal  have  occasionally  been 
discovered. 

The  ores  of  platinum  contain  the  following  sub- 
stances : — 1.  Sand.  The  whole  of  the  sand  is 
never  removed  by  washing  the  ore ; and  is  found  to 
have  associated  with  it  zirconium,  ferric  chromate, 
and  in  the  Russian  ores  ferric  titanate. 

2.  Iridium  osmide. 

3.  Platinum,  iridium,  rhodium,  and  pallfulium, 
combined  no  doubt  in  the  form  of  an  alloy.  To 
these  Sergius  Kern  has  lately  added  a new  metal, 
which  he  calls  Davyum. 

4.  Copper  and  iron,  which  exist  in  the  ores  in  a 
metallic  state,  for  the  iron  found  in  the  sand  is  not 
soluble  in  acids 

5.  Gold,  and  oftener  than  is  supposed  a little 
silver.  The  latter  metal  is  generally  found  with 
the  palladium  ; it  is  very  rare  that  the  palladium 
is  obtained  quite  free  from  silver  when  it  is  pre- 
pared by  the  old  processes. 

The  following  methods  of  analysis  are  pursued 
by  Ueville  and  Debray  : — 

To  estimate  the  sand  a small  assay  crucible  is 
glazed  on  the  inside  with  a little  borax : 7 to  10 
grams,  of  pure  granulated  silver  and  2 grams,  of 


the  ore  are  introduced,  and  over  the  platinum  10 
grams,  of  fused  borax  and  one  or  two  small  pieces 
of  wood  charcoal  are  placed.  The  silver  is  now 
melted,  and  care  must  be  taken  to  keep  it  for  some 
time  a little  hotter  than  the  melting  point,  so  that 
the  borax  may  be  very  liquid,  and  may  dissolve  the 
vitreous  matters  which  accompany  the  platinum  and 
constitute  the  sand.  The  crucible  is  now  allowed 
to  cool,  and  when  it  is  cold,  the  button,  which  will 
contain  all  the  silver,  osmium,  platinum,  and  all  the 
other  metals,  is  detached,  and,  if  necessary,  digested 
for  a time  with  weak  fluoric  acid  to  remove  any 
traces  of  borax.  It  is  now  heated  to  redness  and 
then  weighed.  The  weight  of  the  button  subtracted 
from  the  sum  of  the  weights  of  the  ore  and  silver 
employed,  will  give  the  amount  of  sand  in  the  ore. 

To  estimate  the  iridium  osmide,  heat  2 grams,  of 
the  ore  with  aqua  regia  at  70°  C.  until  the  platinum 
is  entirely  dissolved.  The  aqua  regia  must  be 
renewed  occasionally  for  twelve  or  fifteen  hours, 
or  until  it  is  no  longer  coloured.  The  solution 
must  be  decanted  with  the  greatest  care  from  the 
metallic  spangles  of  iridium  osmide,  and  the  sand 
which  remains  at  the  bottom  of  the  beaker.  If 
necessary  it  may  be  filtered ; but  as  little  as  possible 
of  the  osmide  must  be  allowed  to  fall  on  the  paper. 
The  insoluble  residue  must  be  washed  by  decanta- 
tion, then  dried  and  weighed  after  having  added 
what  remained  in  the  filter.  By  subtracting  from 
the  weight  of  tliis  residue  the  weight  of  the  sand 
obtained  in  the  former  operation,  the  amount  of  the 
iridium  osmide  is  obtained.  The  button  obtained 
in  determining  the  sand  may  be  employed,  in  which 
case  the  silver  is  to  be  dissolved  out  with  nitric  acid, 
and  the  residue  treated  as  directed  above. 

To  determine  the  platinum  and  iridium,  the  solu- 
tion in  aqua  regia  from  the  last  operation  is  eva- 
porated to  dryness  at  a low  temperature,  and  the 
residue  is  redissolved  in  a small  quantity  of  water, 
to  which  is  added  about  twice  as  much  alcohol  (if 
it  should  not  entirely  dissolve  in  the  water  some 
more  aqua  regia  must  be  added,  and  the  evapora- 
tion repeated) ; lastly  is  added  a great  excess  of  sal- 
ammoniac  in  crystals.  The  whole  is  then  slightly 
warmed  to  promote  the  solution  of  the  sal-am- 
moniac, well  stirred,  and  afterwards  set  aside  for 
twenty-four  hours. 

The  orange-yellow,  or  even  reddish-brown,  pre- 
cipitate which  is  formed,  contains  the  larger  part  of 
the  platinum  and  iridium;  some,  however,  remains 
in  the  solution.  The  precipitate  must  be  thrown 
on  a filter  and  washed  with  alcohol.  Afterwards 
the  filter  with  its  contents  is  dried  and  heated  to 
low  redness  in  a-  platinum  crucible,  and  finally 
burnt  at  the  lowest  possible  temperature.  Once  or 
twice  after  the  incineration  of  the  filter  a piece  of 
paper  saturated  with  turpentine  should  be  intro- 
duced into  the  crucible,  by  which  means  the  oxide 
of  iridium  will  be  reduced,  and  the  expulsion  of  the 
last  traces  of  osmium  be  effected.  The  crucible  is 
now  heated  to  whiteness  until  it  no  longer  loses 
weight;  or  the  reduction  is  finished  in  a current  of 
hydrogen. 
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Tlie  liquid,  separated  from  the  platinum  yellow 
by  filtration,  is  evaporated  until  the  ammonium  chlo- 
ride ci'ystallizes  in  great  quantity.  It  is  allowed  to 
cool,  is  tlien  decanted,  and  on  a filter  is  collected  a 
small  quantity  of  a deep  violet- coloured  salt,  which 
is  the  ammonium  chloride  of  iridium  mixed  with  a 
little  platinum  salt.  The  mixture  of  platinum  and 
iridium  obtained  by  the  two  reductions  is  then 
weighed.  The  two  metals  are  next  digested  at  about 
40°  or  50°  C.  in  aqua  regia,  which  is  renewed  until  no 
longer  coloured.  The  residue  is  pure  iridium. 

This  method  of  separating  the  two  metals  is  very 
accurate  if  the  aqua  regia  is  very  weak,  and  the  con- 
tact with  it  is  prolonged. 

The  palladium,  iron,  and  copper  are  next  sought  for. 
The  liquor,  charged  with  sal-ammoniac  and  alcohol, 
from  which  the  platinum  and  iridium  have  been 
separated,  is  evaporated  to  get  rid  of  the  alcohol,  and 
then  treated  with  an  excess  of  nitric  acid,  which 
transforms  the  ammonium  chloride  into  nitrogen  or 
hydrochloric  acid.  It  is  now  evaporated  almost  to 
dryness.  The  residue  is  removed  to  a weighed 
covered  porcelain  crucible.  When  the  matter  is  dry 
it  is  moistened  with  concentrated  ammonium  sul- 
phide, and  afterwards  dusted  over  with  two  or  three 
grams,  of  sulphur.  When  dry,  this  crucible  is  placed 
within  a larger  one  of  clay,  and  suirounded  with 
pieces  of  wood  charcoal.  The  two  crucibles  are  now 
set  in  a cold  furnace,  which  is  filled  up  with  charcoal, 
and  the  fire  is  lighted  at  the  top  to  avoid  the  pro- 
jection of  any  of  the  contents  of  the  crucible,  which 
might  occur  if  it  were  too  quickly  heated.  After 
reaching  a bright  red  heat  the  crucibles  are  allowed 
to  cool.  The  porcelain  crucible  now  contains  pal- 
ladium in  a metallic  state,  with  the  sulphides  of 
iron  and  copper,  forming  at  the  same  time  a little 
sulphuric  acid.  The  solution  of  the  nitrates  is  poured 
off  from  the  residue,  which  is  then  washed  by  decan- 


tation, and  the  solutions  and  washings  are  evapo- 
rated to  dryness,  and  then  calcined  at  a red  heat. 
In  this  way  the  palladium  is  reduced,  and  the  iron 
and  copper  pass  to  the  state  of  oxides,  which  are 
easily  separated  from  the  palladium  by  means  of 
strong  hydrochloric  acid.  The  palladium  remains  in 
the  crucible;  it  is  again  strongly  ignited,  and  then 
weighed. 

The  chlorides  of  iron  and  copper  are  evaporated 
to  dryness  at  100°  C.,  and  are  then  treated  with 
ammonia.  The  ferric  chloride,  having  lost  nearly 
all  its  acid,  has  become  insoluble,  but  the  chloride 
of  copper  is  readily  dissolved,  and  may  be  filtered 
from  the  iron,  wliich  is  washed,  ignited,  and 
weighed. 

The  copper  solution  is  next  evaporated  to  dryness, 
mixed  with  excess  of  nitric  acid,  and  heated  to  drive 
off  excess  of  ammonium  chloride.  Afterwards  the 
nitrate  of  copper  is  ignited  and  weighed.  The 
weight  of  the  copper  is  so  small  that  the  hygrometric 
water  absorbed  may  be  neglected. 

The  residue  insoluble  in  nitric  acid  is  weighed  and 
treated  with  very  dilute  aqua  regia,  which  takes  up 
the  gold,  and  sometimes,  but  very  rarely,  traces  of 
platinum.  To  ascertain  if  platinum  be  present, 
evaporate  to  dryness,  and  redissolve  by  alcohol  and 
chloride  of  ammonium.  If  any  platinum  yellow 
remain,  it  must  be  ignited  and  weighed.  The  differ- 
ence in  the  weight  of  the  porcelain  crucible  before 
and  after  the  treatment  with  aqua  regia  gives  the 
weight  of  the  gold,  from  which,  if  any  be  found,  the 
weight  of  the  platinum  must  be  deducted. 

The  residue  left  in  the  crucible  is  rhodium,  which 
must  be  reduced  in  a current  of  hydrogen. 

The  operator  should  avoid  breathing  the  vapour 
from  the  aqua  regia,  and  as  much  as  possible  guard 
against  the  ill  effects  of  the  osmic  acid,  which 
particularly  attacks  the  eyes. 
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Columbia. 

Califoruia. 

OregozL 

Spaiu. 

Australia. 

Russia. 

Russia. 

Platinum, 

80-00 

79-85 

51-45 

45-70 

.59-80 

77-50 

80-03 

Iridium, 

1'55 

4-20 

0-40 

0-95 

2 "20 

1-45 

9-15 

Rhodium 

2-50 

0-65 

0-65 

2-65 

1-50 

2-80 

0-61 

Palladium, 

100 

1-95 

0-15 

0-85 

1-50 

0-85 

1-20 

Gold 

1-50 

0-55 

0-85 

3-15 

2-40 





Copper, 

O'Oo 

0-75 

2-15 

1-05 

1-10 

2-15 

1-02 

Iron, 

Indium  osmide, 

7-20 

4-45 

4-30 

6-80 

4-30 

9 60 

6-45 

1-40. 

4-95 

37-30 

2-85 

25  00 

2-35 

(0-28)  Ruthenium. 

Sand, 

4-85 

2-60 

3-00 

35-95 

1-20 

1-00 



Osmium, 

— 

0-05 

— 

0-05 

0-80 

2-30 

1.35 

Total 

100-1.5 

100-00 

100-25 

100-00 

99-80 

100-00 

100-09 

I’ltEi’Aii.ATiON  OF  PLATINUM. — AVheu  obtained 
directly  from  tlie  ore  the  difficulty  of  preparing  the 
metal  pure  increases  according  to  the  number  of 
other  components  associated  with  it ; if  the  pla- 
tinum be  alloyed  only  with  gold,  all  that  is  necessary 
is  to  treat  it  at  once  with  nitro-hydrochloric  acid 
till  the  whole  is  dissolved,  to  remove  the  excess  of 
acid  by  evaporation,  and  then  produce  ammonium 
platino  - chloride  by  the  addition  of  ammonium 
chloride.  If  other  metals  be  united  with  the  pla- 
VOL.  II. 


tinum,  as  in  the  samples  of  which  the  analyses  have 
been  given  above,  then  the  ore  is  alternately  treated 
with  strong  nitric  and  hydrochloric  acids,  till  all  the 
copper,  iron,  lead,  and  silver,  manganese,  &c.,  are 
removed  ; the  washed  residue  is  then  acted  upon 
with  aqua  regia  till  the  whole  of  the  metals  dissolve. 
A moderately  dilute  solution  of  sal-ammoniac  is 
now  added  to  the  clear  filtered  liquid,  which  should, 
however,  be  as  free  of  acid  as  possible,  and  the  pre- 
cipitate collected,  washed  well  with  cold  water,  dried. 
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and  reduced  to  the  metallic  state.  The  latter  oper- 
ation is  effected  by  gently  heating  the  mass  at  first, 
and  indeed  till  the  whole  of  the  ammoniacal  salt  is 
expelled,  and  subsequently  bringing  it  to  a strong 
red  heat.  The  residue  will  now  be  pure  metallic 
platinum  in  a very  finely-divided  condition,  or,  as  it 
is  ordinarily  termed,  mohr — platinum  black. 

Tlie  rhodium,  palladium,  osmium,  and  iridium,  pro- 
vided a little  nitric  acid  be  added  previous  to  pre- 
cipitation, remain  in  the  mother-liquid,  and  can  be 
recovered  subsequently. 

Pure  platinum  has  a white  colour,  nearly  approach- 
ing to  that  of  silver.  Its  density  is  the  greatest  of 
any  known  body ; its  specific  gravity  being  21 ‘5.  It 
is  infusible  at  the  highest  temperature  of  a blast 
furnace,  though  capable  of  being  welded  like  iron  at 
a white  heat ; the  temperature  of  the  flame  of  tlie 
oxyhydrogen  blowpipe,  however,  as  also  that  of 
the  voltaic  arc,  readily  melts  and  even  boils  it, 
dispersing  a portion  into  vapour,  which  appears 
to  burn  and  form  an  oxide  of  the  metal.  Dumas 
observed  that  platinum  becomes  harsh  and  brittle 
when  heated  powerfully  in  contact  with  charcoal, 
owing  to  its  combination  with  a little  carbon,  or 
silicon,  or  phosphorus.  Platinum  is  very  malleable, 
and  therefore  can  be  beaten  out  into  very  thin 
plates,  and  drawn  into  wires 

diameter ; and  with  proper  means,  such  as  inclosing 
it  within  a silver  wire,  into  wire  only 
inch.  Air  and  moisture  have  no  effect  upon  the 
metal  even  in  the  heat ; unlike  gold  and  silver,  sul- 
phur and  mercury  do  not  injure  it  even  when  in- 
tensely heated.  Potassium  nitrate,  and  potassium 
and  lithium  hydrates,  at  a high  temperature,  oxidise 
it ; but  it  remains  uninjured  by  the  strongest  simple 
acids.  The  combination  of  hydrochloric  with  any 
other  of  the  mineral  acids  dissolves  it  readily ; so  like- 
wise does  chlorine  water,  or  a mixture  of  a chloride 
or  nitrate,  and  of  nitric  or  hydrochloric  acid,  and  in 
every  instance  a dichloride,  PtClg,  of  the  metal  results. 
With  phosphorus,  arsenic,  antimony,  bismuth,  cad- 
mium, tin,  and  lead,  platinum  forms  alloys  at  mode- 
rately high  temperatures ; and  if  the  heat  be  increased 
it  combines  even  with  silver  and  copper. 

Spongy  platinum  is  of  a dull  grey  colour,  soft,  and 
porous ; when  ignited  strongly  it  adheres  together, 
and  by  subjecting  it  to  pressure  with  hard  bodies,  it 
is  made  into  the  form  of  laminae,  having  the  metallic 
lustre.  AVithout  any  apparent  change  in  itself,  it 
induces  the  combination  of  gases,  or  the  oxidation  of 
bodies,  to  a remarkable  extent.  Dobeueinek  was 
the  first  to  discover  this  remarkable  fact.  Dulong 
and  Thenard  showed  that  this  metal,  in  the  more 
compact  form  of  fine  •wire  and  foil,  is  capable  of 
inducing  the  union  of  oxygen  and  hydrogen  in  a 
limited  degree,  and  Faraday  has  shown  what  jue- 
cautions  are  necessary  to  be  observed  to  insure  suc- 
cess in  the  trial — namely,  cleanliness  of  the  mefid 
effected  by  fusing  potassium  hydrate  on  its  surface, 
and  after  washing  in  water,  rinsing  it  in  hot  oil  of 
vitriol,  and  again  with  water.  In  this  state  platinum 
foil  will  act  upon  a mixture  of  the  two  gases  in  the 
proportion  of  one  volume  of  oxygen  and  two  of 


hydrogen,  so  as  to  speedily  become  red  hot.  Con- 
tact with  the  skin,  a cloth,  or  mere  exposure  for  a 
few  days,  divests  it  in  a great  degree  of  this  property; 
so  likewise  do  sulphuretted  hydrogen,  carbonic  oxide, 
and  olefiant  gases. 

Platinum  has.  besides  the  power  of  causing  the 
ignition  of  o.xygen  and  hydrogen  gases,  that  of  con- 
densing gases  upon  its  surface  to  a surprising  extent. 
Thus,  when  exposed  to  the  air,  platinum  absorbs 
oxygen  gas  to  the  extent  of  many  times  its  volume ; 
on  nitrogen  it  has  but  little  effect. 

There  are  several  forms  of  finely-divided  platinum 
which  exhibit  greater  power  of  condensation  of  gases 
than  spongy  platinum.  Such  is  the  product  result- 
ing from  the  combustion  of  bibulous  paper  which 
had  been  saturated  with  a solution  of  platinous 
chloride,  and  dried,  and  that  produced  by  voltaic 
action  in  an  acid  solution  of  dichloride  of  platinum 
by  a bar  of  zinc ; but  the  most  remarkable  for  this 
effect  is  the  platinum  black  of  Liebig.  This  is  pre- 
pared by  boiling  dichloride  of  platinum  solution 
with  an  excess  of  potassium  hydrate  or  sodium 
carbonate  of  soda.  On  pouring  alcohol  gradually 
into  the  solution  a black  precipitate  falls  in  a finely- 
divided,  and  probably  in  a more  amorphous  state, 
than  any  of  the  other  compounds.  When  this 
body  is  well  washed  and  dried,  it  takes  up  as 
much  as  250  times  its  volume  of  oxygen,  and  if 
absolute  alcohol  be  dropped  upon  it  in  this  state 
ignition  immediately  takes  place.  The  combustible 
gases  are  quickly  inflamed  by  it,  and  spirits  of  wine 
energetically  acetified.  When  treated  with  dry 
ammoniacal  gas  it  is  rendered  red  hot,  and  a con- 
siderable quantity  of  ammonia  is  absorbed. 

Metallurgy  of  Platinum. — At  St.  Petersburg, 
where  the  platinum  of  all  the  ore  found  in  the  Ural 
is  extracted,  the  following  process  is  pursued  ; — Into 
each  of  a number  of  open  platinum  basins  capable  of 
holding  8 lbs.  each,  that  are  ranged  on  a sand-bath 
covered  by  a glazed  dome  with  movable  panes, 
surmounted  by  a ventilator  which  carries  off  the 
liberated  acid  vapours,  a certain  quantity  of  the 
material  is  introduced,  and  a mixture  composed 
of  3 parts  of  hydrochloric  acid  42°  Twaddell,  and 
1 of  nitric  at  73°  Twaddell,  poured  upon  it.  The 
whole  is  then  heated  during  eight  to  ten  hours, 
or  tiU  the  evolution  of  red  fumes  ceases ; and  after 
allowing  the  undissolved  matter  to  subside,  the 
liquid  is  decanted  into  a large  cylindrical  vessel, 
the  residue  is  washed  with  water,  and  the  washings 
added  to  the  first  liquor.  The  undissolved  matter 
is  treated  with  further  quantities  of  acid  till  the 
whole  becomes  soluble,  and  the  liquors  commingled 
in  the  common  receptacle  already  mentioned.  Aqua 
regia  to  the  amount  of  from  ten  to  fifteen  times  the 
weight  of  ore  operated  upon  is  required,  accord- 
ing as  the  granules  of  the  ore  are  smaller  or  larger 
in  bulk.  Moderately  dilute  ammonia  liquor  is  now 
added  to  the  acid  liquor  in  the  glass  vessel,  when  a 
precipitate  occurs,  and  on  its  subsidence  the  super- 
natant liquor  is  decanted  into  other  vessels  and 
evaporated  to  about  one-twelfth  in  glass  retorts, 
embedded  in  a sand-bath ; on  allowing  this  liquor  to 
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cool  the  double  chloride  of  ammonium  and  iridium 
crystallizes  out  in  the  form  of  a dark  purple  powder, 
which  is  separated,  and  the  mother-liquor  evapor- 
ated to  dryness  in  porcelain  vessels,  the  residue 
calcined  and  treated  anew  like  fresh  ore.  The 
precipitate  obtained  in  the  first  instance  is  dried, 
calcined,  and  heated  to  redness  for  obtaining  the 
metal  in  a spongy  state.  In  order  to  agglomerate 
this  sponge,  it  is  pounded  in  a bronze  mortar,  the 
powder  passed  through  a fine  sieve,  and  the  product 
introduced  into  the  mould  in  which  the  ingot  is  to 
be  formed.  Here  it  is  compressed  with  a rammer 
which  is  forced  in  by  a coining  press,  and  when 
reduced  to  the  proper  size,  it  is  removed  from  the 
mould  and  baked  for  thirty-six  hours  in  a porcelain 
kiln,  after  which  it  may  be  forged  with  ease,  pro- 
vided the  iridium  had  been  separated  from  it.  The 
ingot  of  platinum  contracts  to  the  extent  of  one- 
sixth  or  one-fifth  of  its  volume  during  the  roasting 
in  the  oven. 

\\'’ollaston’s  method,  of  which  the  preceding  is 
a modification,  is  best  calculated  to  yield  the  pure 
metal.  The  ore  is  treated  with  aqua  regia  and 
atnmonium  chloride,  as  in  the  preceding  case ; only, 
to  prevent  the  solution  of  the  iridium  it  is  neces- 
sary to  dilute  the  acids,  so  that  it  may  remain  in 
the  residue.  It  is  well  to  reduce  the  strength  of  the 
hydrochloric  acid  with  an  equal  quantity  of  water, 
and  the  aqua-fortis  and  muriatic  acid  must  be 
quite  pure.  Wollaston  has  indicated  that  a quan- 
tity of  hydrochloric  acid,  equivalent  to  150  of  dry 
acid,  and  as  much  nitric  acid  as  will  contain  40 
parts,  is  sufficient  for  the  solution  of  100  parts  of 
the  platiniferous  matter;  but  as  it  is  best  to  have 
an  excess  of  the  ore,  120  parts  of  the  latter  should 
be  employed.  The  action  of  the  compound  acid 
should  take  place  slowly,  and  a very  gradually 
increasing  temperature  be  applied  till  the  operation 
be  completed,  which  happens  in  about  four  days. 
After  this  the  contents  of  the  vessel  are  allowed  to 
repose,  in  order  that  the  iridium  scales  may  deposit ; 
this  done,  the  clear  solution  is  to  be  drawn  off,  and 
after  the  separation  of  any  subsided  matter,  41 
parts  of  ammonium  chloride  are  added,  when  the 
yellow  crystalline  ammonium  platino-chloride  falls. 
This  precipitate  weighs  165  parts,  and  contains  66 
parts  of  platinum.  Palladium,  iridium,  rhodium, 
ruthenium,  osmium,  gold,  silver,  iron,  and  any 
other  foreign  matters,  are  all  or  in  part  contained 
in  the  mother  liquor  from  the  last  precipitate,  to- 
gether with  1 1 parts  of  platinum.  To  obtain  the  latter 
the  whole  of  the  metals  are  precipitated  by  means  of 
a clean  plate  of  zinc  or  of  iron,  the  metallic  deposit 
well  washed,  redissolved  in  aqua  regia  as  before, 
and  the  platinum  thrown  down  with  ammonium 
chloride,  after  having  added  1 part  of  strong  hydro- 
chloric acid  to  every  32  parts  of  the  liquor,  with  the 
view  of  jweventing  tlie  palladium  and  lead  from  falling 
down  with  the  yellow  platinum  salt.  By  a later 
method,  Wollaston  neutralizes  the  acid  solution 
with  carbonate  of  soda,  and  precipitates  the  pal- 
ladium from  the  liquid  with  cyanide  of  mercury, 
in  the  form  of  whitish  flakes.  When  this  is  re- 


moved by  filtration,  the  platinum  may  be  removed 
from  the  mother  liquor  by  the  addition  of  41  p.arts 
of  ammonium  chloride. 

The  precipitate  from  the  first  liquor,  as  well  as 
that  from  the  re-solution  of  the  residuary  matter  in 
aqua  regia,  is  well  washed  with  cold  water,  quite 
free  from  the  ammonium  iridio-chloride ; it  is  then 
dried  carefully  by  pressure  between  folds  of  bibulous 
paper  or  other  absorbent  matter.  After  the  whole 
of  the  moisture  is  dispersed,  the  substance  is  intro- 
duced into  a black-lead  crucible,  and  subjected  to  a 
temperature  merely  sufficient  to  expel  the  ammonium 
salt  and  chlorine.'  Should  the  heat  be  raised  too 
high,  it  would  cause  the  agglutination  of  the  metal, 
so  as  to  render  its  subsequent  compression  into 
ingots  difficult,  at  the  same  time  that  it  would 
decrease  its  welding  power.  The  loose  platinum 
powder  is  next  rubbed  between  the  palms  of  the 
hand  very  genfly,  sifted  through  a linen  cloth,  and 
the  coarse  particles  that  remain  behind  reduced  in 
a wooden  dish  with  a pestle  of  the  same  material, 
with  as  little  force  as  possible.  This  portion  is  then 
sifted  like  the  rest,  and  the  fine  powder,  which 
ought  not  to  exhibit  any  metallic  lustre,  or  the  finer 
parts,  may  be  separated  by  elutriation  and  decanta- 
tion. Having  sufficiently  reduced  the  mass,  it  is 
mixed  with  water  to  a pastelike  consistency,  and 
introduced  into  a brass  mould  or  cylinder  6'75 
inches  high,  1T2  inch  wide  at  the  top,  and  1‘23  at 
the  bottom,  which  is  inclosed  by  a steel  stopper 
that  enters  it  to  the  distance  of  a quarter  of  an  inch, 
having  the  inner  face  smeared  with  grease.  The 
whole  is  now  wrapped  round  with  bibulous  paper, 
and  placed  in  a vessel  of  water  so  as  to  fill  it  with 
the  liquid,  when  the  metal  sinks  and  fills  every 
portion  of  it  equally,  and  cavities  in  the  ingot  are 
avoided. 

A piece  of  bibulous  paper  is  now  laid  on  the  top 
of  the  platinum,  and  then  woollen  cloths,  and  the 
excess  of  moisture  removed  by  pressing  the  contents 
of  the  cylinder  by  a wooden  pestle  forced  by  the 
hand.  The  cloths  and  paper  are  removed  at  this 
stage,  and  a disc  of  copper  substituted,  the  paste 
having  sufficient  consistency  to  allow  the  mould  to 
be  placed  horizontally  in  a press,  to  be  condensed 
preparatory  to  its  forging.  The  kind  of  apparatus 
which  WOLLA.STON  invented  is  represented  in  Fig.  1. 
After  the  pressure  is  sufficiently  exerted,  the  cylinder 


Fig.  1, 


is  opened,  and  the  ingot,  shaped  in  the  form  of  the 
cylinder,  taken  out  without  danger  of  breaking  in 
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the  hands,  and  heated  nearly  to  redness  in  a char- 
coal fire,  in  order  to  drive  off  moisture,  burn  the 
grease,  and  give  it  greater  compactness.  It  is  then 
laid  endwise  on  a clay  support,  strewn  over  with 
quartz  sand,  and  introduced  into  a blast  furnace. 
Twenty  minutes’  ignition  is  given,  and  whilst  still 
red  hot  the  ingot  is  taken  from  the  furnace,  placed 
upon  an  anvil  endwise,  and  struck  with  a hammer 
repeatedly.  Should  it  bend  under  this  treatment, 
it  must  not  be  straightened  by  striking  it  in  a hori- 
zontal position  ; but  the  blows  must  be  directed  on 
the  edges  so  as  to  rectify  the  bend,  and  still  preserve 
it  straight.  After  the  ingot  is  sufficiently  condensed 
by  this  means,  it  is  in  a position  to  bear  forging  and 
working  into  any  desired  shape,  like  any  other  metal. 

Deville  and  Debray  treat  the  ores  both  in  the 
dry  and  wet  way.  In  the  former  case  they  employ 
a reverberatory  furnace  having  a hemispherical  fire- 
clay bed.  This  is  heated  to  full  redness,  and  the 
charge,  which  is  2 cwts.  of  the  platinum  ore,  inti- 
mately mixed  with  a like  weight  of  plumbic  sulphide 
(galena)  is  thrown  in  by  slow  degrees,  being  at  the 
same  time  constantly  stirred  about  with  an  iron  rake. 
A small  quantity  of  glass  is  afterwards  added  to  serve 
as  a flux,  and  finally  2 cwts.  of  litharge  is  added  in 
small  quantities.  The  oxygen  thus  supplied  combines 
with  the  sulphur  of  the  galena,  forming  sulphurous 
acid,  which  passes  off.  The  reduced  lead  combines 
with  the  platinum  metals,  forming  a fusible  alloy. 
After  a little  time  the  osmiridium  sinks  to  the  bot- 
tom, and  the  platiniferous  lead  is  then  skimmed  off 
in  iron  ladles  and  cast  in  ingot  moulds.  The  lead 
is  removed  by  cupellation,  and  the  platinum  finally 
refined  by  fusion  on  a bed  of  lime. 

In  the  wet  way  the  platinum  ore  is  treated  with 
aqua  regia,  separated  from  the  insoluble  osmide  of 
iridium  by  decantation,  and  the  solution  evaporated 
to  dryness.  The  red  residue  is  then  heated  to  red- 
ness in  a covered  crucible,  with  a tubular  cover  to 
convey  the  vapours  to  a chimney  shaft.  The  pla- 
tinum powder  remaining  is  washed  and  refined  on  a 
lime  bed  in  the  manner  described  below. 

Platinum  of  commerce  also  frequently  retiuns  traces 
of  silicon  and  osmium.  Deville  and  Debray 
remove  these  by  fusion  on  lime,  by  means  of  an 
oxidising  flame.  The  silicon  is  converted  into 
calcium  silicate,  which  melts  into  a colourless  bead, 
and  moves  rapidly  about  on  the  surface  of  the  metal 
until  it  reaches  the  edge,  when  it  is  absorbed  by  the 
sides  of  the  furnace. 

Platinum,  thus  melted  and  refined,  is  a metal  as 
soft  as  copper;  its  density,  21'15,  is  less  than  that 
of  ordinary  platinum,  which  has  been  subjected  to 
hammering. 

The  fuel  employed  in  Deville  and  Debray’s 
furnace  is  most  commonly  coal  gas ; but  hydrogen 
may  be  employed,  and  when  pure  will  give  a greater 
heat.  The  combustion  is  fed  by  a current  of  oxygen. 
The  furnace  in  which  the  fusion  is  made  is  of  lime, 
bound  with  iron  wire.  Figs.  2 and  3 show  the 
arrangement  of  the  parts  of  a small  furnace  ; Fig.  4 
shows  a larger  furnace.  The  small  furnace,  Figs. 
2 and  3,  is  composed  of  two  parts — the  roof,  A A, 


made  of  a cylindrical  piece  of  lime,  slightly  arched 
on  its  lower  surface,  and  pierced  by  a conical  hole, 
Q,  through  which  a 
blow-pipe,  E,  is  made 
to  pass ; and  a bottom, 

B,  made  of  another 
piece  of  lime,  hollowed 
out  as  shown  in  the 
cut.  The  cavity  should 
be  scooped  out  so  deep 
that  the  melted  plati- 
num may  occupy  a 
depth  of  3 or  4 mm. 

At  the  anterior  part, 

D,  a groove,  inclined  a little  towards  the  inside,  is 
made  with  a file ; this  serves  as  an  outlet  for  the 
metal  when  fused,  and  for  the  flame  whilst  the 
process  is  going  on. 

The  blow-pipe  (shown  in  detail  in  Fig.  4)  is  com- 
posed of  a copper  cylinder,  E E,  terminated  at  its 
lower  extremity  by  a slightly  conical  tube,  e'  e', 
made  of  platinum.  A copper  tube,  C C C,  having  a 
platinum  nozzle,  enters  the  first  cylinder  at  p ; and 


Fig.  3. 


is  so  arranged  as  to  allow  the  nozzle  to  be  slid 
up  or  down,  and  placed  at  any  height  within  the 
cylinder,  e e,  e'  e',  that  may  be  wished.  A stop-coek, 
H,  is  attached  to  the  side  of  the  cylinder,  E,  by  means 
of  a tube  as  large  as  the  cylinder  itself.  Another 
stop-eock,  0,  terminates  the  elbow  of  the  tube,  C. 
The  hydrogen,  or  coal  gas,  passes  into  the  furnace 
by  the  stop-cock,  H,  and  the  oxygen  by  the  stop- 
cock, 0. 

When  the  fusion  is  to  be  made,  the  pieces  of  lime 
composing  the  furnace  are  put  together ; then  hold- 
ing the  blow-pipe  in  the  hand,  the  stop-cock,  ii,  is 
opened,  so  as  to  allow  the  passage  of  a gentle  stream 
of  gas  which  is  lighted,  and  the  stop-cock,  o,  turned 
to  admit  the  oxygen.  The  flame  is  in  this  way 
plunged  into  the  apparatus  by  the  hole,  Q,  in  such 
a manner  as  to  avoid  an  explosion,  which  might 


Fig.  2. 
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disturb  the  position  of  the  pieces  of  lime.  The  body 
of  the  furnace  is  now  gradually  heated,  the  quantity 
of  the  gases  passing  being  increased  by  degrees  until 
the  maximum  temperature  is  attained.  The  degree 
of  heat  may  be  raised  or  lowered  at  pleasure,  by 
lifting  or  depressing  the  platinum  nozzle  which 
supplies  the  ox}’gen. 

The  temperature  is  now  lowered,  and  the  platinum 
is  introduced,  little  by  little,  through  the  opening, 
D.  When  in  thin  slips,  the  metal  melts  directly  it 
enters  the  furnace.  The  oxygen  should  be  at  a 
sufficient  pressure  to  give  a rotatory  motion  to  the 
molten  metal,  so  as  to  equalize  the  temperature 
throughout  the  mass. 

When  it  is  not  wished  to  run  the  metal  into  a 
mould,  the  two  gases  are  turned  off  by  degrees,  always 
leaving  the  oxygen  in  a decided  but  very  slight  excess, 
so  soon  as  the  fusion  is  perfect  and  the  refining  com- 
pleted, which  is  the  case  when  no  more  vitreous 
matter  is  seen  to  form  on  the  surface. 

The  mass  now  gradually  solidifies,  and  the  flame 
may  be  completely  extinguished.  A little  of  the 
metal  is  always  thrown  up  on  to  the  roof  of  the  fur- 
nace ; this  is  easily  collected. 

When  the  platinum  is  to  be  cast,  an  ingot  mould 
is  prepared  of  thick  cast  iron  well  rubbed  with 
plumbago,  or  of  lime  or  coke.  The  last  are  most 
easily  made  of  sawn  plates  of  the  substance,  held 
together  by  iron  wire.  The  roof  of  the  furnace  is 
taken  off,  the  body  seized  with  a pair  of  tongs,  and 
the  platinum  poured  off  without  hurrying.  The 
only  difficulty  which  occurs  (and  this  a little  practice 
enables  the  operator  to  overcome)  is  to  discern  at 
the  same  time  the  dazzling  surface  of  the  metal  and 
the  open  mouth  of  the  mould,  before  turning  up  the 
crucible.  A larger  quantity  than,  3 or  4 kilo- 
grammes should  never  be  cast  in  this  way,  as  there 
would  be  great  danger  of  some  part  of  the  apparatus 
giving  way. 

For  greater  quantities  a larger  furnace  is  neces- 
sarj'.  This  is  constructed  of  three  pieces  of  good 
sound  lime,  bound  firmly  together  with  iron  (Fig.  4). 
The  lower  one,  D,  forming  the  base,  is  a circular 
plate  of  about  2^  inches  thickness;  this  carries  a 
cylinder,  B,  about  4^  inches  in  height,  and  having 
four  apertures,  k,  at  the  lower  part  for  the  escape 
of  the  gases,  vapours,  &c.,  evolved  during  com- 
bustion. This  piece  is  the  furnace  chamber.  Upon 
its  upper  end  is  placed  a third  piece,  a a,  which 
covers  the  chamber,  and  is  about  3 inches  thick, 
and  perforated  by  a round  hole  in  the  centre  for 
the  passage  of  the  compound  jet  of  the  blow-pipe, 
E E,  which  has  been  already  described.  Inside  the 
chamber  is  placed  an  outer  crucible,  formed  also  of 
lime,  and  provided  with  a conical  lime  cover,  G. 
This  stands  upon  a small  lime  support,  d',  and 
incloses  the  actual  crucible,  i,  which  is  formed  of 
gas  coke,  and  has  a cover  of  the  same  material. 
The  flame  of  the  blow-pipe  laps  round  the  two 
crucibles  in  the  centre  of  the  chamber,  n ii,  and 
escapes  at  k. 

Johnson  and  Mattiiey  have  fused  as  much  as  2^ 
cwts.  of  platinum  in  this  furnace  at  one  operation. 


lYhen  large  castings  are  made  in  iron  moulds, 
it  is  necessary  to  protect  the  latter  from  fusing 
under  the  enormous  temperature  of  the  liquid  plati- 
num. Heraens  obviates  all  inconveniences  arising 
from  this  cause  by  placing  at  the  bottom  of  the 
mould  a thin  leaf  of  platinum,  which  supports  the 
first  contact  of  the  metal. 

Lime  is  used  for  several  reasons  as  the  material 
for  constructing  the  refining  furnace.  It  conducts 
heat  so  sparingly  that  through  a thickness  of  0‘8  inch, 
the  apparatus  being  full  of  melted  platiuum,  the 
temperature  of  the  outside  is  barely  120°  C.  It 
radiates  heat  most  perfectly.  For  this  reason  it  is 
the  best  material  for  the  sides  of  a reverberatory 
furnace  of  this  kind.  It  acts  on  all  the  impurities 
of  the  platinum,  iron,  copper,  silicium,  &c.,  changing 
them  into  fusible  compounds,  which  are  absorbed  by 
its  porous  substance. 

Fig.  4. 


o 


Deville  and  Debray’s  process,  applied  to  the 
revivification  of  old  platinum,  gives  excellent  results. 
No  foreign  metal,  except  iridium  and  rhodium,  can 
exist  in  platinum  after  it  has  been  melted  and  refined 
in  the  method  described.  All  the  substances  which 
most  easily  attack  platiuum — such  as  sulphur,  phos- 
phorus, arsenic,  gold,  sodium,  iron,  copper,  palla- 
dium, osmium — are  separated  either  by  oxidation 
and  absorption  by  the  lime,  or  by  volatilization. 
Gold  and  palladium  escape  in  the  form  of  vapour, 
and  may  be  collected  by  making  the  flame  which 
issued  from  the  furnace  pass  through  an  earthenware 
tube. 

The  only  caution  necessary  to  be  observed  in  the 
process  is  never  to  have  the  bath  of  metal  at  all  deep, 
without  keeping  it  in  constant  agitation  ; since,  as 
the  platinum  is  a bad  conductor  of  heat,  it  will  not 
remain  liquid  to  any  great  depth,  and  there  will  be 
a chance  of  the  refining  being  incomplete. 
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The  metals  associated  with  jdatinum  have  par- 
ticular characters,  which  separate  them  more  or  less 
completely  from  the  other  metals.  They  are  never 
found  apart  from  each  other  except,  and  this  but 
rar(.'ly,  in  the  case  of  palladium.  More  or  less  alter- 
able under  the  influence  of  oxygen  and  chlorine, 
they  are  all  allied  by  the  facility  with  which  they 
are  reduced.  Besides,  they  have  the  curious  pro- 
perty of  determining  many  chemical  reactions  by 
their  simple  contact — their  catalytic  action.  This 
last  jiroperty  cannot  be  ascribed  to  the  porosity  of 
the  metal,  for  platinum  which  has  been  melted  is  as 
active  as  platinum  black. 

OSMIUM. — Atomic  weight,  199’2.  Symbol,  Os. 
Osmiridium,  placed  in  a porcelain  tube,  is  heated 
to  bright  redness  in  a current  of  air.  The  two  metals 
are  oxidised,  the  ruthenium  oxide  remains  in  the 
tube,  whilst  the  osmium  tetroxide  (osmic  acid, 
OsO^)  is  carried  forward  and  condensed  in  a solu- 
tion of  potash.  This  solution  is  mixed  with  excess 
of  hydrochloric  acid  and  digested  with  mercury  in 
a well-closed  bottle  at  40°  C.  An  amalgam  is 
formed,  which  when  distilled  in  a stream  of 
hydrogen  leaves  the  osmium  in  the  form  of  a black 
pyrophoric  powder  (Berzelius).  Its  specific  gravity 
is  about  7. 

Dkville  and  Debrat  powder  the  osmiridium,  if 
in  scales,  by  calcining  them  with  4 or  5 times  their 
weight  of  zinc.  This  powder  is  mixed  with  5^ 
times  its  weight  of  barium  dioxide,  and  the  mixture 
heated  to  the  temperature  of  molten  silver  for  two 
or  three  hours.  The  black  mass  thus  formed  is 
placed  in  a glass  retort,  a little  water  added,  and 
afterwards  8 parts  of  hydrochloric  and  1 part  of 
nitric  acids.  These  are  well  shaken  together  and 
distilled,  taking  care  to  keep  the  receiver  well 
cooled  to  avoid  the  escape  of  osmic  acid.  When 
the  vapour  has  no  longer  tlie  smell  of  osmic  acid, 
the  distillation  is  stopped,  and  the  liquid  in  the 
receiver  is  distilled  afresh,  and  the  product  is  con- 
densed in  dilute  ammonia. 

The  ammonium  osmiate  is  supersaturated  with 
sulphuretted  hydrogen,  and  tlie  liquor  containing 
the  osmium  sulphide  is  boiled  for  some  time  and 
then  filtered. 

The  osmium  sulphide,  dried  at  a low  heat,  is  placed 
in  a crucible  of  coke,  which  is  itself  inclosed  in  another 
crucible  of  refractory  clay,  and  then  heated  for  four 
or  five  hours  to  the  temperature  of  melted  nickel. 
The  sulphide  is  reduced,  and  there  is  left  a brilliant 
metal  of  a blue  colour.  If  the  heat  is  raised  to  that 
of  melted  rhodium,  the  metal  has  the  density  of  21 '3 
to  21-4.  This  osmium  is  without  smell,  and  only 
becomes  combustible  at  a temperature  higher  than 
that  of  melted  zinc. 

When  osmium  is  dissolved  in  zinc,  and  the  zinc 
afterwards  separated  by  hydrochloric  acid,  osmium 
is  obtained  in  a very  combustible  amorphous  powder ; 
but  when  the  zinc  is  volatilized,  and  the  residue 
fused  in  the  oxyhydrogen  gas  furnace,  the  osmium 
is  found  completely  metallic;  it  is  not  melted,  but  is 
full  of  irregular  cavities.  This  osmium  scratclies 
glass  easily.  At  the  temperature  of  melting  iridium 


osmium  volatilizes;  but  no  traces  of  fusion  can  ever 
be  discovered. 

RUTHENIUM. — Atomic  weight,  104-4.  Symbol, 
R.  Afterosmium,  itisthe  most  refractory  metal  known. 
It  requires  a very  extreme  heat  to  melt  the  smallest 
quantity;  when  melting,  the  dioxide,  RUO2  is  formed, 
which  is  volatilized,  and  smells  something  like  osmic 
acid.  When  removed  from  the  flame  ruthenium  is 
blackish-brown  on  the  surface,  and  is  brittle  and 
hard  like  iridium.  Its  density  is  11  to  11-4  after 
long  fusion. 

To  prepare  the  metal  the  osmide  is  mixed  in  fine 
powder,  with  3 parts  of  barium  dioxide  and  1 part 
of  barium  nitrate,  and  heated  to  redness  in  a clay 
crucible  for  an  hour.  The  black  friable  mass  is 
powdered  and  introduced  into  a flask  containing  20 
parts  of  water,  mixed  with  10  of  hydrochloric  acid. 
The  flask  must  be  placed  in  cold  water  during  the 
reaction.  When  this  is  finished  1 part  of  nitric  acid 
and  2 parts  of  strong  sulphuric  acid  are  successively 
added.  The  flask  is  well  shaken,  and  the  barium 
sulphate  allowed  to  settle.  The  precipitate  is 
w'ashed  by  decantation,  and  the  liquid  and  wash- 
ings are  distilled  together  in  a tubulated  retort, 
until  about  one-fourth  of  their  volume  of  a liquid 
very  rich  in  osmic  acid  has  passed  over.  The  red 
liquor  left  in  the  retort  is  evaporated  to  a small 
volume,  2 or  3 parts  of  ammonium  chloride  in 
small  pieces  are  added,  and  a little  nitric  acid.  The 
whole  is  then  evaporated  to  dryness  at  the  temper- 
ature of  boiling  water.  A crystalline  violet-black 
precipitate  remains,  which  is  treated  with  a little 
water  containing  ammonium  chloride,  and  washed 
with  the  same  solution  until  no  longer  coloured. 

The  insoluble  salt  left  is  heated  by  degrees  to 
redness,  and  tl]e  mixture  of  iridium  and  ruthenium 
thus  obtained  is  fused  in  a silver  crucible  with  an 
equal  weight  of  potassium  hydrate  and  twice  its 
weight  of  potassium  nitrate ; and  when  cold,  the 
potassium  rutheniate  is  dissolved  out  with  cold 
water.  The  solution,  which  is  yellow,  is  decomposed 
by  means  of  carbonic  or  nitric  acid,  and  the  pre- 
cipitated oxide  of  ruthenium  is  strongly  calcined  in  a. 
charcoal  crucible.  The  ruthenium  is  then  reduced 
in  the  oxyhydrogen  gas  furnace. 

PALLADIUM. — Atomic  weight,  106‘5  ; symbol, 
Pd. — This  is  the  most  fusible  of  all  the  platinum 
metals.  The  gas  furnaces  easily  bring  it  into  a 
liquid  state ; and  when  heated  to  the  temperature 
of  fused  iridium,  it  disappears,  giving  off  green 
vapours,  which  condense  into  a bistre-coloured  dust, 
being  a mixture  of  the  metal  and  its  oxide.  Heated 
in  contact  with  the  air,  and  kept  in  a state  of  fusion 
in  an  oxidising  atmosphere,  it  spits  like  silver  at  the 
moment  of  solidification.  It  is  more  oxidisable  than 
silver,  and  tarnishes  in  the  air.  The  density  of 
pure  palladium,  melted  but  not  hammered,  is  1P4. 

RHODIUM. — Atomic  weight,  104-4;  symbol,  Rh. 
— Rhodium  is  obtained  by  fusing  platinum  residues 
with  an  equal  w-eight  of  lead  and  twice  its  weiglit 
of  litharge.  When  the  crucible  has  attained  a 
bright  red  heat,  it  is  shaken  once  or  twice,  and 
allowed  to  cool  slowly.  The  button  of  lead  is  treated 
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with  nitric  acid,  diluted  with  an  equal  volume  of 
water,  which  removes,  besides  the  lead,  the  copper 
and  palladium  also.  The  insoluble  powder  remain- 
ing is  mixed  with  five  times  its  weight  of  barium 
dioxide,  and  heated  to  redness  in  a clay  crucible  for 
two  or  three  hours.  It  is  then  treated  with  aqua 
regia  to  remove  the  osmium.  When  the  liquor  has 
lost  all  smell,  sufficient  sulphuric  acid  is  added  to 
exactly  precipitate  the  baryta.  It  is  then  boiled, 
filtered,  and  evaporated  to  dryness,  first  adding  to 
it  a little  nitric  acid,  and  then  a gi’eat  excess  of 
ammonium  chloride.  The  residuum  is  washed  with 
a concentrated  solution  of  ammonium  chloride, 
which  removes  all  the  rhodium. 

When  the  washings  are  no  longer  coloured,  the 
liquor  is  evaporated  with  a great  excess  of  nitric 
acid,  which  destroys  the  sal-ammoniac ; and  when 
only  the  rhodium  salt  is  left,  the  evaporation  is 
finished  in  a porcelain  crucible. 

The  rhodium  salt  is  now  moistened  with  ammonium 
sulphide,  mixed  with  three  or  four  times  its  weight 
of  sulphur,  and  the  crucible  heated  to  bright  redness, 
after  which  metallic  rhodium  remains. 

Thus  obtained,  the  rhodium  is  nearly  pure,  after 
it  has  been  boiled  for  some  time  first  in  aqua  regia 
and  then  in  concentrated  sulphuric  acid. 

To  obtain  it  perfectly  pure,  it  must  be  melted 
with  four  times  its  weight  of  zinc.  The  alloy  is  then 
treated,  first  with  hydrochloric  acid,  and  the  residue 
with  aqua  regia,  and  to  the  last  solution  ammonia 
added  till  the  precipitate  first  formed  is  redissolved. 
The  solution  is  boiled  and  evaporated,  by  which  is 
obtained  the  yellow  salt,  or  rhodium  chloride.  This 
is  purified  by  repeated  crystallization,  and  then 
calcined  with  a little  sulphur,  by  which  means 
rhodium  is  procured  absolutely  pure. 

Ilhodium  melts  less  easily  than  platinum  ; it  is 
not  volatilized,  but  oxidises  on  the  surface  like 
palladium.  Its  colour  and  appearance  resemble 
aluminium.  When  perfectly  pure,  it  is  ductile  and 
malleable.  Its  density  is  12T. 

IIUDIUM. — Atomic  weight,  198;  symbol,  Ir. — The 
ammonio-chloride  of  iridium,  containing  ruthenium, 
obtained  in  the  preparation  of  the  latter  metal,  is 
driedand  calcined  in  acurrentof  hydrogen.  Platinum 
and  part  of  the  osmium  are  extracted  by  aqua  regia, 
and  the  ruthenium  is  separated  by  fusion  with 
nitric  and  potassium  hydrate,  followed  by  prolonged 
washing  in  water.  The  osmium  which  remains  is 
removed  by  placing  the  metal  in  the  oxidising  flame 
of  the  blow-pipe,  and  the  metal  is  then  melted  in 
the  lime  furnace,  using,  however,  pure  hydrogen 
in  place  of  coal  gas. 

Tlie  colour  of  iridium  is  pure  white,  somewhat 
like  steel.  It  breaks  under  the  hammer  at  the  tem- 
perature of  the  air,  but  becomes  malleiible  when 
raised  to  a white  heat.  Its  density  is  21-1.5. 

POTASSIUM. — Potassium,  French;  Ka/inm,  Ger- 
man and  Latin.  Atomic  weight,  39‘1 ; symbol,  K. 

Isolated  by  Sir  IIumi>urky  Davy,  in  1807.  He 
obtained  it  by  the  action,  on  the  slightly  moistened 
hydrate  (caustic  potash),  of  a powerful  voltaic  cur- 
rent produced  by  about  200  p;rirs  of  Wollaston’s 
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plates  — the  metal  appearing  at  the  negative  pole, 
while  oxygen  was  evolved  from  the  positive  electrode. 
The  compound  nature  of  the  hydrate  had  long  been 
suspected  ; but  while  it  was  confidently  anticipated 
that  it  would  ultimately  be  decomposed  and  de- 
monstrated to  be  an  oxide,  it  was  not  until  the 
exiierimental  proof  was  given  that  the  existence  in 
it  of  a new  and  peculiar  metal  was  realized.  The 
discovery  of  this  metal  was  one  of  the  most  important 
of  the  age,  and  the  application,  by  Davy,  of  similar 
methods  of  investigation  to  the  hydrates  of  sodium, 
barium,  strontium,  and  calcium,  resulted  in  the 
separation  of  these  metals,  which  till  then  were 
unknown. 

Distribution  and  Sources. — On  account  of  its  intense 
affinity  for  the  non-metallic  elements,  potassium  is 
never  met  with  in  nature  in  the  free  state ; but  its 
compounds  are  both  plentiful  and  widely  distributed. 
The  two  great,  and  indeed  the  only  original  sources 
of  these,  are  the  sea  and  the  primitive  rocks,  all 
others  being  intermediate.  Sea  water  contains  1 
part  of  the  metal  in  1500,  combined  as  chloride  and 
sulphate ; and  in  these  forms  it  is  absorbed  and  con- 
centrated by  marine  plants,  in  the  ash  of  which, 
and  particularly  in  that  of  the  Laminaria  and  Fuci, 
the  salts  exist  in  great  proportion,  and  are  extracted 
on  a large  scale.  In  the  same  states  of  combination 
it  occurs  in  the  “ abraum,”  or  potash  salts,  immense 
beds  of  which  overlie  the  great  rock-salt  deposits  of 
Stassfiirt  and  Douglashall  in  Prussia.  These  are 
the  result  of  the  protracted  evaporation  of  inland 
seas,  and  now  constitute  by  far  the  most  important 
source  of  the  potash  products  of  commerce.  Rock 
salt  contains  it  in  appreciable  quantity,  and  its  salts 
are  sometimes  found,  associated  with  that  substance, 
in  a concentrated  form;  as  at  Kalusz,  near  Stanislau, 
in  East  Galicia,  where  enormous  quantities  h.ave 
been  manufactured  for  industrial  purposes,  and  in 
India,  A the  district  of  the  northern  Punjaub.  It 
is  also  present  to  a small  extent  in  the  “ caliche,”  or 
crude  nitrate  of  soda,  met  with  in  such  immense  beds 
in  the  Iquique  district  of  Peru,  and  which  is  probably 
a product  of  the  oxidation  of  nitrogenous  organic 
matter  in  presence  of  sea-salt;  and  it  is  an  important 
ingredient  in  many  saline  waters,  such  as  those  of 
Vichy,  Seidschiitz,  and  Harrogate.  It  exists  in 
considerable  quantity  in  some  well-defined  minerals, 
such  as  potash-felspar,  alumite  or  alum-stone,  potash- 
mica,  lucullite,  and  apophyllite,  and  is  contained  in 
small  proportion  in  most  clays.  Combined  with 
silica,  it  occurs  in  the  primitive  rocks,  and  by  the 
disintegration  of  these  it  finds  its  way  into  soils, 
from  which  it  is  absorbed  by  growing  plants,  form- 
ing an  essential  part  of  their  mineral  food,  and  is 
left  in  various  conditions  of  combination  when  these 
are  burned.  It  is  found  as  nitrate  (saltpetre)  in 
large  quantity,  as  an  efflorescence  on  and  near  the 
surface  of  soils  in  India.  In  wood  ashes  it  is  suf- 
ficiently abundant  to  render  the  extraction  of  its 
salts  a source  of  profit.  In  the  juice  of  the  grape  it 
exists  in  large  proportion  as  bitartrate  (cream  of 
tartar),  which  is  deposited,  during  the  fermentation, 
in  the  preparation  of  wine ; and  in  the  juice  of  the 
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POTASSIUM. — Preparation  of  the  Metal. 


beet-root  it  is  so  plentiful,  that  it  is  extracted  in  the 
form  of  carbonate,  sulphate,  and  chloride,  for  manu- 
facturing purposes,  from  the  molasses  obtained  in 
the  fabrication  of  the  sugar.  The  mineral  portion 
of  flesh  is  very  rich  in  potassium  compounds,  which 
are  derived  from  the  vegetable  food  upon  which  the 
animals  subsist;  and  it  is  present  as  sudorate  in 
the  sweat  of  sheep,  its  recovery  from  the  wool,  as 
carbonate,  forming  a branch  of  chemical  industry. 

Preparation. — 1.  By  the  action  of  a powerful  vol- 
taic current  on  the  hydrate  (Davy).  This  method 
is  not  now  resorted  to  as  a means  of  procuring  the 
metal.  2.  By  heating  to  whiteness  a mixture  of 
the  hydrate  with  iron  borings,  and  condensing  the 
metallic  vapours  in  rock-oil  (Gay-Lussac  and 
Thenard).  This  process  was  at  one  time  employed 
for  the  preparation  of  the  metal,  but  is  now  obsolete. 
3.  By  passing  a voltaic  current,  produced  from  six 
Bunsen  cells,  through  a fused  mixture  of  15  parts  of 
chloride  of  potassium  and  11  parts  of  chloride  of 
calcium,  using  carbon  electrodes,  cooling  the  crucible, 
and  opening  it  under  the  surface  of  rock  oil 
(Matthifsen).  The  metal  is  thus  obtained  in  a state 
of  great  purity.  4.  By  heating  to  whiteness  an  inti- 
mate mixture  of  charcoal  and  potassium  carbonate 
(obtained  by  calcining  crude  tartar  or  “ argol  ” 
without  access  of  air),  when  the  following  reaction 
takes  place:— 

KjCOg  Cj  = Ks  + .TOO. 

This  method  was  originally  devised  by  Curaudau, 
but  improved  by  Brunner,  and  by  Donny  and 
Mareska,  and  is  the  one  at  present  employed  in 
the  preparation  of  the  metal  in  quantity.  It  is  con- 
ducted in  the  following  manner:  — Several  pounds 
of  the  perfectly  dry  mixture,  in  the  state  of 
lumps,  are  introduced  into  a small  iron  cylinder  or 
bottle  fitted  with  a short  iron  tube,  to  which  is 
attached  a flat  condenser  constructed  of  two  iron 
plates  bolted  together.  The  iron  vessel  with  its  con- 
tents is  then  placed  horizontally  in  a furnace  having 
a strong  draught,  and  heated  gradually  to  whiteness. 
Vapours  of  potassium  are  soon  evolved,  and  must 
be  condensed  as  rapidly  as  possible,  to  avoid  the 
formation  of  a large  quantity  of  a violently  explosive 
compound  (carboxide  of  potassium),  formed  by  the 
combination  of  the  metal  with  carbonic  oxide.  This 
substance  has  the  formula  K2C2O2,  and  may  be 
viewed  as  a compound  of  rhodizonato  and  monoxide 
of  potassium,  thus : — 


Potassium  Carboxide. 

5KX.A, 


.Potassium  MoBOxide.  Potassium  Rhodizonate. 


= 2K,,0 


The  accompanying  sketch  (Fig.  1)  shows  the  ar- 
rangement of  furnace,  retort,  and  condenser. 

As  soon  as  vapours  of  potassium  cease  to  be 
evolved,  the  receiver  is  opened  under  the  surface 
of  Persian  naphtha  to  avoid  oxidation,  the  metal 
removed,  and  purified  by  redistillation.  About  one 
half  of  the  entire  amount  of  potassium  is  lost  in  the 
operation,  to  obviate  which  it  has  been  recom- 
mended to  use  argol  containing  a considerable 
quantity  of  tartrate  of  lime,  or  to  add  to  the  mixture 


of  charcoal  and  potassium  carbonate  about  10  per 
cent,  of  chalk.  The  mixture  obtained  by  calcining 

Fig.  1. 


the  crude  tartar  should  have  approximately  the 
following  composition  : — 

Carbonate  of  potassium, 76 

Carbon, 14 

Carbonate  of  calcium, 10 

100 

which  nearly  agrees  with  the  theory. 

Properties. — Potassium  is  a metal  having  a brilliant 
silver-white  lustre,  with  a tinge  of  violet  which  is 
just  perceptible,  but  which  may  be  intensified  by 
viewing  it  with  the  light  reflected  several  times  from 
its  own  surface.  A freshly-cut  surface  of  the  inetnl 
appears  as  brilliant  as  that  of  silver,  but  is  almost 
instantaneously  tarnished  by  the  formation  of  a film 
of  oxide,  which  for  some  time  protects  the  subjacent 
metal  from  oxidation;  and  if  the  operation  of  cutting 
be  performed  in  the  dark,  a faint  blue  light  is  seen 
to  be  emitted.  Its  specific  gravity  is  '865,  and  it 
therefore  floats  on  water,  which  it  instantly  decom- 
poses, on  account  of  its  great  affinity  for  oxygen, 
with  the  following  reaction : — 

K2  + 2H2O  = 2KHO  + Hj. 

The  evolved  hydrogen  is  kindled  by  the  heat  de- 
veloped by  the  action,  and  continues  to  burn  with 
a violet  flame  as  long  as  any  metal  remains,  while 
the  hydrate  is  retained  in  solution.  At  the  ordinary 
temperature  of  the  air  it  is  soft  and  weldable,  and 
may  be  easily  cut  with  a knife  or  moulded  into  any 
form ; but  at  0°  C.  it  is  crystalline  and  brittle.  When 
heated  to  62°-5  C,  it  melts  and  appears  like  mercury; 
and  at  a red  heat  it  volatilizes,  appearing  as  a green 
vapour.  AVith  sodium  it  forms  an  alloy  which  is 
fluid  at  ordinary  temperatures,  and  which  may  be 
prepared  by  treating  the  hydrate  (caustic  potash) 
with  the  metal  sodium  in  boiling  caoutchin.  It  also 
yields  a crystalline  amalgam  with  mercury.  It  dis- 
solves in  anhydrous  liquefied  ammonia,  producing  a 
blue  fluid,  which  on  evaporation  in  the  absence  of 
oxygen  leaves  the  metal  unchanged  (Seely).  On 
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account  of  the  liability  of  potassium  to  tarnisii  by 
contact  with  oxygen  in  any  form,  it  is  generally 
recommended  to  keep  it  in  rock  oil  or  Persian 
naphtha;  but  its  lustre  cannot  long  be  preserved  in 
this  way.  When  heated  in  turpentine  which  has 
been  repeatedly  rectified  by  distillation  with  sodium, 
however,  it  melts,  and  on  cooling  solidifies,  forming 
a mass  of  obtuse  dimetric  octahedral  crystals,  and 
in  this  fluid  it  may  be  preserved  untarnished  (Clark 
and  Irving).  Also,  it  may  be  preserved  indefinitely, 
with  unimpaired  lustre,  by  hermetically  sealing  a 
tube  in  which  a Torricellian  vacuum  has  been  pro- 
duced, taking  care  that  one  end  is  drawn  to  a fine 
point,  which  is  then  broken  under  the  surface  of  the 
melted  metal,  while  the  latter  is  kept  covered  with  a 
layer  of  pure  paraffin ; the  tube,  as  soon  as  filled,  is 
withdrawn,  and  the  fine  point  sealed  by  the  Bunsen 
flame.  As  usually  met  with,  it  is  not  necessarily 
free  from  sodium ; a sample  analyzed  by  Tatlock 


gave — 

Per  Cent 

Potassium, 98'46 

bodium, 1*54 


100-00 

Potassium  is  a monatomic  metal,  and  for  all  prac- 
tical and  analytical  purposes  its  atomic  weight  may 
be  taken  as  being  39-1. 

On  account  of  its  high  price  as  compared  with 
sodium,  and  of  the  great  similarity  between  the  pro- 
perties of  the  two  metals,  it  has  not  as  yet  found 
any  practical  application,  on  the  large  scale,  worthy 
of  the  name. 

Potassium  forms  at  least  four  well  defined  oxides: 
— Monoxide,  KjO ; dioxide,  KgOg ; trioxide,  KgOg  ; 
and  tetroxide,  : but  the  researches  of  Lupton 
show  that  there  are  others  of  intermediate  composi- 
tion. These  are  all  solid  bodies,  and  their  respective 
colours  are  white,  brownish-yellow,  lemon-yellow, 
and  sulphur-yellow,  while  the  intermediate  oxides 
are  grey-blue.  The  first  of  these  (anhydrous  potash) 
is  the  only  one  of  sufficient  importance  to  require 
special  notice.  It  may  be  prepared,  1.  By  heating 
1 part  of  the  metal  in  small  fragments  with  1|-  part 
of  caustic  potash,  when  hydrogen  is  evolved  and  the 
oxide  remains.  2.  By  exposing  thin  slices  of  the 
metal,  at  ordinary  temperatures,  to  the  action  of  dry 
air  free  from  carbonic  acid.  3.  By  heating  mixtures 
of  the  metal  with  certain  metallic  oxides,  or  with 
sulphuric,  silicic,  boracic,  or  carbonic  anhydride. 

Hydrate  of  Potassium  (KHO).  Synonyms — 

Hydrate  of  Potash,  Potassium  Hydroxide,  Caustic 
Potash ; Hydrate  de  Potasne,  French  ; Kalihydrat  or 
AtlzJcali,  German. 

Preparation. — 1.  By  the  action  of  pure  potassium 
upon  water  in  the  absence  of  nitrogen.  Small  frag- 
ments of  the  metal  are  thrown,  one  at  a time,  into 
pure  water ; hydrogen  is  evolved,  while  the  hydrate 
remains  in  the  fluid,  which  may  then  be  evaporated 
to  dryness,  the  residue  heated  to  fusion  in  a silver 
capsule,  in  the  absence  of  carbonic  acid,  and  poured 
out  on  a silver  or  polished  iron  plate.  It  is  thus 
obtained  perfectly  pure,  but  as  the  method  is  an 
expensive  one  it  is  not  followed,  unless  the  product 
VOL.  II. 


is  required  as  a special  laboratory  reagent.  2.  By 
the  action  of  the  monoxide  on  water,  thus : — 

KjO  + HjO  = 2KHO. 

/ 

3.  By  heating  1 part  of  pure  nitrate  of  potassium 
(which  is  easily  obtained  by  repeated  crystallization) 
with  2^  parts  of  copper  clippings,  to  moderate  redness, 
for  half  an  hour.  The  following  action  takes  place: — 

2KNO3  + 3C1I2  — 6CuO  -{■  ^3  -f-  ^30. 

The  residue  is  then  lixiviated  with  water,  the  solu- 
tion evaporated,  and  the  result  fused  (Wohler). 
According  to  Pollacci  the  product  always  contains 
copper,  and  it  is  therefore  advisable  to  employ  iron 
in  place  of  that  metal.  4.  By  the  mutual  action  of 
sulphate  of  potassium  and  hydrate  of  barium,  thus: — 
K2SO4  + BaH202  — BaSO^  + 2KHO. 

When  the  insoluble  sulphate  of  barium  has  settled, 
the  clear  fluid  contains  only  hydrate  of  potassium. 
5.  By  boiling  a moderately  strong  solution  of  pure 
carbonate  of  potassium  with  calcined  marble,  when 
the  following  change  occurs : — 

K2CO3  + CaO  + HjO  = CaCOg  + 2KHO. 

The  solution  contains  only  the  hydrate  with  a little 
lime. 

The  following  table  (I.)  shows  the  percentage 
composition,  according  to  Tatlock,  of  a sample  of 
“liquor  potassse”  and  of  two  samples  of  “stick 
potash,”  all  purchased  in  the  ordinary  way: — 


TABLE  I. 


*'  Liquor 
Potassae." 

Stick 

Potash." 

Liquor. 

Solids 

from 

Liquor. 

1 

2 

Hydrate  of  potassium, 

Carbonate  of  potassium, 

Sulphate  of  potassium, 

Chloride  of  potassium, 

Nitrite  of  potassium, 

Hydrate  of  sodium, 

Soluble  silica  and  alumina, .... 

Insoluble  matter, 

Water, 

5-37 

•25 

trace 

•10 

absent 

•25 

•02 

94-01 

89-66 

4-17 

trace 

1-66 

absent 

4-17 

•34 

70-26 

4-83 

-05 

-67 

absent 

12-34 

•31 

trace 

11-30 

62-00 

11-74 

•06 

2-09 

absent 

15-07 

•46 

trace 

8-83 

100-00 

100-00 

99-76 

100-25 

Specific  gravity, 

1-052  j 

For  ordinary  chemical  and  pharmaceutical  pur- 
poses, however,  it  may  be  obtained  by  dissolving  1 
part  of  the  finest  commercial  carbonate  of  potassium 
in  10  of  water,  boiling  the  solution,  and  gradually 
adding  1 part  of  well  burned  lime  previously  slaked 
and  made  into  a cream  with  water.  The  solution 
thus  prepared  retains  any  neutral  potassium  salts, 
soda,  silica,  and  alumina  that  may  have  been  origin- 
ally present  in  the  carbonate  employed.  The  “liquor 
potassae”  of  the  British  Pharmacopoeia  is  prepared 
in  a similar  way.  This  should  have  a specific  gravity 
of  1-05B,  and  should  contain  5-84  per  cent,  of  hydrate 
of  potassium  (KHO).  The  “stick  potash”  and 
“lump  potash”  of  commerce  are  obtained  in  this 
way ; the  liquor  being"  evaporated  to  an  oily  con- 
8.5 
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sistence,  then  heated  to  fusion,  in  order  to  expel 
water  as  far  as  possible,  and  run  into  iron  moulds. 

A comparatively  pure  hydrate  may  be  obtained 
by  digesting  either  of  the  two  last-named  products 
with  alcohol  or  methylated  spirit,  evaporating  the 
solution,  and  fusing  in  a silver  or  polished  iron 
basin  (Berthollet).  Purified  in  this  way,  however, 
it  still  contains  some  chloride  of  potassium  and  all 
the  soda  originally  present. 

Manufacture. — “Caustic  potash”  is  now  made  on 
a very  large  scale  by  a process  identical  with  that 
followed  in  the  manufacture  of  “caustic  soda” 
(Le  Blanc’s  process).  Starting  with  chloride  of 
potassium,  a sulphate  is  prepared  by  heating  it 
with  sulphuric  acid,  hydrochloric  acid  being  evolved 
and  condensed  in  the  usual  way,  and  the  sul- 
phate remaining  as  a residue.  The  latter  is  then 
furnaced  with  coal  and  limestone,  and  the  re- 
sulting “ black  ash  ” lixiviated,  the  liquors  boiled 
down,  and  any  sulphate,  chloride,  and  carbonate  of 
potassium,  as  well  as  carbonate  of  sodium,  fished 
out.  A little  nitrate  of  potassium  is  then  added — 
to  oxidise  salts  of  the  lower  sulphur  acids,  as  well 
as  to  destroy  the  organic  matter,  which  gives  a 
brown  colour  to  the  fluid — and  the  concentration 
continued  until  the  product  is  comparatively  free 
from  water,  and  solidifies  on  being  cooled.  Any 
kind  of  sulphate  of  potassium  having  a sufficient 
degree  of  purity  may  be  employed. 

The  following  table  (II.)  shows  the  composition 
of  some  samples  of  caustic  potash,  analyzed  by 
Tatlock,  representing  the  article  made  on  the 
large  scale : — 

TABLE  II. 


Hydrate  of  potassium,  . . . . 
Carbonate  of  potassium, . . , 
Sulphate  of  potassium,. . . . 

Chloride  of  potassium 

Nitrite  of  potassium, 

Hydrate  of  sodium, 

Soluble  silica  and  alumina, 

Insoluble  matter, 

Water, 


Potassium  in  hydrate, 

Equal  to  potash  (KjO), 

Potassium  in  carbonate, 

Equal  to  potash, 

Potassium  in  sulphate, 

Equal  to  potash 

Potassium  in  chloride, 

Equal  to  potash, 

Potassium  in  nitrite, 

Equal  to  jiotash, 

Total  potassium, 

Equal  to  potash, 

Total  available  potassium, 

Equal  to  potash, 

Or  carbonate  of  potassium, 

Total  alkali  calculated  as  potash, 
Ratio  of  sodium  to  available  potas-  ) 

slum — potassium,  100, J 

Ratio  of  soda  (Na20)  to  available) 
potash  (KjO) — potash,  100,.. . j 


■White. 

Brown  or  Cream. 

1. 

2. 

3. 

77-64 

75-64 

74-05 

4-62 

2-54 

3-14 

•38 

•21 

-69 

2-29 

•93 

2-26 

•87 

— 

— 

4-67 

2-59 

3-20 

•30 

•20 

55 

•02 

•22 

•69 

8-84 

17-80 

15-80 

99-68 

100-13 

100-38 

54-11 

52-72 

51-60 

6519 

63-51 

62-17 

2-61 

1-44 

1-78 

3-14 

1-73 

2-14 

•17 

•09 

•31 

•20 

•It 

•37 

1-20 

••19 

1-18 

1-44 

•59 

1 -42 

•40 

— 

— 

•48 

— 

— 

58-49 

54-74 

54-87 

70-45 

65-94 

66-10 

56-72 

54-16 

53-38 

68-33 

65-24 

64-31 

100-24 

95-71 

94-34 

73-83 

68-28 

68-08 

4-73 

2-74 

• 3-35 

6-29 

3-07 

3-85 

Hitherto  soft  soap  manufacturers  have,  for  tlie 
most  part,  prepared  their  own  caustic  potash  either 
from  the  American  pot-ashes  and  pearl-ashes,  or  from 
the  French  and  German  carbonates,  which  can  be  had 
very  strong  and  pure.  Now,  however,  by  reason  of  the 
comparatively  low  price  of  all  potassium  salts,  there 
is  less  inducement  to  do  this,  and  consequently  solid 
caustic  potash  will  probably  soon  find  a large  market. 
In  England  caustic  potash  of  high  strength  is  made 
in  large  quantity,  for  manufacturing  purposes,  by 
the  Greenbank  Alkali  Co.,  St.  Helens;  it  is  also 
prepared  in  France  and  Germany  by  a modification 
of  the  above  process. 

Applications. — In  addition  to  its  use  for  the  manu- 
facture of  soft  soap,  caustic  potash  is  employed 
to  some  extent  for  the  preparation  of  saltpetre,  by 
treatment  with  nitrate  of  sodium,  whereby  caustic 
soda  is  also  obtained  ; and  it  is  used  in  conjunction 
with  caustic  soda  in  the  manufacture  of  oxalic  acid 
from  sawdust.  Medicinally  it  is  prescribed,  in  the 
form  of  exceedingly  weak  solution,  as  an  antacid. 

Properties. — Pure  hydrate  of  potassium  is  a com- 
pact, white,  solid  body,  having  a specific  gravity  of 
about  2T.  When  heated  to  a temperature  somewhat 
under  redness  it  melts  to  a transparent  oily-looking 
flui  I,  in  which  state  it  is  instantaneously  destructive 
to  all  animal  and  vegetable  substances ; and  at  a 
white  heat  it  is  gradually  dissipated  in  the  form  of 
white  pungent  fumes.  The  constitutional  water 
which  it  contains  cannot  be  expelled  by  exposure  to 
the  highest  known  temperature,  and  its  affinity  for 
water  is  so  intense  that  great  heat  is  developed  when 
it  is  dissolved  in  that  fluid.  According  to  Berthelot 
there  are  12'46  heat  units  developed  by  the  solution 
of  one  equivalent  of  the  dry  hydrate  in  100  parts  of 
water.  On  exposure  to  the  air  it  quickly  absorbs 
sufficient  water  to  dissolve  it,  and  combines  with 
carbonic  anhydride,  being  converted  first  into  car- 
bonate, and  ultimately  into  bicarbonate.  In  the 
solid  state  it  is  a powerful  caustic  ; and  even  its  con- 
centrated solution  rapidly  disorganizes  animal  and 
vegetable  tissues,  on  account  of  its  disposition  to 
induce  the  combination  of  the  elements  of  water,  and 
from  its  property  of  dissolving  albumen  and  similar 
substances.  In  the  form  of  a weak  solution  it  has  an 
acrid,  pungent  taste,  and  faint  but  disagreeable  odour. 
It  is  a powerful  alkali,  strongly  changing  reddened 
litmus  to  blue,  and  producing  a purple  colour  with 
a faint  trace  of  artificial  alizarin  diffused  in  water, 
and  with  feebly  acidified  alcoholic  solution  of  cochin- 
eal and  logwood.  From  solutions  of  metallic  salts 
whose  hydrates  are  insoluble  it  precipitates  the  latter, 
replacing  them  and  producing  a potassium  salt  which 
remains  dissolved,,  and  this  it  does  by  reason  of  its 
strong  basic  character.  With  water  it  forms  two 
well  defined  crystalline  hydrates — KHO  -f  HgO  and 
KHO  + 2H2O.  It  is  soluble  in  half  its  weight  of 
cold  water.  It  also  dissolves  abundantly  in  alcohol, 
and  freely  in  wood  spirit,  fusel  oil,  and  glycerin ; 
but  ether  takes  it  up  only  sparingly.  The  following 
tables  (HI.,  IV.,  V.,  and  VI.)  give  the  proportions 
of  hydrate  and  protoxide  of  potassium  in  aqueous 
solutions  of  various  densities,  at  15°  C. : — 
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TABLE  111. — CONSTKUCTED  BY  DALTON  AND  CONFIKMED 
BY  MEIIKENS. 


Specific  Gravity. 

KHO  Per  Cent. 

K2O  Per  Cent. 

2-4 

_ 

100-0 

2-2 

100-05 

84-0 

2-0 

86-22 

72-4 

1-88 

75-74 

63-6 

1-78 

67-65 

56-8 

1-68 

60-98 

51-2 

1-60 

55-62 

46-7 

1-52 

51  09 

42-9 

1-47 

47-16 

39  6 

1-44 

43-83 

36-8 

1-42 

40-97 

34-4 

1-39 

38-59 

32-4 

1-36 

35-01 

29-4 

1-33 

31-32 

26-3 

1-28 

27  87 

23-4 

1-23 

23  22 

19-5 

M9 

19-29 

16-2 

115 

15-48 

13-0 

1-11 

11-31 

9-5 

1-06 

5-59 

4-7 

TABLE  IV. — 

CONSTRUCTED  BV  TUNNEKMANN, 

Specific  Gravity. 

KHO  Per  Cent. 

KliO  Per  Cent. 

1-3300 

33-693 

28-290 

1-3131 

32-345 

27-158 

1-2966 

30-998 

26  027 

1-2805 

29-650 

24-895 

1-2648 

28-303 

23-764 

1-2493 

26-954 

22-632 

1-2342 

25-606 

21-500 

1-2268 

24-933 

20-935 

1-21-22 

23-585 

19-803 

1-1979 

22-237 

18-671 

1-1839 

20-890 

17-540 

1-1702 

19-542 

16-408 

1-1568 

18-195 

15-277 

1-1437 

16-846 

14-145 

1-1308 

15-498 

13-013 

1-1182 

14  151 

11-882 

1-1059 

12-803 

10-750 

1-0938 

11-456 

9-619 

1-0819 

10-108 

8-487 

1-0703 

8-760 

7-355 

1-0589 

7-412 

6-2-24 

1-0478 

5-957 

5-002 

1-0369 

4-717 

3-961 

1-0-260 

3-369 

2-829 

1-0153 

2-021 

1-697 

1-0050 

-6738 

0-5658 

In  the  above  two  tables  the  proportions  of 
hydrate  are  not  originally  given,  but  have  been 
calculated  in  order  to  enhance  their  value. 


TABLE  V.— CALCULATED  BY  8CHIFP  FHOM  TUNNEKMANN 

AND  Dalton’s  results. 


Specific  Gravity. 

KHO  Per  Cent 

K30  Per  Cent 

1-036 

5 

4-198 

1-077 

10 

8-396 

1-124 

15 

12-595 

1-175 

20 

16-791 

1-230 

25 

20-989 

1--288 

30 

‘25-187 

1-349 

35 

29-385 

1-411 

40 

33 -.582 

1-475 

45 

37-780 

1-539 

50 

41-978 

1-604 

55 

46-176 

1-667 

60 

50-374 

1-729 

65 

54-57-2 

1-790 

70 

58-770 

In  the  original  table  only  the  hydrate  correspond- 
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ing  to  the  specific  gravity  is  given  in  each  case  ; but 
the  equivalent  of  monoxide  has  been  calculated  and 
inserted  for  comparison  with  the  other  tables. 


TABLE  VI. — CONSTRUCTED  BY  RICHTER. 


Specific  Gravity. 

KHO  Per  Cent. 

KsO  Per  Cent 

1-58 

63-19 

,53-06 

1-.56 

61-43 

51-58 

1-54 

.59-65 

50-09 

1-52 

57-71 

48-46 

1-50 

55-32 

46-45 

1-48 

.52-88 

44-40 

1-46 

50-39 

42-31 

1-44 

47-84 

40-17 

1-42 

45-22 

37-97 

1-40 

42-86 

35-99 

1-38 

41-37 

34-74 

1-36 

39-85 

33-46 

1-34 

38-28 

32-14 

1-32 

36-61 

30-74 

1-30 

34-94 

29-34 

1-28 

33-18 

‘27-86 

1-26 

31-37 

26-34 

1-24 

29-50 

24-77 

1-22 

27-56 

23-14 

1-20 

25-31 

21-25 

1-18 

23-03 

19-34 

1-16 

20-7-2 

17-40 

1-14 

18-31 

15-38 

1-12 

15-84 

13-30 

1-10 

13-43 

11-28 

1-08 

10-95 

9-20 

1-06 

8-36 

7-02 

1-04 

5-68 

4-77 

1-02 

2-90 

2-44 

1-00 

— 

— 

In  this  case,  as  in  that  of  Tables  III.  and  IV., 
the  proportions  of  hydrate  have  been  calculated  in 
each  case,  and  added  to  the  original. 

When  solution  of  caustic  potash  is  quite  free  from 
carbonate,  it  gives  no  effervescence  on  being  acidified 
with  dilute  hydrochloric  acid ; but  in  order  to  deter- 
mine the  respective  proportions  of  the  hydrates 
of  potassium  and  sodium,  a complete  analysis  is 
necessary. 

Carbonate  of  Potassium  CK2CO3).  Synonyms — 
Potash,  Carbonate  of  Potash,  Pearl-ash,  Salt  of  Tar- 
tar; Carbonate  de  Potasse,  French  ; Kohlensaures  Kali, 
German. 

Preparation. — 1.  By  saturating  with  carbonic  anhy- 
dride a solution  of  pure  caustic  potash,  evapora- 
ting and  igniting  the  residue.  2.  By  calcining  pure 
bitartrate  of  potassium  (cream  of  tartar),  lixiviating 
the  residue  with  water,  evaporating  the  solution  to 
dryness,  and  exposing  the  dry  substance  to  a red 
heat.  3.  By  heating  1 part  of  nitrate  of  potassium 
(saltpetre)  with  2 parts  of  oxabc  acid  and  a little 
water,  evaporating  to  dryness,  and  heating  the  resi- 
due to  redness  (Smith). 

Manufacture.  — For  commercial  and  manufac- 
turing purposes,  this  salt  is  obtained  from  a variety  of 
sources.  Tliese  are  principally  wood  and  plant  ashes ; 
“ vinasse,”  or  the  residue  remaining  after  the  fermen- 
tation of  beet-root  molasses;  “suint,”  or  the  sweat 
of  sheep  obtained  from  the  wool ; and  sulphate  of 
potas^um,  produced  by  the  decomposition  of  the 
chloride  by  sulphuric  acid,  or  prepared  by  the  action 
of  sulphate  of  magnesium  on  chloride  of  potassium. 

1.  From  Wood  Ashes.  — Potassium  in  various 
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states  of  combination  exists  in  comparative  abund- 
ance in  many  land  plants ; and  when  the  latter  are 
burned  its  salts  remain,  forming  a portion  of  the 
ash.  The  following  table  (VII.)  shows  the  pro- 
portion of  potash  in  some  of  the  principal  woods 
and  vegetable  substances,  according  to  Vauquelin, 
Pertius,  Kirwan,  and  De  Saussure. 

TABLE  VII. 

Per  Cent.  • 

Pine, -015 

Poplar •07.5 

Beech, '145 

Beech  hark, -600 

Oak, -loS 

Oak  bark  of  branches, '420 

Box, -226 

Willow, -285 

Elm, -390 

Vine, '550 

Thistles, •.'>00 

Cotton  grass ‘500 

Rush, -,508 

Fern, -626 

Wheat-straw, -390 

Wheat  before  flowering, 4-700 

Barley-straw, -580 

Maize- stalk, 1-750 

Bean-stalk, 2-000 

Stinging  nettles, 2-503 

Vetch, 2-750 

The  following  Table  (VIII.)  shows,  according  to 
Hoss,  the  proportions  of  ash  and  potash  in  some  of 
the  leading  woods  and  plants : — 

TABLE  vm. 


Ash,  Per  Cent 

Potash,  Per  Cent 

Pine  wood, 

•34 

•045 

Beech  wood, 

•58 

•127 

Ash  wood, 

1-22 

•074 

Oak  wood, 

1-35 

•150 

Elin  wood, 

2-55 

•390 

Willow  wood, 

2-80 

•285 

Vines, 

3-40 

•550 

Ferns, 

3-64 

•425 

The  following  Table  (IX.),  calculated  from  Ber- 
thier’s  original  analysis,  shows  the  composition  of 
pine-tree  ash : — 

TABLE  JX. 

Per  Cent. 

a f Carbonate  of  potassium, 1-86 

C Sulphate  of  potassium, 3.63 

S -2  -j  Chloride  of  potassium, 1-88 

•2  ^ I Carbonate  of  sodium, 6-03 

m [.Silica, *18 

' Lime, 38-51 

•3  Magnesia 9*56 

.2  u Oxide  of  iron, ‘09 

Oxide  of  manganese, -36 

" " Carbonic  acid, 32-77 

Phosphoric  acid, *91 

.Silicic  acid, 4-19 
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In  Canada  and  the  United  States  of  America 
“ pot-ashes  ” and  “ pearl-ashes  ” have  been  extracted 
for  a very  long  period  from  the  ash  of  wood  obtained 
by  the  burning  of  the  primitive  forest  timber;  and  a 
large  proportion  of  these  was  shipped  from  the  ports 
of  Montreal,  Quebec,  and  New  York  to  Great 
Britain,  and  was  chiefly  consumed  in  the  manu- 
facture of  soft  soap,  and  for  general  cleansing  and 
scouring  purposes.  This  branch  of  industry  is  now 
much  reduced,  not  only  on  account  of  less  wood 


being  felled  in  America  than  formerly,  but  by  reason 
of  competition  with  the  “ carbonate  of  potash,”  now 
made  so  extensively  from  the  ash  of  French  and 
German  beet-root  molasses,  and  also  with  the  c.ar- 
bonate  and  “caustic  potash”  prepared  artificially 
from  the  sulphate  by  Le  Blanc’s  method. 

The  process  of  manufacture  from  wood  ash  is  one 
not  involving  much  chemical  skill ; and  the  propor- 
tion of  product,  as  compared  with  the  amount  of 
wood  employed,  is  exceedingly  small.  On  an  average, 
the  timber  of  the  pine-tree  does  not  contain  more 
than  about  1-25  per  cent,  of  ash,  of  which  less  than 
one-tenth  consists  of  potash;  so  that  to  procure 
1000  kilos,  of  the  best  pot-ashes  of  commerce,  con- 
taining 65  per  cent,  of  potash  in  all  forms  of  com- 
bination, 520,000  kilos,  of  the  wood  must  be  con- 
sumed, during  which  process  the  organic  salts  of 
potassium  and  sodium  originally  present  are  con- 
verted into  carbonate  and  hydrate,  which,  with  the 
sulphate  and  chloride,  remain  when  the  combustion 
is  completed.  The  ashes  thus  obtained,  after  being 
sifted  from  unburned  charcoal,  are  placed  in  wood 
vats  or  casks  provided  with  a false  bottom,  and  are 
there  lixiviated  with  the  smallest  possible  quantity 
of  water  containing  a little  slaked  lime,  in  which  the 
carbonate  and  hydrate  are  exceedingly  soluble,  and 
are  thus  separated  from  the  greater  part  of  the 
neutral  salts,  which  are  left  behind.  The  liquors 
are  then  drawn  off  by  a plug,  evaporated  to  dryness 
in  iron  pots,  and  finally  fused  by  being  heated  nearly 
to  redness.  The  greyish-pink  compact  masses  are 
the  “pot-ashes”;  they  are  packed  in  barrels  and 
assorted,  by  oflBcially  appointed  inspectors,  into 
“firsts,”  “seconds,”  “thirds,”  and  “ unbrandables,” 
according  to  quality,  before  they  leave  the  port. 
In  this  country  they  are  known  as  “Montreal,” 
“ New  York,”  or  “ Quebec,”  according  to  the  port 
from  which  they  are  shipped.  “Pearl-ashes”  are 
made  by  carefully  calcining  the  crude  pot-ashes  in 
reverberatory  furnaces,  during  which  carbonaceous 
matter  is  burned  away,  the  hydrate  ip  carbonated, 
and  any  salts  of  the  lower  sulphur  acias  are  oxidised 
to  sulphate!  The  residue  is  then  lixiviated  with  the 
minimum  quantity  of  water,  the  solution  evaporated 
down,  and  the  product  stirred  during  solidification, 
in  order  to  produce  the  ash  in  the  form  of  white 
granular  masses. 

In  Russia  a large  quantity  of  the  commercial 
carbonate  is  made  in  a similar  manner,  both  from 
wood  ash  and  from  the  ash  of  straw,  the  latter 
being  of  somewhat  inferior  quality.  In  France  the 
lees  of  wine,  and  vine  stalks,  are  largely  employed 
for  the  same  purpose ; and  in  Tuscany,  Austro- 
Hungary,  and  the  . district  of  the  Vosges,  it  is  made 
also  from  the  ashes  of  wood  and  other  vegetable 
substances:  the  nature  of  these,  as  well  as  of  the 
methods  of  incineration,  mode  of  manufacture,  and 
quality  and  composition  of  the  product,  varying 
in  each  country  or  district,  which  also  gives  its 
name  to  the  variety  produced  in  or  exported  from 
it.  In  the  following  table  (X.)  will  be  found 
analyses,  by  various  chemists,  of  the  leading  varie- 
ties of  pot-ashes  and  pearl-ashes  made  from  wood : — 
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TABI.E  X. 


Montreal  Fot-ashei. 

Fli-sts. 

Seconds. 

Thirds, 

1, 

3. 

a 

4. 

6. 

6. 

7. 

43-87 

26-16 

33-79 

27-32 

38-53 

21-71 

46-31 

Hydrate  ot  potassium, 

36-50 

50-03 

43-02 

47-28 

30-63 

42-44 

6-14 

10-40 

15-32 

16-07 

12-71 

18-92 

9-18 

20-53 

Chloride  of  potassium, 

2-43 

3-38 

1-68 

4-41 

6-13 

12-82 

7-63 

Carbonate  of  sodium* 













2-02 

2-44 

1-67 

3-67 

5-01 

6-75 

10-48 



— 



1-00 

•92 

1-38 

•80 

•54 

4-85 

8-77 

3-75 

1-85 

2-20 

4-00 

trace. 

1-80 

< 

99-97 

100-10 

99-81 

100-19 

99-76 

99-55 

99-86 

24-82 

14-80 

19-12 

15-45 

21-79 

12-28 

26-20 

Equal  to  potash  (K2O), 

29-90 

17-83 

23  03 

18-62 

26-25 

14-80 

31-56 

Potassium  in  hydrate* 

25-44 

34-87 

29-97 

32-95 

21-35 

29-58 

4-28 

Equal  to  potash* 

30-65 

42-01 

36-11 

39-69 

25-72 

35-63 

5-15 

4-67 

.6-87 

7-21 

5-70 

8-49 

4-13 

9-21 

5-62 

'8-28 

8-69 

6-87 

10-22 

4-97 

11-09 

1-27 

1-77 

•89 

2-31 

3-21 

6-71 

3-99 

1*53 

2-13 

1-07 

2-78 

3-87 

8-09 

4-79 

56 -20 

58-13 

57-19 

56-41 

54-84 

52-70 

43-68 

67 '70 

70-25 

68-90 

67*96 

66*06 

63-49 

52 -.59 

50-26 

60-55 

49-67 

49-09 

48-40 

4.^?*14 

41*86 

30-48 

Equal  to  potash, 

59-84 

59-14 

58-31 

51-96 

50-43 

36-71 

Or  carbonate  of  potassium, 

88*83 

87-79 

86-76 

85-,54 

76-24 

73-98 

53-86 

62-92 

2-31 

2-58 

62*72 

62-63 

61-10 

4-36 

4-87 

57-88 

6- 69 

7- 46 

58-37 

9-27 

10-38 

49  05 

Itatio  of  sodium  to  available  potassium  > 

— potassium,  100 / 

Ratio  of  soda  (Na^O)  to  available) 
potash  (K,0) — potash,  100, j 

2-82 

3-16 

1- 95 

2- 18 

19-70 

22-12 

Analyst, 

Tatlock. 

TABLE  X.  (Continued^. 


Carbonate  of  potassium, . . . . 

Hydrate  of  potassium 

Sulphate  of  potassium, 

Chloride  of  potassium, 

Carbonate  of  sodium, 

Hydrate  of  sodium 

Soluble  silica,  alumina,  &c., 

Insoluble  matter, 

Water, 


Potassium  in  carbonate, 

Equal  to  potash  (KjO), 

Potassium  in  hydrate, 

Equal  to  potash, 

Potassium  in  sulphate, 

Equal  to  potash 

Potassium  in  chloride, 

Equal  to  potash, 

Total  potassium, 

Equal  to  potash, 

Total  available  potassium, 

Equal  to  potash,, 

Or  carbonate  of  potassium, 

Total  alkali  calculated  as  potash, 

Katio  of  sodium  to  available  potassium 

— potassium,  100 

liatio  of  soda  (Ka,0)  to  available 
potash  (KjO)— potash,  100, 

Analyst, 


Canadian  Fearl>ashe». 

Italian  Potash. 

Buaslan  Potash. 

French  Potash. 

First  Quality. 

- 

- 

Tuscany. 

- 

- 

Yosgea. 

8. 

9. 

10. 

11. 

13. 

13. 

14. 

77-50 

71-38 

82-38 

74-10 

69-61 

50-84 

38-63 

11-65 

14-38 

9-86 

13-47 

14-11 

17-44 

38-84 

2-65 

3-64 

1-05 

•95 

2-09 

5-80 

9-16 

2-86 

2-31 

4-34 

3-01 

3-09 

12-14 

4-17 

•23 

3-29 



•54 

1-07 



1-20 

•26 

•44 

•65 

•65 

1-21 

3-60 

2-66 

4-88 

4-56 

1-90 

7-28 

8-82 

10-18 

5-34 

100-03 

100-00 

100-18 

100-00 

100-00 

100-00 

100-00 

43-85 

40-39 

46-61 

41-93 

39-39 

28-77 

21-86 

52-82 

48-65 

56-15 

50-51 

47-45 

34-65 

26-33 

5-23 

6-45 

4-43 

6-05 

6-33 

7-83 

17-43 

6-30 

7-77 

5-33 

7-28 

7-62 

9-44 

21-00 

1-39 

1-91 

•54 

•43 

1-09 

3-04 

4-80 

1-66 

2-30 

•66 

•51 

1-31 

3-66 

5-78 

50-47 

48-75 

51-58 

48-41 

46-81 

39-64 

44-09 

60-78 

58-72 

62-14 

58-30 

56-38 

47-75 

53-11 

43-85 

40-39 

46-61 

41-93 

39-39 

28-77 

21-86 

.52-82 

48-65 

56-15 

50-51 

47-45 

34-65 

26-33 

77-50 

71-38 

82-38 

74-10 

69-61 

50-84 

38-63 

55-09 

50-70 

60-00 

53-18 

60-19 

45-43 

30-03 

2-66 

2-47 

4-04 

3-11 

3-40 

18-31 

8-27 

2-97 

2-77 

4-52 

3-48 

3-81 

20-49 

9-26 

Tatlock. 

Pesier. 

Tatlock. 

Pesieb. 

Pesiek. 

Bastelaer 

Pesieb. 

POTASSIUM. — Carbonate  from  Molasses. 
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It  will  be  observed  that  the  American  pot-ashes  I 
contain  a large  proportion  of  hydrate  or  caustic 
potash.  This  occurs  as  a result  of  the  use  of  lime  in 
lixiviating  the  wood  ashes,  which  not  only  causticises 
a portion  of  the  carbonate,  but  renders  soluble  a cer- 
tain amount  of  potash  which  would  otherwise  remain 
combined  with  silica  in  the  insoluble  matter.  It  is 
plain  that  for  equal  strengths  there  must  be  an 
advantage,  for  soap-making  purposes,  in  the  use  of 
a product  which  contains  a large  proportion  of 
caustic ; as  not  only  is  lime  thereby  saved  in  the 
causticising,  but  a smaller  precipitate  of  carbonate  of 
calcium  is  obtained  than  would  otherwise  be  the 
case,  the  washing  of  which  is  always  tedious — not  to 
speak  of  the  loss  in  potash  retained  by  the  latter. 

Although  the  manufacture  of  commercial  carbonate 
of  potassium  from  wood  ashes  has,  for  various 
reasons,  fallen  off  to  a large  extent  of  late  years,  the 
amount  made  from  this  source  in  America  and  the 
countries  of  Europe  is  not  less  than  20,000  tons  per 
annum,  representing,  even  at  present  low  prices,  a 
total  money  value  of  about  £400,000.  Of  this 
quantity  one-half  is  produced  in  America.  About 
4000  tons  were  delivered  from  the  inspection  stores 
of  Montreal  alone  in  1877. 

2.  Fi-om  Beet-root  Molasses. — A comparatively  large 
proportion  of  potassium  exists  in  the  juice  of  beet- 
root, chiefly  in  the  form  of  nitrate,  which  is  for  the 
most  part  left  in  the  molasses  or  mother  liquor 
remaining  after  the  extraction  of  the  sugar  by 
crystaUization.  The  following  is  a statement  by 
Ritthausen  of  the  composition  of  sugar  beet ; — 

Per  Ceut. 


Sugar 11-213 

Cellulose 1-364 

Protein  compounds, -846 

Other  organic  matters, 3-864 

Ash, -944 

Water, 81-769 


100-00 

The  following  is  an  analysis,  by  Eylerts,  of  the 
whole  ash  of  the  sugar  beet: — 


Potash, 

Soda, 

Lime, 

Per  Cent. 

Magnesia, 

Oxide  of  iron, 

-23 

Alumina, 

-28 

Phosphoric  acid, 

Sulphuric  acid, 

Silicic  acid, 

Chlorine, 

Carbonic  acid, 

99-48 

The  subjoined  table  (XI.)  shows  the  composition 
of  some  samples  of  the  beet-root  molasses : — 


TABLE  XI. 


1. 

2. 

8. 

4. 

6. 

Water, 

15-2 

18-0 

18-5 

19-0 

19-7 

Sugar, 

49-0 

480 

50-7 

46-9 

49-8 

Salts  and  organic  I 
matter, J 

35-8 

34-0 

30-8 

34-1 

30-5 

• 

100-0 

100-0 

100-0 

100  0 

100-0 

Analyst 

Brukker. 

Frioke. 

Lukgb. 

Heidenprierv. 

I The  percentage  composition  of  the  ash  of  the 
molasses,  according  to  Heidenpriern,  is  stated  in 
the  subjoined  table : — 


TABLE  XII. 


1. 

2. 

3, 

Potash, 

51-72 

50-38 

47-67 

Soda, 

8-00 

8-29 

11-43 

Lime, 

5-04 

3-12 

3-60 

Magnesia, 

-18 

•18 

-10 

Carbonic  acid, 

28-90 

28-70 

27-94 

Sulphuric  acid,.. ) 

Phosphoric  acid,  | 

Silicic  acid, ....  V 

6-16 

9-33 

9-26 

Chlorine, 

Oxide  of  iron, . , J 

100-00 

100-00 

100-00 

The  molasses  are  diluted  with  water,  fermented 
by  addition  of  yeast,  and  the  spirit  distilled  off. 
The  residual  fluid,  or  “ vinasse,”  which  has  a specific 
gravity  of  about  1-028,  is  neutralized  with  chalk, 
which  is  even  added  in  excess,  concentrated,  and 
the  sulphate  of  calcium  allowed  to  deposit.  The 
clear  but  dark-coloured  liquor  is  then  run  from  a 
pipe,  in  a continuous  stream,  into  iron  pans,  50  feet 
in  length,  5 feet  in  width,  and  15  inches  deep,  and 
evaporated  by  surface  heat  until  the  portion  nearest 
to  the  furnace  takes  fire  and  burns  to  a carbonaceous 
ash,  care  being  taken  to  regulate  the  heat  so  that 
the  sulphates  will  not  be  reduced  to  sulphites,  thio- 
sulphates, and  sulphides.  In  some  districts  the 
carbonized  ash  is  raked  out,  and  allowed  to  burn  in 
heaps  in  the  air.  The  cinder  thus  obtained,  termed 
“ salin  ” or  “ schlempekohle,”  varies  in  composition 
according  to  the  soil  on  which  the  beet  has  been 
grown,  the  potassium  being  sometimes  largely  re- 
placed by  sodium,  partic-.ilarly  where  much  of  the 
natural  potash  has  been  abstracted  from  the  soil  by 
successive  crops,  and  has  not  been  replaced.  The 
following  table  (XIII.)  shows,  according  to  GruNE- 
BERG,  the  average  composition  of  the  schlempekohle 
thus  obtained ; — 

TABLE  XIII. 


Per  Cent. 

Carbonate  of  potassium 30  to  35 

Sulphate  of  potassium, 6 to  8 

Chloride  of  potassium, 18  to  22 

Carbonate  of  sodium, 18  to  ‘20 

Insoluble, 28  to  15 


100  100 

Formerly  a considerable  proportion  of  this  pro- 
duct was  sold  for  the  local  manufacture  of  saltpetre 
by  double  decomposition  with  nitrate  of  sodium 
(Chili  saltpetre) ; but  now  it  is,  for  the  most  part, 
refined,  a carbonate  of  high  strengtli  being  produced. 
This  is  done  by  ■ lixiviating  with  several  successive 
waters,  the  liquors  in  some  cases  being  merely  evap- 
orated to  dryness  and  the  residue  calcined,  whereby 
a carbonate  of  low  quality  is  produced,  of  which  the 
following  is  an  analysis  by  Ducastel: — 

Per  Cent. 


Carbonate  of  potassium, 67-20 

Sulphate  of  potassium, 2-91 

Chloride  of  potassium, 26-09 

Carbonate  of  sodium, 3-80 


100-00 
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More  commonly,  however,  the  lixivium,  which 
should  have  a specific  gravity  of  about  1-2:I0,  is 
concentrated  by  waste  heat,  during  which  sulphate 
and  chloride  of  potassium,  as  well  as  a mixture  of 
these,  known  as  “mixed  salts,”  crystallize  out,  while 
the  mother  liquor  is  evaporated  to  dryness,  and 
carefully  calcined  on  a reverberatory  hearth.  When 
much  carbonate  of  sodium  is  present,  the  last  liquors, 
instead  of  being  brought  to  dryness,  are  boiled  down 
till  they  show  a density  of  about  1-55,  and  run  into 
coolers,  when  a double  salt,  having  the  composition 
K2C0j,Na2C03  + I2H2O,  crystallizes  out.  The 
mother  liquor  from  this,  containing  but  little  soda, 
is  boiled  to  dryness  and  the  product  calcined,  yield- 
ing a rich  and  pure  carbonate.  The  double  salt 
is  further  treated  by  digesting  with  a small  quantity 
of  warm  water,  which  leaves  the  greater  part  of  the 
carbonate  of 'sodium  insoluble,  the  strong  lye  from 
which,  being  evaporated  to  dryness  and  roasted, 
yields  a further  quantity  of  good  commercial  car- 
bonate of  potassium.  The  following  table  (XIV.) 
shows  the  composition  of  some  samples,  analyzed  by 
Tatlock,  of  beet-root  carbonate  thus  made,  repre- 
senting lots  delivered  in  this  country; — 


TABI.E  XIV. 


Carbonate  of  potassium, 

bulphate  of  potassium, 

Chloride  of  potassium, 

Carbonate  of  sodium, 

Soluble  silica  and  alumina,.... 

Insoluble  matter, 

'Water, 


Potassium  in  carbonate 

Equal  to  potash  (K^O), 

Potassium  in  sulphate, 

Equal  to  potash, 

Potassium  in  chloride, 

Equal  to  potash, 

Total  potassium, 

Equal  to  potash 

Total  alkali  calculated  as  "I 

potash,  ( 

Batio  ot  sodium  to  available  t 
potassium  — potassium,  > 

100, ) 

Itatio  of  soda  (Na.,0)  to) 
available  potash  — [- 

potash,  too, ) 


1 

2 

3 

4 

92-68 

91-22 

90-83 

90-25 

-43 

2-76 

2-67 

3'-81 

2-4.T 

1-9-2 

2-52 

2-92 

3-98 

2-99 

2-68 

2 -.52 

-06 

•08 

•27 

•21 

•50 

•85 

•90 

•45 

100-00 

99-82 

99-87 

100-16 

.52-44 

51-62 

51-39 

51  -06 

63-17 

62-17 

61-91 

61-52 

•19 

1-24 

1-20 

1-71 

•23 

1-49 

1-44 

2-06 

1-29 

l-OI 

1-32 

1-53 

I-.55 

1-22 

1-59 

1-84 

53-92 

.53-87 

53-91 

54-30 

64-95 

64-88 

64-94 

65-42 

66-70 

64-83 

64-29 

63-76 

3-29 

2-51 

2-26 

2-14 

3-68 

2-81 

2-53 

2-39 

It  is  of  course  impossible  to  obtain  samples  of 
the  product  at  all  stages  of  the  manufacture,  from 
the  beet  to  the  finished  carbonate  as  the  sugar 
manufacturer  does  not  produce  the  latter,  but  dis- 
poses of  the  molasses  to  the  distiller,  who  mixes 
them  with  others  from  different  works,  and  which 
may  be  derived  from  other  beets.  It  is  thus  diffi- 
cult, on  account  of  this  mixing  of  molasses  from 
various  sources,  to  obtain  samples  representing  the 
consecutive  stages  of  the  manufacture,  when  only 
the  one  kind  or  quality  of  the  material  has  been 
operated  upon.  It  would  be  desirable,  however,  to 
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procure  a complete  set  of  analyses  of  several  different  j 
kinds  of  beet,  and  all  the  products  prepared  from  ] 
them,  without  admixture  of  any  other  variety  at  any 
stage  of  the  process. 

It  has  been  proposed  to  boil  down  and  crystallize 
saltpetre  from  the  molasses  directly;  but  this  does 
not  seem  to  have  been  caried  out.  By  the  process 
of  Duncan  and  Newlands,  however,  a large  pro- 
portion of  the  potash  present  in  the  molasses  ob- 
tained in  the  refining  of  beet  sugar  is  recovered  in 
the  form  of  potash  alum,  by  treatment  of  the  syrups 
with  sulphate  of  aluminium.  (See  Alum.) 

In  France,  Germany,  Belgium,  and  Austria,  about 
12,000  tons  per  annum  of  carbonate  are  at  present  ; 
made  from  beet  alone,  and  the  manufacture  is  pro-  I 
bably  increasing.  It  is  very  questionable  whether 
it  is  a wise  policy  to  withdraw  from  the  soil  so  much 
of  the  potash,  which  is  so  essential  to  the  growth  of 
the  beet,  especially  as  it  ought  to  be  restored  in  some 
form ; the  only  advantage  gained  being  that  the  greater 
part  of  it  is  recovered  in  the  state  of  carbonate,  which 
brings  a higher  price  than  the  sulphate  and  chloride — 
these  being  the  forms  in  which  it  is  usually  restored 
to  the  soil  as  manure. 

3.  From  Suint. — The  wool  of  sheep  contains  a large 
proportion  (frequently  about  a third  of  its  weight) 
of  a peculiar  organic  compound  of  potassium,  usually 
called  “sudorate”  or  “ suiutate.”  This  substance  is 
exuded  from  the  skin,  the  potassium  being  derived 
from  the  herbs  and  grasses  on  which  the  animals 
feed.  The  following  is  an  analysis,  by  Tatlock,  of 
this  substance : — 

Per  Cent 

. 24-76 
. 1-49 

. -89 

. 2-83 

. 3-44 

. -15 

. 44-04 
. 22-40 

100-00 

This  substance  was  investigated  by  Vauquelin 
and  Chevreul,  and  the  method  of  obtaining  car- 
bonate of  potassium  from  it  was  perfected  by  Mau- 
MENE  and  Rogelet. 

The  following  is  the  process  generally  followed: — 
The  wool  is  pressed  into  casks  and  there  exhausted 
with  several  successive  quantities  of  cold  water, 
which  gives  a brown  solution  of  spec.  grav.  1-1. 
This  is  evaporated  to  dryness,  and  the  residue  cal- 
cined in  iron  retorts,  by  which  illuminating  gas  is 
obtained ; and  the  charcoal  or  cinder  which  is  left  is 
lixiviated,  the  liquor  concentrated,  during  which 
sulphate  and  chloride  of  potassium  separate,  and 
the  strong  lye  ultimately  evaporated  to  dryness  and 
calcined,  when  the  carbonate  is  obtained  of  a fine 
white  colour.  It  is  commonly  stated  that  this  pro- 
duct is  free  from  soda,  but  this  is  erroneous;  as  will 
be  seen,  not  only  from  the  composition  of  the  suint 
itself,  as  given  above,  but  also  from  the  following 
analyses  (Table  XV.),  made  by  the  same  chemist, 
of  the  carbonate  itself : — 


Combined  with  j ' ;;;;;;;;;;; 

organic  matter!  j 

Sulphate  of  potassium, . 
Chloride  of  potassium,  . 

Silica, 

Organic  matters, 

Water, 
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TABLE  XV. 


First  Quality. 

Second 

Quality. 

1. 

2. 

3. 

91-20 

89-41 

80-57 

Sulphate  of  potassium, 

•52 

-17 

4-75 

Chloride  of  potassium, 

1-97 

1-67 

4-51 

Carbonate  of  sodium, 

4-39 

3-83 

2-48 

Insoluble, 

-04 

-06 

-30 

Water, 

1-60 

4-70 

7-25 

99-72 

99-84 

99-86 

Potassium  in  carbonate, 

.51-60 

50-59 

45-59 

Equal  to  potash  (KjO) 

62-17 

60-94 

54-92 

Potassium  in  sulphate, 

-23 

-07 

2-13 

Equal  to  potash, 

-28 

-09 

2-57 

Potassium  in  chloride, 

1-03 

-88 

2-36 

Equal  to  potash, 

1-24 

1-05 

2-84 

Total  potassium, 

52-86 

51-54 

50-08 

Equal  to  potash, 

63-69 

62-08 

60-33 

Total  alkali  calculated  as  potash,.. 

66-08 

64-34 

57-12 

Ratio  of  sodium  to  available  potas- 1 
slum — potassium,  100, J 

3-69 

3-28 

2-36 

Ratio  of  soda  (Na^O)  to  available) 
potash  (KjO) — potash,  100, . . . . ) 

4-13 

3-67 

2-64 

A refined  carbonate  is  now  made,  however,  from 
this  source,  of  even  higher  quality  than  the  above, 

1 by  removing  the  neutral  salts  and  carbonate  of 
1 sodium  during  evaporation. 

j The  principal  seats  of  the  manufacture  of  this 
I variety  of  carbonate  are  Rheims,  Elboeuf,  Fourmies, 
and  Verviers  ; and  in  all,  about  1000  tons  per  annum 
are  at  present  made.  According  to  Wagner,  there 
were  imported  in  1868  into  the  United  Kingdom 
62,000  tons  of  wool  from  Australia  and  the  Cape, 
containing  about  one-third  of  its  weight  of  “ suint,” 
from  which  7000  to  8000  tons  of  carbonate  of 
potassium  might  have  been  made,  representing  a 
money  value  of  about  £260,000;  yet  none  of  this 
was  recovered  in  this  country, 
i 4.  From  the  Sulphate  by  Le  Blanc's  Process. — This 
i method  is  essentially  the  same  in  principle  as  that 
I followed  in  the  manufacture  of  carbonate  of  sodium 


(soda  ash)  from  the  corresponding  sulphate  of 
sodium  (salt  cake).  The  sulphate  of  potassium 
employed  may  have  been  obtained  either  by  the 
treatment,  with  sulphuric  acid,  of  commercial  chloride 
of  potassium,  or  by  the  double  decomposition  of  the 
latter  with  sulphate  of  magnesium  (kieserit) ; or  it 
may  have  been  procured  from  beet-root.  The  sul- 
phate is  mixed  with  about  an  equal  weight  of 
broken-down  limestone  and  about  two-thirds  of  its 
weight  of  coal,  and  the  mixture  calcined  in  an 
ordinary  soda  ash  furnace ; the  process  not  differing 
materially  from  that  followed  in  the  preparation 
of  “black  ash”  or  “ball  soda.”  The  limestone 
used  must  be  very  pure,  and  the  coal  should  be  as 
free  as  possible  from  ash,  as  otherwise  silica  and 
alumina  are  introduced,  which  combine  with  and 
retain  a portion  of  the  potash.  The  ash  thus 
obtained  is  lixiviated  with  several  successive  waters, 
which  dissolve  out  the  soluble  salts  of  potassium 
and  sodium,  leaving  a large  amount  of  insoluble 
matter,  or  “ potash  waste,”  of  which  the  following 
is  an  analysis  : — 

Per  Cent. 


Carbonate  of  calcium, 17-40 

Sulphate  of  calcium, 1-75 

Thiosulphate  of  calcium, 10-16 

Sulphide  of  calcium, -87 

Oxysulphide  of  calcium, 34‘23 

Carbonate  of  magnesium, 1-49 

Carbonate  of  potassium, -70 

Carbonate  of  sodium, -29 

Oxide  of  iron, -54 

Alumina, ■ 1-46 

Silica, 5-20 

Carbon, 4-40 

Water, 21-51 


100-00 

If  the  product  is  to  be  employed  only  in  the 
manufacture  of  other  potassium  salts,  the  liquor  is 
evaporated  to  dryness,  and  the  result  calcined. 
The  following  table  (XVI.)  of  analyses,  according 
to  Tatlock,  shows  the  composition  of  the  crude 
carbonate  thus  obtained: — 


TABLE  XVI. 


a. 

a. 

3. 

4. 

6. 

6. 

Carbonate  of  potassium, 

70-67 

71-92 

71-17 

75-79 

63-13 

59-36 

Hydrate  of  potassium, 

11-33 

7-71 

6-37 

— 

5-96 

5-80 

Sulphate  of  potassium, 

6-27 

8-21 

8-15 

8-14 

8-58 

13-61 

Chloride  of  potassium, 

1-81 

2-80 

2-59 

4-20 

5-82 

2-71 

Sulphite  of  potassium, 

1-31 

1-85 

-64 

4 59 

7-07 

5-36 

Thiosulphate  of  potassium, 

-81 

-39 

1-36 

-77 

2-14 

1-22 

Sulphide  of  potassium, 

trace. 

trace. 

trace. 

1-06 

-17 

-79 

Carbonate  of  sodium 

— 

— 

— 

-79 

— 



Hydrate  of  sodium, 

1-79 

1-96 

1-90 

1-43 

3-67 

3-20 

Soluble  silica  and  alumina, 

-48 

-53 

-.50 

— 

-50 



Insoluble  matter, 

1-69 

1-99 

2-27 

-20 

1-72 

-97 

Water, 

3-45 

2-39 

4-75 

3-27 

1-30 

7-00 

99-61 

99-75 

99-70 

100-24 

100-06 

100-02 

Total  potassium, 

52-63 

52-29 

50-59 

52-06 

51-27 

48-86 

Equal  to  potash  (E2O], 

63-40 

62-99 

60-94 

62-72 

61-76 

58-86 

Total  available  potassium, 

47-89 

46  07 

44-71 

42-88 

39-88 

37-63 

Equal  to  potash, 

57-69 

55  50 

53-86 

51  66 

48-04 

45-33 

Or  carbonate  of  potassium, 

84-63 

81-42 

79-00 

75-79 

70-47 

66-50 

Total  alkali  calculated  as  potash, 

59-79 

57-80 

56-09 

54-05 

52-26 

49  10 

Ratio  of  sodium  to  available  potassium — potas- 1 
sium,  '00, ( 

2-15 

2-44 

2-44 

2-71 

5-29 

4-89 

Ratio  of  soda  (NajO)  to  available  potash  (KjO) — I 
potash,  100, f 

2-40 

2-73 

2-73 

3-04 

6-92 

5-47 
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If  the  article  is  intended  for  the  market,  however, 
other  treatment  of  the  lixivium  is  necessary.  It  is 
concentrated  in  ordinary  round- bottomed  pans,  and 
the  sulphate  and  chloride  of  potassium  and  carbonate 
of  sodium  fished  out  during  the  evai>oration ; the 
strong  liquor  is  then  ladled  or  run  off,  and  if  it  is 
not  desired  to  make  caustic  potash,  it  is  then  mixed 
with  sawdust  and  gently  calcined  on  a reverberatory 
brick  hearth  having  a solid  bed,  during  which  it  is 
carefully  turned  over,  by  raking,  to  equalize  the 
heat  and  action.  The  object  of  the  last  operation 
is  not  only  to  carbonate  all  the  hydrates,  but  to 
destroy  the  sulphites,  thiosulphates,  and  sulphides, 
and  to  convert  them  either  into  sulphate  or  car- 
bonate. The  result  is  a commercial  carbonate  of 
potassium  of  comparatively  high  strength,  of  which 
the  following  are  Tatlock’s  analyses  (Table  XVII.), 
representing  the  article  made  both  in  this  country 
and  on  the  Continent : — 


TABLE  XVII. 


1. 

2. 

3. 

4. 

Carbonate  of  potassium,. . . 

92-19 

91-25 

88-89 

88-64 

Sulphate  of  potassium, 

3-94 

1 *u4 

3-57 

7-36 

2-54 

Chloride  of  potassium, 

1-49 

2-99 

1 ’96 

Carhouate  of  sodium, 

1-43 

1-8- 

4-00 

1-17 

Soluble  silica  and  alumina, .. 

-13 

■30 

•16 

•13 

Insoluble  matter, 

•1.1 

•22 

•07 

•11 

Water, 

•80 

2-20 

1 27 

•33 

100-13 

99-82 

99-92 

100-28 

Potassium  in  carbonate 

52-16 

51  64 

50  30 

50-15 

Equal  to  potash  (K.jO), 

62-84 

62-20 

60-59 

60-42 

Potassium  in  sulphate, 

1-77 

•46 

1 60 

3-30 

Equal  to  potash, 

2-13 

-56 

1-93 

3-98 

Potassium  in  chloride,  ; 

-78 

1-57 

1-02 

1-33 

Equal  to  potash, 

Total  potassium, 

E(|ual  to  potash,. 

•94 

1-89 

1 23 

1-60 

54-71 

.53-67 

52-92 

54-78 

65-91 

64-65 

63-75 

66-00 

Total  alkali  calculated  as\ 

potash, j 

Katio  of  sodium  to  avail- 1 

64-11 

63-81 

64-14 

61  46 

able  potassium — Potas- > 

bium,  100, ) 

liatio  of  soda  (Na.^0)  toj 

1-19 

1-49 

3 45 

1-04 

available  potash  (K.^0]  > 
—Potash,  100 ) 

1-33 

1-70 

3 84 

1-16 

'I'here  is  every  prospect  that  carbonate  from  this 
source  will  soon  be  made  not  only  at  a cheaper  rate, 
but  of  even  greater  strength  and  purity  than  at 
present.  At  the  works  of  Messrs.  Vorster  & 
Grueneberg  at  Kalk,  near  Cologne,  and  of  the 
Greenbank  Alkali  Co.,  St.  Helens,  Lancashire,  car- 
bonate of  a high  degree  of  strength  and  purity  is 
made  by  this  process. 

A verj’  fine  hydrated  carbonate  of  potassium,  pure 
white  in  colour,  and  granulated,  is  made  by  boiling 
down  the  liquors  obtained  by  lixiviating  the  ash, 
after  calcining  with  sawdust,  to  such  an  extent  that 
the  whole  product  does  not  contain  more  than  from  15 
to  18  per  cent,  of  water,  drawing  the  fire,  and  stir- 
ring during  the  cooling,  by  which  the  carbonate  is 
obtained  in  the  state  of  fine  grains  like  gunpowder, 
but  snow-white  in  colour.  The  following  table 
(XVHl.)  gives  analyses,  by  Tatlock,  of  this  granu- 
lated carbonate : — 

YOU  II. 


TABLE  XVIII. 


L 

% 

3. 

4. 

Carbonate  of  potassium,  .... 

78-24 

77-98 

77-87 

77-46 

Sulphate  of  potassium, 

•30 

•59 

•37 

•06 

Chloride  of  potassium, 

2-06 

2-60 

1*57 

2 “20 

Carbonate  of  sodium, 

3-44 

3-00 

4-20 

2-86 

Soluble  silica  and  alumina, . . 

— 

•50 

— 

— 

Insoluble  matter, 

•03 

•06 

•02 

•04 

Water 

15-85 

15-10 

15-85 

17-19 

99-92 

99-83 

99-88 

99-81 

• 

- ' ' 



Potassium  in  carbonate,  .... 
Equal  to  potash  (K^O), 

44-27 

44-12 

44-06 

43-83 

53-33 

53-15 

53-08 

52-80 

Potassium  in  sulphate, 

•13 

•27 

•18 

•02 

Equal  to  potash, 

•16 

•32 

•21 

-03 

Potassium  in  chloride, 

1-08 

1-36 

•82 

1-15 

Equal  to  potash, 

Total  potassium, 

1-30 

1-63 

•99 

1-38 

45-48 

45-75 

45-06 

45-00 

Equal  to  potash, 

.54-79 

55-10 

54-28 

54-21 

Total  alkali  calculated  as1 

potash, / 

Ratio  of  sodium  to  avail-) 

.56-38 

.55-81 

56-81 

55-34 

able  potassium  — potas-  v 

siuni.  100, ) 

Ratio  of  soda  (Na^O)  to) 

3-37 

2-95 

4-29 

2-81 

available  potash  (KjU)  ^ 
— potash,  100, ) 

3-77 

3-29 

4-62 

3-16 

The  carbonate  of  potassium  and  water  approxi- 
mately correspond  to  the  formula  KgCOg  -h  2H2O. 
This  article  is  manufactured  of  great  purity  at  the 
works  of  the  North  British  Chemical  Co.,  Dalmuir, 
near  Glasgow. 

The  loss  by  volatilization,  and  by  the  formation 
of  insoluble  potassium  compounds  in  the  furnace 
operations,  is  very  considerable ; and  hence  the  value 
of  carbonate  of  potassium  is  higher,  in  proportion  to 
the  cost  of  the  materials  used  and  the  labour  ex- 
pended, than  the  corresponding  carbonate  of  sodium 
made  by  Le  Blanc’s  process.  It  should  be  noted 
that  there  is  not  necessarily  any  difference,  as 
regards  strength  and  purity,  between  the  carbonates 
obtained  respectively  from  wood  ashes,  beet-root, 
suint,  and  sulphate  or  chloride  of  potassium ; this 
being  merely  a question  of  the  extent  to  which  the 
refining  is  carried.  It  must  be  easier,  however,  to 
remove  chloride  of  sodium  from  chloride  of  potas- 
sium by  washing,-  than  to  separate  carbonate  of 
sodium  from  carbonate  of  potassium  by  any  process 
of  refining. 

About  15,000  tons  of  carbonate  of  potassium  are 
made  on  the  Continent  and  in  the  United  Kingdom 
by  Le  Blanc’s  process,  exclusive  of  the  amount 
produced,  for  their  own  use,  by  manufacturers  of 
bichromate,  ferrocyanide,  and  other  special  potassium 
salts. 

It  is  quite  plain  that  carbonate  of  potassium,  and 
even  caustic  potash,  prepared  from  any  of  these 
sources,  must  contain,  in  the  form  of  hydrate  or 
carbonate,  a large  proportion  of  the  sodium  origi- 
nally present  in  the  raw  materials  used  ; and  for  this 
reason  the  process  of  “alkalimetry,”  or  neutralization 
of  the  alkali  by  a dilute  acid  of  known  strength,  is 
worthless  for  determining  the  true  value  of  these 
substiinces — the  whole  of  the  soda  being  thereby 
estimated  as  potash  ; and  not  only  so,  but  from  the 
I fact  that  soda  has  a lower  atomic  weight  than  potash, 
86 
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in  the  proportion  of  1 to  1-52,  for  every  part  of  soda 
present  a quantity  of  the  standard  acid  would  be 
consumed  representing  1^  part  of  potash,  thus  inag- 
nifying  the  error.  Nothing  short  of  a determination 
of  the  respective  proportions  of  all  the  soluble  salts 
present  can  correctly  represent  the  composition  and 
value  of  these  products,  or  even  show  the  amount 
of  available  potash  they  contain.  This  becomes  all 
the  more  important  when  we  consider  that  the 
presence  of  comparatively  small  quantities  of  soda 
are  objectionable  for  many  purposes.  'For  instance, 
in  the  manufacture  of  soft  soap  its  presence  in  a 
greater  ratio  than  that  of  4 of  sodium  to  100  of  avail- 
able potassium  is  apt  to  produce  sufficient  opaque 
soda  soap  to  destroy  the  required  transparency  of 
the  product;  and  for  the  preparation  of  certain 
potassium  salts,  such  as  ferrocyanide  or  bichromate, 
it  is  very  undesirable  to  have  sodium  present  in 
larger  proportion  than  2 parts  to  100  of  available 
potassium,  on  account  of  the  trouble  caused  by  the  ac- 
cumulation and  crystallization  of  its  salts  in  the  liquors. 

Carbonate  of  potassium  is  sometimes  formed  dur- 
ing the  reduction  of  iron  ores  in  the  blast  furnace, 
and  exudes  from  the  walls  of  the  latter  at  a point 
immediately  above  the  tuyeres.  It  is  often  of  great 
purity,  but  it  is  generally  associated  with  cyanide  of 
potassium.  The  coal  and  ores  employed  frequently 
contain  a minute  quantity  of  potassium  compounds, 
and  are  thus  the  source  of  this  carbonate.  Although 
it  sometimes  does  not  appear,  a single  furnace  will 
occasionally  yield  10  or  15  cwts.  in  a year.  The 
following  is  an  analysis,  made  by  Tatlock,  of  a 
sample  of  this  substance  obtained  from  one  of  the 
blast  furnaces  of  Ardeer  Iron  Works,  Ayrshire  : — 


of  carbonic  anhydride,  a potassium  salt  of  the  acid 
employed  being  formed.  In  moist  air  it  is  highly 
deliquescent,  dissolving  in  the  water  thus  absorbed, 
and  gradually  passes  into  the  bicarbonate.  It  dis- 
solves with  evolution  of  heat  in  rather  less  than  its 
own  weight  of  water,  according  to  Gerlach,  whose 
table  (XIX.)  of  the  proportions  dissolved  at  15°  C., 
corresponding  to  various  specific  gravities,  is  sub- 
joined : — 


TABLE  XIX. 


Specific  Gravity. 

K’ICOa, 
Per  Cent. 

Specific  Gravity. 

K-2003, 
Per  Cent. 

1-00914 

1 

1-27893 

28 

1-01829 

2 

1-28999 

29 

1-02743 

3 

1-30105 

30 

1-03658 

4 

1-31261 

31 

1-04572 

5 

1-32417 

32 

1 05513 

6 

1-33573 

33 

1-06454 

7 

1-347-29 

34 

1-07396 

8 

1-35885 

35 

1-08337 

9 

1-37082 

36 

1-09278 

10 

1-38279 

37 

1-10258 

11 

1-39476 

38 

1-11238 

12 

1-40673 

39 

1-12219 

13 

1-41870 

40 

1-13199 

14 

1-43104 

41 

1-14179 

15 

1-41338 

42 

1-15200 

16 

1-45573 

43 

1-16222 

17 

1 -46807 

44 

1-17243 

18 

1-48041 

45 

1-18265 

19 

1-49314 

46 

1-19286 

20 

1-50588 

47 

1-20344 

21 

1 -.51861 

48 

1-21402 

22 

1-53135 

49 

1-22459 

23 

1-54408 

50 

1-23517 

24 

1-55728 

51 

1-24575 

25 

1-57048 

52 

1-25681 

26 

1-57079 

52  024 

1-26787 

27 

Per  Cent. 


Carbonate  of  potassium 85’64 

^ulphate  of  potassium, -23 

Chloride  of  potassium, -35 

Cyanide  of  potassium, ‘13 

Carbonate  of  sodium, .5-31 

Soluble  silica  and  alumina, '24 

Insoluble  matter, 04 

Water, 7-92 


99-86 

Applications. — Commercial  carbonate  of  potassium 
is  largely  consumed  in  making  caustic  potash  for 
soft  soap  purposes,  and  also  for  the  manufacture  of 
bichromate  and  ferrocyanide  of  potassium ; and  it  is 
employed  on  a considerable  scale  for  producing  the 
emulsion  with  olive  oil  used  in  the  preparation  of 
cotton  cloth  for  Turkey  red.  Much  of  it  is  also  used 
in  the  composition  of  soluble  and  insoluble  potash 
glass  ; for  general  cleansing  and  scouring  purposes  ; 
and  in  medicine  its  dilute  solution  is  prescribed  as 
an  antacid  and  diuretic. 

Properties. — Pure  anhydrous  carbonate  of  potas- 
sium is  a hard  white  solid,  of  spec.  grav.  2-207, 
having  a strong  alkaline  reaction  and  taste.  It 
crystallizes  from  a highly  concentrated  hot  solution 
in  the  form  of  rhombic  octahedra,  which  have  the 
composition  K,C0g,2H20.  It  melts  at  a full  red 
heat,  and  at  a higher  temperature  slowly  volatilizes. 
At  ordinary  ternperatufes  it  is  decomposed  by  all 
dilute  acids,  with  effervescence  due  to  the  liberation 


The  solution  mentioned  last  on  the  table,  which  is 
saturated,  boils  at  113°  C. 

Bicarbonate  of  Potassium  (KHCOg).  Synonyms — 
Bicarbonate  of  Potash,  Acid  Carbonate  of  Potash, 
Potassium  Hydrocarbonate  ; Bicarbonate  de  Potas.se, 
French  ; Zweifacli  Koldensaures  Kali,  German. 

Preparation. — 1.  By  passing  carbonic  anhydride 
through  solution  of  pure  hydrate  of  potassium  in  80 
per  cent,  alcohol,  pouring  off  the  clear  fluid,  con- 
tinuing the  passage  of  the  gas,  and  washing  the 
crystals  with  fresh  alcohol  (Pesci).  2.  By  mixing 
strong  aqueous  solutions  of  sesquicarbonate  of 
ammonium  and  pure  monocarbonate  of  potassium, 
filtering  off  the  precipitated  bicarbonate,  and  wash- 
ing with  cold  water. 

Manujacture.  — For  commercial  purposes  it  is 
obtained  by  passing  carbonic  anhydride  gas  through 
a saturated  solution  of  the  ordinary  carbonate,  the 
substance  being  thrown  down  in  the  form  of  a white 
crystalline  povvder,  which  is  then  dissolved  in  the 
same  solution  by  blowing  in  steam,  taking  care  not 
to  raise  the  temperature  so  high  as  to  decompose 
the  product.  The  liquor  deposits  tolerably  large 
and  well-formed  crystals  of  bicarbonate  on  stand- 
ing, and  is  separated  by  draining.  The  crystals  are 
then  dried  at  a moderate  heat.  The  whole  operation 
is  conducted  in  lead  vessels,  and  the  carbonic  anhy- 
dride gas  is  obtained  by  the  decomposition  of  lime- 
stone with  hydrochloric  acid. 
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Properties. — Bicarbonate  of  potassium  crystallizes 
in  the  form  of  rhomboidal  prisms  of  the  monoclinic 
system.  It  is  not  nearly  so  soluble  in  water  as  the 
monocarbonate ; and  its  aqueous  solution  has  an 
alkaline  reaction,  and  a cooling  and  alkaline  taste. 
The  following  table  (XX.),  by  Poggiale,  shows  its 
solubility  in  water  at  different  temperatures : — 


TABLE  XX. 


At 
( ( 
({ 


0°  C.,  100  parts  water  dissolve  19'61  parts. 


10= 

20’ 

50’ 

60’ 

70’ 


23-33  “ 

26-91  “ 

37-92  “ 

41-33  “ 

45-24  “ 


The  solution  when  boiled  slowly  gives  off  carbonic 
acid  gas,  the  monocarbonate  alone  finally  remain- 
ing dissolved.  It  is  soluble  in  1200  times  its  weight 
of  alcohol.  It  can  readily  be  obtained  in  a state  of 
great  purity,  and  is  largely  used  in  medicine  as  an 
antacid  and  diuretic,  and  in  cases  of  gout  and  lithic 
acid  calculus. 

Chloride  of  Potassium,  KCl.  Synonyms,  Muriate 
of  Potash;  German,  Chlorkalium;  French,  Cklorurede 
Potassium. — This  salt  is  found  in  sea  water,  in  the 
ashes  of  plants,  and  in  the  mineral  deposits  at 
Stassfurt  and  Kalutz.  In  the  pure  state  it  is  called 
Sylvine. 

Properties. — Chloride  of  potassium  crystallizes  in 
colourless  cubes,  which  decrepitate  when  heated, 
and  are  more  volatile  than  chloride  of  sodium.  It 
is  slightly  soluble  in  alcohol,  and  much  less  soluble 
in  dilute  hydrochloric  acid  than  in  water. 

Geulach’s  table  (XXL),  showing  the  quantities  of 
chloride  of  potassium  in  aqueous  solutions  of  differ- 
ent densities  at  59°  Fahr.,  or  15°  C.  is  here  given. 


TABLE  XXL 


Per  Cent. 

Specific  Gravity. 

1 Per  Cent. 

Specific  Gravity. 

1 

1-00651 

1 13 

1-08654 

2 

1-01300 

1 14 

1-09345 

3 

1-01950 

1 15 

1-10036 

4 

1-02600 

1 16 

1-10750 

5 

1-03250 

17 

1-11465 

6 

1-03916 

' 18 

1-12179 

7 

1 04582 

1 19 

1-12894 

8 

1-05248 

1 20 

1-13608 

9 

1-05914 

1 21 

1-14348 

10 

1-06580 

1 22 

1-1,5088 

11 

1-07271 

23 

M58z8 

12 

1 07962 

I 24 

1 16568 

24-9  per  cent.  = 1-17234. 


Schiff’s  table  (XXII.)  of  the  quantity  of  chloride 
of  potassium  in  aqueous  solutions  of  different 
densities,  at  17°-5  C. 


table  XXII. 


Specific  Gravity. 

Per  Cent,  of 
KCl. 

Specific  Gravity. 

Per  Cent,  of 
KCl. 

1-0062 

1 

1-0866 

13 

10125 

2 

1 0937 

14 

1-0189 

3 

1-1008 

15 

1-02.54 

4 

1-1080 

16 

1-0319 

5 

1-1152 

17 

1-0385 

6 

1-1225 

18 

1-0451 

7 

1-1298 

19 

1-0518 

8 

1-1372 

20 

1-0586 

9 

1-1446 

21 

1-0655 

10 

1-1521 

22 

1-0725 

11 

1-1597 

23 

1-0795 

12 

1-1673 

24 

Uses. — Chloride  of  potassium  is  extensively  used 
in  the  manufacture  of  saltpetre,  alum,  chlorate  of 
potash,  and  sulphate  of  potash.  It  is  also  a valuable 
constituent  of  manures,  and  it  enters  into  the  com- 
position of  certain  freezing  mixtures. 

Chloride  of  potassium,  or  as  it  is  more  commonly 
called,  commercially,  muriate  of  potash,  is  a salt  of  . 


the  greatest  importance,  not  only  on  account  of  its 
j direct  applications,  but  also  because  of  the  extent  to 
; which  it  is  applied  in  the  preparation  of  the  other 
salts  of  potassium. 

Commercial  chloride  of  potassium,  or  muriate  of 


potash,  is  obtained — 1,  from  the  mineral  deposits 
at  Stassfurt  and  Kalutz ; 2,  from  kelp ; 3,  from 
the  mother  liquors  of  sea  water ; and  4,  as  a bye 
product  in  the  manufacture  of  carbonate  of  potash 
from  beet-root. 
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Extraction  of  Chloride  of  Potassium  from  the  Mineral 
Deposits  at  Stassfurt  and  Kalutz. — In  the  neighbour- 
hood of  Stassfurt,  in  the  Prussian  province  of 
Saxony,  deposits  of  potash  salts,  called  by  the 
Germans  abraum,  or  dung  salt,  have  been  found; 
and  up  to  the  present  time  three  shafts  have 
been  sunk  on  these  deposits — one  by  the  Prussian 
Government  at  Stassfurt ; another  by  the  Duchy  of 
Anhalt,  opposite  Stassfurt,  at  Leopoldshall ; and  a 
third  by  a Mr.  Dooglas  at  Douglashall,  which  is 
situated  about  twelve  miles  north-east  of  Stassfurt. 
The  potash  salts  found  in  these  deposits  consist 
principally  of  carnallit  (KChMgClg  + 6II2O)  and 
kainit  (K2S0^MgS04MgCl2  + 6H,0) ; but  besides 
these  considerable  quantities  of  other  valuable  salts 
are  obtained.  From  the  accompanying  section  (Fig. 
2 — A,  red  sandstone  ; B,  gypsum ; C,  marl ; D,  potash 
salts ; E,  rock  salt)  it  will  be  observed  that  the  potash 
salts  are  found  above  the  rock  salt,  which  has  led  to 
the  belief  that  they  have  been  formed  by  the  gradual 
evaporation  of  a vast  sea.  The  deposits  vary,  not  only 
in  thickness,  but  in  the  depth  at  which  they  are  found. 
At  Stassfurt  the  bed  has  an  average  thickness  of  about 
ICO  feet,  of  which  from  60  to  100  feet  consist  of 
carnallit,  and  it  is  found  in  the  Prussian  shaft  at  a 
depth  of  840  feet,  and  in  the  Anhalt  shaft  at  492 
feet.  At  Douglashall  the  deposit,  which  is  about 
400  feet  from  the  surface,  appears  to  be  of  much 
greater  extent,  as  the  shaft  has  already  been  sunk 
430  feet  on  the  carnallit  bed  without  finding  the 
bottom.  The  following  are  the  quantities  of  crude 
carnallit  worked  up  in  the  chemical  factories  at 
Stassfurt  and  Leopoldshall  between  1863  and 
1875 


Tona. 

1863,  in  11  chemical  works, 64,400 

1864,  “ 18  “ “ 138,750 

1865,  “ 16  “ “ 95,000 

1866,  “ 18  “ “ 172,600 

1867,  “ 16  “ “ 167,500 

1868,  “ 18  “ “ 201,6.50 

1869,  “ 20  “ “ 230,000 

1870,  “ 21  “ “ 312,200 

1871,  “25  “ “ 403,200 

1872,  “ 33  “ “ 514,200 

1873,  “ 33  “ “ 452,350 

1874,  “ 33  “ “ 426,790 

1875,  “ 33  “ “ 494,414 


Pure  carnallit  contains  26’88  per  cent,  of  chloride  of 
potassium ; but  the  crude  mineral,  as  extracted  from 
the  Stassfurt  mines,  contains  on  an  average  from  16 
to  18  per  cent.  The  following  are  analyses  of  average 
samples  of  Stassfurt  and  Douglashall  deposits,  and 
the  theoretical  composition  of  pure  carnalht : — 


Stas.sfurt. 

Douglashall. 

Pure 

(Frank.) 

(Tatlock. ) 

Carnallit. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Chloride  of  potassium, 

1600 

17-00 

26-88 

Chloride  of  sodium, 

21-40 

20-26 

— 

Chloride  of  magnesium, 

21  00 

22-99 

34-22 

Sulphate  of  magnesium, 

1300 

9-43 

— 

Sulphate  of  calcium, 

1-20 

-97 

— 

Insoluble, 

210 

1-56 

— 

Water, 

25-30 

27-79 

38-90 

100-00 

100-00 

100-00 

The  extraction  of  chloride  of  potassium  from  the 
Stassfurt  deposit  was  begun  in  1861  by  one  small 
work,  and  developed  so  rapidly  that,  in  1872,  there 
were  thirty-three  works  operating  on  about  500,000 
tons  of  the  raw  material,  and  turning  out  about 
60,000  tons  of  muriate  of  potash,  containing  from 
80  to  98  per  cent,  of  chloride  of  potassium.  The 
extraction  of  the  chloride  of  potassium  from  the 
carnallit  depends  on  the  fact  that  the  double  salt 
only  separates  from  solutions  containing  an  excess 
of  chloride  of  magnesium.  The  carnallit  is  dissolved 
in  water  with  the  aid  of  steam ; and  when  it  has 
acquired  the  proper  degree  of  concentration  (32°  B. 
or  53°  Twd.),  a crop  of  impure  chloride  of  potassium 
crystals  is  obtained  on  cooling,  the  strength  of  which 
can  be  increased  by  repeatedly  digesting  with  cold 
water.  The  effect  produced  by  washing  the  impure 
chloride  of  potassium  with  cold  water  may  be  seen 
in  the  following  analyses  by  G.  Iuiause  ; — 


Unwashed. 

After 

First 

Washing. 

After 

Second 

Washing. 

Per  Cent 

Per  Cent. 

Per  Cent 

Chloride  of  potassium, 

58-24 

62-82 

80-61 

Chloride  ot  sodium, 

21-80 

18-42 

9-97 

Chloride  of  magnesium, 

4-75 

1-10 

-04 

Sulphate  of  magnesium, 

1-46 

-70 

•66 

Water, 

13-75 

16-96 

8 72 

100-00 

100-00 

100-00 

Calculated  free  from  water — 
Chloride  of  potassium, 

67-52 

75-65 

88-31 

The  crystals  are  dried  by  centrifugal  machines, 
and  afterwards  furnaced,  by  which  means  the  water 
is  reduced  to  about  1 per  cent. 

Instead  of  dissolving  the  crude  carnallit  in  water, 
it  may  be  treated  with  a hot  concentrated  solution 
of  chloride  of  magnesium,  which  dissolves  the 
carnallit,  but  very  little  salt  or  sulphate  of  mag- 
nesium. On  cooling  the  carnallit  crystallizes  out,  apd 
the  mother  liquor  can  be  used  for  treatmg  a fresh 
quantity  of  the  raw  material.  The  carnallit  crystals 
are  then  dissolved  in  hot  water,  and  a crop  of 
chloride  of  potassium  is  obtained,  from  which  the 
impurities  may  be  removed  by  washing  with  cold 
water.  The  following  analyses,  by  Tatlock,  show 
[ the  composition  of  a sample  of  crystallized  sylvine, 
and  of  commercial  chloride  of  potassium  of  different 
strengths,  made  from  Stassfurt  carnallit : — 


Sam))les  of  Commercial 

Chloride  of  PotasBiuui. 

Percent. 

Percent. 

Percent. 

Percent 

Percent 

Chloride  of  potassium, . . 

98-86 

98-86 

96-00 

90-16 

79-44 

.''ulphate  of  potassium, . . 

— 

'13 

trace. 

trace. 

•05 

Chloride  of  sodium,  .... 

— 

•54 

2-79 

6-46 

16  63 

Sulphate  of  calcium, .... 

-54 

•12 

•16 

-07 

•26 

Chloride  of  magnesium.. 

-24 

•24 

•20 

•19 

•20 

Insoluble, 

•12 

•16 

•27 

•14 

35 

Water, 

•16 

•13 

-40 

2 88 

3-06 

99-92 

100-10 

99-81 

99  90 

99-99 

The  rapid  development  of  the  manufacture  of 
chloride  of  potassium  at  Stassfurt  led  to  the  ex- 
amination of  other  deposits  of  a similar  character. 
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and  the  discovery,  in  1868,  of  a deposit  at  Kalutz 
in  Galicia,  which,  although  of  much  smaller  dimen- 
sions, was  yet  of  sufficient  importance  to  justify  the 
establishment  of  works  for  the  extraction  of  the 
chloride  of  potassium.  At  Kalutz,  the  chloride  of 
potassium  is  found  in  considerable  quantity  as 
nearly  pure  sylvine,  but  the  bulk  is  associated  with 
salt,  gypsum,  and  clay,  and  contains  in  the  raw 
state  from  22  to  24  per  cent,  of  chloride  of  potas- 
sium. Owing  to  the  absence  of  magnesium  salts, 
the  process  for  the  extraction  of  the  chloride  of 
potassium  is  much  simpler.  It  consists  in  heating 
the  raw  material  with  a saturated  solution  of  chloride 
of  potassium,  which  dissolves  out  the  chloride  of 
potassium  from  the  mineral,  and  only  a compara- 
tively small  quantity  of  salt ; on  cooling  a crop  of 
crystals  of  nearly  pure  chloride  of  potassium  is 
obtained,  and  the  mother  liquor  is  used  for  the 
treatment  of  a fresh  quantity  of  the  raw  material. 
The  chloride  of  potassium  from  the  deposit  at 
Kalutz  which  finds  its  way  into  the  English  market 
is  of  the  highest  quality,  as  may  be  seen  by  the 
following  analyses  by  Tatlock: — 


Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Chloride  of  potassium, 

99-24 

98-72 

98-42 

97-82 

Chloride  of  sodium, 

■57 

30 

1-08 

1-45 

Insoluble, 

•10 

•11 

•10 

•10 

Water, 

•13 

■95 

•25 

•50 

100-04 

100-08 

99-85 

99-87 

II.  Extraction  of  Chloride  o f Potassium  from  Kelp. — 
Kelp  is  the  ash  of  certain  kinds  of  sea  weed,  which  in 
this  country  are  collected  chiefly  in  the  western  and 
northern  islands  of  Scotland,  and  on  the  north-west 
coast  of  Ireland.  Two  kinds  of  kelp  are  carefully 
distinguished — namely,  drift-weed  kelp  and  cut- 
weed  kelp.  The  former  is  the  ash  of  the  sea  weed 
which  is  thrown  upon  the  shore  during  storms,  and 
is  much  richer  in  potash  salts  than  the  kelp  made 
from  the  weed  which  is  cut,  as  will  be  clearly  seen 
from  the  following  analyses  of  samples  of  each  kind : 


Drift  Weed. 

Cut  Weed. 

(Tatlock.  ) 

(OOILVIK.) 

Per  Cent. 

Per  Ton. 

Per  Cent. 

Per  Ton. 

Cwt».  Lh*. 

Cwte.  Lbs. 

Sulphate  of  potassium, . . 

6-45 

1 32-48 

19-95 

3 110-88 

Chloride  of  potassium,.. 

30-92 

6 20-61 

— 

— 

Sulphate  of  sodium, 

1-75 

39-20 

3-10 

69-44 

Chloride  of  sodium, 

13-23 

2 72-35 

15-67 

3 15-01 

Iodide  of  sodium, 

■72 

16-13 

•15 

3-36 

Bromide  of  sodium, 

trace. 

trace. 

trace. 

trace. 

Carbonate  of  sodium, .... 

2-74 

61-38 

4-34 

97-21 

Hyposulphite  of  sodium. 

•35 

7-84 

4-80 

107-52 

Sulphide  of  sodium,  .... 

•20 

4 48 

•49 

10-97 

Insoluble  matter, 

39-04 

7 90-49 

45-30 

9 6-72 

Water, 

4 60 

103-04 

6-20 

1 26-89 

100-00 

20 

100-00 

20 

Soluble  salts, 

56-36 

11  30-47 

48-50 

9 78-39 

Insoluble  matter, 

39-04 

7 90-49 

45-30 

9 6-72 

Water, 

4-60 

103-04 

ti-20 

1 26-89 

100-00 

20 

100-00 

20 

Potash, 

22-96 

4 66^30 

10-72 

2 17-69 

Iodine, 

■61 

13-66 

•127 

3-20 

The  extraction  of  chloride  of  potassium  and  the 
other  valuable  constituents  of  kelp  is  carried  on  in 
this  country  principally  in  the  neighbourhood  of 
Glasgow ; but  the  number  of  works  has  greatly 
diminished  during  the  last  few  years,  owing  princi- 
pally to  the  discovery  of  the  Stassfurt  deposits.  In 
1854  there  were  nine  establishments,  whereas  in 
1877  there  were  only  the  three  following : — Messrs. 
W.  and  M.  Paterson,  the  North  British  Chemical 
Co.,  and  Messrs.  F.  R.  Hughes  & Co. 

The  kelp  is  broken  up  into  pieces  about  the  size 
of  road  metal,  and  digested  in  a series  of  tanks, 
fitted  with  perforated  false  bottoms,  till  the  gravity 
of  the  liquor  is  about  1‘2.  The  liquor  is  then 
pumped  into  evaporating  pans,  and  boiled  down, 
the  salt  which  separates  during  evaporation  being 
fished  out  with  a ladle.  When  the  liquor  has  a 
gravity  of  about  1'3,  it  is  run  off  into  coolers,  in 
which  the  chloride  of  potassium  crystallizes  out. 

By  evaporating  the  mother  liquor  still  further,  a 
second  and  third  crop  of  crystals  can  be  obtained. 
The  strength  of  the  chloride  of  potassium  got  in 
this  way  may  be  increased  by  washing  with  cold 
water.  The  following  are  Tatlock’s  analyses  of 
samples  of  muriates  of  potash  made  from  Scotch 
and  French  kelp . — 


From  Scotch  Kelp. 

From  French  Kelp. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Chloride  of  potassium, 

89-55 

86-67 

90-05 

86-43 

Sulphate  of  potassium, 

5-74 

4-79 

8-21 

9-01 

Chloride  of  sodium, 

•62 

3-19 

•96 

3-27 

Carbonate  of  sodium, 

•09 

•26 

•13 

•17 

Insoluble, 

•20 

•10 

•25 

•22 

Water, 

3-82 

5-60 

•50 

1-00 

100-02 

99-96 

100-10 

100-10 

The  average  production  of  muriate  of  potash  from 
kelp  during  the  last  ten  years,  in  the  neighbourhood 
of  Glasgow,  is  estimated  to  be  about  2500  tons 
annually. 

III.  Extraction  of  Chloride  of  Potassium  from  the 
Mother  Liquors  of  Sea  Water. — In  the  salt  works  on 
the  south  and  west  coasts  of  France,  after  the 
extraction  of  the  salt,  large  quantities  of  mother 
liquors  are  obtained,  consisting  essentially  of  sul- 
phate of  magnesium,  chloride  of  magnesium,  chloride 
of  potassium,  and  chloride  of  sodium ; and  from 
these  liquors  the  sulphate  of  soda  and  chloride  of 
potassium  are  extracted  by  Merle’s  process,  which  is 
known  as  the  “ m^thode  k vingt-huit  d4gr4s.” 

The  mother  liquors  are  allowed  to  concentrate 
till  they  have  acquired  a specific  gravity  of  28®  B. 
(45°  Twd.),  after  which  they  are  subjected,  by  means 
of  Carre’s  ice  machine,  to  18°  of  cold,  at  which 
temperature  a double  decomposition  takes  place 
between  the  sulphate  of  magnesium  and  chloride 
of  sodium,  producing  chloride  of  magnesium  and 
sulphate  of  sodium,  which  crystallizes  out  as  Glauber 
salt 

MgS04  + 2NaCl  = MgCI,  + Na,S04. 

The  liquor  from  which  the  Glauber  salt  has  been 
removed  is  then  evaporated  till  it  has  a specific 
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gravitjf  of  36°  B.  (62°  Twd.),  the  salt  which  separates 
during  evaporation  being  fished  out;  and  upon 
cooling,  the  chloride  of  potassium  crystallizes  in 
the  form  of  the  double  chloride  of  potassium  and 
magnesium  (artificial  carnallit).  The  double  salt  is 
then  washed  with  cold  water,  to  decompose  it  into 
chloride  of  magnesium,  which  dissolves,  and  chloride 
of  potassium,  which  remains  in  the  solid  state.  The 
annual  production  of  chloride  of  potassium  from 
this  source  is  said  to  amount  to  about  1000  tons. 

IV.  A considerable  quantity  of  chloride  of 
potassium  is  also  obtained  as  a bye  product  from 
beet-root.  The  carbonaceous  mass  (schlempekohle) 
produced  by  the  calcination  of  the  refuse  of  the  beet 
molasses  from  the  distilleries  contains,  in  addition 
to  carbonate  of  potassium  and  other  salts,  about  20 
per  cent,  of  chloride  of  potassium ; and  wlien  the 
liquor  obtained  by  lixiviating  the  mass  with  water 
is  evaporated  to  the  proper  degree  of  concentration, 
and  allowed  to  cool,  it  deposits  chloride  of  potas- 
sium, which  may  be  freed  from  the  greater  part  of 
the  salts  with  which  it  is  mixed  by  washing  with 
coki  water.  The  following  are  analyses  of  samples 
of  beet-root  muriate  by  Clark  : — 


Chloride  of  potassium, 

Per  Cent. 

Per  Cent. 

77-35 

12-63 

1-79 

1-62 

trace 

-13 

6-40 

74-.50 

13-05 

4-09 

1-87 

trace 

"25 

6-20 

Sulphate  of  potassium, 

Carbonate  of  potassium, 

Carbonate  of  sodium, 

Insoluble, 

Total, 

99-92 

99-96 

Potassium  Sulphate,  K.^SO^.  Synonyms,  Sul- 
phate of  Potash ; German,  Schwcfelsaures  Kali ; 
French,  Sulphate  de  Potasse. — This  salt  crystallizes 
in  hard  colourless  six-sided  prisms,  which  are  insol- 
uble in  alcohol,  and  difficultly  soluble  in  water. 
The  crystals  contain  no  combined  water ; but  when 
heated  they  decrepitate,  owing  to  the  presence  of 
a small  quantity  of  mother  liquor  in  the  crystal. 

BRANDe’S  and  PIRNHABER’S  table  (XXIII.)  or  THE  SOLUBILITY 
OF  SULPHATE  OP  POTASH. 


TABLE 

XXIII. 

1 Part  of  Salt 
Soluble  in 

Temperature. 

1 Part  of  Salt 
Soluble  in 

Temperature. 

Parts  of  Water, 

9-96 

Degrees  C. 

12*5 

Parts  of  Water. 

4-4 

Degrees  C. 

56-25 

9-60 

• 15-0 

4-5 

68-75 

6-80 

31-25 

4-0 

87-50 

5-84 

37-5 

3-7 

100 

4-00 

50 

Or, 

100  Parts  of 
Water  at 

Dissolve 
Parts  of  Salt. 

100  Parts  of 
Water  at 

Dissolve 
Parts  of  Salt. 

Degrees  C. 

12-5 

10 

Degrees  C. 

56-25 

22 

15 

10-38 

68-75 

21-95 

31-25 

14 

87-50 

25 

37-5 

17 

100 

26 

50 

25 

Or, 


Aqueous  Solution 
Saturated  at 

Contains  Per  Cent, 
of  Salt. 

Aqueous  Solution 
Saturated  at 

Contains  Per 
Cent,  of  Salt. 

12’-5  C. 

9-125 

56° -25  G. 

18-500 

15 

9-400 

68-75 

18-000 

31-25 

12-812 

87-5 

20-000 

37-5 

14-600 

100 

21-100 

50 

20-000 

GERLACH’S  table  (xxiv.)  OF  THE  QUANTITY  OF  SULPHATE  OP 
POTASH  IN  SOLUTIONS  OF  DIFFERENT  DENSITIES  AT  59° 
FAHR.  OR  15°  C. 

TABLE  XXIV. 


Per  Cent. 

Specific  Gravity. 

Per  Cent. 

Specific  Gravity. 

1 

1-00820 

6 

1-04947 

2 

1-01635 

7 

1-05790 

3 

1 -02450 

8 

1-06644 

4 

1-03277 

9 

1-07499 

5 

1-04105 

9 '92  per  cent.  = I '08305. 


It  is  largely  used  in  the  manufacture  of  alum, 
glass,  carbonate  of  potash,  and  as  a manure.  Most 
of  the  sulphate  of  potash  of  commerce  is  made  by 
the  action  of  sulpliuric  acid  on  chloride  of  potas- 
sium ; but  considerable  quantities  are  also  extracted 
from  kelp  and  beet-root. 

The  formation  of  sulphate  of  potash  by  the  action 
of  sulphuric  acid  on  chloride  of  potassium  is  con- 
ducted in  an  ordinary  salt  cake  furnace.  The 
chloride  of  potassium  is  introduced  into  a metal 
decomposing  pot,  with  the  proper  proportion  of  acid, 
and  heated  till  it  has  acquired  sufficient  consistency, 
when  it  is  transferred  to  a reverberatory  furnace,  and 
stirred  with  long  iron  paddles  till  the  decomposition 
has  been  completely  effected.  Recently  (1875),  a 
furnace  has  been  patented  by  Messrs.  Jones  and 
Walsh,  in  which  the  decomposition  and  calcination 
are  conducted  in  the  same  vessel. 

The  chloride  of  potassium  is  introduced  into  a 
flat-bottomed  circular  metal  pan,  a,  which  forms 
the  bed  of  the  furnace  (Fig.  3) ; and  after  the  addi- 
tion of  the  proper  proportion  of  sulphuric  acid,  the 
rotating  arms  and  rakes,  which  are  made  to  revolve 
by  suitable  driving  gear,  are  set  in  motion,  and  con- 
tinue to  revolve  tOl  the  process  of  calcination  is 
complete — the  charge  being  heated  by  the  flames  from 
the  fire,  h,  which  passes  over  the  surface  of  the  pan,  and 
is  regulated  by  a damper.  The  following  are  analyses 
of  samples  of  sulphate  of  potash  thus  made : — 


Clark. 
Per  Cent 

Tatlock. 
Per  Cent. 

Sulphate  of  potassium,  . 

91-15  .... 

93  94 

Chloride  of  potassium,  . 

1-11  

•97 

Sulphate  of  sodium 

2-34  

2-20 

Chloride  of  sodium 

-03  .... 

■03 

Sulphate  of  calcium,  . . . 

-.57  

■51 

Sulphate  of  magnesium, 

. -48  .... 

*54 

Sulphate  of  iron 

. -88  .... 

■57 

Sulphuric  acid, 

. 2-28  .... 

1-02 

Insoluble, 

■94  .... 

•26 

Water, 

■17  .... 

•08 

99-95  .... 

100-12 

Sulphate  of  potassium  may  also  be  made,  as 
Frank  has  shown,  by  the  decomposition  of  kieserit 
(MgSO^  + H2O),  a native  sulphate  of  magnesium 
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fouiul  in  large  quantity  at  Stassfurt,  with  chloride  of 
potassium.  The  process  consists — 1st.,  In  the  forma- 
tion of  a double  sulphate  of  potassium  and  mag- 
nesium by  the  action  of  a hot  solution  of  sulphate 
of  magnesium  (kieserit)  on  chloride  of  potassium. 

3KC1  + 2MgS04  = MgS04  + K3SO4  + KChMgCl.^ 

2nd.  Ilie  decomposition  of  the  double  sulphate 
by  means  of  a hot  solution  of  chloride  of  potassium. 

K,S04,MgS04  + 3KC1  z=  2K3SO4  + KCl.MgClj 


3rd.  The  decomposition  of  the  artificial  carnallit 
(KCl,MgCl.,)  thus  produced,  with  cold  water,  into 
chloride  of  m.agnesiuin,  which  dissolves,  and  chloride 
of  potassium,  which  can  be  used  over  again. 

During  the  evaporation  of  kelp  liquor  an  impure 
sulphate  of  potassium  is  obtained,  which  is  commonly 
called  soft  or  granulated  sulphate  of  potash.  This 
soft  sulphate  is  frequently  dissolved  in  water  or  kelp 
liquor,  and  boiled  till  the  solution  stands  about  50° 
Twaddle ; when,  on  cooling,  a crop  of  crystals  is  ob- 


Fig.  3. 


tained  of  what  is  known  as  plate  sulphate — a double 
sul[)hate  of  potassium  and  sodium,  having  essentially 
the  composition  3K.2SO^  -T  Na2S04.  The  following 
are  Tatlock’s  analyses  of  samples  of  soft  and  plate 
sulphate  obtained  from  kelp : — 


Soft  Sulphate. 

PJate  Sulphate. 

Snl]>hate  of  potassium, 

Per  Cent. 

.W-TO 

Per  Cent. 

72-4.6 

Sulphate  of  sodium 

16-11 

24-62 

Chloride  of  potassium, 

— 

Chloride  of  sodium, 

8-1] 

1-32 

Carbonate  of  sodium, 

2-77 



Insoluble, 

-87 

1-05 

Water, 

18-72 

-40 

100-28 

99-84 

The  average  production  of  sulphate  of  potash  in  the 
neighbourhood  of  Glasgow  from  kelp,  during  the 
last  ten  years,  is  estimated  to  be  about  500  tons  per 
annum. 

Sulphate  of  potash  is  also  obtained  as  a bye  pro- 
duct in  the  manufacture  of  carbonate  of  potash, 
especially  from  beet-root  molasses  and  ash  of  woollen 
sweat,  from  which  sources  about  2000  tons  are  pro- 
duced annually.  The  following  is  an  analysis  by 
Clark  of  a sample  of  beet  sulphate : — 

Per  Cent. 

Sulphate  of  potassium, 92’94 

Chloride  of  potassium, 4-96 

Carbonate  of  potassium, -32 

Carbonate  of  sodium, '.iS 

Insoluble, 80 

Water, '35 

99-90 

A peculiar  compound  of  sulphate  of  potas- 


sium with  sulphate  and  chloride  of  magnesium, 
called  Ivainit,  is  found  in  large  quantity  in  the 
Anhalt  Mine  at  Stassfurt  and  at  Kalutz.  When 
pure,  .according  to  Rammelsberg,  it  has  the  com- 
position, K2S04,MgS04,MgCl2  + fillgO  ; but  it  is 
generally  found  mixed  with  chloride  of  sodium 
and  chloride  of  potassium.  The  following  are 
analyses  of  Stassfurt  and  Kalutz  kainit : — 


Tatlock. 

Stassfurt. 

Frank. 

Kalutz. 

Clare. 

Stassfurt. 

Sulphate  of  potassium,. . . 

Per  Cent. 

16-98 

Per  Cent. 

20-30 

Per  Cent. 

25-.32 

Sulphate  of  magnesium,  .. 

— 

14-20 

14-19 

Chloride  of  magnesium, . . 

17-69 

11-10 

14-24 

Chloride  of  sodium, 

43-88 

27-20 

28-87 

Chloride  of  potassium,... . 

2-45 

— 

— 

Sulphate  of  calcium, 

2-72 

2-80 

2-72 

Insoluble, 

5-24 

9-20 

3-66 

Water, 

11-04 

15-20 

11-00 

100-00 

100-00 

100-00 

Kainit  is  extensively  employed  and  highly  prized 
as  a fertilizing  agent,  and  it  might  be  used  for  the 
manufacture  of  sulphate  of  potash ; but  hitherto  its 
application  as  a manure  has  been  found  most  advan- 
tageous. It  is  sometimes  made  artificially  by  mixing 
carnidlit  with  kieserit  and  other  salts. 

Acid  Sulphate  OF  Potassium,  KHSO^.  Synonyms, 
Bisulphate  of  Potash,  Sal-enixum;  German,  Zweifach 
schwefelsaures  Kali;  French,  Bisiilphate  de  Potasse. 

This  salt  is  produced  when  nitric  acid  is  made  by 
the  action  of  sulphuric  acid  on  nitrate  of  potash,  and 
it  may  be  formed  by  heating  87  parts  of  the  neutral 
sulphate  with  49  parts  of  sulphuric  acid.  It  is  much 
more  soluble  in  water  than  the  neutral  salt,  and  it 
has  a strong  acid  reaction  and  taste.  When  heated 
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it  melts  about  197°  C.,  and  at  a higher  temperature 
(about  600°  C.)  it  loses  one-half  of  its  sulphuric 
acid,  partly  in  the  form  of  sulphurous  acid  and  oxy- 
gen. It  is  used  principally  for  cleansing  metals, 
separating  silver  from  gold,  and  decomposing  certain 
refractory  minerals. 

Nitrate  of  Potassium,  KNOg.  Synonyms,  Salt- 
petre, Nitre,  Nitrate  of  Potash,  and  (in  the  fused 
state)  Sal  Prunelle  ; Azotate  de  Polasse,  French;  Sal- 
pelersaures  Kali  or  Kalisalpeier,  German. 

Preparation. — 1.  By  neutralizing  solution  of  pure 
carbonate  or  hydrate  of  potassium  with  nitric  acid, 
evaporating  and  crystallizing.  2.  By  mixing  pure 
chloride  or  carbonate  of  potassium  with  pure  nitrate 
of  sodium,  and  crystallizing  repeatedly. 

Manufacture. — For  commercial  and  manufacturing 
purposes  this  substance  is  obtained,  either  by  wash- 
ing natural  or  artificially  prepared  saltpetre  earths 
with  water,  or  by  the  mutual  decomposition  of  chlo- 
ride of  potassium  (muriate  of  potash)  and  nitrate  of 
sodium  (Chili  saltpetre). 

1.  By  the  Washing  of  Saltpetre  Earths  and  Soil.s. — 
When  nitrogenous  organic  matter,  either  animal  or 
vegetable,  is  exposed  to  atmospheric  influences  in 
presence  of  strong  bases,  nitrites  and  ultimately 
nitrates  are  formed  by  a process  of  oxidation  known 
as  “nitrification.”  Quite  recently  the  action  has 
been  attributed  to  the  presence  of  germs  having  the 
power  of  transferring  oxygen.  It  is  possible,  but 
by  no  means  certain,  that  ammonia  is  produced  at  an 
intermediate  stage.  This  process  goes  on  in  nature 
on  a vast  scale,  particularly  in  countries  where  vege- 
tation abounds,  and  where  the  climate  is  warm  and 
moist ; but  it  must  not  be  confounded  with  the  for- 
mation of  nitric  acid  by  natural  electrical  discharges. 
In  India,  east  of  the  Ganges,  and  particularly  in  the 
district  of  Tirrhut  in  Bengal,  the  saltpetre  appears 
as  a white  efflorescence  on  and  near  the  surface  of 
the  soils,  which  are  gathered  for  its  extraction — an 
operation  which  has  been  carried  on  in  India  from  a 
very  remote  period.  In  recovering  the  saltpetre  the 
earth  is  placed  in  wood  boxes  or  “keaves,”  lixiviated 
with  several  successive  waters,  and  the  strong  cold 
liquors  thus  obtained,  which  usually  contain  about 
14  per  cent,  of  nitrate  of  potassium,  concentrated  in 
I iron  pans  and  run  into  coolers  to  crystallize.  A crop 
I of  very  impure  crystals  is  thus  obtained,  which  con- 
I tains,  besides  sulphate  and  chloride  of  potassium,  a 
large  amount  of  common  salt.  These  are  treated 
with  a limited  quantity  of  boiling  water,  just  suffi- 
cient to  dissolve  the  nitrate  of  potassium,  and  leave 
a large  proportion  of  the  other  salts  behind.  The 
hot  liquors,  on  cooling,  deposit  another  crop  of 
nitre,  which  is  the  article  known  in  the  British 
market  as  “Indian”  or  “Bengal”  salcpetre.  Otto 
gives  the  following  example  of  the  results  obtained 
in  the  lixiviation  of  the  earth: — 32  cubic  feet  of 
earth  containing  80  lbs.  saltpetre,  treated  with  1000 
lbs.  water,  gave  500  lbs.  solution  containing  40  lbs. 
saltpetre ; and  the  residue  treated  with  500  lbs.  water, 
gave  500  lbs.  solution  containing  20  lbs.  saltpetre, 
and  so  on — each  succeeding  500  lbs.  of  water  giving 
the  same  quantity  of  liquor  containing  half  the 


previous  amount.  The  following  table  (XXV.)  gives 
analyses  by  Tatlock  of  this  product,  which  fairly 
represent  it  as  usually  imported  into  this  country: — 


TABLE  XXV. 


Nitrate  of  potassium,.. .. 
Sulphate  of  potassium, . . . 
Chloride  of  potassium,.. .. 

Nitrate  of  sodium,  

Chloride  of  sodium, 

Sulphate  of  calcium 

Nitrate  of  magnesium,.. .. 

Insoluble, 

Water, 


Bengal  Ordinary 
ComiuerciaL 

Bombay  Crude. 

L 

2. 

3. 

4. 

96-51 

89-36 

72-46 

36-06 

•89 

•75 

•13 

2-64 

•84 

4-57 

6-65 

•26 

47-43 

•20 

•31 

17-41 

— 

— 

•19 

2-21 

— 

1-97 

•17 

2-08 

•21 

•14 

•14 

1-.55 

2-90 

2-85 

7-95 

00-00 

100-00 

100-00 

100-18 

It  will  thus  be  seen  that  in  East  Indian  saltpetre, 
as  imported,  there  are  present  both  sulphate  and 
chloride  of  potassium,  although  this  fact  is  not 
usually  recognized  in  the  commercial  analysis  or 
“ refraction  ” of  saltpetre  generally  given,  and 
which  does  not  involve  an  estimation  of  the  potas- 
sium. The  refining  of  this  product  for  the  various 
purposes  to  which  it  is  applied  is  carried  out,  in  this 
country,  in  the  same  way  as  the  purification  of  arti- 
ficial saltpetre  by  the  process  hereafter  described. 
In  some  districts  where  potassium  is  not  plentiful 
in  the  soil,  nitrates  of  sodium,  calcium,  and  mag- 
nesium partially  replace  the  nitrate  of  potassium ; 
and  in  that  case  it  is  necessary  to  add  some  carbonate 
of  potassium — usually  obtained  from  wood  ashes — 
to  the  first  liquors,  in  order  to  convert  all  these 
into  the  potassium  nitrate,  the  calcium  and  mag- 
nesium being  thrown  down  as  carbonates,  insoluble 
in  the  liquor.  A sample  of  the  residual  salts  left 
on  the  treatment  of  the  first  crop  of  crude  saltpetre 
with  hot  water,  known  as  “ East  Indian  refuse,” 
was  found  to  contain — 


Per  Cent. 


Sulphate  of  potassium, 8 ’83 

Nitrate  of  potassium, 13‘15 

Chloride  of  potassium, 21'14 


About  12,500  tons  of  saltpetre  from  this  source 
were  imported  into  Great  Britain  in  1876. 

In  several  countries  on  the  continent  of  Europe 
saltpetre  was  formerly  made  in  large  quantity, 
artificially,  in  imitation  of  the  natural  process,  by 
mixing  all  kinds  of  refuse  animal  matters  with  old 
plaster  rubbish,  ashes,  and  any  kind  of  basic  material 
of  a porous  nature,  forming  what  are  called  “ salt- 
petre beds,”  which  were  exposed  to  the  influence  of 
air  and  moisture  for  some  months,  then  taken  down 
and  the  material  lixiviated;  the  liquors  which  con- 
tained the  nitrate,  chiefly  as  the  calcium  salt,  being 
then  treated  with  carbonate  of  potassium,  obtained 
either  from  the  ashes  of  wood  or  beet-root.  In 
France,  during  the  Peninsular  War,  about  2000 
tons  a year  were  made  in  this  way ; and  in  that 
country,  as  well  as  in  Sweden  and  other  parts  of 
Europe,  the  manufacture  is  still  carried  on  to  a very 
hmited  extent  for  local  consumption.  In  Switzer- 
land the  flooring  of  stables  and  cow  houses  is 
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sometimes  made  with  a kind  of  marl,  with  the  object, 
by  the  addition  of  wood  ashes,  of  recovering  salt- 
petre from  the  nitrate  of  calcium. 

2.  From  “ Nitrate  of  Soda  ” and  “ Muriate  of 
Potash." — This  process  was  originally  devised  by 
Longchamp,  Antuon,  and  Kuhlmann,  and  is  the 
one  by  which  the  greater  proportion  of  the  saltpetre 
used  in  this  country  is  procured.  The  chloride 
of  potassium  does  not  require  to  be  of  very  high 
strength,  nor  particularly  free  from  chloride  of 
sodium,  as  the  latter  salt  is  formed  in  large  quantity 
as  a bye  product  of  the  decomposition ; but  it  is 
most  economical  to  employ  it  of  about  90  per  cent., 
which  generally  contains  from  5 to  8 per  cent,  of 
chloride  of  sodium.  The  nitrate  of  sodium  used 
shows  most  commonly  a strength  of  about  95  per 
cent. ; but  although  it  is  not  necessary  to  work 
with  any  special  quality  of  either  of  these  two  raw 
materials,  it  is  always  advisable  to  determine  by 
analysis  the  composition  of  both  to  begin  with,  so 
that  the  two  may  be  added  to  each  other  in  such 
proportions  that  one  equivalent  of  pure  cldoride  of 
potassium  shall  act  upon  one  of  pure  nitrate  of 
sodium,  according  to  the  following  equation; — 


KOI  + NaNOg  = KNOg  + NaOl. 

Theoretically,  therefore,  74'6  parts  of  pure  chloride 
will  require  85  of  pure  nitrate,  producing  lOlT  of 
pure  saltpetre  and  58'5  of  common  salt.  The  pro- 
cess, when  properly  conducted,  yields,  on  the  one 
hand,  practically  pure  saltpetre,  and,  on  the  other, 
chloride  of  sotiium  almost  quite  free  from  any 
potassium  salt;  so  that  there  is  very  little  loss  of 
material  except  what  is  incurred  in  a mechanical 
way,  and  which  is  unavoidable.  The  commercial 
nitrate  of  sodium  always  contains  a smalt  quantity 
of  sulphate,  and  sometimes  even  nitrate  of  potas- 
sium, which  are  derived  from  the  “ caliche  ” or 
“ terra  salitrosa,”  from  which  it  is  made ; and  as 
the  sulphate  is  available  for  the  formation  of  salt- 
petre, it  should  be  allowed  for  in  weighing  out  the 
materials.  The  following  table  (XXVI.)  of  analyses 
of  the  crude  and  commercial  nitrate  shows  the 
proportions  of  potassium  salts  in  each ; — 


TABLB  XXVI. 


Kitrate  of  sodiam, 

Nitrate  of  potassium, .... 
Sulphate  of  potassium. . . . 

Chloride  of  sodium, 

Sulphate  of  sodium, 

lodate  of  sodium, 

Iodide  of  sodium 

Sulphate  of  calcium, 

Nitrate  of  magnesium,  ... 

1 Silica, 

Alumina,.... 
Oxide  of  iron. 

Lime, 

Water, 


Analyst,. 


Caliche. 

Commercial  Nitrate 
of  Soda, 

Good  Quality. 

1. 

3. 

S. 

4. 

62-61 

47-8-29 

97-448 

95-24 

6-67 

— 

— 

2-83 

2-09 

4-64 

•07 



24-51 

27-97 

■30 

•39 

— 

— 

•07 



•10 

■28 

•022 

trace. 

absent. 

■on 

— 



■34 

2-16 

trace. 

trace. 

trace. 

1-29 

■25 

trace. 

10-43 

1 

3-24 

100 

■39 

1 

^ -18 

•04 

■25 

J 

•41 

3-75 

1-66 

1-.50 

100  00 

lOO-OtO 

1 00-000 

100-00 

Tatixxtk. 

OT.ARK. 

Tatlock. 

Cl.  ARK. 
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The  proper  quantities,  as  based  on  the  analyses, 
having  been  weighed  out,  the  “ muriate  ” is  dis- 
solved in  boiling  water,  the  solution  having  a specific 
gravity  of  about  1’2,  and  the  “ nitrate  of  soda  ” then 
added  in  the  solid  form.  The  decomposition  com- 
mences at  once,  and  chloride  of  sodium  begins  to 
“ drop;”  one-fourth  of  the  liquor  is  then  evaporated 
off,  during  which  salt  constantly  falls,  and  is  fished 
out,  and  placed  upon  iron  drainers  fixed  over  the 
pots.  The  fires  are  now  drawn,  the  solution  settled 
for  an  hour  or  two  to  clear,  and  run  into  coolers,  in 
which  the  crystallization  takes  place,  a first  crop  of 
large  and  impure  crystals  being  obtained,  which 
contain  from  2 to  10  per  cent,  of  chlorides.  The 
mother  lyes  are  run  off,  and  the  crude  saltpetre 
roughly  refined,  by  dissolving  in  boiling  water  to  a 
specific  gravity  of  about  1*5,  cooling,  and  crystalliz- 
ing. The  product  is  now  much  purer,  but  not 
sufficiently  so  for  such  purposes  as  the  manufacture 
of  gunpowder,  for  which  it  must  be  further  refined 
by  the  method  described  hereafter.  The  common 
salt,  after  being  drained,  is  transferred  to  wasliing 
boxes,  and  washed  by  repeated  digestions  with 
boiling  water,  till  the  last  washings  have  a density 
of  only  1-205,  showing  that  the  saltpetre  has  all 
been  washed  out,  and  that  common  selt  alone  is 
being  dissolved.  In  the  following  table  (XXYII.) 
are  analyses  of  the  washed  salt  thus  obtained ; — 

TABLE  XXVII. 


1. 

2. 

3. 

4. 

Chloride  of  sodium 

95-50 

94-88 

91-52 

88-08 

Nitrate  of  potassium, 

•21 

•20 

•18 

•24 

biilphate  ol  potassium, .... 

•17 

trace 

•11 

1-92 

Sulphate  of  sodium, 

— 

— 

— 

•86 

Carbonate  of  sodium, 

— 

— 

. 

1-00 

Sulphate  of  calcium, 

•09 

— 

— 

— 

Chloride  of  magnesium,. . .. 

•07 

— 

— 

— 

Insoluble, 

1-65 

•62 

•87 

1-05 

Water, 

2-35 

4-30 

7-25 

6-85 

100-04 

100-00 

99-90 

100  00 

Analyst, 

Clark. 

Tatlock. 

The  analysis  of  No.  4 salt  given  above  shows 
that  the  process  of  manufacture  has  been  conducted 
imperfectly,  nearly  2 per  cent,  of  sulphate  of  potas- 
sium being  lost  in  the  salt,  which  might  otherwise 
have  been  recovered  in  the  form  of  nitrate.  This 
salt  is  used  for  agricultural  purposes,  and  also  for 
roasting  cupreous  pyrites  cinders  in  the  extraction 
of  copper  by  the  wet  method. 

The  washings  and  the  mother  liquors  are  concen- 
trated, and  used  in  place  of  water  to  dissolve  the 
raw  materials  in  the  next  charge.  In  course  of  time 
they  become  impure  from  the  accumulation  of 
thiosulphates,  and  salts  of  iodine  derived  from  the 
nitrate  of  sodium,  and  even  from  the  kelp  muriate 
of  potash,  if  the  latter  be  employed.  Bromide  of 
sodium  is  also  present  in  considerable  quantity  in 
the  old  liquors,  from  the  German  muriate  of  potash, 
which  is  the  variety  most  commonly  used.  Both 
iodine  and  bromine  may  be  recovered  from  these 
liquors.  The  following  is  a complete  analysis,  by 
87 
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Tatlock,  of  mother  liquor  from  crude  saltpetre,  in 
the  manufacture  of  which  muriate  of  potash  from 
kelp  was  principally  used;  but  the  proportions  of 
the  principal  salts  must  necessarily  vary  according 
to  temperature: — 

Per  Cent. 

Nitrate  of  potassium, 15'18 

Chloride  of  potassium I'OO  . 

Sulphate  of  sodium, 2'77 

Chloride  of  sodium, 19'45 

Thiosulphate  of  sodium, 2’14 

Iodide  of  sodium, I'OO  i =826  grains 

J iodine  per  gal. 

Bromide  of  sodium, — 

Water, 68-46 


100-00 

Specific  gravity, 1-394 

Clark  found  in  two  other  samples  of  old  mother 
liquor,  in  the  production  of  which  German  muriate 
had  been  chiefly  used — 


Grains  per  GaUon. 

L 

2. 

140-00 

5-30 

33-44 

2-67 

Iodine  as  iodate, 

Total  iodine, 

145-30 

36-11 

Bromine  as  bromide, 

1365-00 

729-50 



Bromine  as  bromate, 

Total  bromine, : 

2094-50 

— 

If  “ German  muriate  ” is  employed  it  is  desirable 
to  add  as  much  soda  ash,  after  it  is  dissolved,  as 
will  precipitate  the  small  quantity  of  chloride  of 
magnesium  which  it  contains ; as  otherwise  traces 
of  the  last-named  substance  are  very  apt  to  remain 
in  the  nitre  after  it  is  refined,  whereby  the  latter  has 
a tendency  to  deliquesce — an  effect  which  would  also 
be  produced  by  any  excess  of  nitrate  of  sodium. 
The  “ muriate  of  potash  ” obtained  from  kelp  is 
free  from  chloride  of  magnesium, 
and  therefore  with  it  no  such 
precaution  is  required ; but  it 
contains  from  4 to  6 per  cent, 
of  sulphate  of  potassium,  which 
has  been  objected  to  on  the  ground 
that  it  does  not  decompose  com- 
pletely with  nitrate  of  sodium; 
but  this  is  erroneous,  as  when  a 
large  excess  of  chloride  of  sodium 
is  present,  as  is  always  the  case 
in  the  process,  the  action  is  almost 
perfect,  and  the  washed  salt  shows 
only  about  ^ per  cent,  of  sulphate 
of  potassium.  Some  manufac- 
turers even  decompose  the  sul- 
phate by  addition  of  chloride  of 
barium,  by  which  chloride  of  potassium  is  formed, 
and  sulphate  of  barium  thrown  down.  The  pots, 
which  are  hemispherical  with  vertical  sides,  are  set 
on  a pillar  of  brick-work,  and  are  boiled  by  direct 
heat,  the  flue  passing  round  the  entire  curve  of  the 
pot ; and  they  are  of  sufficient  capacity  to  hold  about 
2 tons  of  saltpetre  in  hot  saturated  solution. 


A greatly  improved  mode  of  operating  has  been 
introduced,  however,  which  has  been  in  use  in  a 
Scotch  saltpetre  manufactory  for  many  years.  Ac- 
cording to  tills  method  the  double  decomposition  of 
the  chloride  of  potassium  and  nitrate  of  sodium  ■' 
effected  in  a cylindrical  iron  pan,  the  boiling  be., 
accomplislied  by  a steam  coil  served  with  steam  of 
60  lbs.  pressure,  and  the  vapours  being  drawn  off  by 
a pipe  connected  with  the  chimney-stalk.  A stirring 
apparatus,  fixed  to  a vertical  shaft  driven  by  ma- 
chinery, keeps  the  precipitated  common  salt  from 
settling.  The  liquor  having  been  concentrated  to 
some  extent,  the  whole  contents  are  discharged  into 
coolers,  through  a strainer  which  retains  the  salt  and 
insoluble  matters.  The  saltpetre  liquor  is  quickly 
cooled  by  a constant  stream  of  water  which  flows 
round  the  vessel  externally,  and  it  is  at  the  same 
time  stirred  by  machinery.  The  crystals  are  thus 
obtained  very  small  and  fine,  which  enables  them  to 
be  easily  washed  afterwards  with  cold  water.  Salt- 
petre thus  prepared  is  said  to  contain  not  more 
than  -1  per  cent.  of_  chlorides,  and  does  not  require 
refining  except  for  some  special  purpose,  such  as 
the  manufacture  of  sporting  gunpowder.  Fig.  1, 
Plate  I.,  under  article  Iodine,  is  a sketch  of  the 
evaporating  pan. 

In  Germany,  the  “schlempekohle”  or  crude  carbon- 
ate of  potassium , obtained  from  beet-root  molasses,  was 
until  recently  largely  employed  in  place  of  “muriate 
of  potash”  in  the  manufacture  of  saltpetre — a process 
which  was  introduced  by  M.  Wollner;  but  now 
the  cheapness  and  abundance  of  the  muriate  from 
the  Stassfiirt  deposits  is  such  that  it  is  most  com- 
monly used. 

Rejining  of  Saltpetre.  — What  is  known  as  the 
French  process  is  the  one  commonly  employed, 
whether  the  crude  material  is  native  “Indian”  or 
“ Artificial.”  It  consists  in  dissolving  the  rough 
saltpetre  in  boiling  water,  or  rather  making  a hot 


saturated  solution,  which  should  show  a density  of 
about  1-5,  boiling  for  a short  time  with  a little  dis- 
solved glue,  which  coagulates,  entangling  insoluble 
matters  and  carrying  them  to  the  bottom,  but  partly 
to  the  surface  of  the  liquor ; which  after  being  set- 
tled is  run  into  shallow  pans  surrounded  by  cold 
running  water,  and  agitated  during  the  rapid  cool- 
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ing,  either  by  means  of  wood  rakes  or  by  stirring 
gear  driven  by  machinery.  The  saltpetre  “flour”  is 
fished  out  of  the  liquor  by  flat  perforated  shovels, 
and  thrown  upon  a wire-gauze  strainer  placed  over 
the  cooler.  Fig.  U is  a sketch  of  the  cooler  and 
strainer  used. 

It  is  then  thrown  into  a box  and  washed  by 
several  successive  steeps  with  cold  water,  by  which 
the  mother  liquor  containing  the  chlorides  is  washed 
away  and  the  saltpetre  left  almost  chemically  pure. 
The  whole  process  of  refining,  as  well  as  that  of 
washing  the  salt,  is  based  upon  the  fact  that  salt- 
petre is  immensely  more  soluble  in  hot  water  th  in 
in  cold,  while  the  chloride  of  sodium  is  nearly  equally 
so  in  both,  so  that  the  hot  saturated  solution  of  the 
former  deposits  but  little  of  the  latter  on  the  liquor 
being  cooled ; and  also  from  the  slight  solubility  of 
the  saltpetre  in  cold  water  but  little  is  dissolved  in 
the  final  washing.  The  following  is  an  analysis,  by 
Tatlock,  of  the  mother  liquor  from  refined  salt- 


petre : — 

Per  Cent 

Nitrate  of  potassium, 14-60 

Chloride  of  potassium, 2-00 

Sulphate  of  sodium, 1-63 

Chloride  of  sodium, 7-85 

Thiosulphate  of  sodium, -64 

Water 73‘28 


100-  00 

Specific  gravity, 1-220 


In  Great  Britain  and  Ireland  not  less  than  17,000 
tons  of  artificial  saltpetre  are  made,  besides  many 
thousand  tons  in  Germany  and  France,  some  of 
which,  as  imported  into  this  country,  is  remark- 
ably pure,  containing  less  than  ’005  per  cent,  of 
chlorides.  At  the  present  time  (1878)  about  2000 
tons  per  annum  are  imported  from  Germany  alone. 

It  is  commonly  supposed  that  sulphate  of  potas- 
sium will  not  produce  the  nitrate  by  double  decom- 
position with  nitrate  of  sodium,  and  that  is  quite 
the  case  if  only  equivalent  quantities  of  the  two  salts 
are  employed;  but  it  was  observed  by  Mr.  William 
Henderson,  of  Glasgow,  in  1861,  that  by  using  2 
equivalents  of  nitrate  of  sodium  the  reaction  was 
complete,  and  he  not  only  shortly  thereafter  made 
some  tons  of  pure  nitrate  of  potassium  iu  this  way 
for  the  market,  but  purified  the  residual  sulphate  of 
sodium  (Glauber’s  salt),  which  was  sold  for  calico- 
printers’  use.  At  that  time  “ muriate  of  potash  ” 
was  worth  upwards  of  £20  per  ton,  and  sulphate 
being  much  less  expensive,  there  was  some  induce- 
ment to  use  this  process;  but  there  is  none  now, 
the  miu-iate  being  little  over  a third  of  the  price 
which  it  brought  then.  Equivalent  proportions  of 
nitrate  of  sodium  and  sulphate  of  potassium  are 
likewise  mutually  decomposed  with  production  of 
nitrate  of  jiotassium,  when  a large  excess  of  chloride 
of  sodium  is  present. 

It  was  proposed  by  Rowlandson,  more  than  twenty’ 
years  ago,  to  use  the  liquors  direct  from  kelp  for  the 
preparation  of  saltpetre,  a process  which  has  since 
been  described  by  Tiiekolld.  This  has  been  done 
in  France,  but  in  this  country  the  method  has  not 
been  tried  except  on  an  experimental  scale.  The 


following  table  (XXVIII.)  gives  analyses,  made  by 
Tatlock,  of  the  rough,  intermediate,  and  refined 
artificial  saltpetre : — 


TABLE  xxvni. 


Botigh. 

Id  ter- 
mediate. 

Refined. 

1. 

2. 

a 

4. 

6. 

Nitrate  of  potassium,. 

80-36 

99-22 

99-663 

97.54 

97-02 

Sulphate  of  sodium,. . 

2-43 

trace 







Chloride  of  sodium,. . 

11-07 

-41 

•007 

-03 

•08 

Sulphate  of  calcium,.. 







trace 



Nitrate  ot'maKuesium, 

— 

— 



.28 

— 

Insoluble 

0-4 

-02 



-05 



Water, 

6-10 

•35 

•330 

2-10 

•290 

100  00 

100-00 

100-000 

100-00 

100-00 

It  has  been  proposed  to  obtain  saltpetre  by  the 
action  of  nitrate  of  barium  on  sulphate  of  potassium, 
by  which  sulphate  of  barium  (blanc  fixe)  is  preci- 
pitated, and  nitrate  of  potassium  left  in  solution. 
The  nitrate  of  barium  is  procured  by  the  double 
decomposition  of  nitrate  of  sodium  with  chloride  of 
barium,  the  latter  being  produced  by  exposing  native 
carbonate  of  barium  (witherite)  to  the  fumes  of  hydro- 
chloric acid.  According  to  Wagner  this  process 
should  be  remunerative,  and  at  first  sight  it  would 
seem  to  be  so,  the  precipitated  sulphate  of  barium 
being  a marketable  article  of  some  value;  but  a 
scrutiny  of  the  process  renders  it  difficult  to  under- 
stand how  there  can  be  any  advantage  in  it,  the  last- 
named  product  not  being  worth  much  more  tlian 
would  cover  the  extra  cost  of  sulphate  of  potassium 
over  that  of  the  chloride ; and  working  on  a large 
scale  with  precipitates,  which  require  much  washing, 
is  necessarily  tedious  and  expensive. 

The  employment  of  carbonate  of  potassium  for 
producing  saltpetre  with  nitrate  of  sodium,  intro- 
duced into  Germany  by  Wollner  in  1854,  is  now 
rapidly  giving  place  to  that  of  chloride  of  potassium, 
obtained  from  carnallit  and  other  sources. 

A few  years  ago  there  was  introduced  into  this 
country  from  South  America  a crude  saltpetre,  which 
consisted  chiefly  of  nitrate  of  sodium  with  much 
smaller  and  variable  quantities  of  nitrate  of  potassium. 
The  following  table  (XXIX.),  shows  the  composition 
of  several  samples  of  this  product:  — 

TABLE  XXIX. 


L 

2. 

a 

4. 

5. 

Nitrate  of  potassium. 

25-90 

•23-18 

18  “20 

16-48 

16-22 

Sulphate  of  potassium 

•52 

3-24 

•37 

•43 

•65 

Nitrate  of  sodium,. . . 

68-882 

51-642 

76-385 

77-084 

77-39 

Chloride  of  sodium,.. 

1-60 

16-27 

2-23 

2-80 

2-96 

lodate  of  sodium,.... 

•062 

•238 

•055 

•066 

trace. 

Iodide  of  sodium 

•036 

— 

— 

— 

— 

Sulphate  of  calcium, 

trace. 

•19 

•12 

•12 

•12 

Nitrate  of  magnesium. 

•60 

1-52 

•35 

•42 

•47 

Insoluble, 

•05 

•12 

•04 

•05 

•04 

Water, 

2-45 

3-60 

2-25 

2'55 

2-15 

100-000 

100-000 

100-000 

100-000 

100-00 

Analyst, 

Clark. 

Tatlock. 

This  mixed  salt  is  evidently  made  by  simply  con- 
centrating the  mother  liquors  from  the  caliche  until 
the  crop  of  crystals  obtained  by  cooling  contains  a 
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sufficient  proportion  of  saltpetre.  It  is  quite  plain 
that  the  nitrate  of  potassium  in  this  article  could 
never  realize  the  market  value  of  saltpetre,  as  the 
entire  product  would  in  any  case  require  to  be  dis- 
solved; and  when  in  solution  it  would  not  be  worth 
more  than  the  whole  nitrate  taken  as  nitrate  of 
sodium,  plus  the  potassium  reckoned  as  chloride. 

Applications. — Of  the  32,000  tons  of  commercial 
i nitrate  of  potassium  made  in  and  imported  into  this 

I country,  nearly  30,000  tons  are  consumed  in  the 

manufacture  of  gunpowder  and  other  explosives,  and 
much  is  also  used  in  the  curing  of  meat. 

I In  medicine  it  is  used  as  an  irritant,  sedative,  and 
diuretic. 

Properties. — Pure  nitrate  of  potassium  crystallizes 
in  large  anhydrous  hexagonal  prisms  with  dihedral 
termini.  It  has  a cooling  and  saline  taste,  and  is 
neither  hygroscopic  nor  deliquescent.  Heated  to 
340°  C.  it  fuses  to  a transparent  liquid,  and  decom- 
poses slightly  with  liberation  of  a small  quantity 
of  oxygen,  which  is  retained  by  the  fluid  and 
evolved  at  the  moment  of  solidification.  The 
specific  gravity  of  nitrate  of  potassium  (fused) 
is  2'06  (Page  and  Keightley).  At  a red  heat  it 
loses  a very  appreciable  quantity  of  oxygen,  and  is, 
in  consequence,  partially  reduced  to  nitrite  (KNO2), 
and  at  a still  higher  temperature  oxides  of  potassium 
are  formed.  When  fused  with  carbon  and  sulphur 
violent  combustion  ensues ; these  substances  are  o.xi- 
dised  to  the  greatest  posible  limit,  carbonate  and 
sulphate  of  potassium  being  produced;  and  many 
ordinary  combustibles  treated  similarly  burn  with 
explosive  violence.  It  is  highly  soluble  in  boiling 
water,  100  parts  at  100°  C.  taking  up  about  240  parts 
of  it;  but  it  is  rather  insoluble  in  cold  water,  100 
parts  dissolving  only  26  parts  at  15’°6  C.,  forming  a 
solution  which  contains  21  parts  in  100. 

The  following  table  (XXX.),  by  Schiff,  shows  the 
proportions' of  nitrate  of  potassium  corresponding  to 
various  densities,  at  16°  C.: — 

TABLE  XXX. 


Speciflo  Gravity. 

ENO3,  Per  Cent. 

Specitic  Gravity. 

KNOj»  Per  Cent. 

1-0058 

1 

1-0819 

13 

1-0118 

2 

1-0887 

14 

1-0178 

3 

1-0956 

15 

1-0239  ■ 

4 

1-1026 

16 

1-0300 

5 

1-1097 

17 

1 -0363 

6 

1-1169 

18 

1-0425 

7 

1-1-24-2 

19 

1-0490 

8 

1-1316 

20 

1-0555 

9 

1-1390 

21 

1-0621 

10 

1-1464 

22 

1-0686 

11 

1-1538 

23 

1-0752 

12 

1-1613 

24 

The  subjoined  table  (XXXI.),  by  Gay-Lussac, 
gives  its  solubility  at  different  temperatures; — 

TABLE  XXXI. 


Temperature. 

KNO3  dissolved  by 
100  at  Water. 

Temperature. 

ENO3  dissolved  by 
100  of  Water. 

D^ees  C. 
0- 

13-32 

Degrees  C. 

45-10 

74-66 

5-01 

16-72 

54-72 

97-05 

11-67 

22-23 

65-45 

125-42 

17-91 

29-31 

79-72 

169-27 

24-94 

38-40 

97-66 

236-45 

35-13 

54-82 

The  following  extract  from  the  Journal  of  the 
Chemical  Society, v6\.  xxv.  page  567,  includes  excellent 
tables, based  upon  carefullyconducted  experiments  by 
Page  and  Keightley,  of  the  solubilities  of  nitrate 
of  potassium  and  the  other  salts  which  appear  in  its 
preparation,  and  which  will  be  found  most  useful  by 
manufacturers : — 


Chloride  of  Sodium. 

Specific  gravities  of  solutions  by  digestion  at — 

100«  c. 

Cooled  down  to  15®'6  0. 

1211 -48 

....  1206-93 

100  parts  of  water  dissolve — 

35-76  36-26 

Contained  in  100  parts  of  solution — 

26-34  26-61 


16“ -6  C. 

1204-19 

1204-03 


Chloride  of  Potassium. 

Specific  gravities  of  solutions  by  digestion  at — 


IS® -6  0. 

1171-72 

1171-45 


100°  o. 

Cooled  down  to  16°'6  <X 

....  1171-94 

....  1171-71 


32-88 


100  parts  of  water  dissolve — 
32-06 


Contained  in  100  parts  of  solution — 

24-74  24-84 


Nitrate  of  Sodium. 

Specific  gravities  of  solutions  by  digestion  at — 


160*6  C. 

100®  c. 

Cooled  down  to  16^ 

1378-15 

1378-43 

1378-32 

1378-17 

100  parts  of  water  dissolve — 

ftd°91 

- 84-69 

Contained  in  100  parts  of  solution — 

45-71  . 

Nitrate  of  Potassium. 

Specific  gravities  of  solutions  by  digestion  at — 


lec  A VI. 

® Cooled  down  to 

1141-68  1142-25 

1141-23  1141-32 

100  parts  of  water  dissolve — 

26-04  26-30 


Contained  in  100  parts  of  solution — 

20-66  20-82 


Sulphate  of  Potassium. 
Specific  gravity  of  solution  by  diges- 


tion at  15°-6C., I 

100  parts  of  water  dissolve, 9-26 

100  parts  of  solution  contain, 8-48 


The  following  tables  will  afford  a comparative  view 
of  these  results.  The  solubility  of  one  part  of  salt, 
deduced  from  the  above  experiments,  is  also  shown, 
and  the  value  of  the  specific  gravities  in  degrees  of 
Twaddell’s  hydrometer  is  attached  for  technical 
purposes. 

I.  Table  showing  the  specific  gra-vities  and  degree 
of  solubility  by  digestion  of  the  salts,  at  a constantly 
maintained  temperature  of  1.5°-6  C.  = 60°-08  Fahr. : — 
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Si>ecific 

Gravity. 

Deip*ees 

Twaddell. 

Contained 
in  100  Pai-ta 
Saturated 
Solution. 

100  Parts 
of  Water 
Dissolve 

1 Part  of 
Salt  Soluble 
in  Parts  of 
Water. 

NkCI 

1-204  03 

40-8 

26-34 

35-76 

2-79 

KCl 

1171-58 

34-2 

24-74 

32-88 

3 04 

NaNOg 

1378 -3-2 

75-6 

45-71 

84-21 

1-18 

KNOg 

1141-23 

28-2 

20-66 

26-04 

3-84 

KgS04 

1176-84 

35-4 

8-48 

9-26 

10-79 

I at  1.5°-6  C. 
Twaddell) : — 


KCI,  . 
NaCl, . 
KNO3, 


Specific  gravity,  1329'74  (C5°‘95 


100  Parts  of  Water  100  Parts  of  Saturated 


Dissolve  Solution  Coutaiu  . 

1-39  -89 

■ 38-58  2‘2-M 

31-44  18-33 


V.  Solution  saturated  with  nitrate  of  potassium, 
nitrate  of  sodium,  and  chloride  of  sodium,  at  l.o°-6 


II.  Table  showing  the  specific  gravities  and  degree 
of  solubility  by  saturation  at  100°  C.,  and  subsequent 
cooling  down  to  15°‘6  C.  = 60°-08  Fahr. ; — 


Specidc 

Gravity. 

Degrees 

Tws^delL 

Contained 
in  lOO  Parts 
Saturated 
Solution. 

100  Parts 
of  Water 
Dissolve 

1 Part  of 
Salt  Soluble 
in  Parts  of 
Water. 

NaCl 

1206-93 

41-4 

26-61 

36-26 

2-75 

KCl 

1171-82 

34-4 

24-84 

33-06 

3-02 

NaNOg,  .... 

1378-43 

75-7 

45-85 

84-69 

1-18 

KNOg 

1142-25 

28-5 

20-82 

-26-30 

3-80 

C.  Specific  gravity,  1438-63  (87°-72  Twaddell) : — 

100  Parts  of  Water  100  Parts  of  Saturated 
Dissolve  Solutiuu  Coutain 

NaCI 26-44  12-65 

NaNOg 53-68  25-68 

KNOg 28-92  13-83 

VI.  Solution  saturated  with  sulphate  of  potassium 
and  chloride  of  sodium  at  15°-6  C.  Specific  gravity, 
1241-51  (48°-30  Twaddell);— 

100  Parts  of  Water  100  Parts  of  Saturated 
Dissolve  Solution  Contain 


Estimation  of  the  specific  gravities  of  the  nitrates 
and  chlorides  of  sodium  and  potassium.  The  nitrates 
were  rendered  anhydrous  by  careful  fusion,  and  the 
chlorides  by  ignition.  Specific  gravities  at  15°-6  C. : — 

In  Absolute  In  Pure  Oil  of 

AlcoboL  Turpentine 

KNOg 2 06  2 06 

NaNUg, 2-24  2-25 

KOI, 1-90  1-91 

NaCl, 2-08  2-06 

Similar  results  were  attained  in  another  series  of 
estimations,  where  the  salts  had  been  dried  over  oil 
of  vitriol.  - 

In  the  last  set  of  experiments  the  specific  gravities 
and  degrees  of  solubility  of  these  salts,  in  presence 
of  each  other,  were  determined;  and  the  results 
show  that,  although  a solution  already  saturated  by 
a given  salt  is  still  capable  of  taking  up  other  salts, 
the  degrees  of  solubility  of  all  present  in  solution 
are  considerably  lessened.  In  the  analysis  of  the 
mixed  salts  the  potassium,  chlorine,  and  nitric  acid 
were  determined  directly. 

I.  Solution  saturated  with  chloride  of  sodimn  and 
chloride  of  potassium  at  15°-6  C.  Specific  gravity, 
1233-74  (=  46°-75  Twaddell) 

100  Parts  of  Water  100  Parts  of  Saturated 
Dissolve  Solution  Contain 

KCl 13-92  9-62 

NaCl 30-65  21-21 

II.  Solution  saturated  with  nitrate  of  sodium  and 
nitrate  of  potassium  at  1 5°  6 C.  Specific  gravity, 
1478-22  (95°-64  Twaddell) 

100  Parts  of  Water  100  Parts  of  Saturated 
Dissolve  Solution  Contain 

KNOg, 34-53  15-29 

NaNOg 91-16  40-39 

III.  Solution  saturated  with  nitrate  of  potassium 
and  chloride  of  sodium  at  1.5°-6  C.  Specific  gravity, 
1330-92  (66°-18 Twaddell):— 

100  Parts  of  Water  100  Parts  of  SaturatCNl 
Dissolve  Solution  Contain 

KNOg 32-32  18-79 

NaCl 39-57  23-03 

IV.  Solution  saturated  witli  chloride  of  sodium, 
chloride  of  potassium,  and  nitrate  of  potassium. 


K.gS04, 7-19  4-99 

NaCl, 36-71  -25-52 

VII.  Solution  saturated  with  sulphate  of  potas- 
sium, chloride  of  potassium,  and  chloride  of 
sodium,  at  15°-6  C.  Specific  gravity,  1250-42 
(50°-l  Twaddell):— 

100  Parts  of  Water  lOO  Parts  of  Saturated 
Dissolve  Solution  Contain 

K.,S04, 4-69  3-19 

KCl 10-11  688 

NaCl, 32-15  21-88 

PoTASsiuji  Chlorate,  KClOg.  Synonyms,  Chlo- 
rate of  Potash ; Chlorate  de  Potasse,  French ; 
Chlorsaures  Kali,  German. 

Preparation. — 1.  By  passing  chlorine  in  excess 
through  solution  of  hydrate  or  carbonate  of 
potassium,  and  repeatedly  crystallizing.  The  follow- 
ing action  takes  place : — 

6KHO  + SClg  = 5KC1  + 3HgO  + KClOg. 

2.  By  heating  chlorate  of  calcium  with  chloride  of 
potassium,  both  in  solution,  thus: — 

Ca2C10g  + 2KC1  = CaClg  + 2KgiOg. 

Carbonate  or  sulphate  of  potassium  may  be  substi- 
tuted for  the  chloride. 

3.  By  passing  chlorine  gas  in  excess  through 
cream  of  lime  and  chloride  of  potassium,  with  the 
aid  of  heat,  thus ; — 

3CaHgOg  + KCl  + 3Clg  = 3CaClg  + 3HgO  + KClOg. 

Manufacture. — All  these  processes  have  been 
employed  in  the  preparation  of  chlorate  of  potassium 
on  the  commercial  scale,  but  it  is  the  last-named  one, 
devised  by  Graham,  which  is  now  universally 
adopted.  The  chlorine  is  generated  in  large  octa- 
gonal vessels,  each  side  of  which  consists  of 
a slab  of  - Derbyshire  flagstone,”  the  bottom  being 
constructed  of  two  large  and  heavy  blocks.  The 
edges  are  grooved  for  the  insertion  of  india-rubber 
ropes,  which,  when  the  iron  girders  surrounding  the 
vessel  are  tightly  compressed  by  screw-bolts,  make 
an  excellent  joint.  'I'he  gas  is  conducted  by  stone- 
ware pipes  into  the  mixture,  which  is  contained  in 
covered  iron  cyhnders,  fitted  with  iron  stirring 
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apparatus  driven  by  steam  power.  The  annexed 
sketch  (Fig.  5),  shows  the  stirrer  employed.  No 


Fig.  6. 


external  heat  is  required,  as  the  action  is  sufficiently 
strong  to  elevate  the  temperature  to  the  requisite 


degree.  At  first  only  hypochlorite  of  calcium  is 
produced,  but  at  a further  stage  the  chlorate  of 
potassium  is  formed,  and  remains  in  solution  along 
with  the  chloride  of  calcium.  The  liquors  are  crys- 
tallized in  iron  coolers,  when  the  first  crystals  of 
crude  chlorate  separate  of  a slightly  brown  colour, 
leaving  the  chloride  of  calcium  in  solution.  These 
are  dissolved  in  lead  or  lead-lined  vessels,  by  the 
smallest  quantity  of  boiling  water,  the  temperature 
being  maintained,  during  the  solution,  by  steam,  and 
recrystallized,  producing  a crop  which  is  almost 
chemically  pure. 

The  recovery  of  the  manganese  from  the  waste 
liquors  is  an  important  point  in  connection  with  this 
manufacture.  At  the  works  of  the  North  British 
Chemical  Co.,  near  Glasgow,  where  the  chlorate  is 
made  on  a large  scale,  the  spent  liquors  are  run  into 
a tankbuilt  of  concrete,  and  fitted  with  stirring  gear, 
of  which  the  following  (Fig.  6)  is  a sketch.  The 
liquors  are  there  neutralized,  and  excess  of  lime 
added  during  agitation ; then  pumped  into  the 
tower,  where  air  is  blown  through  the  mixture  by 
a blowing  engine,  to  oxidise  the  monoxide  to  the 
higher  oxide  of  manganese.  The  process  of  recovery, 
when  thus  carried  out  on  a first-rate  scale,  involves 
a complete  Weldon  plant.  The  following  table 
(XXXII.)  gives  analyses  by  Tatlock  of  two  samples 
of  commercial  chlorate  of  potassium  : — 


TABLE  XXXII. 


L 

2. 

Chlorate  of  potassium, 

99-75 

99-59 

Sulphate  of  potassium, 

— 

trace. 

Chloride  of  potassium, 

■05 

•07 

Insoluble, 



•10 

Water, 

•20 

•30 

100-00 

100  06 

Fig.  6. 


There  are  probably  about  2000  tons  of  this  salt  | time,  and  about  half  as  much  on  the  continent  of 
made  annually  in  the  United  Kingdom  at  the  present  Europe. 
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Applications,  — Chlorate  of  potassium  is  largely- 
used  in  dyeing  and  calico  printing  as  an  oxidiser, 
and  chiefly  for  the  preparation  of  aniline-black.  A 
great  quantity  is  consumed  in  the  manufacture  of 
lucifer  matches  and  of  fireworks,  and  it  is  used  to 
mix  with  fulminate  of  mercury  in  the  production  of 
detonators  for  exploding  dynamite.  It  is  from  this 
substance  also  that  oxygen  gas  is  most  commonly 
made,  and  it  is  employed  medicinally  in  fevers  and 
cancers. 

Properties. — Chlorate  of  potassium  crystallizes  in 
the  form  of  rhomboidal  tables,  which  have  a siiline 
and  cooling  taste.  Heated  to  a temperature  ap- 
proaching redness  it  fuses  and  decomposes,  evolving 
the  whole  of  its  oxygen  if  the  heat  be  sufficiently 
high,  and  leaving  only  chloride  of  potassium  as  a 
residue.  Heated  with  any  combustible  matter  it 
parts  with  its  oxygen  with  great  rapidity,  causing 
violent  deflagration.  It  is  rather  insoluble  in  cold, 
but  dissolves  with  great  facility  in  boiling  water. 
The  following  table  (XXXIII.),  constructed  by  Gay- 
Lussac,  represents  the  solubility  of  chlorate  of  potas- 
sium at  different  temperatures : — 


TABLE 

XXXIIl. 

Tamperatore. 

Part«  KCIO3 
Dissolved  by 
100  Parts  Water. 

Temperature. 

Parts  KCIO3 
Dissolved  by 
lOo  Parts  Water. 

Degrees  C. 

1 

3-33 

Degrees  C. 

35-02 

12-05 

13-32 

5-60 

49  08 

18  96 

16-37 

6-03 

74-89 

35-40 

24-43 

8-44 

104-78 

60--24 

Its  solubility  in  solution  of  chloride  of  calcium  is 
considerably  less  than  in  water. 

Potassium  Silicate,  K20,4Si02.  Synonyms, 
Tetrasilicate  of  Potash,  Soluble  Potash  Glass;  Silicate 
de  Potasse,  French ; KieseUtaures  Kali,  German. 

Preparation.  — 1.  By  boiling  pure  precipitated 
silica  with  caustic  potash  solution.  2.  By  fusing 
pure  silica  with  pure  carbonate  of  potassium. 

Manufacture. — ^'Phis  substance  is  prepared  by  flux- 
ing together  white  sand  (silica),  carbonate  of  potas- 


sium, and  a little  charcoal  in  a reverberatory  furnace, 
till  intumescence  ceases,  showing  that  all  the  carbonic 
anhydride  has  been  displaced.  The  result  is  a trans- 
parent glass  with  a strong  tinge  of  blue  or  green, 
resembling  that  of  glacier-ice,  due  to  the  presence  of 
iron.  The  proportions  of  the  ingredients  employed 


are  approximately — 

White  sand, 45  parts. 

Carbonate  of  potassium, 30  “ 

Wood  charcoal  (powder), 3 “ 


78  “ 

The  product  is  68  parts  of  silicate.  The  object  of 
the  charcoal  is  to  assist  in  the  expulsion  of  carbonic 
anhydride  by  reducing  it  to  carbonic  oxide.  Fre- 
quently the  potash  is  largely  replaced  by  soda,  even 
to  the  extent  of  one  half.  It  is  desirable  to  have 
the  carbonate  as  free  as  possible  from  sulphates,  in 
order  to  avoid  the  formation  of  sulphides.  It  is  sold 
both  in  the  solid  condition  and  in  the  state  of  thick 
solution,  which  is  obtained  by  heating  the  solid  in 
powder  in  close  digesters  by  superheated  steam ; but 
prolonged  boiling  also  dissolves  it.  The  “ liquid 
silicate  ” thus  obtained  is  a thick  transparent  fluid, 
which  may  have  as  high  a specific  gravity  as  1-35. 
It  is  at  this  stage  that  the  soda  is  usually  introduced, 
in  the  form  of  silicate  solution,  although  it  is  some- 
times added  as  soda  ash  in  the  fluxing  process.  Oc- 
casionally a small  quantity  of  saltpetre  is  employed 
to  assist  in  the  melting.  A mixed  silicate  of  potas- 
sium and  sodium  may  be  obtained  by  using,  instead 
of  the  ordinary  carbonate  of  potassium,  the  carbon- 
aceous mixture  obtained  by  calcining  Rochelle  salt 
(tartrate  of  potassium  and  sodium)  in  close  vessels. 
It  has  been  proposed  to  prepare  silicate  of  potassium 
by  heating  flints  to  redness,  throwing  them  into 
water  to  disintegrate  them,  grinding,  and  boiling 
the  powder  with  solution  of  caustic  potash.  This 
method  does  not  seem  to  have  been  adopted,  how- 
ever, to  any  extent.  In  the  following  table  (XXXIV.) 
are  given  analyses,  by  Tatlock,  of  some  samples  of 
commercial  silicate  of  potassium,  both  solid  and 
liquid : — 


TABLE  XXXI V. 


Potash  (as  silicate), 

Soda  (as  silicate), 

Silica 

Sulphate  of  potassium, . . . . 
Chloride  of  potassium,  . . . . 
Alumina  and  oxide  of  iron, 
Water, 


Specific  gravity.. 


L 

2. 

3. 

A 

0. 

Solid. 

Solid. 

Liquid. 

Solids  from 
Liquid. 

Liquid. 

Solids  from 
Liquid. 

Liquid 

Solids  from 
Taquid. 

23-.54 

1-28 

65-60 

-87 

-48 

•40 

7-83 

22-91 

1-28 

66-84 

1-08 

-48 

-32 

7-09 

9 46 
1-52 
23-28 
-67 
•41 

64-66 

26-76 

4-30 

65-88 

1-90 

1-16 

4-31 

4-20 

24-32 

-61 

-67 

65-89 

12-64 

12-32 

71--28 

1-79 

1-97 

3-49 

1-80 

16-64 

1-48 

3-52 

73-07 

12  96 
6-68 
61-81 
5-48 
13-07 

100-00 

.100-00 

100-00 

1-351 

100-00 

100-00 

100-00 

100-00 

1-235 

100-00 

I 


j 

I 

I 


I 

I 


I 


I 


The  total  quantity  of  silicate  of  potassium  made  in 
the  United  Kingdom  is  very  small,  probably  not 
exceeding  20  tons  per  annum. 

Applications. — The  greater  part  of  the  silicate  of 
potassium  made  in  this  country  is  employed  for 


mixing  with  potash  and  soda  soaps — a purpose  to 
which  silicate  of  sodium  is  also  largely  applied. 

Properties. — Silicate  of  potassium  is  a transparent 
glass,  soluble  with  difficulty  in  water.  Its  solubility 
as  compared  with  insoluble  potash  glass  is  due  to  its 
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containing  more  potassium.  Faraday  and  Benrath 
found  two  samples  of  common  insoluble  potash  glass 
to  contain  respectively  11-61  and  13-67  per  cent,  of 
potash  (K^O),  which,  as  will  be  seen  by  comparison 
with  the  analyses  given  above,  is  less  than  that 
contained  in  the  soluble  silicate  of  potassium. 
Its  solution,  which  is  alkaline,  has  detergent  pro- 
perties, and  is  decomposed  by  all  strong  acids, 
with  liberation  of  gelatinous  silicic  acid.  Fabrics 
impregnated  with  this  substance,  or  with  tlie  cor- 
responding sodium  compound,  are  rendered  incom- 
bustible. 

Potassium  Ferrocyanide  (K^FeCgN^,  anhy- 
drous; K^FeCgNg  + 3H2O.  crystals). — Synonyms, 
Yellow  prussiate  of  potash,  Ferro-prussiate  of  pot- 
ash ; Piimiate  jaune  de  pota.sse,  French  ; Ferrocyan- 
kaUum  or  Bhdlaugennah,  German.  This  salt  was  first 
obtained,  upwards  of  a century  ago,  by  Macquer, 
who  prepared  it  by  the  action  of  a solution  of  pot- 
ash on  Prussian  blue.  It  was  first  manufactured 
on  the  large  scale  at  Campsie,  near  Glasgow,  in 
1807-8,  and  was  introduced  into  calico-printing  by 
Chaeles  Macintosh  of  that  place. 

Mamifacture. — It  is  now  produced  on  a compara- 
tively large  scale,  and  in  a state  of  great  purity,  by 
the  mutual  action,  at  a strong  red  heat,  of  nitro- 
genous animat  matter,  carbonate  of  potassium,  and 
metallic  iron — the  materials  and  method  used  not 
differing  greatly  from  those  originally  employed. 
The  process  may  be  said  to  consist  of  three  stages — 
1st.  the  preparation  of  the  “cake”  or  “metal,” 
which  is  the  mass  resulting  from  the  action  of  the 
ingredients  at  a high  temperature  ; 2nd,  the  lixivia- 
tion  of  the  cake  ; and  3rd,  the  crystallizations.  The 
usual  mode  of  operating  is  as  follows ; — The  best 
carbonate  of  potassium,  containing  not  more  than  3 
per  cent,  of  carbonate  of  sodium,  is  placed  in  charges 
of  about  80  lbs.  each  in  small  heavy  cast-iron  pots  of 
about  18  inches  diameter.  These,  which  are  3 or  4 
inches  thick,  are  built  vertically  in  a row  over  suit- 
able furnaces,  each  being  provided  with  a stirrer, 
consisting  of  a pair  of  perforated  iron  blades  fixed 
to  the  bottom  of  a vertical  shaft,  a series  of  the 
latter  being  wrought  by  a horizontal  one  driven  by 
steam  power.  The  pots  having  been  previously 
heated,  the  charges  are  introduced  and  brought  up 
to  an  intense  red  heat,  which  insures  the  perfect 
fusion  of  the  contents.  At  this  stage  the  animal 
matter  is  introduced  through  an  opening,  which 
closes  with  a sliding  lid  in  the  iron  cover,  in  small 
quantities  at  a time,  in  order  to  obtain  the  most 
perfect  possible  admixture  of  the  materials,  which 
are  regularly  stirred  during  the  operation.  The 
organic  matter  is  at  once  decomposed,  part  of  its 
nitrogen  combining  with  carbon  to  form  cyanogen 
(CN),  while  a further  portion  of  the  carbon  reduces 
the  alkaline  carbonate  to  potassium,  which  at  once 
combines  with  the  cyanogen  in  the  nascent  state, 
producing  cyanide  of  potassium  (KCX).  Some- 
times iron  is  introduced  in  the  form  of  turnings 
or  borings ; but  this  does  not  seem  to  be  essential, 
as  in  any  case  the  metal  of  the  pots  is  disinte- 
grated and  yields  a sufficient  supply.  The  following 


The  animal  matters  employed  are  chiefly  those 
given  in  the  table  beneath,  in  which  also  the 
proportion  of  nitrogen  usually  present  in  each  is 
stated : — 

Per  Cent. 


Horns  and  hoofs, 14  to  16 

Dried  blood, 14  to  16 

Wool  and  hair  clippings, 10  to  16 

Feathers, 15  to  17 

Leather  parings, 6 to  8 


To  a charge  of  80  lbs,  of  carbonate  of  potassium 
about  100  lbs,  of  animal  matter  having  the  highest 
amount  of  nitrogen  are  required,  or  a proportionate 
quantity  of  leather  cuttings.  This  is  several  times 
more  than  is  contained  in  the  comparatively  small 
proportion  of  ferrocyanide  obtained  from  the  charge  ; 
but  the  loss  is  enormous,  and  is  incurred  by  the 
evolution  of  large  quantities  of  nitrogen  and  ammonia 
during  the  calcination.  The  following  is  an  analysis, 
by  Tennent,  of  the  prussiate  cake  : — 

Per  Cent. 


Soluble. 


Insoluble. 


f Cyanide  of  potassium, 

Carbonate  of  potassium,  . . 

Hydrate  of  potassium, 

Sulphate  of  potassium, 

Chloride  of  potassium, 

Sulphate  of  calcium, 

L Volatile  matter, 

( Iron 

...  10-95 
...  29-.10 
...  10-93 

...  l-.'iS 

Sulphide  of  iron 

^ 8*6b 

Carbonate  of  calcium, 

-72 

i.  Silica, 

101-38 

POTASSIUM. — Ferrocyanide. 
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In  this  analysis  no  notice  is  taken  of  soda;  but 
the  method  which  the  analyst  adopted  must  have 
caused  soda  to  be  recorded  as  potash.  The  fused 
mass  is  ladled  from  the  pots,  cooled  slowly,  and, 
when  cold,  lixiviated  with  water  moderately  heated. 
A sample  of  the  insoluble  matter,  or  “prussiate 
waste.”  was  found  to  have  the  following  composi- 
tion : — 

Per  Cent. 

Ferrocyanide  of  potassium, . . . 'SSI 

Carbonate  of  potassium, 1-054 

Sulphate  of  potassium,  ....  1 

Sulphite  of  potassium, j 

Thiosulphate  of  potassium, . ^ traces. 

^ulphide  of  potassium, 

Chloride  of  potassium, J 

Carbonate  of  sodium -150 

f Carbon, 5-405 

Nitrogen, -086 

I Sulphide  of  iron, 2-996 

1 Sulphide  of  calcium, -570 

Magnesia, *071 

Alumina -621 

L Silica, -977 

Water, 87-579 


Soluble. 


Insoluble. 


TABLE  XXXV. 


1. 

2. 

Ferrocyanide  of  potassium  (crystals),.. .. 

99-88 

99-80 

Sulphate  of  potassium, 

-06 

■08 

Chloride  of  potassium, 

trace 

trace 

Carbonate  of  potassium, 

-08 

■09 

Thiosulphate  of  potassium, ■; 

Sulphide  of  potassium, 1 

Insoluble, f 

absent 

absent 

Water, J 

100-02 

99-97 

100-000 


It  is  manifest,  however,  that  the  proportion  of 
water  must  vary  very  largely.  The  solution  from 
this  insoluble  matter  has  a specific  gravity  of  about 
1-1,  but  is  further  concentrated  to  about  1-27,  and, 
after  being  cleared  by  settling,  transferred  to  cast- 
iron  crystallizing  vessels,  in  which  the  “ prussiate 
scale,”  or  first  crop,  is  produced,  and  of  which  the 
following  is  an  analysis  by  Tatlock  ; — 

Per  Cent. 

Ferrocyanide  of  potassium  (crystals) 97-23 

Sulphate  of  potassium, -02 

Sulphite  of  potassium, -34 

Thiosulphate  of  potassium, trace. 

Sulphide  of  potassium absent. 

Chloride  of  potassium, trace. 

Carbonate  of  potassium, -54 

Insoluble '03 

Water, 1'84 


100-000 


Tlie  scales  are  dissolved  in  hot  water  and  the 
solution  recrystallized,  pieces  of  twine  being  placed 
in  the  liquor  as  “nuclei,”  and  the  fluid  allowed  to 
cool  as  slowly  as  possible,  with  the  object  of  obtain- 
ing large  and  transparent  crystals.  The  mother 
liquors  are  either  used  for  lixiviating  fresh  “ cake,” 
or  they  are  boiled  down  to  about  1-35  specific  gravity, 
during  which  they  deposit  the  greater  part  of  the 
ferrocyanide  they  contain  in  the  form  of  small  cry- 
stals, whicli  are  purified  by  recrystallization,  and  the 
resulting  lyes  evaporated  to  dryness  and  cidcined, 
when  a residue  cjilled  “ recovered  ash,”  or  “ blue 
salts,”  is  obtained,  containing  from  60  to  70  per  cent, 
of  carbonate,  with  variable  quantities  of  sulphate, 
sulphite,  thiosulphate,  and  sulphide  of  potiissium, 
some  hyilrate  or  carbonate  of  sodium,  and  always  a 
considerable  quantity  of  silica.  This  recovered 
alkali  is  of  course  available  for  further  use.  The 
following  table  (XXXT.)  gives  analyses,  by  Tat- 
I.OCK,  of  two  siunples  of  commercial  ferrocyanide  of 
potassium : — 

VOL.  II. 


In  this  country,  and  on  the  Continent,  a close 
reverberatory  furnace  (and  recently  in  Germany  a 
gas-generating  furnace)  has  been  tried,  on  the  hearth 
of  which  is  a thick  ii-on  pan  about  5 feet  in  diameter, 
capable  of  holding  a working  charge  of  from  3 to  5 
cwts.  of  material ; and  on  the  Continent  a portion 
of  nitrogenous  charcoal  or  torrefied  animal  matter 
is  generally  mixed  with  the  fresh  organic  matters. 

It  has  been  frequently  attempted  to  make  the 
nitrogen  of  the  air  the  source  of  the  cyanogen  of 
the  ferrocyanide ; but  up  to  the  present  time  without 
success.  One  of  the  most  noteworthy  efforts  is  that 
of  Messrs.  Bramwell  and  Hughes,  who  in  1844  car- 
ried into  practice  processes  based  on  the  reactions 
observed  by  Thompson,  Fownes,  Young,  Rieken, 
and  Delbruck,  and  wrought  out  by  Possoz  and 
Boissiere,  which  were  to  the  effect  that  when  char- 
coal saturated  with  carbonate  of  potassium  is  heated 
to  whiteness  in  a current  of  nitrogen,  cyanide  of 
potassium  is  produced.  After  an  expenditure  of 
several  thousand  pounds,  however,  the  scheme  was 
abandoned,  and  the  process  now  followed  is  the 
same  in  principle  as  it  was  seventy  years  ago. 

Applications. — Ferrocyanide  of  potassium  is  em- 
ployed in  dyeing,  chiefly  for  producing  blues  on 
cotton  ; much  of  it  is  also  used  in  the  preparation  of 
the  ferricyanide  and  cyanide.  It  is  largely  consumed 
in  the  manufacture  of  Berlin  blue,  and  in  the  case- 
hardening  of  small  steel  articles. 

Properties. — The  pure  salt  crystallizes  in  the  form 
of  beautiful  amber-yellow  deeply  truncated  octahedra 
of  the  quadratic  system,  more  of  the  apex  being 
generally  wanting  on  one  side  than  on  the  other, 
giving  the  crystals  the  appearance  of  tables.  It  has 
a saline  and  slightly  bitter  taste,  and  aperient  pro- 
perties, although  not  poisonous.  Heated  to  100°  C. 
it  loses  the  whole  of  its  crystalline  water,  and  at  a 
little  over  a red  heat  it  melts,  giving  off  nitrogen, 
forming  cyanide  of  potassium,  and  depositing  carbide 
of  iron ; if  air  be  admitted,  however,  cyanate  of 
potassium  (KCNO)  is  also  formed.  He.-ited  with 
five  or  six  times  its  weight  of  strong  sulphuric  acid, 
sulphate  of  ammonium,  sulphate  of  iron,  sulphate  of 
potassium,  and  carbonic  oxide  are  produced,  thus: — 

KjFeCgNg  + 6H.,0  + 6H.,S04  = 3,NH4).4S04  -t-  FeS04  + 
2K2SO4  + 6CO. 

If  much  water  be  present,  however,  hydrocyanic 
(prussic)  acid  is  evolved,  and  in  the  cold,  dilute 
acids  liberate  hydroferrocyanic  acid.  The  crystals 
when  exposed  to  light  decompose  superficially, 
giving  off  hydrocyanic  acid,  forming  Prussian  blue, 
88  
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and  becoming  alkaline ; and  the  aqueous  solution  is 
also  slowly  altered  wlien  long  boiled,  ammonia  being 
evolved,  and  the  fluid  acquiring  an  alkaline  reaction. 
It  dissolves  in  4 parts  of  cold  and  2 parts  of  boil- 
ing water.  The  following  tables  (XKXVI.  and 
XXXVII.),  by  SCHiFF,  give  the  proportions  of  the 
salt  in  aqueous  solutions  of  different  densities,  and 
the  amounts  dissolved  by  water  at  different  tem- 
peratures. 

TABLE  XXXVI. 


Quantity  of  Crystallized  FeiTOcyanide  of  Potasmim  in 
100  Parts  of  Water  at  Different  Temperatures. 


SpeciAc  Gravity. 

Per  Cent,  of 
K4FeC6N6-5-3H20. 

Specific  Gravity. 

Per  Cent,  of 
K^FeC0N6  -j"3U20. 

1-0058 

1 

1-0669 

11 

1-0116 

2 

1.0734 

12 

1-0175 

3 

1-0800 

13 

1-0234 

4 

1 -0866 

14 

1-0295 

5 

1-0932 

15 

1-0356 

6 

1-0999 

16 

1-0417 

7 

1-1067 

17 

1-0479 

8 

1-1136 

18 

1-0542 

9 

1-1205 

19 

1-0605 

10 

1-1275 

20 

TABLE  XXXVII. 

Solubility  of  Crystallized  Ferrocyanide  of  Potassium 
in  100  Parts  of  Water  at  Different  Temperatures. 


Temperature. 

Parts  of  K4FeC6N6  ^ dH^O 
Dissolved. 

Degrees  C. 

12-2 

27-8 

37-7 

65-8 

65-5 

87-6 

96-3 

90-6 

Ferrocyanide  of  potassium  shows  the  following 
behaviour  with  metallic  salts  in  solution : — 


( white  precipitate 

Iron  (ferrous), •<  turning  blue 

( by  oxidation. 

Iron  (ferric), deep  blue. 

Copper, brown. 

Lead, white. 

Aluminum, white  (slowly). 

Zinc, white. 

Ferricyanide  of  Potassium,  KgFegCjjNjg,  or 
KgFeCgNg.  Synonyms,  Red  Prussiate  of  Potash, 
Ferridcyanide  of  Potassium;  Prussiate  Rouge  de 
Potasse,  French;  Ferridcyaukalium  or  Rothesblutlau- 
yensalz,  German. 

Manufacture. — This  salt,  discovered  by  Gmelin, 
is  usually  prepared  by  acting  upon  the  roughly 
ground  ferrocyanide  by  washed  chlorine  gas ; but  it 
can  also  be  made  by  passing  the  latter  through  a 
solution  of  the  same  salt.  The  ferrocyanide  in 
coarse  powder  is  placed  on  wood  or  lead  trays 
contained  in  a chamber,  the  gas  being  generated, 
usually,  in  lead  vessels,  by  the  action  of  hydro- 
chloric acid  on  manganese  ore.  The  substance 
acquires  a deep  orange -red  colour,  and  the  following 
reaction  takes  place : — 

2K^FeCgNg  + 6HjO  + Clg  — + 2KCI  + 6H2O. 

As  the  water  of  crystallization  thus  liberated 
moistens  the  powder,  it  is  better  to  previously  expel 
a portion  of  it  by  heat.  The  product,  a dilute 


Ferricyanide. 


solution  of  which  should  now  give  no  blue  colora- 
tion with  weak  solution  of  perchloride  of  iron,  is 
dissolved  in  lead  pans  by  open  steam,  and  separated 
from  the  chloride  of  potassium  by  crystallization, 
pieces  of  string  being  placed  in  the  fluid  to  serve  as 
nuclei  for  the  crystals.  By  evaporating  the  liquor 
a second  crop  of  inferior  crystals  are  obtained,  the 
mother  liquors  of  which  may  be  employed  in  the 
preparation  of  Turnbull’s  blue  with  monosalts  of 
iron ; or  it  may  be  evaporated  to  dryness,  and  the 
compounds  of  potassium  recovered  in  a crude  form. 

Applications. — Ferricyanide  of  potassium  is  chiefly 
employed  in  the  preparation  of  Turnbull’s  blue, 
and  in  dyeing  and  calico  printing,  in  which  it  is 
applied  as  a “ discharge”  in  producing  white  patterns 
on  a coloured  ground.  It  is  sometimes  used  in  the 
state  of  powder,  as  made,  without  crystallizing. 

Properties.  — Ferricyanide  of  potassium  crystal- 
lizes in  splendid  prisms  of  the  monoclinic  system, 
which  are  anhydrous,  have  a specific  gravity  of  1-845, 
and  have  a saline  taste  and  aperient  action,  but  are 
not  poisonous.  It  is  somewhat  freely  soluble  in 
water,  and  from  its  high  tinctorial  power  gives  a 
strong  yellow  colour  to  that  fluid,  even  when  present 
in  very  minute  quantity.  When  its  aqueous  solu- 
tion is  exposed  to  light  or  evaporated,  it  is  partially 
converted  into  the  ferrocyanide.  The  following 
table  (XXXVIII.),  by  Schiff,  shows  the  amount  of 
ferrocyanide  of  potassium  present  in  aqueous  solu- 
tions of  various  densities,  at  15"  C. : — 


TABLE  XXXVIII. 


Specific 

Gravity. 

KjFeCeNg, 
Per  Cent. 

Specific 

Gravity. 

KaFeCeNe, 
Per  Cent. 

1-0051 

1 

1-0891 

16 

1-0103 

2 

1 -0952 

17 

1 -0155 

3 

1-1014 

18 

1-0208 

4 

1-1076 

19 

1-0-261 

5 

1-1139 

20 

1-0315 

6 

1-1202 

21 

1-0370 

7 

1-1266 

22 

1-0426 

8 

1-1331 

23 

1-0482 

9 

1-1396 

24 

1-0.538 

10 

1-1462 

25 

1-0595 

11 

1-1529 

26 

1-0653 

12 

1-1596 

27 

1-0712 

13 

1-1664 

28 

1-0771 

14 

1-1732 

29 

1-0831 

15 

1-1802 

30 

The  following  table  (XXXIX.),  by  Wallace, 
represents  the  proportions  of  ferricyanide  of  potas- 
sium dissolved  by  water  at  different  temperatures : — 


TABLE  XXXIX. 


Temi>erature. 

1 part  of 
KsFeCeXe 
Soluble  in 
Paris  of  Water. 

100  Parts  of  Water 
Dissolve  Parts  of 
KoFeCeNC. 

SpeciAc  Gravity 
of  Solution. 

Degrees  C. 

4-4 

3-03 

33-0 

1-151 

10-0 

2-73 

36-6 

1-164 

15-6 

2-.54 

40-8 

1-178 

37-8 

1*70 

58-8 

1-225 

100-0 

1-29 

77-5 

1-250 

104-4 

1-21 

8-2-6 

1-265 

Ferricyanide  of  potassium  is  a powerful  oxidising 
agent  in  presence  of  alkalies,  ferrocyanide  being 
formed  and  oxygen  liberated,  thus: — 
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2KeFejC,jNi,  + 4KHO  = 4K4FeCgN8  + 2H2O  + Oj. 

It  therefore  readily  destroys  vegetable  colours.  j 

Cyanide  of  Potassium,  KCN.  Cyanure  de 
Potassium,  French;  Cyankalium,  German. 

Preparation. — 1.  By  heating  potassium  in  cyano- 
gen gas.  when  direct  combination  takes  place ; or  in 
hydrocyanic  acid  vapour,  when  hydrogen  is  evolved. 
2.  By  addition  of  hydrocyanic  acid  to  solution  of 
hydrate  of  potassium. 

Manu/octure. — When  ferrocyanide  of  potassium, 
previously  dried,  is  heated  to  dull  redness  in  an  iron 
crucible,  cyanide  of  potassium  is  formed,  along  with 
carbide  of  iron,  which  separates  from  the  melted 
product,  while  nitrogen  gas  is  evolved,  thus : — 

KgFeCgNg  = 4KCN  + FeCj  + Nj. 

10  parts  of  ferrocyanide  yield  7 parts  of  cyanide. 
For  manufacturing  purposes,  however,  the  process 
known  as  Rodgers  and  Liebig’s  is  the  one  invari- 
ably followed.  It  consists  in  fusing,  at  a low  red 
heat  in  an  iron  pot,  10  parts  of  the  dried  ferro- 
cyanide of  potassium  with  parts  of  carbonate  of 
potassium,  which  should  be  as  free  as  possible  from 
sulphate  in  order  to  avoid  waste  of  cyanide  in  reduc- 
ing the  sulphate  to  sulphide.  The  product  is  8‘8 
parts  of  cyanide  mixed  with  2'2  parts  of  cyanate  of 
potassium,  and  the  following  is  the  change  which 
occurs: — 

2K4FeCgNg  + 2KjC03=  lOKCN  + 2KCNO  + 200,  + Fej. 

The  action  is  complete  when  a sample  of  the  fused 
mass  taken  out  on  an  iron  rod  solidifies  to  a white 
opaque  solid.  The  molten  cyanide  is  then  allowed 
to  settle,  and  is  poured  into  moulds  or  on  a polished 
iron  slab.  According  to  Harris  the  proportions  of 
carbonate  of  potassium  should  be  varied  according 
to  the  purpose  to  which  the  product  is  to  be  applied, 
that  used  for  electro-gilding  containing  about  90  per 
cent  of  pure  cyanide  of  potassium,  for  ordinary 
electro-plating  about  70  per  cent,  and  for  photogra- 
phic purposes,  from  40  to  50  per  cent.  Sometimes 
carbonate  of  sodium  is  employed  instead  of  part  of 
the  carbonate  of  potassium. 

Applications. — Nearly  all  the  cyanide  of  potassium 
made  is  used  in  electro  gilding  and  plating,  and  for 
photographic  purposes.  It  is  also  applied  in  the 
reduction  of  some  of  the  rarer  metals  from  their  ores,  j 

Propertie.t. — Cyanide  of  potassium,  prepared  as  j 
described  above,  is  a white  opaque  solid  with  a crys-  ] 
talline  fracture,  the  crystals  being  cubes ; but  those 
obtained  from  an  aqueous  solution  are  octahedra. 
It  has  a distinct  odour  of  hydrocyanic  (prussic)  acid, 
arising  from  a slight  decomposition  by  the  carbonic 
acitl  of  the  air.  It  has  an  acrid  and  alkaline  taste, 
and  is  a powerful  poison.  It  is  insoluble  in  absolute 
alcohol,  but  dissolves  with  great  facility  in  water,  and 
in  aqueous  solution  it  is  decomposed,  by  boiling, 
into  ammonia  and  formiate  of  potassium.  It  forms 
double  salts  with  many  metals,  and  particularly  with 
silver,  which  are  soluble  in  excess  of  alkali  and  of  the 
cyanide — a property  on  which  its  usefulness  in  elec- 
tro gilding  and  plating  depends. 
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Potassium  Bichromate,  K^Cr20y  or  K20,2Cr03. 
Synonyms,  Bichromate  of  Potasli,  Bichrome ; 
French,  Bichromate  de  Potasse;  German,  Ziceifach 
Chromsaurcs  Kali. 

This  salt  crystallizes  in  tables,  of  a beautiful  red 
colour,  which  contain  no  water  of  crystallization, 
and  fuse  at  a red  heat.  At  a very  high  temperature 
it  is  decomposed  into  neutral  chromate  of  potassium, 
oxygen,  and  oxide  of  chromium,  which  is  in  the 
crystalline  condition,  and  sometimes  used  for  razor 
strops  and  polishing  purposes. 

According  to  Kremers,  1 part  of  bichromate  of 
potash  is  soluble  in — 


20‘14  parts  of  water  at 0°  C. 

11-81  “ “ 10 

7-65  “ “ 20 

3-43  “ “ 40 

1-98  “ “ 60 

1-37  “ “ 80 

•98  “ “ 100 


On  account  of  its  ready  solubility  in  boiling  water, 
it  crystallizes  well  from  a hot  solution. 

Bichromate  of  potash  is  made  exclusively  from 
chrome  iron  ore — a mineral  which  is  regarded  as 
having  essentially  the  composition  Fe0Cr203,  but 
which  almost  invariably  contains  considerable 
quantities  of  alumina,  magnesia,  and  silica.  The 
ore  is  found  in  Russia,  Turkey,  Greece,  North 
America,  Shetland,  and  various  other  parts  of  the 
world,  embedded  in  serpentine  or  some  other 
mineral  rich  in  magnesia.  It  is  valuable  only  on 
account  of  the  oxide  of  chromium  which  it  contains, 
and  this  constituent  varies  in  the  ore  used  for 
manufacturing  purposes  from  about  35  to  60  per 
cent.  The  following  analyses,  by  Clark,  show  the 
composition  of  average  samples  of  shipments  of 
chrome  ores  of  various  qualities : — 


Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Oxide  of  chromium,. 

57-00 

.52-60 

46-02 

40-40 

34-40 

Alumina, 

14-00 

13-19 

14-90 

25-09 

19-09 

Protoxide  of  iron,. . . 

12-00 

14-14 

16-07 

14-14 

14-14 

Lime 

•67 

trace 

trace 

•67 

•67 

Magnesia, 

15-00 

14-72 

15-85 

13-83 

20-90 

Silica, 

1-60 

4-80 

7-25 

6-00 

10-80 

Water, 

— 

•70 

-20 

— 

•30 

100-27 

100-15 

100-29 

100-1.") 

100-30 

The  amount  of  oxide  of  chromium  in  chrome  ore 
may  be  determined  either  by  precipitation  or 
volumetrically. 

Precipitation  Process. — The  finely  pulverized  ore 
is  heated  in  a platinum  crucible  with  about  10  times 
its  weight  of  bisulphate  of  potassium,  at  first 
cautiously,  and  finally  over  a gas  blow-pipe.  When 
the  fusion  is  calm,  about  twice  its  weight  of  ignited 
carbonate  of  sodium  is  added,  and  then  an  equ.-d 
quantity  of  a mixture  of  nitrate  of  potassium  and 
carbonate  of  sodium,  and  the  fusion  is  continued 
over  the  blow-pipe  for  at  least  half  an  hour,  that 
complete  oxidation  may  take  place.  The  fused 
mass  is  then  boiled  with  water,  to  extract  the  chro- 
mate that  has  been  formed ; and  the  insoluble 
matter,  which  consists  principally  of  oxide  of  iron. 
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magnesia,  and  any  undecomposed  ore,  is  filtered 
off  and  dissolved  in  bydrochloric  acid,  to  ascertain 
whether  all  the  ore  has  been  decomposed.  Any 
insoluble  matter  must  be  filtered  off,  and  subjected 
to  the  same  treatment  as  the  original  ore ; the 
soluble  in  water  being  added  to  that  obtained  by 
the  first  fusion.  To  the  yellow  chromate  solution, 
a considerable  quantity  of  chloride  of  ammonium 
and  a little  carbonate  of  ammonium  are  added, 
and  the  solution  is  evaporated  to  small  bulk, 
to  insure  the  complete  separation  of  the  alumina 
and  silica.  The  solution,  from  which  the  alumina 
and  silica  have  been  removed  by  filtration,  is  then 
acidified  with  hydrochloric  acid,  and  the  chromic 
acid  is  reduced  with  sulphurous  acid  or  sulphite  of 
sodium.  When  reduction  is  perfect,  ammonia  is 
added  in  slight  excess,  and  the  solution  is  boiled 
till  it  has  no  longer  any  smell  of  ammonia.  The 
dingy  green  precipitate  of  oxide  of  chromium  which 
separates  is  well  washed  with  boiling  water,  by 
decantation  ; and  as  it  is  very  difficult  to  get  rid 
of  the  sulphates,  it  is  advisable  to  redissolve  and 
reprecipitate  the  oxide  of  chromium,  and  wash  with 
boiling  water  till  the  washings  cease  to  give  the 
slightest  indication  of  sulphuric  acid.  The  precipi- 
tate is  then  dried,  ignited,  and  weighed  as  oxide  of 
chromium. 

As  the  precipitation  method,  even  when  conducted 
with  the  greatest  care,  has  a tendency  to  give  too 
high  results,  the  amount  of  oxide  of  chromium 
may  be  determined,  with  greater  convenience  and 
accuracy,  by  Clark’s  volumetric  process. 

Volumetric  Process. — The  finely-pulverized  ore  is 
heated  for  about  an  hour,  over  a Bunsen  burner,  in 
a platinum  crucible,  with  about  6 times  its  weight 
of  an  intimate  mixture  of  5 parts  of  hydrate  of 
I sodium  and  3 parts  of  calcined  magnesia  ; oxidation 
I begins  at  once,  and  is  practically  complete  in  less 
than  an  hour.  The  crucible  is  allowed  to  cool,  and 
the  contents  are  washed  into  a basin,  as  far  as  pos- 
sible, with  water,  and  afterwards  with  dilute  sulphuric 
acid,  which  must  be  perfectly  free  from  nitric  acid  ; 
an  additional  quantity  of  dilute  sulphuric  acid  is 
then  added,  and  heat  applied,  when  everything, 
except  perhaps  a little  silica,  should  dissolve.  To 
the  clear  solution  a weighed  quantity  of  sulphate 
of  iron  and  ammonium,  of  known  strength,  and 
more  than  sufficient  to  reduce  all  the  chromic  acid, 
is  added,  and  the  excess  of  uuoxidised  iron  is  esti- 
mated with  a weak  standard  solution  of  bichromate 
of  potassium,  and  the  amount  of  oxide  of  chromium 
in  the  ore  is  calculated  from-  the  iron  which  has  been 
oxidised.  Should  any  of  the  chrome  ore  escape 
decomposition,  it  can  be  separated  by  filtration, 
after  the  estimation  of  the  cliromic  acid,  and  be  again 
fused  with  a mixture  of  magnesia  and  hydrate  of 
sodium. 

Bichromate  of  potash  was  at  one  time  made  by 
heating  chrome  ore  with  nitrate  of  potash,  and 
afterwards  by  fusing  the  finely-pulverized  mineral 
in  a reverberatory  furnace  with  carbonate  of  potash, 
by  which  means  the  oxide  of  chromium  in  the  ore 
was  converted  into  chromate  of  potash.  Stroiimever  i 


added  lime  to  the  carbonate  of  potash,  to  reduce 
the  quantity  of  alkali  required,  and  assist  the  oxida- 
tion, by  preventing  the  mass  from  becoming  fluid  ; 
and  Jacquelin,  to  prevent  the  loss  of  potash  by 
volatilization,  which  takes  place  even  in  presence  of 
lime,  recommended  that  the  finely  pulverized  chrome 
ore  should  be  furnaced  with  lime,  the  chromate  of 
lime  thus  formed  treated  with  water  and  sulphuric 
acid,  to  convert  the  chromate  of  lime  into  bichromate 
of  lime,  and  the  addition  of  carbonate  of  potash,  to 
convert  the  bichromate  of  lime  into  bichromate  of 
potash.  Dr.  A.  W.  Hoffman,  in  his  “ Bericht  fiber 
die  Entwickelung  der  Chemischen  Industrie,”  gives 
the  following  description  of  the  manufacture  of 
bichromate  of  potash  communicated  to  him  by 
Rowland  Atcherlt: — 

“ The  chrome  ore — best  Turkish  or  Asiatic,  as  it 
contains  a comparatively  large  quantity  of  oxide  of 
chromium,  and  very  little  oxide  of  iron  or  silica — 
after  it  has  been  stamped,  is  ground  in  horizontal 
mills,  and  then  passed  through  a sieve  which  has  80 
openings  to  the  square  inch.  The  fine  powder  is 
then  carefully  mixed,  in  cylinders  which  revolve  on 
a diagonal  axis,  with  potash  lime,  which  is  prepared 
on  the  spot  from  burned  Irish  limestone  and  a 
solution  of  carbonate  of  potassium,  in  the  propor- 
tion of  7 cwts.  of  lime  to  2-^  cwts.  of  carbonate  of 
potassium.  The  carbonate  of  potassium  employed 
should  be  free  from  chloride,  as  this  would  interfere 
witli  the  subsequent  crystallization  of  the  bichro- 
mate. The  limestone  should  contain  very  little 
combined  silica,  and  be  free  from  sodium  and 
magnesium. 

“The  potash  lime,  which,  when  properly  prepared 
as  above  described,  has  a thoroughly  dry  appearance, 
is  mixed  with  4^  cwts.  of  pulverized  and  sifted  ore. 
The  weight  of  the  mixture  thus  obtained  forms  the 
charge  for  the  succeeding  process  of  calcination. 
The  furnace  employed  has  a flat  hearth,  9 feet  long 
and  6 feet  broad.  The  space  between  the  roof  and 
the  floor  is  about  2 feet  6 inches,  and  narrows 
gradually  to  18  inches  at  the  outlet.  The  flame  is 
blown  down  upon  the  hearth  by  means  of  a jet  of 
steam.  The  hearth  is  provided  with  two  fire-clay 
doors,  by  which  the  charge  is  introduced,  and  spread 
out  in  a layer,  about  2 inches  deep,  over  the  half  of 
the  hearth  lying  nearest  the  fire.  The  furnace  is 
heated  before  the  operation  is  begun.  The  draught 
should  not  be  too  strong  nor  the  fire  crackle,  never- 
theless care  must  be  taken  that  the  mixture  is 
exposed  to  an  oxidising  flame.  The  temperature 
at  which  the  calcination  takes  place  is  a bright  red 
heat.  Every  quarter  of  an  hour  the  mass  is  turned 
over  with  an  instrument  like  a plough,  and  in  this 
way  a new  surface  is  exposed  to  the  action  of 
the  flame.  After  two  hours  the  workman  pushes  the 
mass  gradually  on  to  the  other  half  of  the  hearth, 
and  a new  charge  is  introduced  into  the  space  which 
has  been  vacated.  The  turning  over  every  quarter 
of  an  hour  is  continued.  When  the  process  of  cal- 
cination has  been  properly  conducted,  it  should  be 
finished  in  four  hours.  The  proportion  of  oxide  of 
1 chromium  converted  in  this  way  into  chromic  acid. 
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is  said  to  be  not  less  than  90  per  cent,  of  the  entire 
amount  of  oxide  contained  in  the  ore.  The  material, 
when  properly  calcined,  has  a greenish  yellow  colour. 
It  is  interspersed  with  hard  lumps,  which  have  a 
bright  yellow  fracture,  and  it  consists  of  the  chro- 
mates of  potassium  and  calcium,  free  lime,  silicate  of 
potassium,  and  oxide  of  iron.  When  cool,  the  mass 
is  broken  up  into  coarse  powder,  and  put  into 
•wooden  lixiviating  vats,  where  it  is  treated  with  a 
hot  saturated  solution  of  sulphate  of  potassium, 
which  converts  the  chromate  of  calcium  into  chromate 
of  potassium,  with  the  formation  of  sulphate  of  cal- 
cium. The  lixiviating  vats  are  so  placed  that  the 
solution  of  sulphate  of  potassium,  after  it  has  passed 
through  one  vat,  flows  into  the  rest,  so  that  finally 
a saturated  solution  of  chromate  of  potassium  is  ob- 
tained, from  which  the  sulphate  of  calcium  in  sus- 
pension is  allowed  to  deposit  in  deep  vessels.  The 
clear  fluid  is  now  brought  to  the  decomposing  vats, 
which  are  lined  with  lead ; a sufficient  quantity  of  Eng- 
lish sulphuric  acid,  diluted  with  twice  its  volume  of 
water,  Is  then  added,  and  the  mixture  allowed  to 
cool.  Now  as  a solution  of  chromate  of  potassium, 
saturated  at  16®  C.,  contains  nearly  1 part  of  salt  to 
2 of  water,  whilst  the  bichromate  requires  10  parts 
of  water  for  its  solution,  it  follows,  that  when  a 
saturated  solution  of  the  chromate  is  converted  into 
bichromate,  three-fourths  of  the  bichromate  formed 
will  be  obtained  as  a precipitate  on  cooling.  The 
precipitate  is  collected  and  then  recrystallized, 
whilst  the  mother  liquor,  which  contains  sulphate  of 
potassium,  is  used  for  the  lixiviation  of  the  calcined 
mass.  The  bichromate  crystallizes  best  in  deep  iron 
vessels,  out  of  a solution  having  a specific  gravity  of 
l-12(t.  Strings  are  introduced  into  the  solution,  and 
the  temperature  is  kept  about  21°.” 

Attempts  have  been  made  to  prepare  the  chromate 
of  potash  direct  from  chloride  and  sulphate  of  pot- 
assium. According  to  Tilghmann,  when  chrome  ore 
in  a fine  state  of  division  is  mixed  with  chloride  of 
potassium,  and  subjected  to  the  action  of  air  and 
superheated  steam,  the  oxide  of  chromium  is  con- 
verted into  chromate  of  potash,  and  the  same  pro- 
duct is  obtained  by  calcining  chrome  ore  with  a 
mixture  of  lime  and  sulphate  of  potash,  and  treating 
the  product  in  the  usual  way. 

In  1875  Townsend  took  out  a patent  for  improve- 
ments in  the  manufacture  of  chromates,  which  con- 
sist, essentially,  in  the  use  of  a mixture  of  lime 
and  magnesia  instead  of  lime;  and  in  1876  Clouet 
patented  a process,  in  which  he  employs  gas  retorts 
instead  of  reverberatory  furnaces,  and  carbonate  of 
magnesium  instead  of  lime,  and  he  uses  the  insolu- 
ble in  water  for  the  calcination  of  a fresh  quantity 
of  ore. 

The  manufacture  of  bichromate  of  potash  is  car- 
ried on  principally  in  this  country,  where  there  are 
in  all  four  works — three  in  the  neighbourhood  of 
Glasgow,  belonging  to  Messrs.  J.  & J.  White,  Steven- 
son, Carlile,  & Co.,  and  the  Eglinton  Chemical  Co. ; 
and  the  fourth  that  of  Messrs.  W.  J.  Norris  & 
Brother  at  Sowerby  Bridge,  near  Manchester.  In 
1868,  according  to  Persoz,  the  toUd  annual  produc-  ' 


, tion  of  bichromate  of  potash  throughout  the  entire 
j world  was  about  3000  tons ; but  the  consumption  has 
increased  so  rapidly  that  the  production  in  the  United 
Kingdom  alone  amounts  now  to  about  10,000  tons 
per  annum. 

Bichromate  of  potash  is  extensively  applied  as 
an  oxidising  agent,  especially  in  dyeing  and  in  the 
manufacture  of  alizarin ; and  it  is  used  in  the  pre- 
paration of  various  yellow,  orange,  red,  and  green 
colours,  and  in  the  bleaching  of  palm  oil. 

Chromate  of  Potassium,  K.^CrO^.  Synonyms, 
Yellow  Chromate  of  Potash ; German,  Chronisaures 
Kali;  French,  Chromate  de  Potasse. 

This  salt  is  formed  in  the  manufacture  of  the 
bichromate,  and  it  may  be  obtained  by  heating  the 
bichromate  to  a temperature  sufficient  to  decompose 
it  into  oxide  of  chromium  and  chromate  of  potas- 
sium, or  by  adding  the  proper  quantity  of  potash  to 
a solution  of  the  bichromate.  At  the  ordinary  tem- 
perature, chromate  of  potassium  is  soluble  in  about 
2 parts  of  water,  and  the  solution  has  an  alkaline 
reaction,  a strong  yellow  colour,  and  a persistent 
bitter  taste.  It  is  poisonous  even  in  small  doses. 
Chromate  of  potassium  crystallizes  in  yellow  six- 
sided  pyramids,  like  sulphate  of  potash,  with  which 
it  is  isomorphous,  so  that  these  two  salts  can  crys- 
tallize together  in  all  proportions. 

Bitartrate  of  Potassium,  KHC^H^Og.  Syno- 
nyms, Bitartrate  of  Potash,  Cream  of  Tartar,  and 
(in  the  crude  state)  Argol ; Tartrate  Acide  de  Potasse, 
French;  Saures  Weinsaures Kali, or  ITci«ito'n, German. 

Manufacture. — This  substance  exists  in  compara- 
tive abundance  in  the  juice  of  every  variety  of 
grape,  the  proportion  varying  from  b to  2 grams, 
per  litre,  according  to  circumstances.  During  the 
fermentation  of  the  grape  juice  or  “must”  this  is 
deposited  gradually  as  the  proportion  of  alcohol 
increases,  by  reason  of  its  insolubility  in  that  sub- 
stance; the  result  being,  in  the  case  of  red  wines,  a 
plentiful  incrustation  of  a reddish  colour,  and  in  that 
of  the  white  varieties  a less  abundant  product  of  a 
paler  colour.  These  constitute  the  “ argols  ” of 
commerce,  which  always  contain  more  or  less  bitar- 
trate of  calcium — an  impurity  which  even  remains  to 
some  extent  in  the  “cream  of  tartar”  produced 
from  them  by  refining.  The  following  table  (XL.) 
shows  analyses  of  the  crude  bitartrate,  viz. ; — 


TABLE  XL. 


Bitartrate  of  potassium, 

Bed. 

Wliite. 

84-26 

5-90 

trace. 

trace. 

9-00 

•84 

88-38 

3-94 

trace. 

trace. 

7-04 

•64 

Tartrate  of  calcium, 

Sulphate  of  potassium, 

Chloride  of  potassium,’ 

Colouring  matter,  &c., 

Moisture, 

100-00 

100  00 

A further  quantity  of  the  crude  substance  is 
deposited  in  the  vats  and  casks,  and  even  in  the 
bottles  containing  the  wine,  forming  the  well-known 
crust.  Sometimes  sulphate  of  calcium  is  added  to 
the  grapes  before  they  are  pressed,  with  the  object 
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of  getting  the  wine  to  clarify  quickly,  sulphate  of 
potassium  remaining  in  solution,  and  tartrate  of 
calcium  falling  down  insoluble  and  carrying  with  it 
most  of  the  suspended  particles ; but  by  this  treat- 
ment the  greater  part  of  the  bitartrate  is  destroyed. 

I The  crude  argol  is  refined  by  repeatedly  dissolving 
in  boiling  water  and  cooling,  when  crystals  are 
obtained  of  a higher  degree  of  purity  at  each  opera- 
tion, the  liquors  in  the  last  process  being  treated 
with  albumin,  which  coagulates,  carrying  the  im- 
i purities  with  it  to  the  surface,  from  which  they  are 
skimmed  off.  The  following  table  (XLI.)  gives 
analyses  of  some  samples  of  commercial  cream  of 
tartar,  by  Tatlock: — 


TABLE  XLI. 


1. 

2. 

8. 

4. 

Bitartrate  of  potassium, 

91-2 

91-1 

90-8 

92-6 

Tartrate  of  calcium, 

8-4 

8-3 

7-8 

6-6 

Moisture, 

•2 

•2 

1-6 

7 

99-8 

99-6 

100-2 

99-9 

The  proportion  of  tartrate  of  calcium  in  these  four 
samples  is  higher  than  usual ; it  should  not  exceed 
5 per  cent.,  as  its  presence  in  large  quantity  is 
objectionable  on  account  of  the  property  which  it 
has,  in  presence  of  moisture,  of  gradually  decom- 
posing the  bitartrate  of  potassium. 

Probably  not  less  than  3500  tons  of  argol  are 
annually  imported  into  this  country  at  the  present 
time  from  the  wine  countries  of  Europe,  of  which 
a large  proportion  is  shipped  from  Naples.  The 
greater  part  of  this,  however,  is  really  wine-lees 
used  in  the  manufacture  of  tartaric  acid. 

Applications. — Both  “tartar”  (crude)  and  “cream 
of  tartar  ” (refined)  are  largely  employed  in  dyeing 
cochineal  and  lac-dye  scarlets  on  wool,  and  the 
crude  for  the  manufacture  of  tartaric  acid. 

Properties. — Bitartrate  of  potassium  is  a white 
crystalline  substance,  having  a sour  but  not  dis- 
agreeable taste.  When  heated  in  a close  vessel  it 
is  decomposed,  forming  the  mixture  of  carbonate  of 
potassium  with  carbon  in  a minute  state  of  division, 
known  as  “black  flux.”  It  is  slightly  soluble  in 
cold,  but  dissolves  to  a considerable  extent  in  boil- 
ing water.  The  following  table  (XLIL),  by  Brande 
and  Wardenburg,  shows  its  solubility  in  water  at 
different  temperatures ; — 


TABLE  XLII. 


Parti  of  Water  in 
which  1 Part  la^luble. 

Tempevatare. 

' Parts  of  Water  in 
which  1 Part  is  Soluble. 

Temperature. 

240-0 

D^eea  C. 
10 

47-4 

Degrees  C. 

37-5 

234-6 

15-5 

37-8 

50 

183-67) 

32-4 

62-5 

184-71  k 

18-75 

22-0 

75 

202-10) 

17-7 

87-5 

89-0 

25 

14-3 

100 

Uses  of  Potash  in  AGRictfLTURE. — Although  it  is 
now  universally  admitted  that  potassium  in  some 
form  of  combination  is  an  essential  element  in  the 
mineral  food  of  plants,  and  that  it  should  therefore 


be  present  in  manures,  agriculturists  have  scarcely 
yet  awakened  to  a perception  of  its  mouientous 
importance  in  that  respect.  While  it  is  quite  true 
that  its  compounds  are  introduced  to  some  extent 
in  manufactured  manurial  substances — particularly 
such  as  are  employed  in  the  cultivation  of  sugar- 
beet,  sugar-cane,  coffee,  hops,  and  tobacco  — in 
most  instances  these  are  made  to  occupy  but  a 
subordinate  place,  whereas  they  are  probably  the 
most  necessary  part  of  plant  food.  This  has  partly 
arisen,  no  doubt,  from  the  hitherto  comparatively 
high  price  of  these  compounds — an  obstacle  which 
will  probably  be  to  a considerable  extent  removed 
by  the  still  greater  development  of  the  working 
of  the  gigantic  potash  deposits  of  Stassfurt  and 
Douglashall.  It  is  manifest  that  the  enormous 
quantities  of  potassium  compounds  removed  from 
the  soil  by  every  variety  of  crop  must  ultimately 
exhaust  it,  however  rich  it  may  have  been  originally, 
if  they  are  not  replaced.  Virgin  soils  of  course 
frequently  contain  a considerable  proportion,  de- 
rived from  the  rocks  which,  by  disintegration,  gave 
rise  to  them ; but  although  this  is  in  a state 
assimilable  by  plants,  and  quite  available  for  their 
nutrition,  it  is  soon  taken  up  and  removed,  and 
unless  replaced,  the  soil  must  become  impoverished; 
and  it  is  not  to  be  expected  that  it  could  be  elimi- 
nated from  a state  of  combination  in  which  it  is 
insoluble  as  fast  as  it  would  be  required  by  the 
growing  vegetable,  and  which  without  a sufficient 
supply  could  not  thrive.  The  researches  of  Yobbe, 
ScHRCEDER,  and  Erdmann,  of  the  Academy  of  Agri- 
culture near  Dresden,  made  at  the  instance  of  the 
Saxon  Government,  prove  the  importance  of  the 
salts  of  potassium  in  vegetation  ; and  their  conclu- 
sions are  fully  borne  out  by  the  investigations  of 
Heppe,  of  Leipzig,  as  well  as  by  those  of  Wat 
and  Ogston,  Richardson,  and  others.  Numerous 
experiments  recently  made  in  France,  by  order  of 
the  Minister  of  Agriculture,  on  the  application  of 
potassium  salts  in  the  culture  of  the  vine,  are  most 
conclusive  in  showing  that  it  is  of  inestimable  value 
for  that  purpose ; and  the  recent  employment  of 
sulpho-carbonate  of  potassium  as  a remedy  for 
phylloxera  in  vines  may  stimulate  the  production 
of  the  carbonate  from  various  sources. 

There  were  grown  in  Germany  in  1875  over 
4,000,000  tons  of  sugar-beet,  which  drew  from  the 
soil  about  30,000  tons  of  potassium  salts;  and  50,000 
tons  more  of  the  latter  were  withdrawn  by  the  potato 
crop  in  the  same  country,  only  one  half  of  this 
amount  being  returned  to  the  ground  in  the  farm- 
yard manure  ; while  it  is  computed  that,  in  France 
alone,  the  wine  crop  carries  from  off  the  soil  16,000 
tons  of  potassium  salts  every  year. 

The  following  table  (XLIII.),  compiled  from 
Liebig  and  Kopp’s  reports  and  other  sources,  in 
which  is  stated  the  amount  of  potash  in  the  ash  of 
a number  of  vegetable  substances,  will  show  its 
importance  as  an  ingredient  of  plant  food.  These 
are  merely  given  as  examples  ; the  proportions  must, 
of  course,  vary  within  certain  limits,  according  to 
I circumstances: — 
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V^dtabl*. 


Wheat  (grain), 

Oats  “ 

Barley  “ 

Rye  “ 

Potato  (roots), 

White  cabbage, 

Lettuce, 

Turnip  (roots), 

Peas  (seeds), 

Kidney  beans  (seeds), 

Parsnip  (^roots), 

Leek  (bulbs), 

Celery, 

Sprouts, 

Asparagus, 

Cauliflower, 

Rhubarb  (stem), 

Radish  (root), 

Broccoli  (leaves), 

Spinage 

Grape  (Algerian), 

Carrot  (root), 

Apple, 

Pear, 

[Strawberry, 

Cherry, 

Jerusalem  artichokes  (roots). 

Fig  (fruit), 

Walnut  (kernel) 

Cucumber, 

Orange  (entire), 

Chestnut, 

Plum, 

Lemon  (entire), 

Pine  apple, 

Mangold  wurzel, 

Clover  (red), 


Italian  rye  grass,  . . . 

Vetches  (seed), 

Hops, 

Rape  (seed), 

Flax  (straw), 

Linseed, 

Rye  grass, 

Tea  (Himalayan), . . . 

Coffee  (Ceylon), 

Chicory  (Yorkshire), 
Maize, 


PotaKhfK^O) 
Per  Cent, 
in 

Analyst. 

23-18 

Weber. 

24-30 

Way  & Ogston. 

31-55 

33-83 

<< 

63-24 

Griepenkerl. 

54-21 

Stammer. 

46-07 

Richardson. 

36-16 

Way  & Ogston. 

4S-64 

Frankenfelde. 

36-83 

Richardson. 

36-12 

32-35 

<C 

43-17 

« 

21-89 

Way. 

22-86 

Schlienkamp. 

34-39 

Richardson. 

59-59 

<( 

21-96 

ii 

22-10 

u 

9-69 

n 

41-24 

Tatlock. 

37-55 

Frankenfelde. 

35-68 

Richardson. 

54-69 

«( 

21-07 

(t 

51-85 

<( 

55-89 

Frankenfelde. 

28-36 

Richardson. 

31-11 

(( 

50-06 

tt 

38-72 

<( 

39-36 

59-21 

tt 

29-49 

Tatlock. 

49-97 

Richardson. 

23-54 

Frankenfelde. 

18-44 

11-93 

Hubert. 

12-45 

Way  & Ogston. 

39-10 

Sprengel. 

24-88 

Way  & Ogston. 

28-94 

Weber. 

43  42 

Meyer  & Brazier. 

34-17 

Way. 

28-99 

Way  & Ogston. 

39-22 

Zbller. 

55-10 1 

Graham,  Stenhouse, 
and  Campbell. 

33-48 

30-74 

tt 

It  is  manifest  that  if  potash  is  not  supplied  to 
the  extent  to  which  it  is  abstracted,  the  crop  ^ 
must  suffer  accordingly,  and  the  yield  will  diminish. 
Plants  have  the  power,  however,  to  some  extent,  of 
substituting  one  kind  of  mineral  food  for  another ; 
and  the  more  closely  bodies  resemble  each  other  in 
their  chemical  characters,  the  more  readily  will  they 
replace  each  other,  in  the  ratio  of  their  chemical 
equivalents,  in  the  growing  plant.  It  seems  to  be 
esUiblished  beyond  doubt  that  the  sulphate  of  potas- 
sium has  a higher  agricultural  value  than  the  chloride, 
and  for  that  reason  it  is  generally  preferred  to  the 
latter  in  artificial  manures. 

Recently,  pota.sh  in  the  form  of  kainit — the  double 
sulphate  of  potassium  and  magnesium  found  in  the 
Leopoldshall  mine — has  been  applied,  in  conjunction 
with  dissolved  bones  and  nitrate  of  soda,  to  a large 
extent  in  the  reclamation  of  peat  lands  in  Holland 
ami  Germany,  the  operations  in  all  cases  having 
been  attended  with  strikingly  marked  success. 


The  physiological  action  of  potassium  compounds 
is  peculiar.  In  small  doses  they  are  stimulating, 
but  in  excessive  quantities  they  are  unmistakeably 
poisonous,  paralyzing  the  action  of  the  heart;  and 
yet  the  analysis  of  animal  tissues  shows  the  absolute 
necessity  of  an  abundant  supply  of  potash.  Tat- 
LOCK  found  in  the  ash  of  ox-flesh  43‘36  per  cent., 
and  in  that  of  cow’s  milk  16'56  per  cent,  of  the  last- 
named  substance. 

Detection  and  Estimation  of  Potassium. — This 
metal  may  be  detected  by  means  of  the  spectroscope, 
its  spectrum  showing  a dull  band  in  the  red,  and  a 
faint,  but  very  distinct,  line  in  the  violet.  In  the 
absence  of  sodium  it  also  communicates  a violet  tint 
to  non-luminous  flames.  Its  proportion  is  usually 
determined  by  converting  it  into,  and  weighing  it  as, 
potassio-platinic  chloride ; but  while  it  is  admitted 
by  all  chemists  that  this  method  gives  results  which, 
in  point  of  accuracy,  leave  nothing  to  be  desired, 
much  controversy  has  arisen  with  regard  to  the  best 
way  of  applying  it.  Nearly  all  transactions  in  potas- 
sium salts  being  now  based  on  the  strength  as  ascer- 
tained by  analysis,  the  subject  is  one  of  great 
commercial  importance,  and  in  1875  a Committee 
was  appointed  by  the  British  Association  for  the 
Advancement  of  Science  to  investigate  the  subject. 
The  following  extract  from  the  Report  of  the  Com- 
mittee, based  on  the  results  of  many  experiments, 
will  show  the  condition  in  which  they  found  the 
question,  and  the  conclusions  at  which  they  arrived. 

“ The  following  modifications  of  the  general  process 
have  been  employed  by  the  Committee,  with  the 
view  of  testing  their  comparative  accuracy  under 
various  conditions  likely  to  occur  in  practice.  The 
information  forming  the  basis  of  the  experiments 
was  chiefly  communicated  to  the  Committee  during 
last  year,  and  to  a great  extent  was  incorporated  in 
the  Report  presented  at  the  Bristol  Meeting. 

“ Mod’rjicalion  /. — Essentially  the  process  of  Pro- 
fessor Fp.esenius,  described  in  his  ‘ Manual  of  Quan- 
titative Analysis,’  being  shortly  as  follows: — The 
solution  of  mixed  chlorides  of  potassium  and  sodium, 
freed,  if  necessary,  from  calcium,  magnesium,  and 
sulphates,  was  evaporated  nearly  to  dryness  with 
excess  of  solution  of  platinic  chloride.  (In  many  of 
the  experiments  a considerable  excess  of  platinum 
was  employed  beyond  the  quantity  required  to  con- 
vert both  the  alkali  metals  into  chloro-platinates.) 
The  evaporated  solution  was  then  treated  with 
alcohol  of  about  80  per  cent.,  transferred  to  a small 
filter,  washed  with  alcohol  of  80  per  cent.,  and 
carefully  dried.  The  bulk  of  the  precipitate  was 
then  transferred  to  a weighed  capsule,  dried  at 
100°  C.,  and  weighed.  The  filter  with  from  1 
to  8 milligrammes  of  adherent  precipitate  was 
ignited,  the  weight  of  the  filter-ash  (O'OOOI  gram.) 
subtracted,  and  the  residue  of  Pt  + 2KC1  calculated 
to  2KC1  + P tCl^,  the  amount  thus  obtained  being 
added  to  the  main  quantity. 

^'■Modification  II, — The  above  process,  with  the 
following  precautions,  was  recommended  by  Dr. 
Fr.ESENius  in  a communication  to  this  Committee: — 
To  make  sime  not  to  keep  any  chloride  of  sodium 
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along  with  the  chloride  of  potassium  and  plrtinum, 
I first  extract  the  chloride  of  platinum  and  sodium 
with  spirits  of  wine  of  80°,  and  then  wash  the  chloride 
of  platinum  and  potassium  with  a few  c.c.  of  water, 
drop  by  drop ; then  I evaporate  this  solution,  adding  a 
little  chloride  of  platinum,  treat  the  small  precipitate 
again  with  spirit  of  wine,  and  add  the  small  quantity 
of  chloride  of  platinum  and  potassium  to  the  bulk. 

“ Modification  III. — The  third  modification  is  that 
of  Drs.  Frank  and  Berrand  of  Leopoldshall.  These 
chemists  employ  only  about  0-2  gram,  of  the 
potassium  salt,  and  manipulate  like  Fresenius;  but 
they  wash  the  precipitate  with  alcohol  of  98  per 
cent.,  which  is  practically  absolute.  They  dry  the 
precipitate  at  110°  C. 

“ Modification  IV. — The  fourth  modification  is  that 
of  R.  R.  Tatlock,  who  thus  describes  it  in  his  com- 
munication to  the  Committee  : — A portion  of  the 
solution,  equal  to  10  grains  of  the  original  sample, 
is  delivered  into  a small  basin,  diluted  with  400 
grains  or  so  of  water,  and  acidified  slightly  with 
hydrochloric  acid.  About  500  grains  of  platinic 
chloride  solution  (containing  at  least  25  grains  of 
platinum)  are  added,  and  the  fluid  evaporated  nearly 
to  dryness  on  a water  bath.  A few  drops  of  water 
are  then  added  to  the  residue,  and  the  evaporation 
repeated  to  expel  the  excess  of  hydrochloric  acid. 
About  50  grains  more  of  the  strong  platinic  solution 
are  mixed  with  the  precipitate,  and  the  whole  stirred 
well,  and  set  aside  in  a cold  place  for  at  least  an 
hour,  with  occasional  stirring.  The  precipitate  is 
then  thrown  on  a very  small  filter  (unweighed),  the 
basin  rinsed  out  with  about  10  drops  more  of  the 
platinum  solution,  and  the  precipitate  on  the  filter 
washed  with  10  or  15  drops  more.  The  basin  and 
the  filter  and  contents  are  then  washed  with  the 
smallest  possible  quantity  of  alcohol  of  95  per  cent, 
strength,  and  dried  at  100°  C.  The  dried  precipitate 
is  transferred  as  completely  as  possible  to  a small 
capsule,  in  which  it  is  further  dried  until  it  assumes 
a distinct  orange  colour,  and  weighed.  The  filter, 
with  a trace  of  adhering  precipitate,  is  ignited  on  a 
crucible  lid,  and  the  residual  metal,  with  its  corres- 
ponding chloride  of  potassium,  calculated  to  potassio- 
platinic  chloride,  and  the  weight  added  to  that  of  the 
precipitate. 

“ From  the  above  description  it  will  be  seen  that 
the  chief  points  of  difference  in  the  processes  are 
as  follow : — 

“Fresenius  (Process  I.)  uses  moderately  strong 
alcohol  (80  per  cent.)  for  washing  the  precipitate, 
but  in  his  modified  process  he  subsequently  uses  a 
few  centimetres  of  water,  and  recovers  any  potassium 
salt  thus  dissolved. 

“ Frank  and  Berrand  wash  with  absolute  alcohol. 

“Tatlock  washes  first  with  strong  solution  of 
platinic  chloride,  and  then  with  strong  alcohol. 

“ From  a general  consideration  of  the  foregoing 
researches  on  the  determination  of  potassium,  as 
chloro-platinate,  it  appears  that — 

“ 1.  Potassium  in  the  form  of  pure  chloride  can  be 
determined  with  great  accuracy  by  precipitation  as 
chloro-platinate.  If  a large  excess  of  platinum  solu- 


tion be  employed,  and  alcohol  only  used  for  washing 
the  precipitate,  the  results  have  a tendency  to  exceed 
the  truth.  By  avoiding  the  use  of  a large  excess  of 
platinum  solution  more  accurate  results  are  obtained. 
If  a small  volume  of  platinum  solution  be  employed 
in  the  first  instance  for  washing  the  precipitate  (as 
recommended  by  Tatlock),  and  the  washing  then 
completed  with  alcohol  in  the  usual  way,  the  results 
are  very  accurate.  Potassium  chloro  - platinate 
appears  to  be  practically  insoluble  in  a concentrated 
solution  of  platinic  chloride. 

“2.  In  pr^  sence  of  a considerable  proportion  of  chlo- 
ride of  sodium,  washing  the  precipitate  with  alcohol 
alone  tends  to  give  results  in  excess  of  the  truth.  If 
the  precipitate  be  first  treated  with  platinum  solution 
the  results  are  somewhat  low,  apparently  owing  to 
the  solubility  of  the  precipitate  in  solution  of  sodium 
chloro-platinate  : the  error  increases  with  the  amount 
of  sodium,  but  is  never  very  large,  and  a correction 
may  be  applied  if  desired. 

“ 3.  If  Tatlock's  method  be  employed  there  is  no 
occasion  to  separate  any  sulphates,  nitrates,  or  mag- 
nesium ; but  if  the  amount  of  chloride  present  is 
insufficient  for  the  existence  of  all  the  potassium  as 
chloride  of  potassium,  the  deficiency  must  be  supplied 
by  the  addition  of  chloride  of  sodium  or  hydrochloric 
acid.  The  results  obtained  are  in  many  cases  very 
accurate,  but  have  a tendency  to  be  somewhat  below 
the  truth. 

“ 4.  There  is  practically  no  advantage  in  drying 
chloro-platinate  of  potassium  at  130°  C.  rather  than 
at  100°  C. ; the  loss  at  the  higher  temperature  was 
found  not  to  exceed  0'07  per  cent,  of  the  weight  of 
the  precifiitate,  but  it  is  probably  governed  by  the 
conditions  of  precipitation. 

“ 5.  The  Committee  is  of  opinion  that  a preliminary 
washing  of  the  precipitate  of  chloro-platinate  of 
potassium  with  a solution  of  platinic  chloride  is  a 
valuable  modification  of  the  usual  process.  As  the 
method  so  modified  is  capable  of  direct  application 
to  the  commercial  salts  of  potassium,  and  does  not 
necessitate  the  removal  of  sulphates,  nitrates,  or 
magnesium,  the  Committee  considers  that  it  deserves 
to  be  generally  applied  to  the  determination  of 
potassium  in  commercial  products  containing  it.” 

Various  other  methods  have  been  proposed  for 
the  estimation  of  potassium.  That  of  Schlcesing 
consists  in  treating  the  concentrated  solution  with 
perchloric  acid,  evaporating  to  dryness,  and,  after 
washing  the  residual  perchlorate  of  potassium  several 
times  with  alcohol,  again  evaporating  to  dryness, 
washing  with  spirit,  drying,  and  weighing.  There  is 
no  doubt  that  this  process  is  capable  of  great  accuracy, 
and  separates  potassium  from  sodium  with  much 
exactness.  Carnot  precipitates  the  potassium  by 
means  of  a solution  prepared  by  dissolving  1 part  of 
subnitrate  of  bismuth  in  a few  drops  of  hydrochloric 
acid,  adding  2 parts  of  sodium  thiosulphate  and  then 
a large  excess  of  alcohol.  A yellow  precipitate  is 
produced  which  is  a double  thiosulphate  of  potas- 
sium and  bismuth ; it  is  washed  with  alcohol, 
and  the  bismuth  separated  from  it  by  dissolving  in 
water,  adding  sulphide  of  ammonium,  and  weighing 
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as  sulphide  of  bismuth.  According  to  Pesier’s 
method  of  separating  potassium  from  sodium,  the 
mixed  salts  are  converted  into  sulphates  by  evapora- 
tion to  dryness  with  sulphuric  acid,  and  calcining 
with  a piece  of  carbonate  of  ammonium ; the  result- 
ing mixed  neutral  sulphates  dissolved  in  the  smallest 
quantity  of  hot  water;  and  the  solution  allowed  to 
cool  perfectly  until  crystallization  is  complete.  The 
specific  gravity  of  the  mother  liquor  is  then  carefully 
taken,  and  if  no  sodium  is  present  it  should  corres- 
pond exactly  with  that  of  pure  sulphate  of  potas- 
sium; but  the  presence  of  the  former,  of  course, 
adds  to  the  density  of  the  fluid,  and  from  the  dif- 
ference in  this  respect  the  amount  of  sodium  is 
arrived  at  by  means  of  a table  constructed  for  the 
purpose.  There  is  a danger  of  error  from  super- 
saturation, but  the  results,  considering  this,  are 
tolerably  correct.  The  sodium  salt  must  never  be 
present,  however,  in  large  enough  proportion  to 
crystallize  out. 

POTTERY. — Poterk,  French ; Steingut,  Porzelan,  Top- 
fen,  German. — The  potter’s  wheel  is  one  of  the  most 
ancient  mechanical  appliances,  and  has  remained 
unchanged  for  thousands  of  years.  An  Egyptian 
thrower  of  the  time  of  the  Pharaohs  would,  if  he 
were  resuseitated,  be  capable  of  at  once  taking  a 
place  in  a modern  pottery. 

The  most  ancient  specimens  of  fictile  manufacture 
now  existing  are  the  sun-dried  and  kiln-baked  bricks 
of  Egypt  and  Assyria;  next  followed  terra- cotta,  an 
earthenware  of  a dull  eoarse  appearance  without  any 
glaze.  It  is  simply  clay  baked  at  a low  temperature 
till  it  acquires  a soft  pale  tint.  The  Romans  burnt 
their  bricks  till  they  were  of  a deep  red  colour. 
Tiles  came  into  use  at  a very  early  period ; they  were 
used  for  roofing  purposes,  and  also  for  decorating 
walls,  floors,  &c.  When  used  for  ornamental  pur- 
poses they  were  commonly  glazed. 

The  tiles  of  the  Egyptians  of  the  sixth  dynasty 
were  glazed  with  a mixture  of  powdered  silica  and 
carbonate  of  soda  from  the  soda  lakes  of  Egypt — the 
“ nitre  ” of  the  Holy  Scriptures,  but  really  natron ; the 
colours  were  obtiiined  by  addition  of  metallic  oxides. 
An  oxide  of  copper  produced  the  celestial-blue  glaze. 
'I’he  green  glaze  is  of  a kindred  nature  with  the 
blue ; and  manganese,  gold,  silver,  tin,  &c.,  produced 
the  violet,  yellow,  white,  and  red  hues. 

The  Assyrians  applied  a glaze  or  enamel  to  some 
of  their  kiln-dried  bricks  on  one  face  only ; the 
colours  used  were  blue,  yellow,  white,  red,  and  black. 
The  Assyrians  were  great  writers  upon  tiles,  and 
they  also  employed  cylinders  and  prisms  for  the 
same  purpose.  Whole  libraries  of  these  imperishable 
tablets  have  been  found. 

Tiles  were  extensively  used  by  the  Greeks  and 
Romans,  both  for  roofing  and  for  the  flues  of 
baths,  and  also  in  the  construction  of  many  of  their 
tombs. 

Flue-tiles,  which  are  necessarily  hollow,  almost 
invariably  measure  16-^  inches  in  length  by  6^ 
inches  in  width  and  5 in  depth.  They  have  their 
surfaces  scored  either  with  wavy  lines  or  more  syste- 
matic patterns. 
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Diain-tiles,  or  terra-cotta  pipes,  are  larger  than 
those  used  for  flues. 

AVall-tiles  are  large  thin  squares  of  terra-cotta, 
and  they  generally  were  decorated  on  one  side  wdth 
incised  figures  and  patterns. 

Floor-tiles  were  extensively  used  by  the  Romans 
in  the  construction  of  their  hgpocaiisls  und  sn.giensurse. 
When  the  builders  of  a Roman  villa  desired  to  warm 
a room,  they  constructed  a warm  air  chamber  below 
it,  supporting  the  floor  upon  a number  of  stone 
pillars,  or  of  piers  of  square  tiles  set  out  at  equal 
intervals.  Upon  these  a series  of  larger  tiles  were 
laid,  and  on  these  some  not  less  than  18  inches 
square,  until  a continuous  surface  was  obtained,  on 
which  the  concrete  for  the  pavement  itself  could  be 
firmly  laid.  Tiles  of  the  following  dimensions  are 
commonly  found  in  the  extant  floors  of  Roman  villas 
in  England : — 

For  the  piers, inches  square. 

For  the  second  row, 13  “ 

For  the  third  and  last  row,.. ... . 18  “ 

Such  tiles  often  show  footmarks  of  the  dog,  goat, 
sheep,  ox,  and  other  animals,  which  have  walked 
over  the  moulded  clay  before  burning. 

During  the  time  of  the  Roman  occupation  of 
Britain  immense  quantities  of  the  rougher  sorts  of 
pottery  were  manufactured,  especially  for  sepulchral 
urns,  in  many  parts  of  the  country.  These  urns  are 
' plain,  of  simple  and  somewhat  elegant  form,  of  a 
grey  or  dull  black  colour,  and  generally  ornamented 
with  a broad  baud  of  crossed  lines  around  the  widest 
part  of  the  vessel.  They  were  generally  burnt  in  a 
“ smother  kiln,”  so  as  to  give  them  a dark  hue ; and 
were  often  made  of  coarse  clays,  little  adapted  for  the 
potter’s  art.  A better  sort  of  ware,  also  of  dark  colour 
— in  fact,  nearly  black — was  made  at  Upchurch,  in 
Kent,  and  along  the  banks  and  creeks  of  the  Medw^ay, 
where  vast  accumulations  of  Roman  pottery  have 
been  discovered.  At  and  below  Castor,  in  Northamp- 
tonshire, the  Durobrivse  of  the  Romans,  and  at 
Colchester,  kilns,  with  potters’  tools  and  finished 
vessels,  have  been  found ; but  in  these  instances 
the  ware  is  more  varied  in  character,  and  of  higher 
style  as  to  decoration.  A curious  buff-coloured 
ware,  ornamented  with  circles  and  undulating  stripes 
in  a thin  red  ferruginous  pigment,  have  been  found 
in  kilns  in  the  New  Forest,  England.  So  far  as 
regards  Romano-British  pottery,  we  are  able  to 
affirm  that  it  was  of  many  different  kinds,  and  was 
extensively  manufactured  here,  although  much  was 
imported.  Still  we  cannot  assign  a definite  place  of 
manufacture  to  all  the  different  varieties  which  are 
known.  Some  of  the  tiles  marked  with  the  names 
of  particular  legions  have  been  already  described 
and  allocated ; on  other  tiles  less  intelligible  letters 
appear.  An  interesting  series  found  at  Cirencester 
bears  the  name,  ARVERI,  preceded  and  followed 
by  a small  mark,  which  closely  resembles  the  pointed 
spade  still  used  in  digging  out  potters’  clays.  Another 
series  from  the  same  Roman  town  shows  a set  of 
letters  of  which  one,  the  last,  changes  as  if  following 
some  regular  order:  the  extant  specimens  read  thus — 
TPFA,  TPFC,  TPFP. 
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POTTERY. — Samian  Ware,  &c. 


The  red  lustrous  pottery,  commonly  known  as  Samian 
or  Aretine  ware,  from  the  celebrated  potteries  of 
Sail' os  and  Aretium.  now  Arezzo,  in  Tuscany,  was 
in  universal  use  wherever  the  Roman  name  was 
known  in  the  ancient  world.  The  period  of  the 
manufacture  is  considered  to  extend  from  the  first 
to  the  third  century  of  this  era ; and  it  would  appear 
to  have  been  produced  in  large  quantities,  as  well  in 
Roman  Gaul  and  Germany,  as  in  Italy  and  at  Samos. 
The  paste  is  of  a rich  sealing-wax  red  eolour.  The 
vessels  vary  considerably  in  form,  but  are  rarely  of  a 
large  size.  They  are  thin  and  delicate  in  their  struc- 
ture : the  red  hue  of  the  body  or  paste  is  derived 
from  ferric  oxide ; the  brilliant  glaze  is  coloured  red 
by  the  same  means. 

Examples  of  chocolate-brown,  of  black,  of  grey, 
and  of  yellow  Samian  ware,  have  been  found  both 
in  this  country  and  on  the  Continent.  The  ware,  in 
fineness  and  character  of  paste,  is  at  all  events 
identical  in  these  examples  with  the  red  ware  which 
we  have  just  been  describing,  and  its  decoration  is 
j similar;  but  it  differs  in  colour,  in  the  frequent 
[ absence  of  a glaze,  and  sometimes  in  the  peculiar 
colours  and  even  iridescence  of  the  glaze.  All  these 
j varieties  are,  however,  very  rarely  met  with : the 
j same  must  also  be  said  of  a kind  of  Samian,  in 
1 which  the  designs  are  sharply  incised  in  the  ware 
as  with  a sharp  knife,  not  impressed  by  moulds  or 
applied. 

The  black  lustrous  pottery  of  the  Romans  was 
made  of  any  tenacious  clay ; it  varies  in  colour  from 
a rich  deep  black  to  a slate  or  olive  hue.  The  black 
glaze  was  produeed  by  smothering  the  fire  of  the 
kiln,  so  that  carbon  was  deposited  on  the  highly 
heated  surfaces  of  the  vessels,  or  the  iron  reduced 
to  a lower  state  of  oxidation. 

The  sepulchral  mounds  erected  over  the  graves  of 
deceased  chieftains  of  the  early  European  races 
have  contributed  many  examples  of  the  vases  that 
were  fabricated,  both  before  and  after  the  era  of 
the  Roman  dominion,  in  countries  beyond  the  limits 
of  Italy  and  Greece.  Urns  and  vases  of  various 
sizes  and  forms,  generally  without  handles,  are  found 
in  Anglo-Saxon  tumuli.  The  rudeness  of  the  greater 
number  of  the  specimens  of  Anglo-Saxon  pottery  is, 
indeed,  as  remarkable  as  the  tendency  which  it  so 
generally  exhibits  to  assimilate  rather  to  the  British 
than  to  the  Roman  types.  The  paste  both  of  the 
Celtic  and  Saxon  potterj'  is  coarse,  and  consists  of 
the  clay  found  on  the  spot,  which  had  not  received 
much  preparation,  and  had  undergone  a baking  of 
only  a very  imperfect  kind.  The  vessels  are  of  a 
dull  blackish-brown  hue.  They  are  generally  of  an 
urn  shape,  tapering  towards  the  base,  and  having 
wide  mouths  with  bevelled  and  overlapping  lips; 
and  their  style  of  ornament  consists,  for  the  most 
part,  of  simple  cords  or  bands  of  punctured  zigzag 
and  herring-boue  work,  intermixed  with  dots  and 
small  projecting  bosses. 

The  Teutonic  pottery,  which  is  found  throughout 
Germany,  bears  a considerable  resemblance  to- that 
of  the  Anglo-Saxons.  The  urns  are  formed  of  a 
friable  paste  composed  of  clay  and  sand,  intermixed 


with  particles  of  mica,  but  the  substance  varies  in 
colour  in  different  localities.  Like  the  Celtic  pottery, 
many  of  the  smaller  vases  have  been  modelled  by 
the  hand  ; but  some  of  these,  and  the  greater  num- 
ber of  the  larger  urns,  bear  decided  marks  of  having 
been  turned  upon  the  wheel. 

For  some  centuries  after  the  fall  of  the  Western 
Empire  pottery  appears  to  have  been  confined 
to  such  simple  vessels  as  are  required  for  do- 
mestic purposes.  And  when  at  last  improvements 
began  to  be  gradually  introduced,  earthen  vessels 
still  continued  for  a long  space  of  time  to  be 
esteemed  simply  as  articles  of  present  utility,  so  that 
but  few  specimens  have  been  preserved.  It  is  known 
that  the  Arabs  employed  lead  glaze  in  the  ninth 
century,  and  that  the  Moors  introduced  their 
plumbiferous  glaze  into  Spain  early  in  the  thir- 
teenth century,  about  which  time  its  use  seems  to 
have  spread  into  other  countries.  Stanniferous  glazes 
were  also  brought  into  Europe  by  the  Moors,  and 
probably  the  use  of  both  tin  and  lead  in  glazes  or 
enamels  became  known  in  the  "West  at  about  the 
same  period. 

As  early  as  527  the  Saracens  conquered  Sicily, 
and  adorned  their  great  mosque  at  Palermo  with 
coloured  and  enamelled  tiles.  In  the  ninth  century 
they  manufactured  highly  ornamental  pottery  and 
tiles  in  Majolica.  In  1115  the  Pisans  carried  off 
specimens  of  rich  Moorish  pottery,  and  thus  helped 
to  introduce  the  art  into  Italy. 

In  the  thirteenth  century  Italian  pottery  already 
had  a distinctive  character.  Under  the  Malatestas, 
lords  of  Pesaro,  the  manufacture  assumed  a more 
decorative  and  artistic  aspect.  A new  process  at 
this  period  was  developed,  upon  which  the  subse- 
quent ceramic  operations  of  Italy  were  based.  The 
red  or  other  comparatively  coarse  and  dark-coloured 
clay  which  formed  the  paste  or  actual  body  of  the 
pottery,  was  first  fired,  or  partly  baked,  and  then, 
by  immersion,  it  was  covered  with  a thin  coating  of 
a composition  formed  of  oxides  of  lead  and  tin,  and 
of  a very  white  earth  procured  from  the  territory  of 
Siena ; after  this  the  ware  was  again  placed  in  the 
kiln  to  receive  its  final  firing.  When  the  enamel  was 
required  to  be  more  hard  and  white,  the  proportion 
of  the  tin  was  increased.  The  overlaying  of  an 
opaque  white  surface  upon  a coloured  body  of  a 
totally  different  texture  formed  a process  altogether 
new,  which  may  be  regarded  as  the  basis  of  the 
celebrated  Majolica  ware  of  Italy. 

Luca  Della  Robbia  (1400-81),  a goldsmith  of 
Florence,  after  many  experiments,  arrived  at  the 
conclusion  that  an  almost  endless  durability  might 
be  imparted  to  figures  in  clay  by  overlaying  them 
with  a thick  glaze  of  tin  combined  with  other  mineral 
substances.  About  the  year  1438  he  introduced  an 
opaque  white,  highly  lustrous  stanniferous  enamel, 
which  he  was  the  first  Italian  to  apply  to  terra-cotta. 
His  earliest  works  are  in  white  on  a blue  ground; 
but  he  subsequently  introduced  green,  maroon, 
yellow,  and  violet.  He  appears,  however,  to  have 
used  those  colours  very  sparingly,  and  to  have 
retained  his  preference  for  white  and  blue.  The 
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works  of  Luca  Della  Robbia,  distinguished  invari- 
ably by  their  simplicity  and  purity  of  style,  consist 
of  Madonnas  and  Scripture  subjects,  with  architec- 
tural ornaments  and  glazed  tiles.  Many  of  his  best 
productions  still  remain  in  undiminished  beauty,  as 
decorations  in  the  walls,  both  external  and  internal, 
of  the  churches,  monasteries,  palaces,  and  other  public 
and  private  buildings  in  Florence,  where  they  were 
originally  placed.  Other  specimens  have  found  their 
way  into  museums : that  at  South  Kensington  pos- 
sesses some  characteristic  examples. 

The  manufacture  speedily  secured  great  patron- 
age, and  designs  were  produced  by  artists  of  great 
skill.  The  manufactories  of  Urbino.  situated  in 
Castel-Durante  and  Faenza,  are  the  places  most 
celebrated  for  their  Majolica.  Besides  its  Majolica, 
Faenza  produced  bas-reliefs  after  the  manner  of  Luca 
della  Robbia  ; and  this  city,  with  Florence,  was 
the  first  to  adopt  the  beautiful  white  tin  glaze,  when 
the  secret  of  its  production  had  become  known  some 
years  after  the  death  of  Luca.  The  term  Fayence, 
now  generally  applied  to  all  enamelled  earthenware, 
and  particularly  to  that  of  Italy,  is  supposed  to  have 
been  derived  from  Faenza,  in  commemoration  of 
the  early  use  at  that  city,  in  its  ceramic  works,  of  the 
white  Della-Robbian  glaze.  In  several  cities  of  the 
Papid  States  Majolica  was  made  during  the  best 
periods  of  the  art ; and  subsequently,  at  the  close  of 
the  sixteenth  century  and  throughout  the  century 
following,  and  even  later  still,  the  same  manufacture 
was  actively  carried  on  in  several  parts  of  Italy. 
Majolica  was  produced  in  the  sixteenth  century  both 
in  Germany  and  France.  HirschvoGEL,  an  artist  of 
Nuremberg,  when  travelling  in  Italy,  visited  Urbino 
in  1503;  and  having  there  learned  the  art  of  making 
this  Ware,  he  estabhshed  a manufactory  in  his  native 
city  on  his  return:  his  works  are  ornamented  in 
relief.  At  Nevers  in  France,  also,  a manufacture  of 
Majolica  was  estabhshed  by  Duke  Louis  Gonzaga 
about  the  year  1570.  About  1550  Bernard  Pa- 
LISSY  discovered  for  himself  the  enamels  which 
enabled  him  to  execute  the  remarkable  ceramic 
works  that  are  identified  with  his  name.  He  had 
laboured  through  a memorable  probation  of  fifteen 
years  before  success  crowned  his  experiments. 
'I’henceforward  his  career  as  an  artist  was  one  sus- 
tained triumph.  He  modelled  exclusively  from  the 
fish  of  the  Seine,  from  the  fossil  shells  of  the  Paris 
basin,  and  from  other  natural  objects  found  in  the 
same  localities.  Ilis  enamels  are  hard  and  brilliant, 
and  his  hues  rich  and  vivid.  He  employed  a tin 
glaze,  upon  which  his  coloured  enamels  were  laid. 

The  French  Fayence,  called  Henri  Deux  ware, 
had  a very  brief  period  of  manufacture.  It  was 
made  at  a private  pottery  belonging  to  the  Chateau 
d’Oiron,  near  Thouars  in  Touraine,  probably  be^ 
tween  tlie  years  1524  and  1560.  The  paste  is  fine, 
of  a creamy  colour  and  ivory-like  appearance.  The 
decorations  are  mostly  incised  in  delicate  lines,  and 
filled  in  with  yellow,  chocolate-brown,  and  black 
compositions.  From  the  style  and  peculiarities  of 
these  coloured  decorations,  it  is  conjectured  that  the 
patterns  used  were  bookbinders’  moulds.  Heads, 
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mouldings,  and  other  decorations  in  relief  were  also 
used  upon  this  ware,  particularly  in  the  later 
examples.  The  paste  is  a hard  white  pipe  clay,  and 
the  glaze  gives  it  its  warm  yellow  hue.  The  earlier 
designs  are  especially  delicate  in  form  and  drawing, 
and  show  the  Renaissance  feeling  of  the  period  of 
manufacture.  The  dates  given  above  are  derived, 
partly  from  the  evidence  afforded  by  the  pieces  of 
this  fabrique  still  extant,  and  partly  by  evidence 
which  has  been  collected  in  the  neighbourhood  of 
Thouars.  Of  the  former  kind  of  proof  we  may  cite 
the  presence  of  the  insignia  of  Francis  I.  upon  the 
earlier  pieces,  and  the  arms  of  Hicnrt  II.  upon  the 
later  and  more  elaborate  works.  Upon  some  of 
these  there  also  appear  the  device  (three  crescents) 
of  that  monarch,  or  his  initial  (H)  interlaced  with 
the  two  Ds  of  Diane  de  Poitiers,  Duchesse  de 
Valentinois.  It  should  be  stated  that  this  Henri 
Deux  ware,  or  Fayence  d’Oiron,  was  not  made  for 
sale,  but  for  private  use  and  for  presents;  the 
manufactory  being  the  creation  of  the  Gouffier 
family,  owners  of  the  Chateau  d’Oiron.  About  70 
pieces  of  the  elegant  pottery  survive,  most  of  which 
are  preserved  in  the  public  museums  of  France  and 
England,  or  are  in  the  hands  of  a few  wealthy 
collectors  of  ceramic  works.  Their  decorative  effect 
may  be  compared  to  that  of  niellos,  with  accessories 
of  repoiLsse  and  chased  metal  work ; and  they  con- 
stitute some  of  the  most  delicate  productions  of 
fictile  manufacture  that  are  in  existence. 

Delft  and  other  towns  in  Holland  were  early 
celebrated  for  their  earthenware.  Their  subjects 
were  for  the  most  part  copies,  both  in  form  and 
colour,  of  the  old  porcelain  of  Japan,  with  which 
the  Dutch  were  familiar  long  before  it  was  known 
to  the  rest  of  Europe.  The  clay  found  in  the 
vicinity  of  Maestricht  was  mixed  with  marl  or  sand ; 
and  this  was  covered  with  a beautiful  glaze  having 
a blue  tinge,  which  presented  a smooth  and  even 
surface,  and  received  paintings,  in  imitation  of  the 
Oriental,  without  impairing  the  distinctness  of  the 
colours.  One  curious  branch  of  the  Delft  manu- 
facture consisted  of  dinner  services,  of  which  the 
dishes  and  covers  were  made  in  the  forms,  and 
painted  to  resemble  animals,  birds,  and  vegetables, 
such  as  are  usually  served  at  table.  The  pseudo- 
Japan  Delft  ware  flourished  until  the  commencement 
of  the  eighteenth  century,  when  it  began  to  decline. 
The  superiority  of  the  wares  of  Wedgwood  caused 
the  Delft  to  be  superseded,  even  in  Holland,  by 
pottery  of  English  production. 

The  Stoneware  of  the  Low  Countries  is  a densely- 
baked  earthenware,  formed  of  clay  mixed  with  sand, 
and  glazed  with  salt.  It  exhibits,  when  broken,  a 
close  grey  texture ; it  is  somewhat  vitreous,  resists 
the  action  of  fire,  and  is  impermeable  to  liquids, 
even  such  as  are  of  the  most  penetrating  and  cor- 
rosive nature.  The  stoneware  of  the  Low  Countries 
may  be  divided  into  common  and  fine.  Both  are 
usually  ornamented  with  subjects  in  relief,  and 
coloured;  but  the  fine  stoneware  is  distinguished 
by  a more  elaborate  ornamentation  as  well  as  by 
the  superior  quality  of  its  paste.  The  common  stone- 
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ware  appears  to  have  been  in  general  use  towards 
the  close  of  the  sixteenth  century.  In  many  parts 
of  Germany  richly  decorated  earthenware  was  still 
made  in  the  seventeenth  century.  The  body  or 
paste  is  often  hard  though  dark  in  colour,  covered 
with  salt-glaze,  and  decorated  with  coloured  fusible 
enamels  and  oil-gilding. 

Although  commonly  spoken  of  as  Gr^s  de  Flandres 
or  Gr^s  Flamand,  much  of  the  best  stoneware  was 
made  in  Germany,  and  not  a little  in  France.  Some 
of  the  early  Beauvais  specimens  arc  beautiful  in 
colour  and  decoration,  as  well  as  of  excellent  paste 
and  glaze.  The  colours  are  chiefly  cobalt  blue  and 
a manganese  puce,  which  combine  harmoniously 
with  the  finely-drawn  incised  ornaments  and  the 
encrusted  flowers  in  grey.  The  manufacture  of 
these  wares,  beginning  in  the  earlier  part  of  the 
fifteenth  century,  declined  towards  the  middle  of 
the  seventeenth,  giving  way  before  the  introduction 
of  oriental  porcelain  and  its  Dutch  imitations. 

The  few  specimens  of  early  pottery  that  have 
been  found  in  England,  and  which  may  be  con- 
sidered to  have  been  of  home  manufacture,  are 
such  as  lead  to  the  conclusion  that  before  the  seven- 
teenth century  this  country  was  chiefly  supplied 
with  crockery  ware  from  abroad.  In  some  few 
instances  foreign  workmen  settled  in  England,  and 
thus  their  art  became  naturalized  with  them.  Ves- 
sels, most  of  them  tall  and  slender  jugs,  have  been 
discovered  in  excavations  in  Loudon  which  may  be 
assigned  to  the  fourteenth  and  fifteenth  centuries, 
and  were  probably  made  in  this  country.  The  glaze 
used  was  obtiiined  from  lead.  Amongst  the  pro- 
ductions of  the  seventeenth  century,  an  English 
Delft  may  be  considered  to  have  occupied  a pro- 
minent position.  Dishes,  plates,  &c.,  were  made 
at  Lambeth,  Fulham,  Liverpool,  Bristol,  and  in 
Staffordshire. 

The  Staffordshire  Potteries  now  produce  the 
great  mass  of  the  earthenware  porcelain  manufac- 
tured in  this  country.  This  district  contains  twelve 
lordships  and  three  parishes,  and  constitutes  the 
borough  of  Stoke-upou-Trent.  The  E,omano-Bri- 
tish  ceramists,  the  Saxon  tile-icrights,  the  Norman 
potters,  and  English  potters,  have  successively  occu- 
pied the  same  localities. 

In  1686  Dr.  Robeut  Plot  mentions  Burslem  as 
being  the  seat  of  the  most  important  pottery  of  the 
district,  and  he  also  speaks  of  the  manufacture  of 
tobacco-pipes  at  Newcastle-under-Lyne.  He  gives 
a minutely  exact  description  of  four  varieties  of 
white  and  red  clays,  all  of  them  found  within  half  a 
mile  of  Burslem,  the  best  being  dug  up  nearest  the 
coal,  which  were  of  close  texture  and  would  work 
well  on  the  wheel ; and  three  other  clays  of  looser 
and  more  friable  natures,  called  slips,  which  were  usu- 
ally used  for  painting  the  wares.  Until  1680  a lead 
glazing  was  employed ; glazing  by  means  of  salt  is 
stated  to  have  been  accidentally  discovered  in  that 
year,  and  first  used  by  a potter  named  Palmer. 
About  1605  white  and  brown  stonewares  were  made 
by  Thomas  Miles  of  Skelton.  These  wares,  when 
salt-glazed,  were  called  crouch-wares  by  the  Burslem 
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manufacturers,  who  first  produced  them  in  1690- 
In  1700  Burslem  contained  twenty -two  ovens,  each 
having  eight  mouths  at  equal  distances.  If  the 
mottled  jugs  mounted  in  silver  of  the  time  of 
Elizabeth  be  really  of  English  make,  we  must  put 
back  the  introduction  of  salt-glazing  by  a century 
at  least. 

The  first  attempts  that  were  made  to  imihite 
some  Japan  ware  by  the  Staffordshire  potters  were 
not  successful ; but  about  1690  the  brothers  John 
Philip  and  David  Elers,  who  had  come  over  with 
the  Prince  of  Orange  in  1688,  discovered  a bed  of 
fine  clay  suitable  for  the  production  of  a hard  com- 
pact red  ware  of  most  excellent  quality.  This  och- 
reous  clay  was  dug  at  Bradwell  Wood,  about  two 
miles  from  Burslem,  and  by  careful  grinding  and 
purification  enabled  these  foreign  potters  to  turn 
out  tea-pots,  coffee-pots,  piggins,  flower -pots,  of 
a character  quite  equal,  if  not  superior,  to  the  Japan- 
ese red  ware  which  had  suggested  their  production. 
John  Philip  Elers  appears  to  have  been  the  more 
active  of  the  brothers,  and  to  have  remained  in 
Staffordshire  until  1710.  Elers’  ware  is  variously 
marked  by  an  impressed  square  of  imitative  Japanese 
characters,  often  found  on  the  pieces  now  extant. 
Agate  ware,  tortoiseshell  ware,  and  fine  white  stone- 
ware, were  also  made  by  Elers.  The  use  of  calcined 
and  pounded  flint  as  an  ingredient  in  Staffordshire 
pottery  is  generally  attributed  to  Astbdry  in  the 
year  1720:  it  was  probably  due  to  Elers,  but  it  did 
not  come  into  general  use  until  that  year,  from 
which  date  great  and  highly  important  improvements 
in  the  Staffordshire  wares  were  made.  The  new 
material  was  used  in  combination  with  pipeclay  and 
sand,  and  coloured  with  oxide  of  copper  and  man- 
ganese. About  this  time  moulds  of  plaster  of  Paris 
were  introduced  from  France  into  England  by  Ralph 
Daniel  of  Cobridge,  and  generally  adopted  by  the 
English  potters.  The  fine  salt-glazed  ware  of  a 
creamy  - white,  the  agate  and  tortoiseshell  wares, 
some  of  the  specimens  being  moulded  in  relief  and 
enriched  with  od-gilding,  were  thus  produced.  The 
wares  produced  from  these  moulds  were  distinguished 
only  by  their  different  shades  of  colour,  and  were 
known  as  drab,  or  cream  - coloured,  and  wiiite. 
Printed  and  painted  wares  also  soon  followed  the 
plain  varieties. 

JosiAH  Wedgwood  was  born  in  1730.  He  was  re- 
moved from  school  at  the  early  age  of  nine,  and  placed 
as  a thrower  in  the  Churcli-yard  Pottery  of  his 
brother  Thomas  at  Burslem.  In  1744  he  was  appren- 
ticed to  his  brother  for  five  years,  and  afterwards 
entered  into  partnership  with  Harrison  of  Cliff  Bank 
Pottery.  Before  long  he  associated  himself  with 
Whieldon,  of  Fenton,  who  became  well  known  for 
his  tortoiseshell  and  other  richly  glazed  wares.  In 
1769  he  commenced  working  on  his  own  account, 
and  it  was  not  long  before  the  improvements  which 
he  effected  in  the  ordinary  white  ware  attracted 
attention.  He  gave  to  this  white  ware  delicate 
creamy,  straw,  or  primrose  tints,  and  was  allowed  to 
call  it  Queen's  ware,  after  Queen  Charlotte,  by  whom 
some  specimens  had  been  ordered.  This  renowned 
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ware  was  composed  of  the  whitest  clays  of  Dorset 
and  Devon,  mixed  with  gi-ound  flint,  and  covered 
with  a sound  vitrified  glaze.  It  was  thin  and  uni- 
form in  substance,  thoroughly  well  potted,  and 
would  stand  heat  and  ordinary  acids. 

Ilis  success  having  now  become  established, 
Wedgwood  applied  himself  with  the  most  devoted 
assiduity  to  the  introduction  of  various  improvements 
in  the  composition,  glaze,  and  colour  of  his  produc- 
tions. He  consulted  the  best  chemists ; he  worked 
assiduously  at  his  own  experiments  ; and  he  sought 
the  aid  and  co-operation  of  the  ablest  workmen  and 
the  most  accomplished  artists,  including  the  great 
sculptor  Flaxman.  Wedgwood  for  some  time  had 
no  show-rooms  in  London ; but  he  subsequently 
secured  premises  for  the  display  and  sale  of  his  use- 
ful and  ornamental  wares  in  Newport  Street,  and 
then  in  Greek  Street.  For  some  years  the  London 
establishment  was  managed  by  his  friend  and  partner, 
Thomas  Bentley,  a man  of  good  address  and  excel- 
lent taste,  but  not  descended,  as  has  been  affirmed, 
from  the  celebrated  critic.  Bentley  was  a merchant 
of  Liverpool,  and  his  knowledge  of  business  was  of 
great  service  to  Wedgwood.  He  also  secured  influ- 
ential patrons  for  the  finer  products  of  the  works, 
"and  was  perpetually  borrowing  antique  sculptures, 
cameos,  intaglios,  gems,  impressions,  drawings, 
engravings,  vases,  seals,  &c.,  as  well  as  securing 
the  services  of  modellers,  enamellers,  and  designers. 
Having  obtained  the  loan  of  valuable  specimens  or 
casts  in  plaster  and  wax,  Wedgw'Ood  produced  the 
most  admirable  copies  in  black  basalt  ware,  in  a 
fine  white  terra-cotta,  in  a bamboo  or  cane  coloured 
ware,  and  in  other  improved  bodies. 

Wed'gwood’s  jasper  pottery  was  produced  from  a 
wliite  body  of  extraordinary  delicacy  and  beauty, 
whicli,  unlike  any  other  ceramic  composition  known 
either  in  ancient  or  modern  times,  possesses  the  pro- 
perty of  receiving  through  its  whole  substance,  from 
the  admixture  of  metallic  oxides,  the  same  colours 
that  those  oxides  communicate  to  glass  or  enamel  in 
fusion.  Wedgwood  was  thus  enabled  to  produce, 
in  bas-relief,  any  figures  or  objects  that  he  might 
desire  of  the  purest  white  upon  coloured  grounds. 
The  blue  jasper  of  his  grounds  he  obtained  by  adding 
to  the  mixture  of  his  vitrescent  materials  oxide  of 
cobalt,  the  quantity  being  increased  as  a greater 
depth  of  colour  was  desired.  In  the  case  of  green 
jasper,  the  admixture  was  made  with  oxide  of  chro- 
mium. Another  important  discovery  made  by 
VN’edgwood  was  that  of  painting  on  vases  and  other 
objects,  without  the  glossy  appeiu-ance  of  ordinary 
paintings  on  earthenwares.  His  cameos  and  other 
works  are  still  held  in  high  honour  abroad,  and 
at  home  Wedgwood  ware  of  every  description 
now  finds  ready  purchasers  at  prices  which  signiti- 
Ciintly  indicate  its  present  reputation.  But  Wedg- 
wood ware  fell  for  a time  into  oblivion  and  neglect, 
and  it  must  be  said  that  for  fifty  years  or  more  after 
Ids  death  the  magnificent  cameo  friezes  and  medal- 
lions which  he  made  for  mantelpieces,  as  well  as  the 
I smaller  gems  set  in  articles  of  personal  use  and 

[ adornment,  were  forgotten  or  lightly  esteemed. 


Many  proofs  of  this  statement  might  be  adduced:  we 
here  select  a few  prices  realized  at  the  auction  sale 
at  Christie’s  of  Wedgwood’s  cameos  after  the  death 
of  his  partner  Bentley.  The  sale  took  place  in  1781, 
and  we  find  that  cabinets  of  thirty-six  large  coloured 
medallions  sold  at  prices  varying  from  three  to  nine 
guineas,  although  the  warehouse  prices  for  them 
ranged  between  £15  and  £25.  At  the  same  sale 
white  cameos  on  black  grounds  were  sold  at  about 
2s.  or  3s.  apiece;  they  would  now  realize  as  many 
pounds.  Indeed,  during  the  last  twenty  years  or  so, 
it  has  been  difficult  for  collectors  to  obtain  genuine 
pieces  of  old  Wedgwood  jasper  ware,  even  at  prices 
several  times  as  great  as  those  originally  charged. 
The  manufacture  is  still  continued,  but  the  modern 
productions  of  Etruria  lack  that  compactness  and 
fineness  of  body,  and  that  careful  finish,  which 
characterized  the  work  turned  out  in  Wedgwood’s 
life-time,  or  up  to  the  end  of  the  last  century.  Still 
it  is  satisfactory  to  know  that  Wedgwood’s  discov- 
eries, improvements,  and  good  taste  exercised  an 
immediate  and  a lasting  effect  upon  the  make  and 
style  of  English  pottery. 

At  Lambeth  the  manufacture  of  stoneware  has 
lately  attained  a great  success.  Messrs.  Doulton 
have  always  made  considerable  quantities  of  coarse 
stoneware  glazed  wdth  salt ; but  during  the  last  few 
years  they  have  turned  their  attention  to  the  manu- 
facture of  ornamental  goods  in  the  same  class  of  ware, 
but  of  finer  quality.  Sparkes,  the  head  master  of  the 
Kensington  and  Lambeth  Schools  of  Art,  has  aided 
greatly  in  the  artistic  development  of  these  finer  salt- 
glazed  wares,  and  many  of  his  pupils  are  now  daily 
engaged  in  turning  out  vases,  jugs,  salt-cellars,  and 
even  architectural  pieces  of  very  high  merit,  both  in 
material,  in  design,  and  in  colour.  The  ware  resem- 
bles at  once  the  old  Staffordshire  salt-glazed  ware, 
and  the  foreign  gi'es  ceranie  or  Flanders  ware,  of 
which  we  have  before  spoken.  The  simplest  style 
in  vogue  bears  ornaments  of  foliage  or  animals  lightly 
incised  on  the  body  before  firing,  and  filed  in  with 
a blue  or  brown  pigment.  The  body  is  usually 
brown  or  buff  when  burnt,  and  is  made  of  various 
mixtures  of  clays  from  Staffordshire,  Dorsetshire, 
<&c.,  with  ground  flint  and  sand:  sometimes  a wash 
of  fine  white  clay  is  given  to  the  body ; sometimes 
the  whole  body  is  made  of  the  finer  clays  which  wdl 
burn  white.  The  glazing  is  done  with  salt  thrown 
into  the  kiln,  as  described  further  on ; and  coal  is 
used  as  the  fuel.  This  use  of  coal  has  entailed  great 
difficulties  in  the  attempts  made  to  obtain  an  exten- 
sive range  of  colours  which  would  stand  the  great 
heat  of  these  stoneware  kilns  where  no  saggers  are 
used,  and  where  the  impurities  of  the  coal  destroy 
the  more  delicate  metallic  pigments.  Rix,  the  mana- 
ger of  this  department,  has,  ho  a ever,  succeeded  in 
obtaining  a greater  variety  of  tints  than  were  ever 
secured  by  the  German  potters  of  the  seventeenth 
century.  The  more  lightly  decorated  pieces  of  the 
Lambeth  pottery  are  not  only  beautifully  coloured, 
but  they  are  further  enriched  with  applied  and 
embossed  ornaments  in  relief.  Some  of  the  best  of 
these  pieces  are  the  work  of  George  Tinwokth, 
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whose  work  is  of  very  original  character.  ITis  terra- 
cotta and  stoneware,  alto  reliefs  of  scriptural  sub- 
jects, are  full  of  spirit  and  executed  with  remarkable 
freedom  of  touch.  The  outlined  animal  forms 
before  alluded  to  are  mainly  the  work  of  Miss  Bar- 
low,  another  artist  employed  by  Messrs.  Doulton. 
There  can  be  no  doubt  that  the  fine  works  in  this 
intensely  hard  and  perfect  stoneware,  now  being 
turned  out  by  Messrs.  Doulton,  justify  the  high 
appreciation  in  which  they  are  held  by  men  of  taste. 
We  ought  to  add  that  the  Lambeth  Pottery  also 
produces  very  admirable  painted  tiles  for  wall  decora- 
tion, in  an  earthenware  body  like  that  of  Majolica. 
The  materials  are  pipe-clay  from  Dorsetshire, 
pulverized  Staffordshire  flint,  and  sand;  a salt  glaze 
is  used,  which  renders  the  ware  perfectly  imper- 
meable to  water,  and  even  to  acids. 

The  Liverpool  manufactories  produced  many  flctile 
works  of  considerable  interest  and  importance.  They 
were  started  about  1C70.  A century  later,  Sadler 
and  Green  introduced  the  art  of  printing  upon 
pottery.  In  1752  Richard  Chaffers  made  a fine 
white  earthenware  at  Liverpool,  and  manufactured  a 
porcelain  of  great  excellence. 

Of  late  years  the  production  of  inlaid  tiles  and  moulded 
architectural  terra-cotta  has  been  revived,  and  these  are 
now  made  by  Herbert  Minton  and  others.  Messrs. 
Maw  are  more  particularly  distinguished  for  their  tiles 
having  geometrical  designs,  after  the  manner  of  the 
ancient  tessellated  pavements,  and  for  their  repro- 
ductions of  JSIajolica.  There  are  many  other  manu- 
facturers, both  of  tessellated  and  inlaid  tiles.  Some 
of  these  potters  have  caught  with  great  success  the 
spirit  and  style  of  the  mediaeval  work  which  is  seen 
in  the  splendid  tiles  of  Malvern  Abbey  Church,  of 
the  Chertsey  tiles,  and  of  many  similar  relics  of 
the  skill  and  artistic  feeling  of  our  potters  in  the 
middle  ages. 

Some  of  the  best  terra-cotta,  in  creamy  white,  in 
buff  and  light  red,  is  made  by  the  Watcombe  Co., 
near  Torquay,  Devon.  The  statuettes  in  this  fine 
unglazed  body  are  often  very  pleasing  in  style,  while 
the  quality  of  the  ware  is  marked  by  a singular 
smoothness  and  delicacy.  The  decorations  are,  both 
in  enamel  colours  and  in  applied  cameo  reliefs,  of 
a different  tint  to  the  ground.  The  clay  chiefly  used 
at  Watcombe  is  of  post-tertiary  age.  It  contains 
57-8  per  cent,  of  silica ; 20-6,  alumina ; 7'8,  ferric 
oxide;  1’7,  lime;  3'9,  potash;  1,  magnesia;  and 
about  7 per  cent,  of  water,  with  a trace  of  organic 
matter. 

Porcelain. — Although  vases  and  other  pieces  of 
Chinese  porct;lain  had  found  their  way  into  Europe 
before  the  Portuguese  doubled  the  Cape  of  Good 
Hope  in  1497,  it  was  not  until  after  that  event  that 
this  porcelain  became  well  known  to  the  various 
European  nations.  The  earliest  known  mention  of 
china  in  England  is  in  1506.  In  1600  the  English 
East  India  Company  was  founded ; and  having  at 
length  formed  an  establishment  at  Gambron,  in  the 
Persian  Gulf,  it  was  enabled  to  introduce  Chinese 
porcelain  directly  from  that  port  into  England,  and 
hence  it  became  known  as  Gambron  ware.  How- 

ever,  according  to  some  writers,  Gambron  ware  was 
a fine  sort  of  Persian  faience.  In  1631  china  was 
commonly  imported  into  this  country. 

The  cause  of  the  translucence  that  characterized  the 
porcelain  of  the  East  remained  undiscovered  until 
1709,  when  BoTTCHER  first  succeeded  in  producing, 
at  Meissen,  the  true  porcelain  known  as  Dresden  China. 

The  two  chief  components  of  porcelain  are  entitled 
kaolin  and  petuntse.  The  kaolin  is  an  infusible 
substance,  consisting  of  clay,  derived  from  decom- 
posed felspar;  and  the  petuntse  or  white  paste, 
which  is  fusible,  and  produces  the  translucent  quality 
of  the  ware,  is  composed  of  felspar  and  quartz — that 
is,  silica — reduced  to  powder.  The  two  classes  or 
varieties  of  porcelain,  severally  distinguished  as  hard 
paste  and  soft  paste,  contain  the  two  principal  ingre- 
dients in  different  proportions.  The  hard  contains 
a greater  quantity  of  kaolin,  and  therefore  more 
alumina  and  less  of  silica  ; in  the  soft  the  proportion 
of  silica  and  felspar  is  increased.  The  former 
acquires  a greater  and  the  latter  a less  density.  The 
latter  also  is  soft  in  two  senses : first,  as  being  less 
able  to  resist  a very  high  temperature ; and  secondly, 
since  the  paste,  where  unprotected  by  the  glaze,  is 
easily  scratched  by  an  iron  instrument.  It  must  be 
added,  that  besides  the  naturally  soft  paste — pate 
tendre  naturelle — there  is  a porcelain  formed  from  a 
paste  that  is  artificially  soft — tendre  artifcielle. 

Bottcher  used  the  kaolin  of  Aue,  in  the  Erzge- 
birge, and  the  most  profound  secrecy  was  rigidly 
enforced  with  respect  to  the  entire  process  of  the 
manufacture.  Notwithstanding  every  precaution, 
however,  certain  workmen  escaped  from  Meissen; 
and  the  secret  having  thus  become  in  some  degree 
divulged,  other  porcelain  manufacturers  arose,  one 
by  one,  in  various  parts  of  Germany.  In  the  year 
1720  and  1751  the  great  establishments  of  Vienna 
and  Berlin  were  severally  founded. 

In  1713  Reaumur  commenced  a series  of  experi- 
ments which  paved  the  way  for  the  use  of  kaolin  in 
the  Sevres  manufactory.  True  kaolin  was  accident- 
ally discovered  in  1768  at  St.  Yrieix,  near  Limoges  ; 
and  having  been  ascertained  by  Macquer  to  be 
both  abundant  and  of  good  quality,  it  was  intro- 
duced at  Sevres,  where  in  1769  the  production  of 
hard  porcelain  was  regularly  established.  It  is  very 
remarkable  that  the  quarries  of  St.  Yrieix  produce 
not  only  the  kaolin,  but  also  the  pure  white  felspar 
or  petuntse,  which  is  indispensable  in  the  produc- 
tion of  porcelain. 

The  peculiar  ground  colours  of  the  Sevres  porce- 
lain are  distinguished  as  blue-de-roi,  a rich,  deep 
blue;  bleu-turi/uoise,  a pale  blue,  the  tint  of  the 
jewel ; yellow,  or  jonquiUe,  a full,  glowing  green,  or 
vert-pre ; and  the  lovely  rose  colour,  called  after 
Madame  Dubarry,  rose-Dubarry. 

Some  degree  of  uncertainty  hangs  over  the  date 
of  the  first  English  porcelain  manufactories  at  Bow 
and  Chelsea,  nor  is  it  distinctly  known  what  were 
the  clays  employed  in  the  earlier  works  at  Derby 
and  Worcester.  The  natural  kaolin  of  Bovey 
Tracey,  Devon,  is  said  to  have  been  worked  in 
1730 ; but  the  kaolin  of  Cornwall,  which  caused 
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such  great  and  important  improvements  in  tlie 
porcelain  manufactures  of  England,  was  not  dis- 
covered by  Cookworthy  until  about  1755.  Kaolin, 
or  china-clay,  is  now  chiefly  prepared  from  the 
granitic  rocks  of  both  Devon  and  Cornwall ; and, 
as  in  the  instance  of  St.  Yrieix,  petuntse,  called 
also  china-stone,  is  obtained  from  the  same  Cornish 
rocks  which  also  furnish  the  kaolin.  Bone  is  an 
ingredient  in  common  use  in  the  composition  of 
English  porcelain. 

When  the  Bow  works  were  given  up  in  1775,  the 
moulds  and  models  were  removed  to  Derby,  where 
the  porcelain  became  celebrated.  The  Derby  china 
is  very  translucent  and  of  fine  quality. 

It  is  very  probable  that  bone  earth,  that  is,  the 
ash  of  burnt  bones,  was  first  used  in  porcelain  made 
at  Bow  about  1749,  though  the  application  of  this 
material  has  been  attributed  to  Pennington  of 
Liverpool,  in  1760,  and  to  Spode,  in  1800.  Our 
authority  for  this  idea  is  the  patent  taken  out  by 
Frye  of  the  Bow  works,  in  1749,  where  he  speaks 
in  guarded  terms  of  a certain  virgin  earth  produced 
by  calcining  animals,  vegetables,  and  fossils,  mixed 
with  flint  or  sand  and  some  pipe-clay,  as  the 
materials  of  his  porcelain.  The  evidence  afforded 
by  analysis  is,  however,  conclusive  on  this  point. 
Numerous  fragments  of  unglazed  early  Bow  porcelain 
have  been  recently  exhumed  on  the  site  of  the 
V orks ; on  careful  analysis  they  were  found  to 
contain  over  17  per  cent,  of  phosphoric  anhydride 
(^2^5)’  corresponding  to  nearly  30  per  cent,  of 
phosphate  of  lime. 

All  the  different  English  factories  which  we  have 
named  above  produeed  a kind  of  porcelain  very 
different  from  the  true  Oriental  sort.  It  was  soft 
and  easily  injured,  both  by  heat  and  corrosive 
liquids.  But  true  poreelain  of  the  hardest  character 
and  excellent  quality  has  been  made  in  England, 
first  of  all  at  Plymouth,  by  William  Cookwortiiy, 
who  patented  his  invention  in  1768,  and  afterwards 
at  Bristol,  by  Richard  Champion,  who  purchased 
Cookworthy’s  rights,  and  improved  the  methods 
of  making  and  decorating  the  ware  which  he  had 
devised.  The  discovery  of  the  true  kaolin  or  china- 
clay  in  Cornwall,  by  COOKWORTIIY,  about  the  year 
1755,  was  the  origin  of  these  works  at  Plymouth 
and  Bristol.  As  the  large  deposits  of  this  mineral 
in  Cornwall  are  of  the  finest  quality,  and  are,  more- 
over, associated  with  abundant  supplies  of  felspar 
suitable  for  glazing  the  ware,  and  of  china-stone, 
which  is  required  for  admixture  with  kaolin  in  the 
body  or  paste  of  the  hard  porcelain,  it  is  not  surpris- 
ing to  find  that  tlie  old  Bristol  porcelain  of  Champion 
(made  dowm  to  the  year  1781)  is  almost  identical 
with  that  of  China.  An  analysis  by  Church,  of 
the  handle  of  a tea  cup  authenticated  as  made  by 
Champion,  gave  the  following  results : — 

Per  Cent 


Silica, 62-92 

Alumina, 33-16 

Lime 1-28 

Alkalies, 2'64 


Thus  it  will  be  seen  that  the  alkalies  and  lime  of 


this  porcelain  do  not  amount  in  all  to  4 per  cent.,  ! j 
while  the  average  amount  in  fine  Oriental  porcelain  i | 
appears  to  be  6 ; in  Dresden,  6-3 ; and  in  hard  ! 
Sevres,  7 per  cent. 

There  is  a curious  and  obscure  make  of  hard  ^ j 
porcelain  to  which  we  may  here  appropriately  ■ ! 
allude.  It  would  appear  that  a certain  Count 
Brancas-Lauraguais  not  only  made  hard  porcelain  i j 
at  an  early  date  in  France,  but  that  he  worked  out  \ 
the  same  subject  in  England.  His  wares,  marked  i 
usually  with  an  L and  B interlaced,  are  excessively 
rare  (three  out  of  the  ten  known  specimens  having  j 
been,  moreover,  destroyed  in  the  Alexandra  Palace 
fire  in  1873),  but  they  are  undoubtedly  of  the  very 
hardest  paste.  One  piece,  no  longer  extant,  was  I 

almost  certainly  decorated  at  Chelsea,  and  it  has  ' 

been  conjectured  that  it  was  made  there  from  ! 

Cornish  materials.  The  evidence  for  this  is  partly  i 

internal,  partly  derived  from  a letter  by  Dr.  Erasmus  ! 

Darwin  to  Wedgwood,  in  which  he  speaks  of  the  ' 

Count’s  statement  concerning  the  abundance  of  the 
proper  materials  for  hard  porcelain  to  be  found  in 
England.  We  ought  to  add  that  a kind  of  hard 
porcelain,  containing  more  soda  than  other  sorts,  | 
was  made  by  Dr.  Dwight  of  Fulham  towards  the 
close  of  the  seventeenth  century. 

In  1751  the  manufacture  of  porcelain  was  intro- 
duced by  Dr.  Wall  at  Worcester.  The  earliest 
efforts  were  directed  to  the  imitation  of  the  porcelain 
of  China  and  Japan.  About  1756  the  important 
process  of  transfer  printing  was  discovered  or 
adopted.  Steatite  from  Cornwall  is  believed  to  have  | 
formed  a considerable  ingredient  in  the  paste  of 
the  Worcester  porcelain  body,  as  made  during  the  i 
eighteenth  century.  Bone-ash  was  also  frequently 
used,  as  the  an.alysis  of  authentic  specimens  shows. 

The  present  productions  of  the  l^^orcester  works 
comprise  the  most  exquisite  works  of  ceramic 
art,  together  with  every  variety  of  useful  objects. 
Nearly  contemporaneously  with  the  works  at  Wor-  | 
cester  are  those  that  still  flourish  on  the  right  bank 
of  the  Severn,  at  Coalport  and  Colebrook  Dale,  and 
other  places  in  the  same  neighbourhood  in  Shropshire, 
and  produce  vast  quantities  of  excellent  porcelain. 

Properties  of  Clay. — Clay  consists  of  hydrated 
silicates  of  aluminium,  in  combination  more  or  less 
with  other  substances  derived  from  the  felspathic 
rocks,  which  by  their  disintegration  and  decomposi- 
tion have  formed  the  clay  ; the  silicates  of  potassium 
and  sodium,  which  form  constituents  of  the  felspar, 
having  been  dissolved  out  by  water  during  the  decay 
of  the  rocks.  The  chemieal  formula  of  the  more 
important  varieties  of  clay  may  be  represented  by 
j AljOj,  2Si02,  2H2O ; but  the  analyses  of  different 
clays  from  different  places  give  somewhat  variable 
proportions  of  the  Al^Oj,  the  SiO^,  and  the  water. 
Besides  these  variations,  most  clays  are  further 
intermingled  with  substances  foreign  to  them  in 
their  original  localities,  fragments  of  undecomposed 
rock,  carbonate  of  lime,  magnesia,  and  the  oxides 
of  iron,  certain  proportions  of  potiish,  and  variable 
amounts  of  silica  in  the  hydrated  condition — all  of 
I which  modify  the  character  of  the  clay  and  its 
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applications,  according  as  one  or  other  of  these 
ingredients  predominates. 

Pure  clay  is  soft,  more  or  less  unctuous  to  the 
touch,  white  and  opaque,  and  when  breathed  upon 
emits  a characteristic  odour;  it  may  be  converted 
by  water  into  a doughy,  tenacious,  plastic  paste, 
insoluble  in  water.  When  slowly  dried  and  exposed 
to  a high  temperature  clay  shrinks  considerably, 
and  splits  into  masses  extremely  hard,  and  does  not 
undergo  fusion  in  the  most  powerful  blast  furnace ; 
the  stronger  the  heat  to  which  it  is  exposed  the 
more  dense,  sonorous,  and  hard  does  it  become, 
although  still  porous  enough  to  absorb  water  with 
avidity.  Pure  clay  dissolves  in  borax  at  a high 
temperature,  producing  a transparent  glass;  with 
carbonate  of  soda  it  forms  a green  glass;  if  ignited 
with  solution  of  cobalt  it  assumes  a blue  colour. 
Clay  is  insoluble  either  in  nitric  acid  or  dilute 
hydrochloric  acid ; but  boiled  with  diluted  sulphuric 
acid  until  the  acid  begins  to  evaporate,  the  alumina 
is  dissolved  out,  together  with  a small  quantity  of 
silica.  By  boiling  in  a solution  of  carbonate  of  soda, 
the  quartz,  sand,  felspar,  &c.,  may  be  separated. 
The  presence  of  clay  in  any  soil  may  be  readily 
distinguished  by  the  absorbent  quality  which  it 
exhibits ; when  applied  to  the  tongue  or  lips  in  a 
dry  state,  it  adheres  to  them  strongly,  absorbing  the 
saliva  from  their  surface.  It  is  this  absorbent 
property  in  clay  which  causes  it  to  retain  ammonia 
in  the  soil.  The  ingredients  which  most  diminish 
the  plasticity  of  clay  are  sand,  iron,  lime,  and 
magnesia.  Clays  which  contain  an  excess  of  iron 
or  lime  fuse  to  a rough  glass ; this  can  be  corrected 
by  the  addition  of  silica  to  a large  quantity  of  these 
ingredients.  The  fixed  or  fireproof  clays  are  thus 
distinguished  from  the  fimhle  ones.  Those  contain- 
ing iron  are  either  red,  yellow,  or  blue,  after  firing, 
according  to  the  quantity  of  the  metallic  oxide  they 
contain,  and  the  degree  of  heat  to  which  they  have 
been  subjected.  Many  kinds  of  clay  are  permeated 
by  an  organic  substance,  or  by  finely  divided  iron 
pyrites,  which  gives  them  a blue,  bluish-grey,  or 
black  colour.  When  this  colour  arises  from  organic 
matter  it  is  discharged  in  firing,  but  when  from 
pyrites  a yellow  or  pink  colour  is  often  produced  on 
heating. 

It  is  upon  the  property  which  clay  possesses  of 
being  converted  by  heat  into  a firm  compact  mass, 
no  longer  influenced  by  the  action  of  water,  that  its 
employment  in  the  preparation  of  bricks  and  vessels 
of  various  kinds  depends ; and  with  a view  to  this 
object  the  different  varieties  of  clay  have  been 
classified  into  fireproof,  fnsihle,  calcareous,  and  ferru- 
ginous — the  calcareous  being  those  which  contain  a 
large  proportion  of  earthy  carbonates,  particularly 
lime,  while  the  ochry  or  ferruginous  clays  contain 
much  oxide  of  iron,  and  possess  a red-brown  colour. 

Fireproof  Clays. — Kaolin  or  Porcelain  earth  is 
one  of  the  most  important  materials  in  the  produc- 
tion of  porcelain.  It  is  an  earthy,  pure  white, 
greyish,  or  milk-white  substance,  easily  pulverized. 
It  occurs  in  granitic  rocks  rich  in  felspar,  but  con- 
taining little  mica  or  hornblende,  &c.  The  chief 


localities  of  this  substance  are  Seidlitz,  near  Meissen ; 
I Mori,  near  Halle;  Obernzell  and  Diendorff,  near 
Passau;  St.  Yrieix,  near  Limoges,  Department 
Nievre ; St.  Austell  in  Cornwall ; China  and  Japan. 
Kaolin  burns  perfectly  white.  The  subjoined 
■ analyses  exhibit  its  composition  : — 


Silica, 

Alumina, 

Potash 

Magnesia, 

Lime, 

Ferric  oxide, 

Dioxide  of  njan-j 

ganese, j 

Water, 

Loss, 


/ 

St.  Yrieix. 
(Bertbier.) 

Aue. 

(Kubu.) 

Passau. 

(Fuebs.) 

HaUe. 

(Bley.) 

1 

St.  Tropes. 

47  09 

47-64 

43  65 

39-62 

65-80 

36-41 

35-97 

35-93 

45-00 

26-00 

J-56 

— 

— 

— 

8-20 

2-94 

— 



3-3-2 

0-50 

— 

1-57 

0-88 

0-07 

— 

— 

— 

1-00 

— 

1-80 

— 

— 

— 

0-19 

— 

12-00 

13-18 

18-50 

10-00 

7-20 

1-64 

0-04 

1-80 

0-50 

100-00 

lOO-OO 

100-00 

100-00 

100-00 

Cornish-stone  consists  chiefly  of  quartz  and  felspar, 
mica  not  being  entirely  absent.  This  rock,  some- 
times called  pegmatite,  after  exposure  to  the  decom- 
posing action  of  the  weather  for  some  time  becomes 
easily  pulverizable.  It  consists  of  kaolin,  undecom- 
posed  felspai’,  and  quartz. 

Dr.  Lyon  Playfair  has  made  the  following 
analyses  of  two  specimens  of  kaolin  from  Blue- 
barrow  and  from  St.  Stephens,  Cornwall : — 


Silica, 

Alumina,  with  trace  of  oxide  of  iron. 

Lime, 

Potash,  with  trace  of  soda 

Magnesia,  phosphoric  acid,  and 

8ul])huric  acid, j 

Water,  with  a small  quantity  of  ( 
organic  matter, j 


Bluebarrow. 

St.  Stepbeu. 

45-52 

46-38 

40-76 

38-60 

2-17 

3-47 

1-90 

1-77 

traces. 

traces. 

9-61 

9-08 

The  China  Clay  Works  at  St.  Stephens,  Cornwall, 
are  composed  of  extensive  tracts  of  felspathic  rock 
in  a high  state  of  decomposition,  20  feet  thick, 
standing  on  a declivity.  But  in  some  cases,  as  in 
the  famous  mine  'of  Carclaze,  near  St.  Austell,  the 
clay  extends  to  120  feet  in  depth  from  the  surface. 
Trenches  are  formed  around  spaces  of  the  rock, 
and  strong  currents  of  water  directed  into  them, 
which  carry  off  the  decomposed  portion,  united 
with  small  micaceous  particles.  These  streams  are 
directed  into  large  jjits,  termed  mica  pits,  where  the 
particles  are  deposited.  The  pits  are  fitted  with 
boards,  which  are  raised  from  time  to  time  as 
required;  and  as  the  mica  rises  in  the  pit,  the  finer 
particles  of  clay  being  held  in  suspension  flow  over 
the  boards,  and  are  conveyed  by  channels  into 
tanks  of  very  large  dimensions.  When  these  large 
reservoirs  are  filled,  the  washing  process  is  stopped, 
and  the  fine  clay  is  allowed  to  settle,  and  is  removed 
in  the  state  of  slip  or  thin  paste  to  more  shallow 
drying  tanks,  surrounding  the  general  reservoir. 
The  latter  are  about  18  inches  deep,  and  in  these 
the  slip  is  allowed  to  remain  until  it  becomes  a 
stiff  paste.  Cutting  tools  are  then  passed  through 
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crosswise,  and  the  superfluous  water  run  off.  The 
mass  is  afterwards  cut  into  squares,  wliich  are  placed 
to  dry  on  a space  previously  sanded  or  clayed  to 
prevent  the  squares  of  clay  being  mixed  with  ex- 
traneous matter.  The  squares  are  arranged  in  the 
most  convenient  manner  for  drying,  and  dry  clay 
is  sifted  over  them.  When  in  a sufficiently  hard 
state,  women  are  employed  with  sharp  triangular 
scrapers,  to  remove  all  the  surface  clay  or  sand  with 
care,  and  the  squares  are  then  ready  for  shipment. 
The  scrapings  are  collected,  and  again  passed  tlirough 
the  washing  process,  so  that  little  or  no  loss  of 
materials  can  arise.  Artificial  heat  is  now  largely 
used  in  drying  the  blocks  of  Cornish  china  clay. 

Granite  or  Cornish-stone  clay,  previously  dried 
at  212°  Fahr.,  or  100°  C.,  was  found  to  consist  of — 


1, 

2. 

3. 

Silica, 

46-32 

46-29 

35-65 

Alumina, 

39-74 

40-09 

32  "50 

Monoxide  of  iron, 

-27 

-27 

1-65 

Lime, 

Magnesia, 

-36 

-44 

•50 

traces 

Water  and  some  alkali,.. 

12-67 

12-67 

30-05 

Loss, '. 

0-20 

0-18 

0-15 

100  00 

100-00 

100-00 

Specimen  No.  3 was  analysed  by  Richardson  in  its 
undried  state. 

Another  kind  of  clay,  nearly  allied  to  kaolin,  and 
which  occurs  in  large  quantities  at  Houscha,  near 
Bayonne,  and  is  often  used  in  the  manufacture  of 
porcelain,  has  been  found  by  Berthier  to  be  halloy- 
site,  mixed  with  a product  of  the  decomposition  of 
pegmatite.  It  forms  a connected,  tolerably  soft,  and 
easily  pulverizable  mass,  is  of  a dull  white  colour, 
and  opaque  ; it  affords  no  dough  when  kneaded  with 
water,  and  is  consequently  not  plastic.  Berthier 
found  it  on  analysis  to  be  represented  approximately 
by  the  formula : — 

2AI.P3  + SSiOj  -I-  SHjO. 

Pipe-clay  is  of  ilifferent  colours,  very  tough,  ex- 
ceedingly plastic,  and  becomes  white,  or  sometimes 
yellow,  in  the  fire,  from  the  presence  of  a small 
quantity  of  iron.  It  is  used  in  the  manufacture  of 
Stoneware,  clay  pipes,  earthenw'are,  &c.,  and  occurs 
in  very  considerable  quantities.  The  most  gener- 
ally known  localities  are  on  the  Lower  Rhine ; at 
Cologne  and  Coblentz,  near  Halle ; in  Devonshire 
and  at  Stourbridge  in  England ; and  at  Dreux  and 
Forges-les-Eaux  in  France.  The  following  analyses 
show  that  these  clays  contain  but  little  iron  and 
foreign  earths : — 


Gro8sa1inerodd. 

Forchhamuier. 

Strasburg, 

Berthier. 

Stourbridge. 

Berthier. 

Stourbridge. 

Muspratt. 

Forges-les- 

Eaux. 

Berthier. 

Cotean  de  Prairie, 
N.  America. 

Catliu. 

Silica, 

15-906 

66-7 

63-7 

62-99 

52-0 

48-2 

Alumina, 

11-170 

18-2 

20-7 

20-04 

27-0 

28-2 

Lime, ) 

3-504 

— 



0-30 

2-6 

Magnesia, j” 

0-6 



0-94 



6-0 

Potash 

0-786 

— 









Water, 

Ferric  oxide, 

4-119 

12-0 

10-0 

10-70 

19-0 

— 

1-6 

4-5 

trace 

2-0 

5-0 

Manganese  dioxide, 

— 

— 







0-6 

Itesidne, 

64-030 





Loss,  lie., 

0-485 

0-9 

1-1 

5-03 

— 

10-0 

100-000 

100-0 

100-0 

100-00 

100-0 

100-0 

Potter'll  Clay.  — Among  the  fusihle  days  mny  be 
classed  Potter’s  clay,  generally  used  for  the  produc- 
tion of  the  commoner  kinds  of  clay-ware.  It  is 
distinguished  from  pipe-clay  by  the  presence  of  a 
very  sensible  quantity  of  iron  and  some  lime,  is  more 
easily  disseminated  through  water,  and  has  the  same 
amount  of  plasticity  as  pipe-clay.  In  colour  it  is 
generally  red,  or  brown-red,  and  contains  a con- 
siderable amount  of  organic  remains,  fragments  of 
stone,  and  iron  pyrites.  The  presence  of  ferric  oxide 
causes  it  always  to  assume  a red  or  yellow  hue  after 
burning ; and  according  to  the  quantities  of  this 
ingredient  and  of  lime  which  it  contains,  it  fuses 
more  or  less  easily  into  a dark,  vitreous  mass  or  slag. 

The  common  potter’s  clays  in  England  are  found 
in  layers  or  strata  lying  over  each  other,  each  stratum 
possessing  some  distinctive  property  which  fits  it  for 
a peculiar  piu'iiose.  That  which  is  called  the  sandy 
stiff,  or  ball-clay,  is  the  upper  layer,  and  from  the 
considerable  quantity  of  silica  it  contains  is  lused 
for  making  salt-glazed  ware.  On  analysis  this  clay, 
dried  at  100°  C.,  will  be  found  to  yield : — 

VOL.  II. 


Silica 66-68 

Alumina 26-08 

Ferrous  o.xide, 1-26 

Lime -84 

Magnesia, trace. 

Water, 5-14 

100-00 

Its  specific  gravity, 2 558 

Blue  Clay,  also  one  of  the  fusible  clays,  is  con- 
sidered the  best  layer  of  clay  in  the  whole  series. 
In  colour  it  is  greyish,  but  bums  perfectly  white, 
approaching  china-clay  in  character.  When  dried 
at  100°  C.  its  analysis  shows  the  following  composi- 
tion : — 

Silica, 46-38 

Alumina, 38-04 

Ferrous  oxide,.. . 1-04 

Lime 1-20 

Magnesia, trace. 

Water, 13-44 

100-00 

This  clay  is  also  called  Dorsetshire  and  Poole  clay, 
Poole  being  the  port  of  shipment.  It  is  obtained 
90 
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chiefly  from  the  neighbourhood  of  Wareham,  and 
large  quantities  are  shipped  annually  for  Stafford- 
shire and  other  parts  of  the  United  Kingdom. 

These  mines  of  clay  extend  upwards  of  seven 
miles  from  the  port  of  shipment.  The  superincum- 
bent strata  of  soil,  sand,  and  bituminous  matter 
vary  from  60  to  80  feet  in  thickness,  the  clay  lying 
beneath  a fine  bed  of  sand.  The  heading  of  the 
clay  is  mixed  with  sand,  and  formerly  was  thrown 
aside  as  worthless ; but  of  late  years  this  has  been 
extensively  used  for  fire  and  fancy  bricks,  and  for 
other  ornamentel  and  useful  purposes.  The  bed  of 
clay,  once  fairly  laid  open,  is  worked  by  cutting  out 
cubical  blocks  weighing  30  to  40  lbs. ; and  to  facili- 
tate the  operation,  currents  of  water  are  directed 
into  small  dams,  into  which  the  workmen  constantly 
dip  their  spades.  The  beds  vary  from  3 to  6 feet  in 
thickness.  In  the  vicinity  of  Glasgow  is  a surface 
clay  containing  much  ferric  oxide.  It  is  in  great 
demand  for  common  black  ware,  fiower-pots,  and 
red  bricks,  articles  which  do  not  require  to  be 
exposed  to  any  very  high  temperature  which  would 
fuse  them. 

Fire-clay. — ^This  variety  of  clay  is  very  abundant. 


liocality. 

Silica. 

Alumina. 

Ferrous  Oxide. 

Carbonate 
of  Lime. 

Carbonate  of 
Mai^esia. 

AlkaJL 

Analysts. 

52-00 

16-17 

6-15 

13-97 

trace. 

Salvetat. 

Bonnefonds, 

40-00 

13-21 

2-04 

34-12 

0-15 

46  03 

17-28 

5-70 

27-64 

49-50 

29-00 

3-00 

18-00 

0-50 

37-00 

11-00 

6-50 

55-00' 

Buisson. 

39-00 

18-00 

1-00 

40-00 

trace. 

Lecoq. 

30-00 

20-00 

2-00 

46-00 

From  the  porosity  of  its  substance,  it  is  well  adapted 
to  resist  high  temperatures.  Its  principal  use  in  the 
potteries  is  for  making  saggers,  or  vessels  for  pro- 
tecting the  ware  from  the  flames  during  firing.  Fire- 
bricks, crucibles,  and  melting-pots  for  glass-works 
are  made  from  this  clay.  Analyzed,  it  gives  the 
following  percentages : — 


Silica, 66'16 

Alumina, 2‘2-54 

Ferrous  oxide, 5-31 

Lime, 1'42 

Magnesia, trace. 

Water, 3‘14 

Loss, 1-43 


100-00 

Calcareous  Clays. — The  Marls,  a term  which 
applies  to  all  those  deposits  containing  clay  and 
carbonate  of  lime,  the  latter  in  considerable  quantity. 
These  mixtures  are  meclianical.  Those  in  which 
lime  preponderates  are  named  Calcareous  Marls; 
those  in  which  alumina  is  most  abundant.  Aluminous 
Marls.  Aluminous  marls  are  used  in  the  manufac- 
ture of  several  kinds  of  pottery.  The  proportion 
of  their  constituents  will  be  seen  from  the  following 
analyses : — 


A small  portion  of  the  lime  in  the  marl  is  generally 
in  combination  with  silica. 

Loam  is  the  commonest  and  the  least  pure  variety 
of  clay  belonging  to  the  more  recent  alluvial  forma- 
tions ; it  is  less  uniform  than  any  of  the  foregoing 
varieties — sand,  gravel,  stones,  wood,  roots,  and  all 
kinds  of  vegetable  remains,  being  mixed  up  with  it 
in  large  proportions.  It  is  soft  and  easily  reduced 
to  powder,  absorbs  water  with  avidity,  and  forms 
with  it  a soft  paste,  which  is  much  less  plastic  and 
fat  than  that  obtained  from  pipe  or  potter’s  clay. 
As  it  occurs  almost  everywhere,  it  is  the  universal 
material  for  making  bricks. 

Flint,  Quartz,  Silica,  or  Silicic  Acid  (SiOg),  is  found 
abundantly  as  flint,  an  amorphous,  black  or  brown 
coloured  mass,  which  occurs  with  chalk  in  roundish 
or  irregularly  shaped  nodules,  weighing  from  a few 
ozs.  to  several  lbs. ; it  contains  moisture,  an  organic 
substance,  and  occasionally  iron.  Whatever  its 
original  hue  may  be,  it  always  burns  white,  and 
acts  the  part  of  a bleaching  material,  neutralizing 
imperceptibly  the  yellow  or  greyish  colour  of  the 
clay.  In  preparation  for  use,  the  flints  are  calcined 
in  upright  furnaces,  constructed  similarly  to  ordinary 
bme-kilns.  The  flint  is  thus  rendered  white  and 
disintegrated,  splits  in  all  directions,  and  is  suffi- 
ciently brittle  and  soft  to  admit  of  being  cruslied  in 
the  stamping  mill,  and  ground  under  water  in  the 
block  milk 


Porcelain. — Tender  Porcelain, — This  appellation 
has  reference  to  the  feeble  resistance  offered  by  this 
class  of  wares  to  the  high  temperature  of  the  kiln, 
and  the  softness  of  the  body  and  glaze  compared  with 
true  porcelain.  It  may  be  classed  under  two  heads : — 
“Natural,”  or  the  tender  porcelain  of  England,  in  which 
kaolin  or  china-clay  is  the  basis,  though  associated 
with  bone  earth  and  sometimes  with  steatite ; and 
“Artificial,”  or  the  tender  porcelain  of  France,  in  which 
the  mass  is  a mixture  of  different  substances,  consist- 
ing mainly  of  silica  with  alkaline  and  earthy  salts. 

English  Tender  Porcelain. — So  named  because  the 
manufacture  is  exclusively  confined  to  this  country, 
local  reasons  being  unfavourable  to  the  production 
of  true  porcelain.  The  chief  of  these  is  the  want  of 
a cheap  material  for  the  construction  of  the  saggers 
able  to  stand  the  firing,  tlie  present  loss  of  saggers 
in  Staffordshire  being  estimated  at  from  8 to  10  per 
cent,  at  each  firing. 

The  crude  materials  which  enter  into  the  com- 
position of  ironstone  china  are  plastic  clay,  kaolin  or 
china-clay,  and  granite  or  Cornish-stone,  with  bone 
earth,  chalk  flints,  and  occasionally  steatite  ov  soapstone. 
A pure  specimen  of  Cornish  steatite,  recently  analyzed 
by  Church,  gave  the  following  percentages : — 


Magnesia, 32-89 

Silica, 63  18 

Water, 4-47 


100-54 
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Usually  traces  of  alumina,  manganese,  iron,  lime,  and 
alkalies  are  also  present. 

The  introduction  of  steatite  is  said  to  diminish 
the  contraction  of  the  wares  in  the  furnace.  The 
bone  earth  contains  phosphate  of  lime,  carbonate  of 
lime,  and  a little  magnesia  and  fluoride  of  calcium 
in  the  form  of  a perfectly  white  substance.  The 
phosphoric  acid  diffuses  itself  at  a high  temperature 
through  all  the  materials,  uniting  them  into  a trans- 
lucent enamel,  which,  being  less  apt  to  shrink  and 
lose  its  form  than  the  hard  China  body,  may  be 
baked  in  larger  kilns,  and  with  less  risk  of  loss  to 
the  manufacturer.  All  these  ingredients  are  ground, 
suspended  in  water,  and  boiled  down  into  a paste. 
A frit  is  then  prepared,  of  which  the  mass  is  made 
up  with  other  substances,  as  follows : — 


PRIT. 

MASS. 

Bone, 

. . . 100  1 

Burnt  bone, 

..  600 

Sand 

Kaolin, 

Pear-lash, 

1 Cornish-fitonft, . . .. 

. . 360 

1 Frit, 

Or  the  mass  is  not  fritted  in  part,  but,  as  in  the  case 
of  table-ware,  mixed  all  at  once  in  the  following 
proportions: — Bone, 450;  Comish-stone,  200 ; china- 
clay,  160 ; plastic  blue  clay,  45. 

Other  mixtures  for  English  china-ware  are: — 1. 
Bone,  46 ; china-clay,  23 ; Cornish-stone,  31.  2. 

Bone,  36;  Comish-stone,  21 ; Comish-clay,  21;  flint, 
12.  3.  China-clay,  600 ; felspar,  335 ; bone,  840. 
4.  Bone,  320;  china-clay,  225;  Cornish-stonu,  230. 
The  bone  and  flint  are  sometimes  fritted  to  produce 
the  liighest  degree  of  vitrescence,  and  then  mixed 
up  with  other  ingredients.  A little  Dorset  clay  is 
frequently  added  for  large  pieces,  to  give  more  duc- 
tility in  working  and  greater  stability  in  the  fire. 
In  all  cases  the  ware,  from  the  large  proportion  of 
clay  in  the  mass  and  its  extreme  plasticity,  requires 
to  be  fired  twice.  The  first  firing  lasts  longest,  being 
of  from  forty-eight  to  fifty  hours’  duration  ; and  the 
temperature  is  gradually  raised  during  the  whole 
time,  the  heat  of  the  kiln  ranging,  according  to  the 
composition  of  the  ware,  from  100°  to  110°  Wedg- 
wood’s pyrometer.  It  is  somewhat  singular  that 
this  instrument  is  never  used  in  the  potteries,  the 
proper  temperature  being  regulated  by  small  trial 
pieces  of  the  same  material  as  the  goods  to  be  fired. 
When  the  trial  pieces  show  that  the  heat  is  sufficiently 
raised,  the  firing  is  discontinued,  the  fire  and  ashpit 
doors  closed,  and  the  whole  left  to  cool  during 
twenty-four  or  thirty  hours.  The  glaze  is  then 
applied  to  the  ware,  and  the  articles  undergo  a 
second  firing,  but  neither  at  so  high  a temperature 
nor  of  so  long  duration. 

Glazes. — Those  most  commonly  used  are  flint, 
quartz,  sand,  felspar,  gypsum,  carbonate  of  lime, 
borax,  boracic  acid,  chloride  of  sodium,  potash,  soda, 
and  oxide  of  lead.  Some  glazes  are  first  formed  into 
frits,  imperfectly  vitrified  bodies  so  termed,  and 
afterwards  pounded  for  use. 

Coloured  glazes  are  made  with  the  addition  of 
nearly  pure  oxides  of  manganese,  copper,  iron, 
chromium,  cobalt,  &c. ; opaque  glazes  or  enamels,  by 
the  addition  of  oxide  of  tin  or  phosphate  of  lime ; 


for  which  see  Porcelain,  True,  and  Earthenware.  Some 
of  the  ordinary  lead  glazes  for  soft  porcelain  are 


given  below : — 

I. 

Felspar, 38 

Lynn  s.ind, 24 

Carbonate  of  lime, It 

Bora.';, 27 

fritted  together  and  mixed  as  follows : — 

Frit, . GO 

I 'oruish-stone, 20 

White  lead, 20 

II. 

Cornish- stone, 52 

Flint, 38 

China-clay, 30 

Carbonate  of  lime, 45 

Borax, 90 

fritted  together  and  mixed  as  follows : — 

Frit 320 

Cornish-stone, 50 

Flint, 50 

White  lead, 60 

m. 

Cornish-stone, GO 

Felspar, 60 

Flint, 75 

Carbonate  of  lime, 40 

Borax, 100 

fritted  together  and  mixed  as  follows : — 

Frit 250 

Cornish-stone, 65 

White  lead, 65 


The  temperature  of  the  glaze  kiln  ranges  about 
60°  Wedgwood,  but  is  varied  according  to  the  cir- 
cumstances of  the  manufacture.  The  time  required 
for  firing  the  glaze  kiln  averages  about  seventeen 
hours,  the  consumption  of  coal  being  nearly  6 tons. 

The  Artificial  Tender  Porcelain  of  France  presented 
the  following  characteristics: — Body  fine,  dense,  tex- 
ture almost  vitreous,  hard,  translucid,  fusible  at  a 
high  temperature ; glaze  vitreous,  transparent,  con- 
taining lead,  and  tolerably  hard.  The  manufacture 
of  this  class  of  ware  was  carried  on  at  Sevres  between 
the  years  1750-1804.  During  this  period  it  obtained 
great  celebrity,  and  from  the  circumstance  of  the 
manufacture  being  now  no  longer  continued,  having 
given  place  to  the  improved  method  of  Bottcher, 
the  follow'ing  composition  is  now  interesting  as  a 
matter  of  curiosity : — 


Melted  saltpetre, 110 

Sea-salt  grey, 36 

Alum,  generally  burnt, 18 

Alicante  soda 18 

Gypsum  from  Montmartre, 18 

Sand  from  Fontainebleau, 300 


500 

Porcelain  or  True  China  is  the  finest  description  of 
ware.  It  is  made  from  kaolin,  or  china-clay,  and  a 
Jlux,  composed  of  felspar,  with  the  addition  of  quartz, 
chalk,  and  gypsum,  which,  softening  .and  becoming 
vitrified  in  the  heat  of  the  porcelain  kiln,  forms  a 
kind  of  cement,  binding  the  clay  firmly  together, 
and  producing  a dense,  impenetrable,  translucent 
mass,  of  a uniform  texture  throughout,  and  imper- 
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vious  to  liquids.  The  transparency  of  porcelain 
arises,  therefore,  from  the  clay  body  becoming  satur- 
ated with  a mass  of  glassy  flux.  Under  tlie  micro- 
scope the  two  ingredients  can  be  clearly  distinguished 
from  each  other,  the  milky  mass  appearing  as  a 
transparent  ground,  mixed  with  an  opaque  substance 
composed  of  minute  globules,  arranged  in  a lineal 
direction,  one  on  the  other,  as  articulated  threads  or 
little  rods,  which  are  interwoven  and  cross  each 


other  in  all  directions ; the  want  of  absolute  trans- 
parency in  the  mass  being  due  to  the  reflection 
and  refraction  of  light  from  the  surface  of  these 
crystals. 

The  Glaze  is  composed  of  felspar,  sometimes  mixed 
with  a little  gypsum,  but  with  an  entire  absence  of 
lead  or  tin.  The  absence  of  lead  causes  the  glaze 
to  be  very  hard,  and  to  resist  scratching.  The  mass 
for  porcelain  vessels  is  composed  as  follows : — 


PINE  OR  HARD  PORCELAIN — COMPOSITION  OP  THE  MASS. 
la  Bs&Lur. 


For  Domestic  Uses,  Plates.  Dishes.  &a 

Kaolin  from  Mori 76 

Felspar, 24 


For  Ornamental  Purposes. 

Kaolin  from  Mori, 2.6 

Kaolin  from  Beidersee, 60 

Felspar, 15 

Pure  sand 10 


Kaolin  from  Auerbach, 72 

Felspar, 12 

Quartz, 12 

Gypsum 4 


In  Sevres,  near  Pa&i^. 

For  Vessels. 

Kaolin  from  St.  Yrieix, 48  . 

Sand,  separated  from  above,  con- 
taining felsi>ar, 48 

Chalk,... 4 

iK  MEISSE2T,  SaEONY— COHUOK1.T  nAT.T.nn  DREBDEE  POBCEI.AIR. 


In  St.  Petersburo. 
For  Tableware. 


IH  Copenhagen. 


Kaolin  from  Kisansky, 50 

Felspar,  Finland, 25 

Quartz, 25 


Kaolin  from  Bornholm, 40 

Quartz  from  Areudal, 33 

Felspar, 27 


In  Nymphenburg.  near  Munich. 


For  Domestic  Purposes. 

Kaolin  from  Aue 18 

“ “ Sosa 18 

“ “ Seilitz,..  36 

Felspar, 26 

Broken  biscuit  por- 
celain,  2 


For  Ornamental  Purposes, 

Kaolin  from  Seilitz,..  37 

Quartz 37 

Lime  from  Pirna, .. . . 17 
Broken  porcelain,... . 8; 


For  Low  Temperatures. 

Kaolin  irom  Passau,  62-5 

Quartz, 190 

^aIld  separated  by 
water  from  kaolin,  6-0 

Gypsum 5-0 

Broken  porcelain, . . 7'5 


For  High  Temperatures. 

65 

21 

4 

5 
5 


I The  following  analyses  of  hard  porcelain  are 
given : — 


Silica, 

Alumina  and  Monoxide  of  iron,. 

Lime, 

Alkali, 


Specific  gravity,., 


Berlin. 


Chinese. 


Superior. 

Inferior. 

72-96 

71-04 

68-96 

24-78 

22-46 

29-24 

1-04 

3-82 

1-60 

1-22 

2-68 

— 

100-00 

100-00 

99-80 

2-419 

2-314 

2-314 

Preparation  of  the  Material. — Crude  kaolin  is  not 
sufficiently  pure  for  the  purpose  of  manufacture, 
being  a mixture  of  real  kaolin  with  undecomposed 
felspar  and  particles  of  quartz,  both  of  which  must 
be  separated  or  finely  ground  aud  mixed,  to  form  a 
uniform  substance  throughout. 

The  kaolin  is  separated  from  stones,  grit,  &c.,  bv 
washing  in  a succession  of  tubs  provided  with  hair 
sieves.  The  argillaceous  kaolin  is  carried  into  the 
last  vessel,  where  it  is  allowed  to  deposit  completely 
before  the  water  is  drawn  off  from  the  finely-divided 
clay.  This  process  of  decantation  supplies  a suffi- 
cient amount  of  felspar  and  quartz  in  the  state  of 
sand,  the  strong  and  argillaceous  varieties  giving 
each  their  particular  kind  of  sand  and  crude  kaolin. 
Soiiietiines  machinery  is  employed  for  the  stirring  or 
kneading  up  of  the  mass  with  water. 

Clialk  or  pure  limestone  is  a constituent  of  the 
porcelain  paste.  At  Nymphenburg,  as  in  Meissen, 
fragments  of  old  porcelain  are  also  added.  For  the 
production  of  the  best  class  of  porcelain  much 
depends  upon  the  careful  selection  of  the  kaolin  and 
material.  Great  care  must  likewise  be  bestowed 


upon  the  uniform  incorporation  of  the  ingredients. 
To  insure  this  edgestone  mills  are  employed. 

The  materials  of  all  kinds  having  been  ground,  they 
are  mixed  together  by  measure  in  a liquid  state,  the 
proportion  by  weight  of  solid  matter  contained  in  a 
cubic  foot  of  each  separate  specimen  of  slip  having 
been  previously  ascertained,  and  none  of  the  mate- 
rial being  allowed  to  settle  down,  but  each  forming 
a thickish  uniform  semi-liquid  mass. 

The  incorporation  of  the  mass  is  effected  in  large 
cisterns  or  tanks  under  constant  stirring,  the  paste 
being  afterwards  so  far  freed  from  water  as  to  form 
a kneadable,  dough-like  mass.  This  is  done  by 
artificial  heat,  or  by  the  mixture  in  sacks  of  a strong 
and  closely-woven  texture,  the  threads  being  care- 
fully freed  from  filaments,  so  as  not  to  attach  them- 
selves to  the  paste,  and  which  previous  to  use  have 
been  well  soaked  in  hot  linseed  oil,  giving  them  more 
durability  and  impermeability  to  water.  A number  of 
these  bags  being  placed  between  two  boards,  pressure 
is  applied  by  means  of  a long  lever,  loaded  upon 
the  long  arm,  and  having  the  shorter  arm  placed 
against  one  of  the  boards,  so  that  in  this  way  the 
pressure  may  be  maintained  as  long  as  desirable. 
A press  of  this  description  will  prepare  for  use  about 
loOO  lbs.  of  paste  in  three  hours. 

On  removal  from  the  sacks,  the  paste  is  firmer  on 
the  outside  than  in  the  interior.  The  defect  is 
obviated  by  a process  called  slapping,  the  clay  being 
forcibly  thrown  repeatedly  against  a hard  stone  or 
slab  of  gypsum.  Sometimes  treading  under  foot, 
or  maceration  between  metallic  plates  with  a stamper, 
is  substituted  for  the  slapping  process. 

The  felspar  and  lime  in  the  paste,  not  being  plastic 
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ingredients,  and  always  amounting  to  one-fourth  or 
more  of  the  whole,  considerably  interfere  with  its 
plasticity,  rendering  it  very  much  below  that  of  pure 
clay.  The  forming  and  moulding  process  is  conse- 
quently one  of  great  expense  and  difficulty,  so  much 
so,  that  while  a workman  employed  witli  assistants 
in  preparing  plates  from  the  more  plastic  earthen- 
ware, can  produce  COO  in  ten  working  hours,  not 
more  than  60  or  80  plates  of  porcelain  can  be 
moulded  in  the  same  time.  Every  precaution  and 
endeavour  is  therefore  used  to  increase  its  plasticity 
— such  as  mixing  it  with  fragments  from  the  mould-  i 
ing  operation,  continued  treading  and  kneading, 
and,  what  is  found  to  be  of  greater  utility,  the  stor- 
ing it  away  in  moist  layers,  in  order  to  engender  a 
peculiar  species  of  fermentation.  The  superior  value 
of  clay  tliat  has  been  kept  a considerable  time  is 
well  known,  and  it  is  never  desirable  to  work  paste 
that  has  not  been  stored  away  in  a moist  state  at 
least  for  a year.  So  fully  aware  are  manufacturers 
of  the  efficacy  of  this  fermentation,  that  attempts 
are  sometimes  made  to  induce  it  by  the  addition  of 
honey,  syrup,  &c.,  to  the  mixture. 

Forming  or  Moulding  of  Porcelain. — The  goods  are 
formed  either  upon  the  potter's  lathe  or  throwing 
wheel,  in  moulds  or  by  casting.  The  form  in  which 
the  wheel  is  now  employed  in  the  porcelain  manu- 
facture is  shown  in  Fig.  1. 


Fig.  1. 


'I'lie  thrower  seats  himself  upon  a stool,  support- 
ing himself  with  one  foot  iigainst  the  board,  b b,  so 
as  to  obtain  a sufficiently  stable  position  to  enable 
him  to  rotate  the  wheel,  F F,  with  the  other  foot. 
The  mass  of  dough,  as  received  from  the  slapper,  is 
cut  up  into  portions  by  means  of  a brass  wire,  each 
portion  being  weighed  by  an  assistant  called  the 
bailer.  The  thrower  receives  one  of  these  masses, 
and  dashes  it  down  upon  the  centre  of  the  revolving 
block  of  gypsum,  a'.  The  thrower  now  presses  both 
hands  against  the  mass,  which,  being  kept  in  constant ! 
rotation,  gradually  acquires  a round  form ; his  hands 


being  maintained  in  a smooth  state  by  dipping  them 
into  a vessel  containing  a quantity  of  water  and 
paste  held  in  suspension.  The  next  operation  con- 
sists in  squeezing  out  the  air.  The  workman  then 
forces  both  his  thumbs  downwards  into  the  centre  of 
the  mass,  producing  a cavity,  which  is  enlarged  as  he 
removes  his  thumbs  one  from  the  other,  producing 
a bell  shape.  The  sides  of  the  half-finished  vessel 
are  then  closely  pressed  in  a slightly  upward  direc- 
tion between  hands  and  thumbs,  and  being  lessened 
in  thickness  increase  correspondingly  in  height, 
according  to  the  nature  of  the  required  vessel.  It 
is  in  this  manner  that  all  vessels  of  a circular  form 
in  horizontal  section  are  produced. 

In  this  process  of  forming  by  the  hand  upon  the 
lathe  the  inequalities  of  the  skin  produce  serrated 
spiral  lines  upon  the  surface  of  the  ware,  destroying 
its  neatness  and  cleanliness.  This  circumstance,  in 
conjunction  with  that  of  the  plasticity  of  the  mass 
not  being  sufficient  to  admit  of  its  being  worked  by 
hand  to  that  degree  of  tenuity  required  by  commerce, 
renders  a further  operation  necessary  to  bring  it  to 
the  proper  dimensions  and  perfection  of  form — the 
crude  shape  only  being  obtained  upon  the  wheel. 

All  vessels  of  an  oval  or  angular  shape  which  can- 
not be  formed  by  turning,  receive  their  shape  by 
pressure  in  gypsum  moulds  fixed  upon  the  wheel. 

The  pieces  after  they  leave  the  lathe  cannot  be 
dried  in  a stove  or  current  of  air,  or  even  by  expos- 
ing them  to  the  sun ; for  by  such  means  they  are 
desiccated  only  upon  the  outside,  while  the  interior 
still  contains  a sufficient  quantity  of  moisture  to 
cause  them  to  split  with  a kind  of  explosion  in  the 
furnace.  They  are,  therefore,  carefully  stowed  away 
in  the  shade  upon  wooden  shelves,  until  no  more 
moisture  evaporates  from  them. 

Sometimes  the  inner  surface  only  of  the  ware  is 
formed  by  the  hand,  the  paste  being  pressed  against 
the  mould  during  its  rotation,  forming  the  vessel; 
the  sheets  of  paste,  considerably  thicker  than  the 
sides  of  the  future  vessel,  being  prepared  by  rolling 
on  a moistened  gypsum  slab  under  a wooden  roller. 
^Vhen,  from  the  elegance  or  complication  of  form, 
the  admission  of  the  hand  into  the  mould  is  impos- 
sible. double  moulds  are  used. 

The  porcelain  paste,  from  the  nature  of  its  in- 
gredients, is  exceedingly  susceptible  to  injuries  from 
the  least  inequality  of  pressure  in  the  moulding — 
injuries  which  are  only  made  apparent  at  a period  of 
the  manufacture  when  it  is  too  late  to  rectify  them. 
The  principal  cause  of  these  is  the  difference  in 
shrinking  during  the  drying  and  firing  of  the  parts 
which  have  been  subjected  to  different  degrees  of 
pressure.  These  defects  are  not  so  apparent  when 
slight  pressure  only  is  applied ; but  when  the  pres- 
sure is  increased  and  applied  more  unequally,  they 
become  so  marked  and  unsightly  as  to  render  the 
article  useless.  Moulding  presses  are,  therefore, 
only  used  for  objects  of  small  dimensions,  in  which 
perceptible  differences  in  the  consistency  of  the  mass 
cannot  occur ; for  larger  vessels  they  are  almost 
entirely  discarded. 

For  the  purposes  of  casting,  the  slip  is  stirred  up 
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into  a thick  but  perfectly  liquid  state,  and  passed 
through  sieves,  that  all  granular  particles  and  bub- 
bles of  air  may  be  separated,  the  number  and  nature 
of  the  moulds  depending  upon  the  form  and  elabor- 
ation of  the  article  required. 

The  pieces  must  remain  in  the  moulds  for  a con- 
siderable time  before  they  acquire  proper  consist- 
ency ; the  operation  of  moulding,  therefore,  requires 
much  time  and  numerous  moulds.  Many  articles 
likewise,  even  without  appendages,  such  as  a vase 
with  a narrow  neck,  cannot  be  cast  in  one  circular 
piece,  since  it  could  not  be  extracted  from  the 
mould.  Such  articles  can  only  be  made  by  casting 
in  two  halves,  to  be  afterwards  joined  together. 

In  casting,  the  pieces  are  never  perfect  or  free 
from  blemish  as  they  leave  the  moulder,  but  require 
often  tedious  finishing  processes,  such  as  turning, 
retouching,  ornamenting,  and  the  adaptation  of  the 
separately  moulded  pieces  to  each  other. 

Many  articles  are  made  much  thicker  upon  the 
throwing-wheel  than  they  appear  when  finished,  the 
superabundant  mass  being  turned  off  in  a lathe.  In 
this  operation  the  piece  is  fastened  to  the  gypsum 
slab  of  the  throwing-lathe  by  moistening  the  bot- 
tom, or  fixed  on  to  the  lathe  in  a horizontal  position 
by  means  of  an  ordinary  chuck,  as  the  case  may 
require,  ordinary  sliarp  flat  knives  being  used  as 
tools  in  place  of  the  chisel.  One  of  the  chief  points 
in  the  finishing  operation  consists  in  the  removal  of 
the  edges  or  seams  caused  by  the  penetration  of  the 
slip  into  the  joints  of  the  moulds.  It  is  necessary 
that  the  seams  should  be  carefully  pared  away  with 
a knife,  as,  if  removed  by  pressure  only,  they  appear 
again  after  burning. 

The  casual  cracks  and  indentations  have  at  this 
stage  of  the  manufacture  to  be  carefully  filled  up, 
and  all  engraved  or  carved  work,  which  requires 
cutting  away  with  the  knife,  to  be  performed.  Fre- 
quently an  ornamental  appearance  is  imparted  to  the 
ware  in  this  state  by  impression  upon  its  surface 
with  the  roulette  or  stamp,  in  the  use  of  which  tur- 
pentine is  applied  to  prevent  adhesion  to  the  paste, 
the  fatty  oils  not  producing  the  necessary  effect. 
Such  parts  as  handles,  feet,  &c.,  are  formed  or 
moulded  separately,  and  fixed  upon  the  porcelain 
before  firing;  but  smooth  handles  of  uniform  dimen- 
sions are  often  formed  by  pressure  through  an  aper- 
ture of  corresponding  shape  and  diameter.  The 
union  of  all  such  parts  with  the  body  is  effected  by 
sticking  them  together  under  very  gentle  pressure, 
the  two  opposing  surfaces  having  been  previously 
roughened  and  covered  with  slip.  All  changes 
which  affect  unequally  the  mass  of  the  vessel  and 
the  ornamental  parts  tend  to  cause  cracks  during 
the  drying,  and  to  separate  the  latter.  It  is  there- 
fore essential  that  the  body  and  the  ornamentation 
of  the  vessel  be  equally  dry,  and  that  the  surfaces 
be  prepared  either  by  turning  or  casting  in  the  same 
manner ; also,  that  all  excess  of  slip,  from  the  in- 
crease of  moisture  it  contains,  be  avoided.  The  same 
precautions  apply  to  the  joining  together  of  pieces 
moulded  in  separate  forms,  the  surfaces  of  which 
should  be  retouched  with  a sponge  or  wet  cloth. 


Firing. — In  the  operation  of  firing  the  true  porce- 
lain with  the  glaze  is  rendered  dense,  vitreous, 
sonorous,  and  translucent.  The  waste  heat  from 
this  process  is  employed  for  the  firing  previous  to 
glazing. 

Porcelain,  like  many  other  kinds  of  clay  wares, 
is  always,  therefore,  inclosed  during  firing  within 
clay  vessels  or  saggers,  to  avoid  the  direct  action  of 
the  flame.  The  temperature  of  the  furnace  must, 
for  the  successful  firing  of  the  pieces,  be  maintained 
as  steady  and  uniform  as  possible,  otherwise  various 
misfortunes,  such  as  splitting,  bending,  and  fusing, 
will  ensue. 

The  porcelain  furnace  is  in  form  very  similar  to 
the  glass  furnace,  with  the  exception  that  the  source 
of  heat  is  dispersed  over  several  grates  situated  at 
the  circumference  of  the  base  instead  of  being  united 
into  one  central  fire.  It  consists  of  a round  chamber, 
on  the  floor  of  which  the  saggers  containing  the 
ware  are  arranged  and  piled  in  columns  or  bungs, 
the  flames  ascending  from  a number  of  wide  flues 
below  and  around,  in  connection  with  the  same 
number  of  fire-places,  so  as  to  circulate  between 
the  columns  of  saggers,  filling  the  whole  space,  and 
escaping  through  different  apertures  at  the  top  of 
the  chamber  into  a second  room,  where  they  are 
again  employed  for  heating  the  biscuit-ware. 

Kilns  for  true  porcelain  are  much  more  durable 
than  glass  furnaces,  being  free  from  the  destructive 
action  of  the  volatile  alkalies;  on  an  average  they 
last  300  firings,  while  in  some  places  they  have 
endured  a much  longer  period.  A dry  foundation, 
exerting  as  little  cooling  influence  as  possible,  is  an 
important  point  in  their  construction. 

After  the  chambers  of  the  furnace  have  been 
properly  charged  with  saggers,  the  apertures  are  all 
closed,  and  the  process  of  firing  commences.  In 
this  process  there  are  two  distinct  stages — the  first 
intended  only  to  expel  the  moisture  which  may  still 
remain  in  the  vessels,  and  gradually  raise  them  to  a 
red  heat,  while  the  second  completes  the  baking 
of  the  porcelain.  In  general  the  baking  occupies 
from  seven  to  eight  hours,  and  the  firing  from 
eleven  to  thirteen.  In  some  instances  the  two 
processes,  as  at  Berlin,  are  nearly  the  same,  the  one 
taking  from  twelve  to  fifteen  hours,  and  the  firing 
from  seventeen  to  eighteen.  At  Sevres,  again,  the 
’ first  is  the  longer  process,  occupying  from  fifteen  to 
eighteen  hours,  while  the  baking  only  takes  from 
ten  to  twelve  hours. 

In  consequence  of  the  glaze  of  porcelain  being  a 
true  glass,  and  entering  into  the  mass,  the  process 
of  annealing  is  required — that  is,  the  material  must 
be  cooled  slo\vly,  in  order  to  prevent  it  becoming 
brittle.  It  is  not  necessary  to  employ  any  separate 
kiln  for  the  annealing  process,  the  kiln,  with  its 
contents,  being  simply  bricked  up  after  firing  until 
it  has  become  sufficiently  cool  to  be  emptied.  A 
period  of  from  five  to  eight  days  is  allowed  for  the 
gradual  reduction  of  temperature.  In  general  the 
kUn  is  opened  the  evening  before  the  porcelain  is 
removed,  the  annealing  process  being  thereby 
rendered  more  complete. 
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Sai/gers.  — The  composition  of  which  the  saggers 
are  made  at  Sevres  consists  of  40  parts  plastic  clay, 
sometimes  decanted,  and  60  parts  of  ground  frag- 
ments of  old  saggers,  or  an  equal  quantity  of  a mix- 
ture containing  equal  proportions  of  fragments  and 
crushetl  quartz  sand.  At  Meissen  60  parts  of  clay 
are  used  to  40  parts  cement;  at  Berlin  667  clay  to 
33’5  cement.  At  Sevres  it  has  been  ascertained  that 
the  average  duration  of  the  saggers  is  15  firings  or 
more;  at  Vienna  from  4 to  5 ; and  at  Berlin  only 
from  2 to  3 ; in  w'hich  latter  case  the  loss  occasioned 
by  the  saggers  becoming  useless  amounts  to  nearly 
30  dollars,  or  about  £4  10s.  at  each  firing.  At 
MeiS'-en  20  per  cent,  of  the  saggers  are  lost  at  each 
firing.  The  saggers  are  made  in  the  form  of  shallow 
cylinders,  except  when  the  particular  form  of  the 
piece  requires  it  otherwise,  and  the  bottom  being  flat, 
each  sagger  forms  the  lid  of  the  one  placed  under- 
neath. Several  vessels  are  placed  in  each  one,  and 
in  order  to  insure  the  wares  standing  upon  a per- 
fectly smooth  and  even  surface,  small  ground  plates 
are  introduced,  consisting  of  the  same  material  as  the 
saggers,  and  which  can  be  easily  taken  away  and 
repaired  as  required.  In  order  to  prevent  the  ware 
adhering  to  the  plate,  the  glaze  is  removed  from 
those  parts  of  the  piece  that  come  into  contact  with 
it;  and  as  even  those  parts  which  are  free  from  glaze 
are  liable  to  soften  and  adhere,  sand  is  interposed  to 
prevint  this  occurring.  Saggers  which  are  intended 
to  support  hollow  wares,  such  as  plates,  pans,  saucers, 
&c.,  are  constructed  with  a curved  bottom,  which, 
projecting  downwards  into  the  hollow  of  the  vessel 
situated  in  the  sagger  beneath,  economizes  space. 

After  firing  the  wares  are  removed  from  the  sag- 
gers, and  the  sand  which  may  have  attached  itself  to 
their  bottoms,  where  they  rested  on  the  saggers,  is 
ground  off  by  a piece  of  sandstone  or  some  such 
substance,  used  as  a kind  of  file  ; while  those  articles 
which  have  been  spoilt  by  bending  are  assorted  and 
placed  aside.  This  warpage  of  the  ware  is  sometimes 
of  considerable  amount;  at  Vienna,  for  example, 
only  three  plates  out  of  four  come  perfect  and  sound 
from  the  firing. 

The  Glaze. — At  Sevres  the  glaze  is  composed  of 
the  pegmatite  from  St.  Yrieix,  which  is  felspar 
incorporated  with  a certain  proportion  of  quartz. 
Although  the  proportions  of  these  two  constituents 
may  vary  considerably  in  small  pieces,  this  ceases  to 
be  the  case  in  the  enormous  mass  prepared  at  the 
same  time  at  Shvres,  as  shown  by  the  following 
table : — 


Component  Part* 
ot  the  Ulaza. 

Bertbler. 

A.  Isftureut 

Malagnti. 

Marlguac. 

Salret&t. 

Silica 

73-0 

74-0 

73-4 

74-6 

74-3 

Alumina, 

16-2 

18-6 

15-7 

160 

18-3 

Potash, 

8-4 

6-6 

7-4 

81 

6-5 

Lime, 

— 

0-4 

1-9 

1-2 

0-4 

Magnesia. 

— 

0-3 

0-3 

— 

0-2 

Loss  by  water,. 

0-6 

— 

1-3 

— 

0-3 

Loss, 

1-8 

0-1 

0-1 

— 

1000 

100-0 

100-0 

100  0 

100-0 

The  mean  of  these  analyses  corresponds  with  the 
formula — 


2(Al20;,.3Si0J  + K.^0,3Si03. 

In  some  places,  as  at  Berlin,  Nymphenburg,  and 
Meissen,  the  glaze  is  composed  of  kaolin,  gypsum, 
and  broken  porcelain,  equivalent  to  a glaze  con- 
taining alumina  and  lime,  with  no  more  potash  than 
the  small  quantity  contained  in  the  felspar  of  the 
kaolin  and  broken  porcelain.  As  has  been  before 
stated,  ths  ingredients  of  the  glaze  require  to  be 
finely  pulverized,  decanted,  and  mixed  in  the  same 
manner  as  the  paste  composing  the  ware.  The 
operation  of  putting  on  the  glaze  can  only  be 
accomplished  in  a rapid  and  uniform  manner  by 
dipping  the  pieces  into  a vessel  containing  the  glaze 
in  the  form  of  slip  suspended  in  water ; and  as  in 
this  operation  the  wares,  if  simply  dried,  would 
not  only  be  liable  to  bend  in  handling,  but  would 
also  absorb  the  water  too  slowly,  they  are  previously 
fired  to  a certain  extent,  in  which  state  they  are 
called  biscuit;  and  after  having  received  this  first 
firing,  they  absorb,  when  dipped  into  the  mixture, 
a certain  quantity  of  water,  leaving  the  suspended 
glaze  attached  to  the  surface.  In  general,  a very 
short  immersion,  varying  from  twenty  to  forty 
seconds,  is  sufficient;  the  more  rapidly  that  the 
operation  is  performed,  the  more  uniform  will  be 
the  absorption  of  the  liquid ; and  to  insure  this  as 
far  as  possible,  that  portion  of  the  ware  which  was 
first  dipped  into  the  glaze  is  always  first  removed. 
After  the  dipping  process  has  taken  place,  the  part 
of  the  piece  held  by  the  workman  is  coated  with 
glaze  by  the  aid  of  a brush,  and  the  glaze  is  removed 
from  those  parts  of  the  vessel  which,  coming  in 
contact  with  the  sagger  in  the  operation  of  firing, 
might  cause  adherence  by  its  fusion. 

Vinegar  exerts  a most  remarkable  influence  in 
preventing  precipitation  of  the  slip ; for  instance, 
glaze  in  water  at  a temperature  of  68°  Fahr.  requires 
only  four  hours  and  twenty  minutes  to  separate ; in 
water,  at  a temperature  of  140°  Falir.,  three  hours; 
while  in  water  confidning  three-seventh  parts  of 
vinegar  it  requires  six  hours ; and  in  water  with  one 
twenty-secondth  part  of  gum-arabic  eight  hours, 
under  similar  Circumstances.  These  are,  therefore, 
always  added. 

Pa'mling. — The  surface  of  porcelain  being  that  of  a 
true  glass,  it  is  the  best  adapted  of  all  clay  wares 
for  the  purposes  of  ornamentation  with  pigments 
and  metallic  lustres ; the  art  being  analogous,  in 
fact,  to  glass-painting,  with  the  difference  that  the 
colouring  is  solely  adapted  for  reflection,  and  not  for 
effect  by  transmitted  light.  All  the  pigments,  there- 
fore, are  coloured  glasses,  which  acquire  their  lustre 
and  adhesion  to  the  mass  by  fusion,  and  consist 
of  a flux,  with  the  addition  of  colour,  generally  a 
metallic  o.xide.  Some  of  the  metallic  combinations 
in  use  for  producing  the  various  hues  are  given 
below 

Yellow, Oxide  of  titanium. 

r Chromate  of  lead 

Yellow, -<  and  chromate  of 

( barium. 

Yellow — different  tints, Oxide  of  antimony. 

Orange-yellow,  black, Oxide  of  uranium. 
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Yellow  tints — red,  brown,  violet, 

grey,  sepia,  black, 

Violet,  brown,  black, 

Bine,  grey,  black, 

Brown, 

As  an  addition  to  carmine  and 

purple, 

Purple, 

Red, 

Green, 

Green, 


Oxide  of  iron. 

Manganese  dioxide. 
Oxide  of  cobalt. 
Ferrous  chromate. 

Chloride  of  silver. 

Purple  of  Cassius. 
Cuprous  oxide. 
Cupric  oxide.  • 
Chromic  oxide. 


Transparent  and  opaque  colours  or  enamels  are 
used  with  equal  effect.  Transparent  colours  are 
rendered  opaque  by  the  addition  of  oxide  of  tin ; and 
oxide  of  zinc  is  used  for  enlivening  the''different  tints. 
The  colours  are  classified  according  to  the  reaction 
of  the  temperature  upon  their  constituents,  being 
divided  into  such  as  have  the  power  of  withstanding 
the  most  intense  heat  of  the  firing  kiln,  and  which 
can  be  burnt  in  with  the  glaze — termed  refractory 
colours,  and  those  which  require  to  be  applied  to 
the  wares  after  the  process  of  glazing  has  been 
completed,  and  afterwards  fixed  in  a small  fur- 
nace called  the  muffle,  shown  at  Fig.  2 — and  are 


Fig.  2. 


hence  called  muffle  colours.  Mnffk  colours, 
being  painted  upon  the  ware  in  relief,  can  be  dis- 


tinguished by  touch  from  the  decoration  in  refrac- 
tory colours.  The  refractory  colours  are — 

Blue,  with  cobalt. 

Oreen,  with  chromium. 

Brown,  with  oxide  of  iron,  manganese  dioxide,  and  per- 
ferric  chromate. 

Yellow,  with  oxide  of  titanium. 

Black,  with  oxide  of  uranium. 

These  pigments  generally  impart  a very  intense 
colour,  and  can  be  used  in  very  small  quantities; 
they  exert  no  liquefying  action  on  the  glaze  or  on 
the  mass  of  tlie  ware.  They  may  either  be  applied 
directly  to  the  biscuit  ware  or  upon  the  glaze,  the 
silicate  of  an  alkali  being  used  with  them  as  a flux. 
Muffle  colours  are  incorporated  with  a great  variety 
of  fluxes,  the  most  important  of  which  are — sand  or 
quartz,  saltpetre,  borax  and  boracic  acid,  felspar, 
potash,  soda,  and  minium  or  litharge. 

Gilding  is  executed  on  porcelain  thus ; — The  gold 
is  precipitated  from  its  solution  in  nitrohydrochloric 
acid  by  ferrous  sulphate.  The  brown  powder  ob- 
tained is  washed,  dried,  mixed  with  about  one-tenth 
of  oxide  of  bismuth,  and  rubbed  up  with  thickened 
oil  of  turpentine.  This  gold  mixture  is  then  applied 
with  the  brush  and  fired  in  the  usual  manner,  when 
the  oxide  of  bismuth  forms  a flux  with  the  surface 
of  the  glaze,  and  the  gold  becomes  firmly  attached. 
It  has  a dull  yellow  appearance  upon  leaving  the 
muffle,  and  requires  to  be  burnished  with  an  agate 
to  restore  its  metallic  lustre.  A preparation  of  gold, 
held  in  complete  solution  by  oil  of  turpentine,  is 
used  for  gilding  at  Meissen.  It  is  not  so  durable, 
however,  as  that  obtained  by  the  ordinary  process. 

Platinum  Black,  or  Platiman  Sponge,  is  applied  in 
precisely  the  same  manner  as  the  metallic  gold.  As 
a certain  amount  of  heat  is  necessary  in  the  muffle 
for  the  successful  firing  of  the  more  fusible  colours 
and  gilded  ware,  pjrometrical  tests  are  applied  to 
ascertain  the  necessary  temperature.  A very  con- 
venient test  is  afforded  by  the  variation  of  colour 
through  which  the  gold  purple  passes  when  sub- 
mitted to  a gradually  increased  temperature,  six 
gradations  being  marked  by  the  porcelain  painters, 
corresponding  to  the  six  most  important  changes  in 
temperature.  Thus  a piece  of  porcelain  painted 
with  the  prepared  purple  of  Cassius,  and  exposed  to 
the  muffle,  gradually  becomes — 


Degrees  of  Pehr. 

to  gilding  upon  coloured  grounds, 1148° 

retouching, 1474° 

easily  fusible  colours 1652° 

gilding  upon  glaze, 1688° 

gilding  upon  plate  edges \ 

more  difficultly  fusible  colours, J 

dull  gilding, 1832° 


Of  a dirty -brown  red  colour, corresponding 

Brick-red, 

Brick-red,  passing  into  rose,  and  red 

on  the  edges  and  thinner  parts, 

Rose-colour,  passing  into  purple, .... 

Rose-colour,  passing  into  violet, 

Rose-colour,  passing  into  deep  violet, 

Violet  has  become  lighter. 

Rose-colour  has  disappeared,  and  the 
violet  become  very  pale, 

The  process  of  gilding  is  as  follows; — Tlie  gold 
(which  is  prepared  with  quicksilver  and  flux),  when 
ready  for  use,  appears  a black  dust.  It  is  used  with 
turpentine  tind  oils  similar  to  the  enamel  colours, 
and,  like  them,  worked  with  the  ordinary  camel’s 
hair  pencil.  It  flows  very  freely,  and  is  equally 
adapted  for  producing  broad,  massive  bands  and 


grounds,  or  the  finest  details  of  the  most  elaborate 
design. 

To  obviate  the.  difficulty  and  expense  of  drawing 
the  pattern  on  every  piece  of  a service,  when  it  is  at 
all  intricate,  a “ pounce  ” is  used,  and  the  outline 
dusted  through  with  charcoal — a method  which  also 
secures  uniformity  of  size  and  shape.  Women  are 
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precluded  from  working  at  this  branch  of  the  busi-  j 
ness,  though,  from  its  simplicity  and  lightness,  it 
would  appear  so  well  adapted  for  them.  Firing 
restores  the  gold  to  its  proper  tint,  which  first 
assumes  the  character  of  “ dead  gold,”  its  after 
brilliancy  being  the  result  of  another  process  termed 
“ burnishing.” 

The  watches  introduced  into  the  muffle  for  the 
purpose  of  ascertaining  the  temperature  are  covered 
both  with  gold  and  colour,  in  order  to  ascertain  the 
degree  of  heat  at  which  the  gold  becomes  attached 
without  altering  the  tints  of  the  hues.  Painted 
porcelain  generally  requires  retouching  and  passing 
through  the  muffle  two  or  three  times,  according  to 
the  degree  of  finish  required  by  the  artist. 

At  Sevres,  also,  an  ingenious  method  of  removing 
faults  in  the  painting  is  adopted  previously  to  re- 
touching them.  A brush,  dipped  into  liquid  hydro- 
fluoric acid,  is  traced  over  the  parts,  which  are 
afterwards  washed  with  water ; the  etched  part, 
appearing  perfectly  white,  and  only  slightly  corroded, 
is  in  a very  favourable  condition  for  receiving  the 
fresh  pigments. 

A kind  of  lustred  glaze,  intermediate  between 
true  metallic  decoration  and  the  ordinary  vitreous 
glaze,  has  been  introduced  by  Brianchon,  of  Paris. 
Ilis  English  patent,  dated  1857,  gives  directions  for 
obtaining  various  iridescent  tints  on  porcelain.  The 
effects  produced  are  similar  to  those  of  the  famed 
lustred  wares  of  certain  Italian  IMajolica,  but  are 
inferior  in  richness  of  hue.  Brianchon’s  process 
resembles  that  lately  used  at  Worcester  and  at  the 
Belleek  works  in  Ireland,  where  indeed  the  manu- 
facture of  the  lustred  ware  is  a distinguishing  speci- 
ality. In  Brianchon’s  process  a flux  is  first  formed 
by  heating  together — 

10  parts  (by  weight)  of  nitrate  of  bismuth, 

30  “ resin, 

40  “ essence  of  lavender. 

When  this  mixture  has  cooled  slowly,  35  additional 
parts  of  essence  of  lavender  are  introduced. 

With  this  flux  or  glaze  various  colouring  sub- 
stances are  to  be  mixed,  according  to  the  special 
kind  of  iridescence  sought  after.  For  yellow,  use — 

10  parts  nitrate  of  uranium, 

30  “ resin, 

35  “ essence  of  lavender. 

On  cooling,  add  80  parts  more  essence. 

For  orange  red,  use — 

15  parts  nitrate  of  iron, 

15  “ resin, 

18  “ essence  of  lavender. 

On  cooling,  add  20  parts  more  essence. 

For  imitation  gold,  mix  together  2 or  3 parts  of  the 
uranium  liquor  with  1 part  of  the  iron  preparation. 
Brianchon  also  uses  for  his  iridescent  glazes  such 
gold  salts  as  the  cyanide,  the  “ ammoniuret,”  and 
the  iodide,  in  combination  with  the  bismuth  glaze, 
and  with  the  other  liquids  above  described. 

W.  DE  Morgaj^,  of  the  Orange  House  Pottery, 
Chelsea,  has  lately  succeeded  in  obtaining  some  very 
VOL.  IL 
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decided  and  beautiful  lustred  colours  on  pottery  by 
means  of  the  effect  of  certain  reducing  vapours  upon 
pigments  rich  in  copper,  silver,  «S:c.  His  wares  have 
also  the  further  merit  of  decorative  design.  They 
reproduce  many  of  the  beautiful  effects  of  the 
lustred  Italian,  Persian,  and  Hispano-Moorish  pot- 
tery of  the  sixteenth  century. 

Parian  or  Ceramic  Statuary.  — Ceramic  statuary, 
introduced  about  18.54,  is  the  finest  description  of 
biscuit  made,  and  differs  only  from  porcelain  by  the 
employment  of  a soft,  fusible  felspar  in  place  of 
Cornish-stone.  The  general  introduction  of  this 
art  was  first  successfully  carried  out  by  the  late  firm 
of  Copeland  & Garrett,  the  eminent  manufacturers 
of  Stoke- upon-Trent,  under  the  artistic  direction  of 
Thomas  Battam,  F.S.A.,  and  founder  of  the  Ceramic 
Art  Union,  established  1859,  for  the  encouragement 
of  fine  art  manufactures. 

In  the  Parian  body  the  agreeable  creamy  or 
yellowish-white  tiut  which  it  possesses  is  owing  to 
the  presence  of  a small  quantity  of  oxide  of  iron  in 
the  clays  and  felspar,  which  during  the  firing  forms 
with  the  silicic  acid  a ferric  silicate.  The  making  of 
figures  with  the  Parian  body  requires  great  care, 
knowledge,  and  skill,  as  they  are  cast  in  different 
parts,  and  afterwards  united.  The  slip  for  tliis 
purpose  is  in  a liquid  state,  the  deposit  in  the  mould 
being  allowed  time  to  harden  before  removal,  after 
which  those  parts  which,  from  the  softness  and 
yielding  of  the  mass,  might  sink,  are  supported  by 
props.  From  the  large  proportion  of  moisture  con- 
tained in  the  slip,  the  mass  contracts  in  the  firing 
process  no  less  than  one-fourth  of  its  bulk.  Some 
of  the  ingredients  composing  the  finest  Parian  body 
are  given  below  : — 

No.  1. — Frit. 

Lba. 

Well-washed  Lynn  or  Isle  of  Wight  sand,  80 


Felspar 35 

Cornish-stone, 15 

Pearl-ash, 12 


The  whole  mixed  together  with  water,  and  fired  in 
flinted  saggers,  at  the  earthenware  heat. 


Mass. 

Frit, .50 

Felspar,..., 130 

China  clay, 130 

Fine  powdered  glass, 20 


These  ingredients  being  all  well  ground  together. 
No.  2. — Frit,  made  as  before. 


Mass. 

Frit 50 

Felspar, 35 

Felspar  calcined  at  a gloss  beat, 35 

China  clay, 75 

Bone, 75 

Powdered  glass, 15 


Beautiful  perforations  and  network,  such  as  lace, 
drapery,  &c.,  are  made  by  dipping  the  original  fabric 
into  the  slip.  The  subsequent  process  of  firing 
destroys  the  original  tissue  inside.  In  practice  the 
process  may  be  described  as  follows : — Upon  a 
gypsum  slab,  over  the  surface  of  which  a film  of  the 
91 
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slip  has  been  bruslied,  the  piece  of  net  is  evenly 
spread  out  and  a second  coating  of  slip  afterwards 
laid  over  the  whole.  The  porosity  of  the  gypsum 
absorbing  the  water  leaves  only  the  clay  in  a thin 
film  surrounding  the  fibres  of  the  net,  which,  when 
lifted,  is  wrapt  around  the  statuette  to  be  decorated, 
and  placed  in  the  oven. 

Stoneware. — The  mass  composing  fine  stoneware 
is  a mixture  of  plastic  clay  and  a flux  of  a felspathic 
nature.  The  hard  texture  of  plastic  clay  after 
burning,  and  the  shrinking  it  undergoes,  cause  it  to 
become  very  fragile,  while  the  apphcation  of  long 
and  intense  heat  is  necessary  to  produce  that  semi- 
fusion which  is  one  of  the  characteristics  of  the 
ware.  This  semi-fusion  is  facilitated  by  the  addition 
of  the  flux,  which  acts  precisely  in.  the  same  manner 
as  in  real  porcelain ; the  chief  external  difference 
between  fine  stoneware  and  real  porcelain  being  the 
almost  entire  absence  of  translucency  in  the  former. 

Mixture. — The  mass  composing  the  body  of  fine 
stoneware  is  distinguished  by  the  term  di-y  body. 
It  is  generally  composed  of  kaolin,  plastic  clay,  and 
Cornish-stone  as  a flux,  sometimes  the  kaolin,  and 
sometimes  the  plastic  clay  taking  the  preponderance; 
but  the  proportion  of  the  flux  generally  amounts  to 
50  per  cent,  of  the  whole — a much  larger  proportion 
than  in  the  true  porcelain  body.  It  is  from  this 
cause  that  fine  stoneware,  when  subjected  to  the 
heat  of  a porcelain  kiln,  melts,  and  requires  therefore 
a more  moderate  temperature  in  baking.  The  mass 
is  much  more  plastic  than  that  of  true  porcelain,  a 
circumstance  which  enables  it  to  bear  a much  larger 
proportion  of  a poor  flux,  such  as  felspar,  than  the 
kaolin.  Some  of  the  proportions  in  mixing  the  mass 
are  given  below : — 


These  separate  ingredients  are  all  ground  to  a fine 
powder  and  mixed  together  with  the  greatest  care, 
in  order  to  increase  the  plasticity  of  the  mass  in 
working. 

The  wares  are  formed  by  means  of  the  wheel  and 
lathe,  or  are  pressed  into  plaster  of  Paris  moulds,  when 
the  irregularities  of  the  outline  render  this  necessary. 
Many  kinds  of  this  ware  are  decorated  with  basso- 
relievos,  which  are  fixed  on  to  the  body.  Many 
varieties  of  stoneware  are  stained  by  metallic  oxides. 
The  ingredients  in  use  for  forming  .saye,  white  stone- 
ware body,  are  oxide  of  chrome  and  cobalt;  drab, 
white  stoneware  body,  15  per  cent,  common  marl 
and  a little  nickel;  dove,  white  stoneware  body,  1 


White  Stoneware 
Bodies  for  Jugs,  &e. 

L 

II. 

IIL 

IV. 

Cornish-stone, 

80 

40 

100 

30 

t'ornish  clay, 

20 

10 

20 

10 

Blue  clay, 

40 

20 

18 

17 

Flint, 

20 

— 

40 

2 

With  the  addition  of  a little  blue  cobalt  to  whiten. 

Mortar  Bodies. 

L 

II. 

III. 

IV. 

Cornish-stone, 

200 

90 

50 

50 

Blue  clay, 

80 

80 

25 

20 

China-clay, 

— 

30 

20 

40 

Glass, 

— 

— 

1 

— 

per  cent,  manganese  with  one-fourth  part  per  cent, 
cobalt. 

Wedgwood  Jasper  Wares. — Amongst  this  celebrated 
description  of  fine  stoneware,  the  manufactime  of 
Wedgwood,  may  be  enumerated  those  known  as 
jasper,  terra-cotta,  basalt,  granite,  and  porphyry. 

One  of  the  most  remarkable  of  these  bodies  is  the 
jasper  or  onyx,  a white  biscuit,  which  has  the  property 
of  receiving  through  its  entire  mass,  by  the  admix- 
ture of  metallic  oxides,  the  same  colours  that  those 
oxides  would  impart  to  glass  or  enamel  in  a state  of 
fusion. 

The  composition  of  this  jasper  or  onyx  body  may 
be  given  as  follows,  the  blue  colour  being  imparted 
by  the  admixture  of  oxide  of  cobalt,  in  proportions 
varying  from  one-third  of  a part  to  one  part  per  cent., 
or  more,  according  to  the  depth  of  tint  required : — 


White  Jasper  Bodies. 

I, 

II. 

III. 

IV. 

VI. 

Sulphate  of  barium,.. . . 

150 

40 

30 

50 

32 

160 

China-clay, 

35 

— 

— 

15 

10 

60 

Blue  clay, 

45 

20 

12 

35 

25 

90 

Flint, 

35 

— 

3 

10 

8 

40 

Gvpsum, 

6 

— 

— 

— 

1 

8 

Cornish-stone, 

50 

20 

20 

— 

7 

— 

Bone, 

— 

— 

— 

25 

— 

— 

The  proportion  of  stain  is  one  part  of  cobalt  to  from 
50  to  75  parts  of  the  body,  according  to  the  depth  of 
colour  required.  The  various  other  coloured  jaspers 
are  obtained  by  the  addition  of  other  oxides  to  the 
several  white  bodies.  The  green  jasper  is  obtained 
by  the  admixture  of  the  oxide  of  chromium. 

In  wares  of  this  description  the  mass  is  frequently 
white,  and  only  covered  on  the  surface  with  a thin 
coloured  coating  of  the  same  body,  the  shrinking 
properties  of  the  mass  not  being  essentially  affected 
by  the  addition  of  small  quantities  of  the  metallic 
oxides.  The  mass,  after  formation  upon  the  throw- 
ing wheel  in  the  usual  manner,  receives  when  suffi- 
ciently hardened  the  proper  outline  upon  the  lathe; 
and  if  a vase  or  other  similar  shape,  such  rims  or 
fillets  are  turned  as  are  intended  to  appear  white  upon 
the  dark  ground  in  the  after  manipulations.  The 
piece  is  then  taken  into  the  dipping-room,  where  it 
is  immersed  in  a tub  containing  the  coloured  slip  of 
a consistency  approaching  thick  cream,  and  receives 
a thin  even  film  over  its  whole  surface.  It  is  then 
allowed  to  harden  until  it  is  sufficiently  firm  to  admit 
of  being  placed  a second  time  upon  the  lathe,  when 
a burnisher  is  run  over  it  to  give  uniformity  and 
smoothness  to  the  surface ; the  blue  dip,  at  the 
same  time,  being  turned  off,  .and  exposing  those 
portions  intended  to  appear  white. 

The  piece  is  then  taken  to  the  decorator,  who 
affixes  the  various  ornamentations  intended  to  com- 
plete the  design.  Taking  the  vase  in  one  hand,  he 
with  a small  hair  pencil  moistens  with  water  that 
portion  of  the  surface  intended  to  receive  the  pattern, 
which  is  affixed  in  its  proper  position  by  a very  gentle 
pressure  of  the  finger,  and  the  aid  of  a damp  sponge ; 
each  separate  ornament  being  added  in  this  manner, 
until  the  whole  decor.ation  is  complete.  The  piece 
is  then  sent  into  the  oven  to  be  fired  in  the  usual  way 
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The  ornaments  in  relief  are  obtained,  like  an 
impression  from  a seal,  by  pressure  in  a mould  made 
of  baked  clay  or  plaster  of  Paris.  The  moidder  sits 
at  a bench  with  a number  of  these  small  moulds 
before  him,  a lump  of  the  plastic  material  forming 
the  body  of  the  ware  being  placed  at  his  side,  and 
from  which,  by  means  of  a small  spatula,  he  separates 
pieces  of  the  clay,  and  rapidly  fills  or  presses  them 
into  three  or  four  of  the  moulds.  This  done,  he 
takes  the  one  first  in  order,  and  with  the  smooth 
flat  end  of  his  tool  burnishes  over  the  surface  of  the 
mould,  removing  the  surplus  clay,  and  causing  the 
sharp-cutting  edge  of  the  die  to  give  a clean  sharp 
outline  to  the  imjiressed  clay,  which,  yielding  slightly 
to  the  rubbing  process  by  suction,  leaves  the  mould, 
and  is  turned  out  on  a slab  for  use  by  the  decorator. 

Basalt  or  Black  Egyptian  Biscuit. — Many  articles 
of  domestic  requirements,  such  as  tea-j)ots,  milk- 
jugs,  &c.,  are  moulded  from  this  mass.  In  composi- 
tion it  may  be  given  as  follows : — 


Basalt  or 

Black  Egyptian  Bodies. 

L 

II. 

IIL 

IV. 

V. 

vx 

Blue  clay 

200 

330 

200 

— 

100 



Bed  clay, 

— 

— 

300 

500 

— 

500 

Ochre  calcined, 

200 

300 

100 

75 

100 

— 

Iron  scales, 



30 

— 

— 

35 

— 

Manganese, 

60 

80 

100 

75 

40 

100 

Red  Body— Terra-cotta  Ware. 

Red  marl  very  carefully  sifted, 10  parts. 

Common  marl, 2 “ 

with  the  addition  of  10  per  cent,  of  Cornish-clay,  if  a 
light  colour  is  retjuired. 

Fine  stoneware  in  general  is  never  glazed,  though 
at  times  a glaze  is  produced  spontaneously  with  the 
firing  by  a process  called  smearing,  the  inner  surface 
of  the  saggers  being  coated  with  a glaze  composed  of 
fine  white  stoneware. — No.  1 — Lead,  6 ; stone,  3 ; salt, 
8.  No.  2 — Flint,  10;  bone,  5;  nitre,  3;  salt,  5. 
No.  8 — Lead,  4;  stone,  1;  salt,  2;  flint,  1.  No. 
4 — Glaze,  4 ; salt,  1 ; potassa,  No.  5 — Calcined 
bones,  3;  common  salt,  1.  No.  6 — Bones,  5;  salt,  3 ; 
No.  7 — Flint,  10;  bones,  5;  salt,  5 ; nitre,  3. 

TFa.'.A  Smears. — Lime  at  24  ozs.,  3 quarts ; slip  at 
24  ozs.,  2 quarts;  salt,  2 lbs.;  nitre,  1 lb.  The 
ingredients  are  dissolved  in  hot  water,  and  the 
saggers  washed  inside  with  the  mixture. 

This  in  part  becoming  volatilized  during  the  firing, 
a portion  of  the  alkali  and  oxide  of  lead  is  absorbed 
by  the  surface  of  the  ware,  forming  a thin  layer  of 
glaze,  both  tlie  surfaces  containing  silica  appro- 
priating a fair  proportion  of  the  vitrifiable  bases. 
Sometimes  a glaze  containing  a large  quantity  of 
lead  or  borax  is  applied  to  either  both  or  only  one 
surface  of  the  ware.  When  pigments  are  mixed  with 
the  glaze,  colours  are  communicated  to  the  ware. 
The  firing  of  this  kind  of  ware  takes  place  in  saggers 
in  the  ordinary  furnaces. 

In  the  manufacture  of  ordinary  stoneware  vessels 
the  process  of  decanting  the  clay  from  water  would 
be  too  costly ; the  coarser  impurities  are  therefore 
either  removed  by  repeated  kneadiugs  and  treading 
out  of  the  ma.ss  by  manual  labour,  or  separated  by 
passing  the  clay  through  a pug-mill. 


The  low  price  at  which  these  wares  are  sold  in 
the  market  necessitates  the  adoption  of  the  most 
simple  modes  of  forming  and  manipulation ; they 
are  generally,  therefore,  thrown  upon  the  potter’s 
wheel,  which  is  generally  turned  by  steam  power. 

The  kiln  i.s  in  general  of  a very  rough  construc- 
tion, being  simply  a huge  reverberatory  furnace. 
The  wares  are  introduced  into  the  kiln  by  doors, 
which  are  bricked  up  during  the  firing.  At  Lambeth, 
near  London,  the  kilns  are  vertical,  are  about  10 
feet  in  diameter  in  the  baking  chamber,  and  11  feet 
high  to  the  centre  of  the  crown  ; they  have  five  fire 
grates,  each  12  inches  wide  and  3 feet  long,  con- 
taining five  or  six  fire-bars,  a bag  or  chimney  flue 
about  5 feet  high  being  placed  opposite  eaeh  fire. 
Great  care  is  required  in  the  management  of  the 
fires,  as,  if  too  little  air  is  admitted,  the  smoke  and 
gas  will  be  imperfectly  consumed  and  the  wares 
discoloured;  while,  on  the  contrary,  if  air  enters 
too  freely  the  heat  is  not  sufficiently  intense  to 
vitrify  the  clay. 

Common  stoneware,  being  sufficiently  dense  and 
vitreous  in  its  mass  to  be  impermeable,  is  glazed  by 
a very  cheap  and  simple  process.  The  waste  from 
other  branches  of  the  manufacture  is  ground  to  a 
fine  powder,  and  sifted  or  sprinkled  over  the  moist 
ware  in  a thin  stratum  ; it  is  afterwards  burnt  on  in 
the  process  of  firing.  Iron  slag  is  generally  used 
for  this  purpose. 

The  simple  and  old-fashioned  salt-glaze  is  also  of 
very  general  application.  The  process  takes  place 
towards  the  end  of  the  firing,  when  salt  is  thrown 
into  the  kiln  through  particular  apertures.  The 
temperature  of  the  kiln  being  considerably  above 
a red  heat,  volatilizes  the  sodium  chloride  into  a 
vapour  which,  filling  the  chamber,  surrounds  the 
wares,  and  causes  a reaction  to  take  place  with 
the  silica  of  the  mass — a change  which  is  approxi- 
mately represented  in  the  equation : — 

2NaCl  aSiOa  -HHjO  = NajOaSiOa  +2HC1. 

The  glaze  is  a soda  glass,  and  exists  as  a very  thin 
coating  upon  the  surface  of  the  wares.  Clays  which 
contain  less  than  50  per  cent,  silica  do  not  decom- 
pose salt.  A brown  colour  is  given  by  throwing  into 
the  furnace,  during  the  glazing  process,  substances 
which  afford  a large  volume  of  smoke,  such  as  the 
bark  of  the  birch  tree. 

Common  stoneware  generally  varies  in  colour 
from  grey  to  bluish-grey,  yellowish-red,  brownish- 
red,  and  brown. 

Earthenware. — Under  the  term  earthenware  are 
embraced  those  varieties  of  pottery  which  on  frac- 
ture have  an  earthy  appearance,  are  perfectly  opaque, 
and  are  coated  with  a soft,  easily  fusible  glaze, 
containing  lead  or  borax. 

Fine  Eartkenivare. — The  English  manufacture  is 
composed  essentially  of  a mixture  of  plastic  clay 
and  quartz.  The  crude  materials  are  Cornish-stone 
and  china-clay.  The  class  called  ironstone  china  is 
made  from  a mixture  of  plastic  clay,  kaolin,  Cornish- 
stone  in  excess,  and  silica,  the  formula  of  which  is 
subjoined : — 
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I. 

n. 

IIL 

IV. 

V. 

VL 

Comish-stone, . . 

180 

200 

700 

600 

600 

400 

China-clay, 

120 

150 

500 

600 

100 

250 

Blue  clay, 

60 

100 

300 

— 

180 

150 

Flint, 

80 

120 

250 

400 

60 

75 

A small  proportion  of  cobalt  blue  is  added  as  a 
stain  to  whiten  the  mass. 


These  are  the  three  principal  modifications  into 
which  this  class  of  clay  wares  may  be  subdivided, 
leaving  innumerable  others  of  an  intermediate  char- 
acter. Mixtures  for  the  mass  of  the  following 
varieties  are  given  below: — 

CEEAM-COLOUKED  WARE  BODIES. 


Blip  Mixtures  hy  Measure  ; Dry  Mixtures  in  Parts. 


Dry  Mixtures. 

Slip  Mixtures  in  Inches. 

Blue  clay, 

22 

12 

11 

13 

12 

China-clay 

9 

12 

6 

4 

Flint, 

10 

4 

3 

Cornish-stone, 

— 

3i 

* 

— 

FINE  EARTHENWARE  BODIES. 


In  Slip  hy  Measure. 


Slip  Mixtures  in  Inches  in  Tub. 

- 

1. 

2. 

3. 

4 

Blue  clay, 

China-clay, 

Flint, 

Cornish-stone, 

Ozs.  to 
the  Pint. 

24 
26 
32 
31 J 

Inches. 

n 

9 

3 

i 

Inches. 

m 

5 

3 

Inches. 

7 

9 

Inches. 

9 

7 

5 

3 

Dry  in  Parts. 


L 

SL 

3. 

Blue  clay, 

200 

500 

500 

China-clay, 

200 

800 

650 

Flint, 

200 

800 

450 

Cornish-stone 

75 

300 

200 

TEKRA-COTTA,  OR  POROUS  BODIES  FOR  WATER  BOTTLES,  &0. 


Green. 

Blue. 

Earthenware  body, .... 

. ...  100  ... 

Cornish-stone 

...  10 

Oxide  of  chrome 3 3 

Red. 


Turquoise  Body. 


Blue  clay, 300  lbs. 

China-clay 175  “ 

Flint, 200  “ 

Cornish-stone, 60  “ 

Turquoise  stain, 20  “ 


Turquoise  stain  consists  as  follows : — 


Dark  red  marl, 300 

Blue  ball  clay, 100 

Turquoise  stain. 

Cane. 

Grey  marl 120 

Blue  clay, 13 

Flint, 6 


Blue  cobalt, 1 lb. 

Flint, 2^  lbs. 

Oxide  of  zinc, 10  “ 


Calcined  together  in  earthenware  biscuit  oven,  and  finely 
ground  for  use. 

Pale  Drab  Body. 


Fine  white  earthenware  body, 700  lbs. 

Stain — nickel, 4 “ 

Cobalt  calx 1^  lb. 

Buff  Body. 

Finely  ground  grey  marl, 100  lbs. 

Fine  earthenware  body, 100  “ 

Inside  Wash  for  above  Coloured  Bodies. 

China-clay, 40  lbs. 

Blue  clay, 20  “ 

Flint, 20  “ 

Cornish-stone, 10  “ 

Cobalt  calx,  to  whiten, 15  drachms. 


This  wash  is  poured  smartly  into  the  interior  of  the 
ware  after  forming,  and  immediately  emptied. 


COLOURED  CLAVS  FOE  ORNAMENTATION. 

Turquoise  or  blue,  take  of  the  body  of  the  ware  40  lbs.,  and 
IJ  lb.  of  the  turquoise  stain. 


Oreen  Clay. 


Body, 40  lbs. 

Nickel, 3 “ 

Cobalt  calx, ...  § oz. 


Drab  Clay. 


Body, 60  lbs. 

Nickel, 12  ozs. 

Cobalt  calx 3 “ 


Dark  Chrome  Green  Clay.  Orange  Clay. 

Body, 40  lbs.  | Body, 40  lbs. 

Oxide  of  chrome,  3 “ Fine  red  marl,  . . 20  “ 

1 Flint, 7 “ 


In  general  use  for  moulding  and  pressing. 


The  marls  should  be  very  carefully  sifted  through 
fine  lawns;  and  if  ground  finely  in  a pan  at  the  mill, 
the  body  will  be  much  improved.  ITiis  remark 
applies  to  all  coloured  bodies.  These  porous  bodies 
are  all  fired  in  the  glazing  oven. 

The  Mass.— The  flints  are  calcined,  crushed,  and 
finally  broken  to  powder  under  water. 

The  Cornish-stone  is  ground,  but  without  calcina- 
tion ; it  is  used  in  the  bodies  and  glazes. 

To  increase  its  plasticity,  the  china  or  Cornish 
clay  is  mixed  with  as  much  blue  elay  as  the  quality 
of  the  ware  admits.  The  liquid  with  the  clay  in 
suspension  is  decanted,  and  passes  into  vats  in  the 
mixing  or  slip  house.  The  china-clay  and  blue  ball 
clay  having  been  admitted  into  the  tanks  severally, 
in  due  projiortions,  are  united  in  the  mixing  cistern. 
The  relative  proportions  by  measure  of  Cornish- 
stone  and  flint  are  next  added,  and  mixed  with  the 
mass,  which  then  passes  through  a set  of  fine  silken 
sieves,  fixed  in  a frame,  to  which  a sifting  motion 
is  imparted.  This  causes  a complete  filtration  of 
the  slip,  all  the  coarser  impurities  being  left  behind. 

The  slip  was  formerly  consolidated  by  heat;  this 
is  now  usually  effected  by  hydraulic  pressure.  It 
next  passes  through  a pug-mill,  to  bring  the  mass 
to  a uniform  consistency.  The  mill  consists  of  a 
circular  iron  vat  or  cylinder,  bound  together  by  iron 
hoops,  through  the  centre  of  which  an  iron  shaft 
revolves,  carrying  with  it  several  horizontal  arms, 
armed  with  the  sharp  blades;  these  are  fixed  hori- 
zontally, and  inclined  at  a certain  angle.  By  this 
arrangement  the  clay  in  its  passage  through  the  mill 
is  cut  up  and  forced  out  at  the  bottom  of  the  mill. 
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The  clay  as  it  issues  from  the  machine  is  cut,  by 
means  of  a fine  wire,  into  blocks,  which  are  carried 
away  to  the  store-house  for  the  process  of  ageing. 
Before  tlie  mass  is  placed  in  tlie  thrower's  hands  it 
undergoes  a further  stage  of  preparation,  termed 
slapping  or  wedging,  by  being  forcibly  thrown  upon  a 
strong  slab  of  plaster  of  Paris. 

Throwing. — From  the  much  greater  plasticity  of 
the  mass  used  for  earthenware,  the  operation  of 
throwing  upon  the  wheel  is  one  of  great  rapidity. 
The  potter’s  wheel  and  lathe  are  moved  by  machinery. 

Firing. — The  temperature  at  which  fine  earthen- 

Fig. 3. 


I towards/,  and  becoming  narrower  as  they  approach 
\ the  centre.  The  flame  Anally  escapes  through  the 
I openings,  h h h,  in  the  dome  of  the  chamber.  A,  and  out 
I of  the  top  of  the  hovel,  B.  The  small  openings,  n n, 
are  for  the  removal  of  the  watches  from  the  saggers 
placed  opposite,  and  by  which  the  potter  ascertains 
the  state  of  the  kiln.  The  height  of  the  chamber,  a, 
averages  about  18  feet,  the  diameter  about  16  feet. 

The  wares  are  always  inclosed  in  saggers,  which 
are  arranged  in  the  kiln  in  columns  or  bungs  after 
the  manner  described  under  Porcelain. 

Glaze. — The  various  ingredients  are  mostly  fused 
together  or  fritted,  and  afterwards  ground,  sieved, 
and  purified.  The  materials  being  formed  into  a 
thin  water  fluid,  the  process  of  glazing  is  the  same 
as  that  described  under  Porcelain.  Subjoined  are 
several  mixtures  of  glazes : — Raw  Glazes — Common 
Cream  Colour  Glaze. — Cornish  stone,  150;  flint,  35; 
borax,  4 ; white  lead,  300.  Rockingham  Glaze. — Red 
lead,  42 ; Cornish  stone,  6 ; flint,  4^  ; China  clay,  4^; 
manganese,  6 ; ground  finely  for  use.  Yellow  or 
Saffron  Glaze. — Underglaze  yellow  colour,  10  lbs.; 
white  lead,  20  lbs.,  very  finely  ground ; add  to  which 
20  quarts  of  cream  colour  glaze  (4^  lbs.  per  quart), 
well  sifted  together.  Chrome  Greeji  Glaze. — 
, Chrome  oxide  (green),  2 lbs. ; flint  glaze,  4 lbs. ; 
ground  for  stain  ; add  to  which  48  quarts  of 
printed  glaze  (28  oz.  per  pint),  and  well  sifted 
together.  Dessert  Green  Glaze. — IVhite  lead,  3 
lbs. ; calcined  copper,  3 lbs. ; flint  glass,  1^  lb. ; 
flint,  2 lbs. ; finely  ground  together.  And  mix 
of  the  above,  4 quarts  ; printed  glaze,  12  quarts; 
cream -colour  printed  glaze,  9 quarts;  earthen- 
ware slip,  3 pints  ; well  lawned  together.  Black 
Glaze. — White  lead,  50;  Cornish  stone.  20; 
flint,  10 ; China  clay,  7 ; manganese,  10 ; ground 
for  dipping. 
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ware  is  baked  being  much  higher  than  that  required 
for  the  glaze,  renders  it  necessary  that  the  vessels 
should  be  fired  twice.  At  the  first  firing  the  ware 
is  completely  baked,  or  converted  into  biscuit,  the 
glaze  being  burnt  on  in  the  second  firing.  Two 
separate  furnaces  are  employed  for  these  distinct 
operations.  The  kiln  used  for  baking — Fig.  3 — 
has  only  one  chamber,  a,  and  is  surrounded  by  a 
conical  brick  building,  a a,  termed  a hovel,  that 
serves  at  once  the  purpose  of  roof  and  chimney. 
'Hie  construction  is  nearly  the  same  as  that  of  an 
upright  reverberatory  furnace.  The  fuel  is  coal. 
The  draught  is  regulated  by  the  aperture,  b,  and 
passes  into  the  furnace  in  a downward  course,  carry- 
ing with  it  the  flames  in  a horizontal  direction;  c is 
the  opening  for  removing  the  cinders,  and  d that  by 
which  fuel  is  introduced  into  the  furnace.  The  flame, 
before  entering  the  chamber  of  the  furnace,  is  divided; 
part  of  it  passes  through  channels  below  the  sole  of 
the  furnace,  along  the  horizontal  flues,  e,  and  enters 
at  the  central  point,  /,  the  remainder  circulating 
upwards  through  the  small  chimneys  or  bags  g, 
situited  against  the  wall,  m,  of  the  kiln.  A.  E.ach 
fire,  of  which  there  are  six  or  eight,  has  a correspond- 
ing chimney,  ff  g',  and  horizontal  flues  converging 


L 

11. 

ni, 

IV. 

V. 

VI. 

vn. 

VUI. 

IX. 

(Jornibh-stone,. 

100 

180 

80 

90 

40 

.50 

120 

100 

120 

Felspar, 

— 







40 









Flint, 

60 

100 

70 

5 

— 

35 

70 

20 

80 

Lynn  sand, 

— 

— 

— 



30 

— 

— 

— 

— 

Whiting, 

25 

— 

— 

— 

— 

40 

30 

30 

80 

Chalk 

— 

120 

25 

— 

15 

— 

— 

— 

— 

Borax, 

70 

75 

65 

60 

100 

75 

60 

120 

China-ciay, 

10 

10 

— 

25 

— 

30 

10 

— 

30 

White  lead, .... 

60 

— 















Bed  lead, 

— 

— 

— 





— 

30 

— 

— 

Soda, 

Fritted  in  kiln, 
and  mixed  os 
follows : — 

25 

10 

15 

20 

Cornish-stone,. 

60 

— 

100 

150 

160 

35 

75 

100 

180 

White  lead, .... 

60 

100 

100 

200 

160 

45 

60 

— 

120 

Whiting, 

— 

80 

— 

80 

— 

— 

— 

— 

— 

Flint, 

— 

— 

— 

80 

— 

35 

— 

— 

70 

Frit 

,500 

300 

300 

180 

300 

240 

500 

300 

300 

The  frit  is  withdrawn  from  the  kiln  when  in  its 
molten  condition,  and  thrown  or  run  into  cold  water. 
When  the  dipped  biscuit  has  become  sufliciently 
dry,  the  glaze  is  burnt  in,  being  placed  in  saggers 
simil.Tr  to  the  biscuit  saggers,  and  glazed  on  their 
inner  surface.  The  time  occupied  by  the  firing  of 
the  glaze  kiln  is  about  sixteen  hours. 
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FRITTED  GLAZES. 
Cream -Colour  Olaze, 


I. 

IL 

III. 

IV. 

Cornish-stone, 

180 

200 



50 

Flint 

60 

50 

50 

80 

Flint  g;lass, 

50 

75 

50 

— 

White  lead 

600 

350 

200 

260 

Frit, 





100 



China-clay, 

— 

— 

— 

45 

Whiting, 







45 

Frit  composed  of  Cornish-stone, 
Frit  composed  of  soda, 

20 

*)  Calcined  in  gloss 
J oven. 

Printing. — The  process  of  printing  consists  of  two 
parts — first,  the  production  of  an  impression  upon 
thin  paper  in  a suitable  ink,  and  then  transference 
of  the  ink  upon  this  paper  to  the  surface  of  the 
biscuit.  The  vehicle  which  serves  as  the  preparation 
for  embodying  the  necessary  colours  is  a composition 
formed  of  boiled  linseed  oil,  resin,  tar,  and  oil  of 
amber,  and  which  becomes,  when  mixed  with  the 
colours,  sufficiently  liquid  for  use  by  spreading  out 
upon  a hot  iron  plate. 

Underglaze,  Printing,  and  Overglaze  Colours 
FOR  Earthenware — Yellow. — Lead  and  tin  ash,  4 
parts ; antimony,  1 part ; mix  well  together,  and 
calcine  at  a gentle  heat  in  a glazing  oven ; to  undergo 
a second  calcination  at  a higher  temperature  in  the 
same  oven.  Orange. — Antimony,  3 lbs. ; litharge,  3 
lbs. ; lead  and  tin  ash,  ^ lb. ; ochre  calcined,  3 ozs. ; 
calcination  as  above.  Fine  Brown. — Chromate  of 
iron,  1 lb. ; chromate  of  lead,  f lb. ; calcined  sienna,  2 
lbs. ; oxide  of  zinc,  3 lbs. ; calcine  only  once.  Brown. — 
Oxide  of  manganese,  4 lbs.;  green  oxide  of  chromium, 
l:jlb. ; Cornish-stone,  4 lbs. ; well  calcined.  Yellow 
Green. — Flint  glass,  4 lbs. ; whiting,  2^  lbs. ; green 
oxide  of  chromium,  lb. ; calcined  at  biscuit  oven 
heat,  and  well  pounded,  washed  with  boiling  water 
until  clear,  and  calcined  a second  time.  Yellow 
Green. — Green  oxide  of  chromium,  3 lbs. ; yellow 
colour,  3 lbs. ; china-clay,  burnt  at  biscuit  heat,  2 
lbs. ; fine  sand,  2 lbs. ; calcined  together.  Blue 
Green. — Green  oxide  of  chromium,  10  lbs. ; oxide  of 
cobalt,  2 lbs. ; flux  composed  of  equal  parts  of  borax 
and  flint,  15  lbs. ; calcined  together  in  biscuit  oven. 
Bose  Colour  Pink. — Oxide  of  tin,  lbs. ; whiting,  1 lb. ; 
green  oxide  of  chromium,  ^ oz. ; Cornish-stone,  6 ozs. ; 
calcined  in  biscuit  oven.  Pink. — Oxide  of  tin,  100 
parts ; chalk,  34  parts ; oxide  of  chromium,  1 to  I5  i 
part ; chromate  of  potash,  3 to  4 parts ; silica,  5 
parts ; alumina,  1 part.  Purple. — ^To  15  lbs.  of  rose 
colour  pink  add  1 lb.  of  cobalt  calx  and  lb.  of 
fine  sand.  These  proportions  may  be  varied  accord- 
ing to  that  required.  Black. — Oxide  of  chromium, 

6 lbs. ; calcined  manganese  ore,  9 lbs. ; cobalt  calx, 

7 lbs. ; gold  litharge,  10  lbs. ; calcine  in  glazing  oven. 
Black. — Calcined  chromate  of  iron,  12  lbs. ; cobalt 
calx,  1 lb.;  calcine  together.  Blue  fm- flowing. — Black 
prepared  oxide  of  cobalt,121bs.;  flintglass,41bs.;  oxide 
of  zinc,  2 lbs. ; calcine  in  glazing  oven.  The  above  for 
strong  colour,  to  be  reduced  for  weaker  tints  by  a 
flux  composed  of  equal  parts  of  flint  glass  and  flint. 
Blue  for  ordinary  printing. — Blue  cobalt  calx,  1 lb. ; 
Cornish  stone,  1^  lb. ; grind  for  use.  Or  a mixture  i 


of  half  stone  and  half  flint.  May  be  reduced  to  1 part 
of  blue  and  5 parts  of  fluxing  material.  The  fluxing 
of  these  blues  are  much  varied  by  manufacturers. 

The  colour  varnish  is  prepared  as  follows : — Mix 
together  2 gallons  linseed  oil,  1 quart  of  rape  oil,  2 
ozs.  red  lead,  and  1 oz.  flowers  of  sulphur;  heat 
over  a fire  till  adhesive  and  spongy,  upon  which  mix 
in  2 lbs.  Burgundy  pitch,  1 quart  naphtha,  1 oz. 
gum  mastic ; stir  for  fifteen  minutes,  and  strain 
through  a hair  sieve.  The  colours  are  then  ground, 
as  in  the  case  of  ordinary  printers’  ink. 

The  process  of  applying  the  pattern  to  the  biscuit 
is  as  follows : — The  design  is  engraved  upon  a copper 
plate  in  a broad  open  style,  to  prevent  the  lines  from 
running  into  each  other,  and  forming  a blurred 
appearance.  Those  portions  intended  to  produce  a 
shaded  effect  are  cut  deeper  to  retain  more  colour. 
The  ink,  which  is  first  spread  over  the  surface  by  a 
printer’s  dabber  while  the  plate  is  on  the  hot  stove, 
is,  after  the  pattern  is  well  filled  in,  removed  by 
passing  a knife  over  the  surface,  and  wiping  with  the 
boss  to  clean  the  surface  from  superfluous  oil.  The 
impression  is  then  taken  from  the  plate  after  the 
manner  of  ordinary  copperplate  printing. 

The  paper  upon  which  the  impression  is  taken  is 
about  the  consistency  of  tracing  paper,  and  previous 
to  use  is  saturated  with  soft  soap  and  weU  damped. 
After  the  patterns  are  separated  by  scissors,  they 
are  placed  with  the  printed  side  next  the  ware,  and 
rubbed  down  upon  it  with  the  end  of  a firmly  bound 
roll  of  flannel.  This  is  done  gently  at  first,  and 
afterwards  more  forcibly,  until  the  ink  is  transferred 
to  the  surface  of  the  biscuit.  The  ware  is  then 
plunged  into  water,  when  the  paper  is  easily  re- 
moved after  a short  time  by  the  gentle  application 
of  a sponge. 

But  Printing. — There  are  two  distinct  methods  of 
printing  in  use  for  china  and  earthenware — one  is 
transferred  on  the  ‘‘  bisque,”  and  the  other  on  the 
glaze.  The  latter  is  called  “ bat  printing,”  and 
is  done  on  the  glaze ; and  the  engravings  are  for 
this  style  exceedingly  fine,  and  no  greater  depth  is 
required  than  for  ordinary  book  engravings.  The 
impression  is  not  submitted  to  the  heat  necessary 
for  that  in  the  bisque,  and  the  medium  of  conveying 
it  to  the  ware  is  also  much  purer.  The  copper  plate 
is  first  charged  with  linseed  oil,  and  cleaned  off  by 
1 hand,  so  that  the  engraved  portion  alone  retains  it. 
A preparation  of  glue  being  run  upon  flat  dishes, 
about  a quarter  of  au  inch  thick,  is  cut  to  the  size 
required  for  the  subject,  and  then  pressed  upon  it ; 
and  being  immediately  removed,  draws  on  its  surface 
the  oil  with  which  the  engraving  was  filled.  The 
glue  is  then  pressed  upon  the  ware,  with  the  oiled 
part  next  the  glaze  ; and  being  again  removed,  the 
design  remains,  though,  being  in  a pure  oil,  scarcely 
perceptible.  Colour,  finely  ground,  is  then  dusted 
upon  it  with  cotton  wool ; and  a sufficiency  adher- 
ing to  the  oil,  leaves  the  impression  perfect,  and 
ready  to  be  fired  at  the  enamel  kilns. 

After  printing,  the  oil  is  destroyed  by  heat  before 
the  glaze  is  applied — a process  technically  termed 
I hardening  on. 
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Wlien  the  printed  pattern  is  applied  to  the  ware 
above  the  glaze,  the  mordant  receives  a larger  pro- 
portion of  gum  mastic;  but  where  enamelling  colours 
are  used  for  the  muffle,  a size  is  applied  to  the  sur- 
face of  the  glaze,  composed  of  spirits  of  turpentine, 
■with  a small  portion  of  gum  mastic  dissolved  in  it, 
sometimes  rosin  and  sugar  of  lead  being  added. 

The  ornamentation  of  fine  earthenware  by  hand 
on  the  glaze  is  executed  by  artists  expressly  trained 
for  that  purpose,  and  each  excelling  in  a particular 
branch  of  ornamentation,  as  flowers,  foliage,  scrolls, 
and  the  like. 

The  preparation  of  suitable  pigments  for  such 
painting  on  porcelain  and  pottery  is  now  carried  on 
in  several  establishments,  both  in  England  and  the 
Continent  These  pigments  are  frequently  tinted, 
so  as  to  present,  when  moist,  some  approach  to  the 
hue  which  they  will  acquire  when  burnt  in  the 
enamelling  kiln.  They  are  mixed  with  fat  or  resin- 
ified  oil  of  turpentine,  and  thinned  as  required 
with  spirits  of  turpentine. 

QUININE. — This  alkaloid  is  found  naturally  in  the 
bark  of  several  species  of  cinchona,  which  inhabit 
the  eastern  slopes  of  the  Cordilleras,  in  Bolivia,  Peru, 
and  New  Granada.  The  cinchonas  number  some 
36  species  (Hooker  and  Bentham).  They  are  all 
natives  of  South  America.  The  plants  flourish  best 
at  from  5000  to  8000  feet  above  the  sea  level.  The 
barks  of  commerce  comprise — Cinchona  officinalis 
(Hooker),  (?.  Caliscnja  (Weddell),  C.  succirubra 
(Pavon).  These  are  large  evergreen  trees  with 
finely-veined  leaves.  Peruvian  bark  was  introduced 
into  Europe  about  1630.  It  came  into  use  in 
England  about  1655. 

The  collection  of  the  bark  is  effected  by  bands  of 
half-civilized  Indians  under  the  direction  of  collec- 
tors, styled  Casadores.  The  tree  chosen  is  cleared 
of  its  parasitical  climbing  plants ; and  after  being 
well  beaten,  has  its  outer  layer  of  sapless  bark  re- 
moved. In  order  to  detach  the  valuable  inner  bark 
longitudinal  and  transverse  incisions  are  made  as 
high  as  can  be  reached  on  the  stem.  The  tree  is 
then  felled,  and  the  peeling  completed.  In  most 


cases,  but  especially  if  previously  beaten,  the  bark  j 
separates  easily  from  the  wood.  i 

In  many  localities  the  bark  has  to  be  dried  by  a 
fire  made  on  the  floor  of  a hut,  the  bark  being  placed 
on  hurdles  above.  In  Southern  Peru  and  Bolivia 
even  the  thickest  calisaya  bark  is  dried  in  the  sun. 

The  thinner  bark  as  it  dries  rolls  up  into  tubes, 
called  cany,tos  or  caimtillos,  while  the  pieces  stripped 
from  the  trunks  are  made  to  dry  flat  by  being  placed 
one  upon  another,  and  loaded  with  weights  ; these 
are  known  as  plancha,  or  tables.  The  bark  of  the 
root  is  also  brought  into  the  market. 

After  drying,  the  barks  are  assorted  according  to  ' 
size,  or  are  all  packed  without  distinction  in  sacks 
or  bales.  The  dealers  in  the  export  towns  inclose 
,the  bark  in  serons  of  raw  bullock  hide,  which,  con- 
tracting as  it  dries,  compresses  the  contents  (100 
lbs.)  of  the  package.  In  some  places,  however, 
wooden  boxes  are  used  for  packing  the  bark. 

The  extermination  of  the  tree  from  many  locali- 
ties by  reckless  bark -cutting  has  led  to  attempts 
being  made  to  cultivate  the  tree  on  a large  scale  in 
other  parts  of  the  world.  The  idea  of  cultivating 
cinchonas  out  of  their  native  regions  was  advanced 
by  Ruiz  in  1792,  and  by  Fee,  of  Strasbourg,  in 
1824.  In  1838  Royle  pointed  out  that  suitable 
areas  for  the  purpose  might  be  found  in  the  Neil- 
gherry  Hills,  and  probably  in  many  other  parts  of 
India.  The  subject  was  also  urged  in  reference  to 
Java  by  Fritze,  Mksuel,  and  other  Dutch  botanists  ' 
and  chemists. 

The  first  important  attempts  at  cinchona  cultiva- 
tion were  made  by  the  Dutch.  Harskarl  collected 
400  specimens  of  plants,  which  were  despatched  ' 
to  Java,  and  formed  the  nucleus  of  the  cinchona 
plantations. 

In  1860  Clements  R.  Markham  and  Richard 
Spence,  at  the  request  of  the  British  Government, 
transmitted  to  India  a large  number  of  plants  and 
seeds  of  various  species,  which  they  collected  with 
great  difficulty,  and  in  face  of  considerable  danger 
from  the  hostile  attitude  of  the  people  and  the 
jealousy  of  the  Bolivian  Government. 


PalNCIPAL  SPECIES  OP  CINCHONA. 


Spedea. 


Cinchona  officinalis 

“ macrocaly.x,.. 

“ lanceolata,. . . 

“ lancifolia,. . ., 

“ pitayensis,.. . 

“ Bcrobiculata, 

“ jieruviana,. . . 

“ nitida, 

“ micanthra,. . 

“ calisaya,  ... 

" succirubra,  . , 

" cordifolia,. . . 

“ tuciijensis,. . , 

“ pubescens... , 


Native  Country. 


Ecuador  (Loxa),. 

Peru 

Peru, 

New  Granada, . . 


New  Granada, . 

Peru 

Peru, 

Peru, 

Peru, 


Peru,  Bolivia,. 


Where  Cultivated. 


India,  Ceylon,  Java, 


India,  , 
India,  . 


Ecuador, 

New  Granada,  Peru,. . . 

Venezuela, 

Ecuador,  Bolivia,  Peru,, 


India, ) 

India, > 

India ) 

( India,  Ceylon, ) 
Java.  Jamaica,  y 
Mexico, ) 


\ Java,  Jamaica, 


Loxa  or  crown  bark,  pale  bark. 

( Ashy  crown  bark,  the  .sub-species,  C.  Palton, 
I affords  a bark  much  used  in  making  quinine. 
Carthagena  hark  ; not  as  good  as  Palton  bark. 
( Columbian  bark  ; imported  in  immense 
I quantities. 

( Pitayo  bark  ; very  valuable  ; the  chief  source 
( ofqninidine. 

Formerly  known  as  red  cusco  bark. 

( Grey  bark,  Iluanco  or  Lima  bark  ; chiefly 
( consumed  on  the  Continent. 

Calisaya  bark,  Bolivian  bark,  yellow  bark. 


Red  bark. 

Columliian  bark  (in  part). 
Maracii  i.o  bark. 

Arica  bark. 
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Previously  to  the  arrival  in  India  of  the  fi"st  con- 
signment of  plants,  careful  inquiries  were  instituted 
from  a meteorological  and  geological  point  of  view 
as  to  the  localities  best  adapted  for  the  cultivation. 
This  resulted  in  the  selection,  for  the  first  trial,  of 
certain  spots  among  the  Neilgherry  Hills,  on  the 
south-west  coast  of  India,  and  in  the  Madras 
Presidency.  , 

Of  this  disti’ict  the  chief  town  is  Ootacamund, 
about  60  miles  south  of  Mysore,  and  the  same  dis- 
tance from  the  Indian  Ocean.  Here  the  first  plan- 
tation was  established  in  a woody  ravine,  7000  feet 
above  the  sea  level.  Other  plantations  were  formed 
in  the  same  neigbourhood,  and  so  rapid  was  the  pro- 
pagation that  six  years  later  there  were  more  than 
one  and  a half  millions  of  cinchona  plants  in  th§ 
Neilgherry  Hills  alone.  The  species  that  grows  best 
there  is  C.  officinalis. 

Plantations  have  also  been  made  in  the  coffee-pro- 
ducing districts  of  Wynaad,  and  in  Coorg,  Travan- 
I core,  and  Tinnevelly,  in  the  valleys  of  the  Himalaya, 
in  British  Sikkim,  in  the  Kangra  valley  of  the 
Western  Himalaya,  in  the  Bombay  Presidency,  in 
British  Burmah,  and  in  Ceylon. 

The  cinchona  barks  vary  considerably  in  colour 
and  texture.  The  taste  is  in  all  cases  bitter  and 
disagreeable,  accompanied  sometimes  with  decided 
astringency.  Except  in  the  case  of  C.  officinalis,  they 
possess  no  marked  odour. 

The  balks  employed  in  pharmacy  are  chiefly  of 
three  kinds: — 1.  Pale  Cinchona  Bark,  Loxa  Bark, 
Croivn  Bark.  This  bark  was  previous  to  the  use  of 
quinine,  and  for  long  afterwards,  the  ordinary  Peru- 
vian bark  of  English  medicine;  it  is  only  found  in 
the  form  of  quills,  which  are  occasionally  as  much  as 
a foot  in  length.  The  thinnest  bark  is  scarcely 
stouter  than  writing  paper,  the  thickest  may  be 
one-tenth  of  an  inch.  It  has  a well  marked-odour, 
sui  generis,  and  an  astringent  bitter  taste. 

2.  Calisaya  Bark,  Yellow  Cinchona  Bark. — This 
bark,  the  most  important  of  those  used  for  medicine, 
is  imported  in  quiUs  and  also  in  flat  pieces.  Its 
colour  is  a rusty  brown. 

I This  bark  is  rich  in  quinine,  and  contains  but 
! a small  proportion  of  other  alkaloids.  Analyses  of 
I this  bark  from  six  of  the  leading  varieties  gave  the 

j following  results  (C.  H.  Wood,  Quinologist  to  the 

Government  of  Bengal) : — 


L 

2. 

3. 

4. 

5. 

(3. 

Total  alkaloid 

1-6 

6-1 

3-57 

7-1 

5-75 

7-4 

Alkaloid  soluble  in 
ether, 

0-82 

5-9 

5-21 

6-93 

5-75 

7-4 

Crystallized  sulphate 
of  quinine, J 

none 

4-53 

4-6 

6-92 

5-34 

6-2 

It  is  obvious  that  the  bark  from  the  best  of  these 
1 varieties  is  admirably  adapted  for  the  manufacture 
of  sulphate  of  quinine  ; but  C.  calisaya  grows  under 
more  limited  conditions  than  C.  succiruhra,  is  more 
difficult  to  propagate,  and  has  therefore  not  made 
the  same  progress.  The  Government  of  Bengal  are, 
however,  bestowing  much  attention  on  the  propaga- 
tion and  extension  of  good  varieties  of  C.  calisaya. 


3.  Bed  Cinchona  Bark. — The  least  important  of  the 
barks ; though,  from  the  tree  yielding  it,  C.  succinibra, 
being  a very  free  grower,  it  is  now  being  largely 
cultivated  in  Bengal. 

The  total  number  of  trees  growing  at  Sikkim  is 
estimated  in  round  numbers  at  2,500,000.  The 
crop  of  1875  -76  was  211,931  lbs.  of  dry  bark.  The 
proportion  of  total  alkaloid  is  greatest  in  the  bark 
of  the  root,  and  diminishes  towards  the  branches. 
The  average  yield  of  the  plantations  contains  from 
4 to  5 per  cent,  of  total  alkaloids,  the  average  com- 
position of  which  C.  H.  Wood  gives  as: — 

Per  Cent 


Quinine 16'31 

Cinchonidine, 30'53 

Cinchonine, 3.^-26 

Amorphous  alkaloid, 17-90 


100-00 

The  plantations  now  yield  360,000  lbs.  of  dry 
succiruhra  bark,  containing  alkaloids  in  this  average 
proportion. 

The  Government  of  India  having  determined  to 
employ  this  bark  in  the  preparation  of  a cheap 
medicine,  experiments  on  a large  scale  have  been  in 
progress  for  some  years  to  determine  the  best  and 
most  economical  form  of  febrifuge  obtainable  from  it. 

I The  general  nature  of  the  process  provisionally 
adopted  is  to  exhaust  the  dry  bark  by  successive 
treatment  with  dilute  hydrochloric  acid,  and  to 
precipitate  the  resulting  liquor  with  an  excess  of 
sodium  hydrate.  The  precipitated  alkaloids  are 
collected  on  filters,  washed,  dried,  and  powdered. 
This  product  is  then  dissolved  in  a quantity  of  acid 
just  sufficient  to  take  up  the  alkaloids,  filtered  from 
insoluble  colouring  matter,  and  the  solution  again 

I precipitated.  After  washing,  drying,  and  grinding, 
a fine  white  powder  is  obtained,  which,  however, 
acquires  a slight  buff  tint  by  keeping.  It  never 
agglutinates  in  any  way,  even  in  the  trying  climate 
of  India.  It  is  freely  soluble  in  weak  acids,  and  is 
readily  taken  up  by  lemon  juice.  Its  cost  price  is 
l.<t.  9d.  per  ounce  (C.  H.  Wood). 

The  alkaloids  of  the  cinchonas  which  have  been 
isolated  are : — 

Quinine, C.2q  ^24^2^2 

Quinidine, C20H24N2O2 

(Jonquinine, C2yH24N202 

Cinchonine, C20H  24N2O 

Cinchonidine 

Paytine, C2iH24N.^02 

Quinamine, 

Quinine  always  occurs  together  with  cinchonine. 
Yellow  bark  contains  2 to  3 per  cent,  of  quinine, 
and  0-2  to  0-3  of  cinchonine ; while  pale  bark  con- 
tains about  0-8  of  quinine  and  2-0  of  cinchonine ; 
and  tl,e  red  bark  about  2 per  cent,  of  quinine  and  1 
of  cinchonine. 

Quinine  was  first  obtained  impure  by  Gomeg  of 
Lisbon,  and  by  Pfaff,  in  1811.  Pelletiep.  and 
Caventon  separated  it  from  the  other  constituents 
in  1820.  Its  composition  was  ascertained  by  Liebig 
in  1838.  (Fluckiger  and  Hanbury,  Pharmaco- 
graphia,  1874.) 

I Quinine  is  one  of  the  more  iiowrrf'iil  organic 
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alkalies.  It  generally  appears,  when  pure,  as  an 
amorphous  resinous  mass  of  a dull  white  colour.  It 
may  also  be  obtained  as  a hydrate  in  six-sided 
prismatic  crystals,  containing  six  equivalents,  or 
lO'O  per  cent,  of  water,  which  are  lost  on  fusion. 

Quinine  has  an  intensely  bitter  taste ; it  is  inodor- 
ous, and  fuses  readily.  It  dissolves  sparingly  in 
boiling,  and  still  more  sparingly  in  cold  water.  It 
is  easily  soluble  in  ether  and  in  alcohol,  especially  if 
hot,  and  is  also  soluble  in  the  essential  and  fixed  oils. 

Ammonia  decomposes  the  salts  of  quinine  in  the 
cold ; but  on  the  other  hand,  at  the  temperature  of 
ebullition  the  ammoniacal  salts  are  decomposed. 
Tartaric,  oxalic,  and  gallic  acids,  and  the  infusion  of 
nut-galls,  precipitate  solutions  of  its  salts.  Quinine 
solutions,  if  treated  with  chlorine  gas,  become 
yellow,  rose-red,  violet,  and  finally  deposit  a red 
resinous  matter.  A solution  of  the  sulphate, 
saturated  first  with  chlorine  and  then  with  ammonia, 
acquires  a gr;iss-green  colour,  and  deposits  a green 
powder,  '\^'ith  tincture  of  iodine,  the  solution  yields 
a clear  brown  liquid,  which  on  concentration  deposits 
saffron-coloured  scales  of  a new  compound.  To 
detect  small  quantities  of  quinine,  precipitate  the 
suspected  liquid  with  calcined  magnesia,  and  evaporate 
to  dryness ; then  extract  with  1 part  alcohol  and  2 
parts  ether.  Evaporate  again  to  dryness,  and  extract 
with  ether.  Now  prepare  a test  liquor,  by  saturating 
boiling  water  with  ferricyanide  of  potassium,  to 
w'hich,  whilst  hot,  add  5 volumes  of  the  strongest 
chlorine  water,  and  then  ammonia,  until  the 
bl.ackish-green  liquid  becomes  very  alkaline,  when 
the  sediment  is  filtered  off.  Now  mix  the  fluid  to 
be  tested  with  excess  of  chlorine  water,  and  drop 
in  the  test  liquor.  A blood-red  colour  indicates  the 
presence  of  quinine. 

Or,  put  a minute  particle  into  a watch  glass, 
drench  it  with  5 or  6 drops  of  pure  sulphuric  acid 
and  an  equal  quantity  of  water,  and  add  a fragment 
of  bichromate  of  potash.  If  quinine  is  present,  the 
mixture  will  first  assume  a green  shade  resembling 
that  of  arseniate  of  copper,  then  a beautiful  yellow- 
green,  and  finidly  a dark-green.  The  sulphate, 
sinularly  treated,  becomes  first  a nickel-green,  next 
a copj)er-green,  and  finally  a dirty  yellow.  The 
above-mention  d reaction  witli  chlorine  and  ammonia 
may  also  serve  for  the  detection  of  quinine.  Quinine 
combines  with  the  acids,  forming  a series  of  well- 
defined  and  persistent  salts,  of  which  the  sulphate  is 
the  most  important. 

Acid  Sulphate  of  Quinine,  usually  called  the 
disulphate,  C.^yll.2^N202,H2S0^  + 7 Aq.,  crystallizes 
in  small  silky  tufts,  or  in  fine  acicular  prisms ; it 
has  an  exceedingly  bitter  taste,  and  when  heated 
becomes  phosphorescent.  The  dry  salt  is  composed 
of  1 equivalent  of  quinine,  and  1 of  sulphuric  acid. 
In  the  crystalline  state  it  takes  up,  in  addition,  7 
equivalents,  or  14-4  per  cent.,  of  water.  It  efflo- 
resces in  dry  hot  air.  It  dissolves  in  30  parts  of 
water  at  212°  Fahr.,  but  is  very  soluble  in  alcohol, 
especially  with  the  aid  of  heat. 

Quinine  for  medicid  use  is  generally  prepared  as 
basic  sulphate  (C2qII24N202)2U2S04  + bll20. 
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The  ordinary  procedure  for  obtaining  quinine  is 
to  exhaust  the  bark  with  dilute  sulphuric  acid,  boil 
the  extract  with  milk  of  lime,  and  extract  the  preci- 
pitate thus  obtained  with  alcohol,  from  which,  on 
concentration,  the  crude  alkaloid  separates  in  crystals. 
These  are  redissolved  in  dilute  sulphuric  acid,  and 
purified  by  treatment  with  animal  charcoal  and 
recrystalhzation. 

A more  perfect  though  less  rapid  process  is  as 
follows : — Pound  the  bark  coarsely,  and  let  it  steep 
in  water  to  which  one-fifth  of  an  ounce  of  hydro- 
chloric acid  has  been  added  for  every  2^  pounds  of 
bark  employed.  Next  morning  boil  the  mixture  for 
two  hours,  and  strain.  Submit  the  bark  to  a second 
and  a third  decoction  in  water  containing  only  half 
the  above  proportion  of  acid.  Make,  finally,  a fourth 
decoction  in  pure  water,  and  keep  this  for  the  first 
acid  decoction  of  a fresh  quantity  of  bark.  The  bark 
may  now  be  thrown  away.  Mix  the  acid  liquors, 
heat,  and  add  carbonate  of  soda  in  slight  excess, 
allowing  the  precipitate  which  forms  to  subside. 
The  precipitate  is  then  placed  on  a linen  filter,  and 
left  to  drain.  It  is  next  pressed  and  dried  at  a gentle 
heat.  When  perfectly  dry  it  is  reduced  to  powder, 
and  treated  from  five  to  eight  times  with  alcohol  of 
86  per  cent.,  at  the  heat  of  the  water-bath  ; squeeze 
the  grounds  each  time,  and  filter  the  alcoholic  liquors. 
The  alcoholic  fluid  contains  quinine  and  cinchonine, 
with  colouring  matters  and  some  fatty  substances. 
It  is  next  very  slightly  acidulated  with  weak  sulphuric 
acid,  distilled,  and  the  residue  allowed  to  cool  in  the 
distillation  apparatus. 

A crystalline  mass  appears,  which  is  drained  on  a 
linen  cloth,  to  get  rid  of  the  black  mother  liquor. 
It  is  then  washed  with  a little  water.  Make  the 
crystalline  mass,  which  is  still  highly  coloured,  into 
a paste  with  warm  water ; mix  this  with  animal 
charcoal  in  powder,  and  leave  the  paste  till  next 
morning.  Mix  the  paste  with  a suitable  quantity  of 
water  and  boil,  taking  care  to  carry  the  concentra- 
tion sufficiently  far  to  obtain  crystals  upon  cooling. 
For  this  purpose  it  is  preferable  to  divide  the  paste 
into  several  portions,  and  to  treat  them  separately. 
Filter  tlie  liquid  boiling.  Upon  cooling,  the  sulphate 
of  quinine  separates  in  perfectly  white  crystals.  At 
the  end  of  forty-eight  hours  let  the  mother  liquor 
drain  off,  place  the  crystalline  mass  on  some  double 
folds  of  paper  arranged  on  a hurdle,  and  carry  them 
to  the  drying  stove,  taking  care  to  keep  the  salt 
covered,  since  otherwise  it  would  turn  yellow.  As 
soon  as  dry  the  salt  must  be  removed  from  the  stove, 
or  it  will  effloresce  and  lose  weight.  The  mother 
liquor  which  had  deposited  the  white  sulphate  is 
next  precipitated  with  ammonia,  which  throws  down 
all  the  quinine  and  cinchonine  still  contained  in  it. 
Dissolve  the  precipitate  with  the  aid  of  heat,  in  water 
acidulated  with  sulphuric  acid,  and  adil,  towards  the 
end  of  the  operation,  animal  charcoal,  and  if  necessary 
a little  chalk  to  saturate  the  excess  of  acid.  Evaporate 
the  liquid  to  a proper  degree  of  concentration,  and 
filter  boiling.  A fi-csh  crop  of  white  crystals  will  be 
deposited  from  the  filtrate. 

Treat  the  mother  liquor  of  this  second  operation 
92 
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in  the  same  way,  and  continue  to  proceed  in  this 
manner  until  the  whole  of  the  alkaloid  is  converted 
into  crystallized  sulphate.  After  the  third  precipita- 
tion it  is  sometimes  advantageous  to  treat  the 
precipitate  with  alcohol  of  64  per  cent.,  which  dis- 
solves the  quinine  alone,  instead  of  dissolving  it  in 
water  acidulated  with  weak  sulphuric  acid.  A part 
of  the  alkaloid  still  remaining  in  the  mother  liquor 
is  deposited  spontaneously  as  sulphate,  in  course  of 
time,  and  may  be  purified  by  the  usual  method. 

To  extract  the  quinine  still  remaining  in  the 
mother  liquor,  the  following  process  has  been  pro- 
posed by  Guibourt  : — Add  to  the  black  mother 
liquor  an  equal  weight  of  a solution  of  chloride  of 
sodium  of  15°  Beaume.  Boil  for  ten  minutes,  decant, 
and  submit  the  brown  deposit  which  has  been  formed 
twice  more  to  the  same  operation.  Pour  the  decanted 
liquors  together,  cool  and  filter,  and  precipitate  the 
filtrate  with  ammonia.  Redissolve  the  brown  deposit 
which  had  separated  from  the  saline  liquid  in  the 
third  operation  in  water,  and  add  gradually,  and  in 
small  portions  at  a time,  ammoniated  salt-water, 
tiiking  care  to  stop  short  of  complete  saturation. 
Filter  the  liquid  off  tlie  soft  brown  precipitate  which 
forms,  throw  the  latter  away,  and  precipitate  the 
filtrate  with  ammonia.  Treat  the  several  ammoniacal 
precipitates  with  alcohol.  The  solution,  treated  in  the 
usual  way,  will  now  yield  basic  sulphate  of  quinine. 

The  quantities  of  sulphate  of  quinine  furnished  by 
the  varieties  of  bark  which  occur  in  commerce 
are: — 2 lbs.  8 ozs.  of  yellow,  or  Calisaya  bark, 
without  rind,  yield  490  to  530  grains  sulphate  of 
quinine ; the  same  quantity,  with  the  rind,  yields 
360  grains : 2 lbs.  8 ozs.  of  the  red  bark,  C.  ohlougi- 
folia,  will  yield  248  grains  sulphate  of  quinine,  besides 
about  half  that  quantity  of  sulphate  of  cinchonine  : 
2 lbs.  8 ozs.  of  pale  bark  should  yield  180  grains 
sulphate  of  quinine,  and  124  grains  of  sulphate  of 
cinchonine. 

Herring's  Process. — The  powdered  bark  is  boiled  in 
a solution  of  caustic  soda,  pressed,  returned  to  the 
boiling  tub,  agitated  with  cold  water,  again  pressed, 
and  if  much  colour  passes  from  the  second  washing 
the  bark  is  returned  to  the  tub,  washed  again  with 
cold  water,  and  pressed  once  more.  The  treatment 
of  the  liquors  obtained  by  the  soda  boilings  and 
washings  is  described  under  the  second  operation. 
The  bark  is  now  boiled  with  dilute  sulphuric  acid, 
kept  in  constant  agitation  by  proper  machinery,  and 
this  first  boiling  is  run  into  the  evaporating  pan,  a 
large  water  bath  kept  by  steam  pipes  at  a tempera- 
ture of  120°  Fahr.,  and  agitated  by  paddles.  The 
bark  is  again  boiled  with  sulphuric  acid  and  water 
as  above,  and  the  liquid  run  into  the  evaporating 
pan.  The  third,  fourth,  and  fifth  boilings  are  not 
evaporated,  but  reserved  to  extract  the  next  portion 
of  bleached  bark  that  is  brought  forward.  When 
the  liquor  from  the  first  two  boilings  is  sufficiently 
concentrated,  it  is  allowed  to  cool,  and  filtered. 
Thus  the  flocculent  colouring  matter  is  separated, 
and  the  acid  solution  is  now  fit  for  precipitation. 
The  filtered  cold  solution  is  treated  by  caustic  soda, 
and  the  precipitated  quinine  is  drained,  washed,  and 


pressed.  It  is  now  treated  with  dilute  sulphuric 
acid,  and  crystallized  into  a very  thick  paste.  When 
cold  these  crystals  are  pressed,  washed,  and  again 
pressed.  This  removes  the  colouring  matter  and  the 
chief  part  of  the  sulphate  of  cinchonine.  The  pressed 
cakes  of  sulphate  are  finally  dissolved  in  a large 
quantity  of  water  and  recrystallized.  The  ci-ystals 
thus  obtained  form  the  hospital  sulphate  of  quinine. 
The  liquid  which  drains  away  from  the  second 
crystallization  removes  the  small  quantity  of  cincho- 
nine which  may  not  have  been  got  rid  of  by  the  first 
crystallization.  If  the  sulphate  is  required  perfectly 
white  it  is  redissolved,  treated  with  animal  charcoal, 
and  again  crystallized. 

The  blood-red  soda-boilings  of  the  bark  mentioned 
in  the  first  operation  are  treated  with  hydrochloric 
acid,  in  order  to  retain  in  solution  the  alkaloids 
which  have  been  extracted  by  the  alkaline  boilings. 
The  ordinary  view  that  quinine  is  insoluble  in  alkalies 
is  pronounced  by  Herring  erroneous.  He  states 
that,  in  acting  upon  large  quantities  of  bark,  the 
amount  retained  in  solution  is  very  considerable. 
The  caustic  alkalies  exert  less  solvent  power  than 
the  carbonates,  and  caustic  soda  least  of  all.  After 
the  red  alkaline  liquor  has  been  acidulated  with 
hydrochloric  acid,  it  is  concentrated  and  precipitated 
with  lime.  The  precipitate,  a mixture  of  quinine 
and  lime,  is  washed,  dried,  and  powdered,  and  finally 
extracted  with  hot  alcohol.  On  distilling  off  the 
alcohol,  the  crude  alkaloids  are  left  behind.  'I’liese 
are  then  treated  with  dilute  sulphuric  acid,  exactly 
as  in  the  former  process,  a larger  quantity  of  water 
being  required  for  removing  the  colouring  matter 
and  the  sulphate  of  cinchonine.  After  two  more 
crystallizations  the  sulphate  is  obtained  perfectly  pure. 

The  first  operation  yields  from  80  to  90  per  cent., 
and  the  second  from  10  to  20  per  cent,  .of  the 
required  product. 

RESINS. — See  Varnish. 

SALT. — Sodium  Chloride;  Chlorure  de  Sodium,  F rench ; 
Koch  Salz,  German.  Symbol,  NaCl. — This  substance 
is  an  essential  constituent  of  food,  and  is  besides 
consumed  in  enormous  quantities  in  manufacturing 
operations. 

Sodium  chloride  occurs  in  every  part  of  the  human 
frame  ; it  is  organized  in  the  solids  and  dissolved  in 
the  fluids.  In  England  and  the  United  States  the 
quantity  of  salt  consumed  gives  20  lbs.  per  annum 
to  each  person ; in  France  the  average  is  about  15  lbs. 

Sodium  chloride  crystallizes  in  cubes,  which  are 
often  grouped  into  pyramids  of  steps;  or  the  reverse 
of  this,  a pyramid  of  steps  having  its  apex  downwards, 
may  be  produced.  It  is  only  slightly  more  soluble 
in  hot  than  in  cold  water — 

100  parts  of  water  at  0°  C.,  dissolve  3.‘)'82  per  cent.  NaCl. 

“ “ 14°  C.,  “ 35  87  “ “ 

“ “ 100°  C.,  “ 36-61  “ “ 

“ “ 110°  C.,  “ 40-35  “ “ 

Salt  decrepitates  when  suddenly  heated,  owing  to 
a small  quantity  of  water  being  inclosed  between 
the  plates  of  the  crystals.  It  melts  at  a low  red 
heat,  and  may  be  volatilized  in  a hot  furnace;  its 
specific  gravity  is  2’557.  It  dehquesces  in  moist  air. 


SALT. — Rock  Salt.  Buines. 


731 


Two  varieties  of  salts  are  in  use  in  commerce — 
rock  salt,  and  the  salt  produced  by  the  purification 
and  evaporation  of  salt  brines. 

Rock  Salt. — The  deposits  of  rock  salt  which 
occur  in  the  earth’s  crust,  and  the  brine  springs 
which  at  various  places  rise  to  its  surface,  appear 
to  be  confined  to  no  particular  series  of  strata,  but 
to  be  distributed  somewhat  indiscriminately.  Thus, 
the  inexliaustible  mines  of  AV'ielitzka  in  Galicia,  the 
deposits  at  the  base  of  tlie  Carpathian  mountains,  as 
well  as  in  many  other  p irts  of  Central  Europe,  are 
found  in  the  Tertiary:  in  some  parts  of  Germany, 
again,  salt  is  obtained  from  strata  equivalent  to  our 
New  Red  Sandstone ; in  the  Austrian  Alps  an  im- 
pure deposit,  mixed  with  clay  and  gypsum,  occurs 
in  Oolitic  Limestone ; whilst  in  many  countries,  and 
even  in  England,  salt  springs  burst  out  of  the  Car- 
boniferous and  older  rocks. 

The  great  English  deposits,  however,  exist  in  the 
upper  members  of  the  New  Red  Sandstone,  in  the 
green  and  red  marls  of  that  system,  which  has  occa- 
sioned the  application  of  the  term  “ saliferous  ” to 
the  whole  series  of  rocks  of  which  it  is  composed ; a 
term  shown  by  Murchison  to  be  incorrect,  inasmuch 
as  the  middle  and  lower  members  of  that  group  are 
destitute  both  of  rock  salt  and  saline  waters. 

The  salt-producing  strata  of  the  New  Red  Sand- 
stone lie  both  in  Cheshire  and  Worcestershire  in  a 
basin  of  Lias:  at  North wich,  in  Cheshire,  masses  of 
rock  salt  exist  60  feet  in  thickness,  1400  yards  in 
breadth,  and  a mile  and  a half  long ; and  from  a 
bed  still  lower,  salt  has  been  removed  to  a depth 
much  exceeding  double  this.  In  Worcestershire  the 
deposits,  although  large,  do  not  appear  to  be  on  so 
gigantic  a scale.  The  whole  depth  of  the  rocks 
constituting  the  matrix  has  been  estimated  at  up- 
wards of  600  feet,  and  the  layers  of  salt  in  the  sink- 
ings at  Stoke  Prior  vary  from  mere  veins  to  deposits 
of  more  than  30  feet  in  thickness. 

The  Cheshire  salt  beds  furnish  most  of  the  salt 
used  in  England.  The  broad  valley  extending  from 
near  Malpas  to  Congleton  (sweeping  in  the  form  of 
a crescent  between  the  Red  Sandstone  hills  of  Shrop- 
shire and  the  Staffordshire  coal-field  on  the  one  side, 
and  the  high  ground  of  the  Peckforton  hills  and 
Delamere  range  on  the  other),  appears  to  be  occu- 


pied by  the  saliferous  and  gypsiferous  beds,  lying  as 
it  were  in  a trough,  to  which  the  adjoining  portions 
of  both  the  above  ranges  dip.  There  are  several 
faults  and  dislocations  in  this  field;  thus,  at  Lawton, 
rock  salt  is  found  290  feet  above  the  sea  level, 
while  at  Winsford  it  occurs  90  feet  below,  and  at 
Frodsham  Bridge  no  salt  was  found  at  450  feet 
below  the  sea  level. 

The  rock  salt  lies  in  two  beds  principally.  The 
depth  to  the  first  bed  at  Northwich  varies  with  the 
undulations  of  the  land,  and  also  slightly  with  the 
irregularity  of  the  bed  itself,  from  96  to  159  feet. 
At  Winsford  the  depth  is  189  feet.  The  thickness 
of  the  upper  bed  varies  at  Northwich  from  84  to  90 
feet  in  the  pits  sunk  to  the  north-west,  decreasing 
near  the  east  border  to  81  feet.  It  thins  off  towards 
the  south-west,  losing  15  feet  in  thickness  in  the 
course  of  a mile.  Below  this  lies  a bed  of  indurated 
clay,  30  feet  in  thickness,  and  containing  several  thin 
veins  of  salt,  and  this  overlies  the  second  or  great 
bed.  At  a pit  at  Marston,  to  the  north  of  North- 
wich, this  has  been  ascertained  to  be  96  feet  thick. 
At  Winsford,  however,  it  is  225  feet  thick.  At 
Northwich  the  first  60  to  75  feet  of  rock  are  impure, 
the  salt  being  contaminated  with  much  clay  and 
bituminous  matter;  in  the  next  12  or  15  feet  the 
salt  is  much  clearer,  and  this  portion  only  is  worked. 
Tlie  clear  portion  corresponding  to  this  is  worked  at 
Winsford  at  a depth  of  210  feet  in  the  rock. 

The  mining  operations  concerned  in  the  getting  of 
rock  salt  hardly  require  any  description.  A shaft 
like  that  of  a coal  pit  is  sunk  to  such  a depth  as  the 
position  of  the  rock  necessitates,  and  galleries  are 
worked  out  from  this.  The  rock  is  broken  down  by 
blasting,  beginning  at  the  top  of  the  working  and 
proceeding  downwards. 

The  rock  salt  was  formerly  dissolved  and  purified ; 
but  at  present  brines  of  great  purity  and  strength, 
and  in  unlimited  quantity,  may  be  obtained  at  so 
little  cost  that  recourse  is  seldom  had  to  the  rock 
salt.  There  is  therefore  little  use  for  it,  and  most  of 
the  rock  mined  is  exported. 

Salt  Springs  and  Wells. — Brines. — ‘A  fresh- 
water spring  passing  over  a bed  of  rock  salt,  becomes 
impregnated  with  that  substance,  and  there  results 
a salt  spring  or  well. 


ANALYSES  OP  SALT  BRINES. 

The  numbers  refer  to  100  parts  by  weight  of  water. 


Moutlers. 

Schone* 

beck. 

Friedrich- 

shall. 

ClemenS’ 

balL 

Hall. 

Solz. 

Durren- 

burjf. 

Roden* 

berg. 

Artem. 

Nauheim, 

Ereoz* 

nach. 

Salzbau* 

sen. 

Sodium  chloride 

1-058 

9-623 

■25-5625 

-25-9021 

25-7180 

-23-1733 

6-599 

5-173 

■2 -8-29 

2-3600 

1-415 

0-943 

Potassium  chloride, 



0-007 



_ 

0-008 



O-Oiil 

0-0.5-24 

0-006 

0 009 

Magnesium  chloride,.... 

0-030 

0-083 

0-0059 







0-092 

0-166 

0-038 

0-0339 

0-0-23 

0-080 

Calcium  chloride, 

— 

— 

— 

— 

— 

— 

— 

— 

— 

0-1935 

0--261 

— 

Potiissium  sulphate, 

— 

0-014 

— 

— 

— 

— 

0-004 

— 

0-004 

— 

— 

— 

0-251 

0-339 

0-4374 

0-4445 

0-1705 

0-5080 

0-250 

0-515 

0-158 

0-0052 



0-080 

Sodium  sulphate, 

0-100 

0-249 

0-0197 

0-0289 

0-208 

0-092 

— 

Ma^nietiium  sulphate, .... 

0-0.55 

0-012 

0-0221 

— 

— 

— 

0-004 

0-005 

0-004 

— 

— 

— 

0-076 

0-026 

0-0100 

0-0195 

0-0037 

0 0 162 

0-026 

0-010 

0-042 

0-2133 

0-003 

0-057 

Magnesium  carbonate,. . . 

— 

0-001 

Ferrous  carbonate, 

0-01-2 

0-001 

— 

— 

— 

— 

0-004 

— 

0-012 

— 

0-005 

0-001 















— 

0-0021 

0-013 

0-001 

0-001 









0-012 

0-017 

Total, 

1-693 

10-354 

26-0379 

•26-3859 

25-9211 

23-9975 

7-207 

5-869 

3-190 

2-8604 

1-727 

1-171 
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Salt  wells  are  also  made  artificially  by  pumping 
water  into  excavated  salt  mines. 

Wlien  the  brines  are  very  weak,  they  are  always 
made  to  undergo  a preliminary  evaporation  in  the 
air;  and  when  the  presence  of  sulphates  and  the 
I chlorides  of  calcium  and  magnesium  are  calculated 
j i by  their  quantity  to  impair  the  commercial  character 
' of  the  product,  certain  purifying  processes  are  had 

! recourse  to  by  which  these  are  removed.  When 

ferrous  carbonate  is  present  in  the  weak  brine,  it  is 
generally  got  rid  of  by  exposing  the  brine  for  some 
time  to  the  air.  The  process  of  evaporation  with 
weak  brines  is  carried  on  in  France  and  Germany  in 
what  are  termed  graduating  houses.  These  are  large 
wooden  structures,  from  800  to  upwards  of  5000 
feet  long  by  about  40  feet  broad,  covered  over  at 
I the  top,  and  open  at  the  sides  to  allow  a free  circu- 
lation of  air  through  the  interior.  The  roof  covers 
and  protects  from  the  rain  several  very  large  but 
shallow  wooden  cisterns  intended  to  receive  the 
brine,  or  there  may  be  only  one  cistern,  divided  by 
wooden  partitions  into  several  separate  compart- 
ments; but  the  extent  of  these  divisions,  their 
collection  under  one  roof,  or  their  separation,  are 
determined  by  circumstances  purely  local,  such  as 
the  character  of  the  water,  or  indeed  the  motive 
power  available  in  distributing  it.  The  several 
compartments  are  used  to  contain  the  brine  in 
different  stages  of  concentration.  The  first  is  in- 
I tended  to  receive  the  brine  itself ; the  second  to 
receive  the  same  after  it  has  been  concentrated  by 
exposure  to  the  air  in  minute  streams,  &c.  The 
position  of  these  graduating  liouses  is  such  that 
they  shall  be  exposed  in  the  direction  of  their  greatest 
i length  to  the  prevailing  winds. 

Various  arrangements  have  been  devised  to  in- 
i j crease  the  evaporating  surface  of  the  brine ; but 
I that  which  now  supersedes  all  others  consists  in 
pumping  the  liquor  up  to  the  summit  of  a high 
j reservoir,  and  allowing  it  to  trickle  through  the 
I interstices  of  bundles  of  thorn  built  up  in  the  form 
^ of  a wall,  and  supported  by  woodwork. 

■ On  the  thorn  sticks  a scale  gradually  deposits, 

I consisting  of  calcium  oxide,  calcium  and  magnesium 
carbonates,  and  calcium  sulphate,  and  forming  what  is 
called  thornstone.  This  incrustation  at  length  attains 
such  a thickness  as  to  fill  up  the  interstices  between 
the  sticks.  The  stack  has  then  to  be  taken  down,  and 
the  thorns  renewed.  This  happens  about  every  five 
or  eight  years,  according  to  the  character  of  the  brine. 

The  rapidity  with  which  water  is  evaporated  by 
the  use  of  thorn  stacks  is  remarkable.  Thus  at 
Schonebeck  the  thorn  surface  is  390,000  square  feet, 
and  under  very  favourable  circumstances  evaporates 
3'7  cubic  feet  during  the  twenty-four  hours  from 
each  square  foot.  And  from  very  careful  experiments 
by  Bekthiek,  at  his  works  at  Moutiers,  it  appears 
that  13  gallons  of  water  are  evaporateil  under 
ordinary  circumstances  every  twenty -four  hours 
from  each  square  foot  of  thorn  wall.  It  is  a remark- 
able fact  that  the  water  evaporated  from  the  thorn 
surface  is  practically  proportional  to  the  surface 
exposed,  whatever  be  the  density  of  the  brine. 


lYl'.en  the  brine  in  the  tanks  under  the  thorn 
stacks  has  been  brought  to  a specific  gravity  of 
between  1'14  and  1T6,  it  is  run  out  into  large 
settling  reservoirs  with  just  sufficient  lime  to  decom- 
pose the  magnesium  chloride.  These  reservoirs  are 
of  immense  capacity;  for  the  evaporation  in  the  air 
taking  place  only  during  the  summer  months,  the 
reservoirs  have  to  be  made  large  enough  to  hold  a 
great  quantity  of  the  concentrated  liquor  to  be 
evaporated  during  the  winter  months.  The  eight 
reservoirs  at  Salza  have  a capacity  of  nearly 
3,000,000  cubic  feet.  In  these  reservoirs  the  brine 
deposits  all  suspended  matters,  and  the  clear  liquor 
is  then  run  into  wrought-iron  tanks  to  be  evaporated 
to  saturation. 

The  pans  used  are  from  about  60  to  80  feet  long, 
by  from  20  to  40  feet  broad,  and  2 feet  deep,  and 
are  made  of  thin  sheets  of  wrought  iron  rivetted 
together.  Each  pan  is  heated  by  two  or  even  four 
fires,  and  the  flues  are  so  built  that  the  heat  shall  be 
as  evenly  distributed  over  the  whole  bottom  of 
the  pan  as  the  brick  supports  upon  which  it  rests 
will  allow. 

The  pans  being  three  parts  filled  with  brine,  and 
a little  blood  or  grease  added,  are  brought  as  rapidly 
as  possible  to  the  boiling  point.  A scum  now  forms 
on  the  surface,  which  is  skimmed  off.  This  scum 
consists  of  the  organic  matter  in  the  brine,  and  a 
little  bitumen,  which  is  found  in  all  brines  from 
natural  spi'ings.  In  the  meanwhile  the  brine,  which 
is  saturated  with  sulphate  of  lime,  gradually  deposits 
this  on  the  bottom  of  the  pan.  When  about  oue- 
fourth  of  the  original  brine  has  been  evaporated, 
new  brine  of  specific  gravity  1T6  is  again  pumped 
in,  and  the  process  of  boiling  and  removing  the 
scum  is  continued  until  the  brine  in  the  pan  has 
been  brought  almost  to  the  point  of  saturation ; it 
is  then  run  into  other  pans  of  a similar  shape  and 
about  equal  capacity,  to  be  evaporated  to  dryness. 

The  deposit  on  the  bottom  of  the  pan  gradually 
attains  a thickness  calculated  to  interfere  very 
materially  with  the  conducting  power  of  the  iron, 
and  so  occasions  much  loss  of  heat ; the  pan  has 
then  to  be  scaled.  Of  course  the  necessity  for  per- 
forming this  operation  will  vary  considerably  with 
the  degree  of  purity  of  the  salt.  It  is  usual,  however, 
to  scale  the  pan  after  it  has  been  filled  up  from  eight 
to  about  fifteen  times. 

The  deposit  consists  of  sulphate  of  lime  and  sul- 
phate of  soda,  inclosing  mechanically  a quantity  of 
common  salt. 

Boiling  down  is  performed  in  wrought-iron  pans, 
similar  to  those  described  above.  They  inclose  an 
area  of  about  400  square  feet.  The  bottom  of  the 
pan  inclines  a little  towards  the  centre.  Over  the 
pan  is  a dome-shaped  structure  of  wood,  terminating 
in  a kind  of  chimney,  for  the  jjurpose  of  carrying 
away  the  vapour.  The  woodwork  supporting  the 
dome  is  open  at  the  side,  immediately  over  the  pan, 
that  there  may  be  a free  circulation  of  air  over  the 
suiface  of  the  brine.  During  the  beginning  of  the 
boiling  down  the  pans  are  briskly  heated ; towards 
the  end,  when  much  salt  becomes  deposited  on  the 
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bottom,  tlie  fires  are  slackened,  that  the  bottom  of 
the  pan  may  not  be  burned. 

Tlie  process  is  continuous,  the  salt  being  taken 
out  as  it  falls  by  means  of  scoops,  perforated  at  the 
bottom  to  allow  the  mother  liquor  to  percolate. 

In  the  case  of  lime  having  been  added  in  the 
settling  pan,  or  at  the  beginning  of  the  concentration, 
the  mother  liquors  do  not  become  too  impure  to  be 
evaporated  down  to  dryness  in  the  boibng-down 
pan,  even  after  the  pan  has  been  filled  up  with  new 
brine  several  times.  There  is  also  an  additional 
advantage  experienced  at  this  stage  of  the  manufac- 
ture, from  lime  having  been  added  to  throw  down 
magnesia,  inasmuch  as  otherwise,  during  the  process 
of  evaporation,  chloride  of  magnesium  forms  a crust 
on  the  surface  of  the  liquid,  which  re-forms  almost 
as  soon  as  broken,  thereby  preventing  very  materially 
the  escape  of  vapour.  The  formation  of  this  crust, 
however,  may  be  avoided  equally  well  by  the  addition 
of  a little  sulphate  of  soda. 

The  salt  having  been  removed  from  the  crystallizing 
pans  by  the  strainers,  is  collected  into  large  heaps 
on  a perforated  floor  to  drain  further;  it  is  then 
transferred  to  the  “ drying  chamber.”  This  is  simply 
a long  chamber,  heated  by  the  flues  from  the  fires 
used  to  evaporate  the  brine.  These  flues  converge 
into  one  or  two  main  flues,  which  are  made  to  pass 
along  the  bottom  of  this  chamber.  I’he  salt  is  either 
packed  up  in  shallow  wicker  baskets,  or  it  is  put  into 
moulds,  and  these  are  piled  up  above  the  flue  in  the 
drying  chamber,  and  there  allowed  to  remain  until 
the  salt  no  longer  loses  much  moisture,  when  it  is 
tit  for  the  market. 

In  England,  all  the  salt  prepared  is  obtained  from 
the  evaporation  of  strong  brines  by  artificial  heat. 
The  brines  used  are  saturated,  or  nearly  saturated 
solutions  of  salt  in  water,  and  contain  from  23  to  26'5 
per  cent  of  pure  chloride  of  sodium,  besides  other 
constituents;  while  a saturated  solution  of  salt  in 
water  only  contains  27  per  cent,  of  salt.  Indeed, 
several  experiments  tend  to  show  that  some  brine 
springs  would  seem  to  hold  in  solution  more  chloride 
than  would  be  taken  up  by  the  same  amount  of  water, 
however  long  it  were  left  in  contact  with  dry  salt. 

The  brine  springs  of  Cheshire  do  not  rise  to  the 
surface  of  the  ground.  They  emerge  from  the  sur- 
face of  the  rock ; and  when  the  spring  is  tapped, 
will  rise  in  the  bore  hole  from  80  to  90  feet.  In  the 
neighbourhood  of  Winsford  and  North wich,  a shaft 
is  sunk  in  the  ground  6 feet  square,  and  about  180 
feet  deep.  The  sides  of  the  shaft  are  carefully 
boarded  with  planks,  and  an  inner  planking  of  6-incli 
boards,  4 feet  square,  is  then  built  in,  and  the  space 
between  the  boards  well  puddled  with  clay,  to  keep 
out  any  surface  springs  of  fresh  water.  The  inner 
boarding  is  firmly  built  in,  and  made  more  secure 
by  cross-stays  of  stout  wood.  An  iron  pipe  about 
9 inches  internal  diameter  is  then  let  down  into  the 
boring.  The  brine  will  rise  in  this  pipe  about  90 
feet;  it  has  consequently  to  be  lifted  by  a pump  to 
about  the  same  extent.  A continuation  of  the  pipe 
Irom  the  pump  conducts  the  brine  into  a large 
reservoir  lined  with  miisonry.  This  reservoir,  which 


may  be  about  200  feet  long  by  about  60  or  80  broad, 
and  perhaps  6 feet  deep,  is  not  built  for  the  purpose 
of  allowing  sedimentary  matter  to  deposit,  for  the 
brine  as  it  is  pumped  up  is  perfectly  clear  and  free 
from  particles  in  suspension.  It  is  of  a clear  sea- 
green  colour,  and  the  reservoirs  are  built  to  serve 
merely  as  a store  of  brine  on  a high  level,  from 
which  it  may  be  drawn  down  to  supply  the  evaporat- 
ing pans  as  needed. 

The  evaporating  pans  are  contained  in  a shed 
which  may  be  400  feet  long  by  about  80  feet  broad, 
and  about  30  feet  high,  open  at  the  sides  to  permit 
a free  current  of  air  to  pass  over  their  surface.  The 
pans  are  set  in  a firm  foundation  of  brickwork,  which 
does  not,  however,  extend  up  the  sides.  There  are 
generally  four  furnaces  to  each  pan,  and  the  flues,  so 
built  as  to  support  the  pan,  radiate  over  the  whole 
of  the  bottom.  There  are  usually  three  pans  in  a 
series,  under  two  of  which,  furthest  removed  from 
each  other,  are  the  fire-places.  The  flues  passing 
under  these  are  continued  under  the  third,  and  meet 
in  the  centre,  at  which  point  they  unite  into  one, 
and  the  flue  is  connected  with  the  chimney ; but  in 
order  to  economize  as  much  as  possible  the  heat  of 
the  flue,  a chamber  is  built  over  it  in  its  course  to 
the  chimney,  and  this  is  made  use  of  as  a drying 
stove  for  the  squares  of  salt. 

The  Cheshire  brines,  which  are  of  specific  gravity 
1’200,  and  contain  about  24  per  cent,  of  common 
salt,  are  of  so  pure  a quality  that  they  require  no 
preliminary  concentration.  The  brine  is,  therefore, 
at  once  run  into  the  evaporating  pans,  which  are  of 
sizes  varying  with  the  source  of  heat,  and  evaporated 
by  the  direct  action  of  the  fire,  or  by  the  waste  heat 
of  the  steam  engine  used  to  pump  up  the  brine. 

Those  pans  in  which  the  salt  is  evaporated  by  a 
boiling  heat  are  about  20  feet  square  and  18  inches 
deep.  Those  where  a lower  temperature  is  used  are 
about  40  feet  long  by  20  broad,  and  2 feet  deep. 
The  pans  are  made  of  ^-inch  iron  boiler-plates 
rivetted  together.  They  incline  somewhat  towards 
the  end  furthest  removed  from  the  fires,  that  more 
salt  may  be  deposited  on  that  part.  The  inclination 
is  from  6 to  8 inches  in  the  whole  length. 

Three  kinds  of  salt  are  manufactured  in  Cheshire ; 
the  difference,  however,  consists  in  the  size  of  the 
crystal,  depending  upon  the  rapidity  with  which  the 
evaporation  is  conducted.  Thus  the  finest-grained 
salt  is  made  by  rapid  boiling ; the  coarsest  at  a tem- 
perature of  about  150°  Eahr.;  and  the  medium 
quality  between  these  two  points. 

The  evaporating  processes  are  conducted  as 
follows ; — Brine  is  run  into  a pan  until  it  is  three 
parts  full ; a little  glue,  and  sometimes  a little  waste 
grease,  is  then  thrown  in  to  assist  in  the  formation  of 
a scum,  and  partly  to  prevent  the  crystals  of  salt  as 
they  fall  from  adhering  to  the  bottom  of  the  pan. 
The  briue  is  then  brought  to  the  boil  as  rapidly  as 
possible,  and  a scum  which  forms  on  the  top  is 
removed  by  lightly  skimming  the  surface  with  a 
piece  of  board.  The  crystals  of  salt  begin  to  separate 
almost  as  soon  as  the  brine  is  brought  to  the  seetliiug 
point,  and  when  about  half  the  water  has  been 
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evaporated  fresh  brioe  is  run  in.  The  salt  that  has 
boiled  out  is  removed  twice  in  the  twenty-four  hours. 
This  operation  is  effected  by  a perforated  scoop,  and 
the  salt  is  put  into  wooden  moulds,  or  tubs,  about 
18  inches  high  and  9 inches  broad  at  the  top,  and 
diminishing  to  about  7 inches  at  the  bottom.  These 
I tubs  are  put  into  the  salt  pan  to  be  filled,  and  stand 

1 on  a ledge  on  the  side  about  6 inches  from  the 

bottom  of  the  pan.  When  the  tubs  are  filled  the 
salt  is  slightly  pressed  down,  and  the  tubs  are 
removed  from  the  ledge  on  to  a perforated  floor,  so 
that  the  mother  liquor  may  drain  away  from  the 
salt.  To  allow  of  this  there  are  two  slits  in  the 
bottom  of  the  tub.  When  the  salt  in  the  tubs  has 
drained  twelve  hours,  the  tubs  are  reversed,  and 
then  withdrawn  from  the  squares  of  salt,  which  are 
removed  to  the  drying  chamber,  where  they  are 
allowed  to  remain  until  they  become  dry.  From  a 
salt-pan  20  feet  square  200  tubs  of  salt,  each  con- 
taining 30  lbs.  of  dry  salt,  are  removed  in  a day. 
The  pans  are  not  allowed  to  cool,  except  for  purposes 
of  cleansing,  the  brine  being  repeatedly  pumped  in, 
and  the  process  of  evaporation  being  continuous. 
About  once  a week  the  salt  is  more  thoroughly 
removed  than  usual,  and  the  brine  in  the  pan  allowed 
to  run  low ; the  pan  is  then  scaled  over  the  fireplace. 
This  operation  is  performed  with  a pickaxe  furnished 
with  a long  handle,  and  having  the  iron  flukes  flat- 
tened at  the  ends.  A man  stands  on  the  floor  that 
runs  round  the  pan,  and  by  striking  with  the  axe  he 
loosens  the  incrustation,  and  then  removes  it  with  a 
rake  and  spade.  The  scale  consists  of  a little  clay 
and  sulphate  of  lime,  but  principally  of  common  salt 
which  has  been  burnt  on  to  the  bottom  of  the  pan. 
When  a pan  has  been  worked  for  a month,  a scale 
will  have  gradually  formed  over  the  entire  bottom. 
The  whole  of  the  salt  is  then  removed,  the  fires  put 
out,  and  the  mother  liquors,  being  of  little  value 
where  there  is  such  abundance  of  brine,  are  run 
away.  The  whole  underpart  of  the  pan  is  then 
scaled  with  a hammer  and  chisel. 

The  brine  springs  of  Droitwich,  Worcestershire, 
are  stated  by  Sir  C.  Hastings  to  have  been  in  use  in 
the  time  of  the  Romans.  At  both  Stoke  Prior  and 
Droitwich  a shaft  of  considerable  diameter  is  sunk, 
and  lined  with  an  iron  casing  to  prevent  inflow  of 
fresh  water.  In  this  the  pumps  which  remove  the 
brine  and  convey  it  to  the  reservoirs  are  fitted,  and 
from  the  bottom  of  this  upper  tube  a narrower  pipe 
is  carried  down  to  a considerable  depth,  until,  in 
fact,  it  reaches  the  subterranean  brine  chamber. 
The  depth  of  the  iron  casing  at  Droitwich  is  150 
feet,  that  of  the  boring  below  25  feet;  and  so 
abundant  is  the  supply  of  brine,  that  if  the  pumps 
cease  working,  the  shaft  is  speedily  filled  to  within 
9 feet  of  the  surface.  At  Stoke  the  supply  apjiears 
now  to  be  equally  inexhaustible,  although  in  former 
years  it  failed ; but  the  present  proprietor  (J.  Cor- 
bett) has  bored  deeper  than  his  predecessors,  and 
has,  by  means  of  a shaft  225  feet  deep,  and  a boring 
of  348  feet  more,  .succeeded  in  breaking  through  the 
drier  and  more  superficial  deposits,  and  has  pene- 
trated a large  and  probably  inexhaustible  reservoir. 


The  brine,  thus  pumped  out  of  the  pits  as  fast  as 
it  is  supplied,  is  treated  at  both  places  in  a precisely 
similar  manner;  it  is  conveyed  by  pipes  directly 
from  the  pumps  into  large  but  shallow  reservoirs, 
wiiich  act  as  feeders  to  the  numerous  pans  in  which 
the  evaporation  is  carried  on.  The  pans  vary  in 
length  from  60  to  100  feet,  and  are  about  20  feet 
broad  and  18  inches  deep;  the  evaporation  is  con- 
ducted as  already  described.  In  the  large  pans, 
such  is  the  difference  of  temperature  in  different 
parts  of  the  pan,  from  the  furnace  being  placed  at 
one  end,  that  while  the  fine-grained  salt  is  produced 
at  the  hottest  end,  bay  salt  is  the  result  of  the  dim- 
inished temperature  at  the  other.  The  salt  as  it 
crystallizes  out  sinks  to  the  bottom,  and  is  con- 
tinually removed  by  the  workmen,  who  place  it  in 
tall  boxes  having  their  bottoms  pierced ; in  these 
the  salt  is  allowed  to  drain  for  a time,  after  which 
the  moulds  are  taken  to  the  drying  house,  as  already 
described. 

At  J.  Corbett’s  works  cireular  pans  with  closed 
covers  arc  used  for  concentrating.  These  are 
charged  and  heated  in  the  same  manner  as  the 
ordinary  pans ; but  the  steam  from  them  is  carried 
by  means  of  pipes  through  the  furnace,  and  after 
being  superheated  it  passes  through  a supple- 
mentary series  of  open  pans,  where  it  keeps  the 
brine  at  boiling  point.  The  pans,  which  are  24 
feet  in  diameter,  are  fitted  with  circular  rakes, 
worked  by  machinery  in  the  same  manner  as  the 
stirrer  of  a mash -tun.  By  this  means  the  crystals 
are  precipitated  in  very  small  particles,  and  a very 
white  fine-grained  salt  is  the  result.  The  process  is 
a continuous  one,  and  the  salt  is  drawn  from  an 
aperture  into  a long  trough,  which  is  attended  by  a 
number  of  boys,  who  fill  the  squares  and  pass  them 
to  the  drying-room.  The  general  advantages  of 
this  process  are,  the  saving  of  time  by  the  con- 
tinuous operation,  the  double  utilization  of  both 
the  fire  heat  and  the  steam,  and,  consequently, 
great  economy  of  fuel,  and  a larger  yield  of  salt. 

The  following  analyses  of  the  brines  thus  heated 
were  made  by  A.  B.  Northcote  : — 


Droitwich  Brine. 

Stoke 

Brine. 

January. 

Au^fust. 

August 

Sodium  chloride, 

23-2932 
trace . 

•3712 

■3690 

•1382 

•0420 

trace. 

22-4.‘521 

trace. 

trace. 

•3905 

•3878 

•1157 

•0343 

trace. 

trace. 

trace. 

25-4923 

trace. 

trace. 

•5948 

•2612 

•0161 

•0347 

trace. 

trace. 

trace. 

Sodium  bromide, 

Potassium  sulphate, 

Sodium  sulphate, 

Calcium  sulphate, 

Sodium  carbonate, 

Magnesium  carbonate, 

Ferric  phosphate,. 

24-2136 

23-3804 

29-3991 

Solid  residue  by  direct  evapo-  f 
ration, j 

24-2064 

23-4205 

26-4749 

Salt  from  Sea  Water. — In  Sweden,  Russia,  and 
otlier  northern  countries,  salt  is  sometimes  obtained 
by  freezing  the  sea  water  in  large  reservoirs.  This 
process  depends  on  the  fact  that  when  sea  water 
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frc  zes,  the  ice  formed  consists  of  pure  water ; the 
motlier  liquor  therefore,  by  repeated  congelation, 
becomes  more  and  more  impregnated  with  salt,  and 
can  be  profitably  boiled  down.  Tlie  salt  obtained 
is  far  from  pure  ; it  would  be  much  improved  if 
lime  water  were  added  in  sufficient  quantity  to  re- 
move the  sulphuric  acid  as  calcium  sulphate,  and  to 
decompose  the  chlorides.  The  following  analyses 
of  salt  from  foreign  sea  water  are  by  Hess  ; — 


Okhotsk. 

Ir- 

8eleu> 

Oust' 

kouUk. 

guisk. 

kouBtk. 

1st 

Sod 

3rd 

Soccage, 

Soccage. 

Soccage. 

Sodium  chloride. 

91-5 

74-7 

76-3 

86-0 

77-6 

79-1 

Aluminium  “ 

2-6 

6-5 

1-2 

3-6 

6-2 

7-8 

Calcium  “ 

1-1 

1-4 

3-8 

0-9 

0 9 

0-7 

Magnesium  “ 

2-0 

3-6 

3-6 

2 0 

1-7 

0-8 

Sodium  sulphate. 

2-8 

13-8 

12-6 

7-5 

13-6 

11-6 

Calcium  “ 

— 

— 

2-5 

— 

— 

— 

100-0 

100-0 

100-0 

100-0 

100-0 

100  0 

In  the  south  of  Europe  the  evaporation  is  effected 
by  exposing  the  sea  water  in  thin  layers  to  the  in- 
fluence of  the  sun  and  air.  The  sea  at  the  rising  of 
the  tide  is  allowed  to  run  through  sluice  gates  into 
a pond,  covering  about  an  acre  of  ground,  and  about 
6 feet  deep.  The  gates  are  then  closed,  and  the 
water  gradually  deposits  all  the  matter  in  suspension. 
From  this  reservoir  the  clear  water  is  conducted  by 
pipes  into  a series  of  shallow  basins,  the  whole 
covering  some  acres  of  ground,  where,  by  expo.sing 
a very  large  surface  to  the  drying  influence  of  the 
sun  and  air,  it  rapidly  evaporates.  These  basins  are 
so  arranged  that  the  water  shall  flow  slowly  from 
the  first  reservoir  downwards  through  the  whole 
series.  In  favourable  weather  the  sea  water  becomes 
brine  in  about  seven  days.  It  is  then  pumped  into 
iron  pans,  and  boiled  for  twelve  hours,  during  which 
time  it  is  skimmed  to  remove  impurities.  The 
crystiils  of  salt  tlien  begin  to  appear,  are  shovelled 
out  into  wooden  troughs,  with  holes  at  the  bottom 
to  allow  the  “ bitters  ” (i.e.,  the  mother  liquor,  con- 
taining the  magnesium  salts,  &c.)  to  run  off. 

In  the  salt  gardens  on  the  Mediterranean  the 
whole  process  is  conducted  by  aerial  evaporation, 
the  concentrated  brine  being  run  into  crystallizing 
ponds,  whence  the  salt  is  fished  out,  and  drained 
upon  sloping  beds,  termed  salt  tables.  The  mother 
liquors  run  back  into  the  sea,  and  the  salt  is  exposed 
to  the  air  for  a short  time,  so  that  by  absorbing- 
moisture  the  more  deliquescent  salts  may  be 
removed. 

SILVER. — French,  Argent;  Germfin,  Silber;  Latin, 
Argentum,  Symbol,  Ag.  Atomic  weight,  108. 

Specific  gravity  varies  from  10-5  to  10-62,  accord- 
ing to  the  condition  in  which  it  exists.  Equivalent, 
107-928  (Marignac) ; 107-929  (Stas);  melting  point, 
1832°  Fahr.  (1000°  C.)  (Pouillet)  ; 1893°  Fahr. 
(1034°C.)  (Guyton-Morveau)  ; 1 904°Fahr.  (1040°C.) 
(Riemsuijk).  Specific  heat,  0-05701  (Regnault)  ; 
0-05507  (Dulong  and  Petit).  Heat-conducting 
power,  100 ; electric-conducting  power,  100  (at  32° 
Fahr.) ; both  decrease  as  the  temperature  rises. 

Silver  possesses  a characteristic  pure  white  colour, 


and  is  capable  of  taking  a more  perfect  polish  than 
any  other  metal  in  a f ire  state;  it  is,  however,  inferior 
in  this  respect  to  steel.  It  is  found  native,  and 
also  in  the  mineral  form  in  combination  with  various 
non-metallic  elements,  such  as  sulphur,  chlorine,  &c. 
As  already  mentioned  in  the  article  on  Gold,  that 
metal  is  always  found  alloyed  with  silver,  though 
sometimes  only  in  minute  quantities.  The  hardness 
of  silver  is  considerably  increased  by  the  addition  of 
a small  quantity  of  copper ; but  when  in  a pure  state 
it  is  intermediate  in  this  respect  between  this  metal 
and  gold. 

Historical  Notice. — ^The  discovery  of  silver  appears 
to  have  been  coeval  with  that  of  gold,  and  dates 
back  to  the  earliest  times  of  the  world’s  history.  In 
the  Book  of  Genesis  we  learn  that  silver,  by  weight, 
was  “current  money  with  the  merchants”  about  2000 
years  before  the  Christian  era,  and  frequent  mention 
is  made  of  this  metal  in  the  subsequent  books  of  the 
Bible. 

The  principal  sources  from  which  the  ancients 
obtained  their  gold  have  been  mentioned  in  the 
article  on  that  metal,  and  probably  much  of  their 
silver  was  obtained  from  the  same  localities,  Flint 
speaks  of  a people  named  the  Dardaneans,  who  in- 
habited a country  the  richest  of  all  India  in  gold 
mines;  and  the  Selians,  he  says,  have  the  most 
abundant  mines  of  silver.  According  to  Xenophon, 
the  Athenians  worked  the  silver  mines  of  their  own 
country — Attica — from  an  unknown  age,  as  well  as 
the  gold  mines  in  their  foreign  possessions  in  Thrace, 
and  in  the  island  of  Thasos.  Epirus  also  had  silver 
mines,  which  continued  to  be  worked  in  the  time  of 
Strabo. 

But  the  country  most  productive  of  the  precious 
metals,  and  especially  of  silver,  in  very  remote  ages, 
was  the  Spanish  peninsula.  Gold,  iron,  and  lead 
were  procured  in  the  south,  and  some  tin  in  the 
north  of  Spain  ; but  the  gold  was  probably  of  small 
amount,  and  the  chief  mineral  wealth  of  the  country 
was  in  silver. 

During  several  centuries  which  succeeded  the 
overthrow  of  the  Roman  Empire,  mining  operations 
appear  to  have  been  suspended  throughout  Europe, 
and  the  dates  at  which  they  were  generally  resumed 
are  not  certainly  known.  The  chief  sources  of  the 
precious  metals  in  the  middle  ages  were  the  Austrian 
mines ; and  of  these,  it  is  considered  probable  that 
the  mines  of  Chemnitz  and  Kremnitz  in  Hungary 
were  the  first  worked.  Ferber  dates  the  opening  of 
Chemnitz  in  745,  and  that  of  Kremnitz  in  770;  but 
Agricola,  who  states  that  they  had  previously  been 
worked  by  the  Romans,  dates  their  reopening  nearly 
a century  earlier. 

Sources. — The  two  chief  argentiferous  minerals  in 
Hungary  are  sulphide  of  silver  and  argentiferous 
galena,  while  the  mountains  in  which  the  mines 
occur  consist  for  the  most  part  of  trachytes,  asso- 
ciated with  porphyry  and  syenite.  From  2 to  20 
ozs.  of  silver  are  contained  in  100  lbs.  of  the  argen- 
tiferous lead,  and  the  present  annual  produce  of 
Hungary,  Transylvania,  and  the  Banat  is  about 
92,000  lbs.  troy;  but  this  is  a considerably  less 
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amount  than  was  produced  about  a century  ago.  j 
In  Bohemia  celebrated  mines  exist  at  Joachimsthal, 
on  the  southern  slope  of  the  range  of  mountains 
known  as  the  Erz  Gebirge;  but  they  are  now  almost 
exhausted,  whereas  those  at  Freiberg,  to  the  north 
of  this  range,  in  Saxony,  still  produce  very  large 
annual  supplies  of  the  precious  metal. 

It  is  interesting  to  note  that  the  productiveness 
of  the  mines  has  increased  with  the  depth ; for 
notwithstanding  the  greater  cost  of  working,  the 
produce  has,  as  a rule,  increased  annually.  Formerly 
many  of  the  mines  were  profitably  worked  in  Saxony; 
but  since  the  Thirty  Years’  War  their  yield  has  been 
comparatively  small,  the  total  annual  produce  of  this 
country  being  about  80,000  lbs.,  of  which  Freiberg 
alone  produces  78,000  lbs.  Silver  mines  are  said  to 
have  been  worked  by  the  Romans  in  the  Tyrol,  and 
during  the  middle  ages  important  mining  operations 
were  carried  on  in  this  locality.  The  average 
annual  yield  during  last  century  was  about  6000 
lbs  , but  the  amount  produced  now  is  unimportant. 

The  most  productive  of  the  mines  in  the  Hartz 
district  at  the  present  day  are  in  the  neighbourhood 
of  Andreasberg,  some  of  which  are  worked  to  a 
depth  of  over  400  English  fathoms.  The  district  of 
Clausthal  also  yields  considerable  supplies  of  argen- 
tiferous galena ; and  according  to  Phillips,  the 
average  annual  produce  of  the  Hartz  mines  is  about 
27,540  lbs.  troy. 

Since  the  rich  mines  of  Spain  were  last  worked  by 
the  Romans,  they  seem  to  have  been  greatly  neglected. 
Caudenne,  however,  asserts  that  the  mines  of  gold 
and  silver  which  existed  in  that  country  were  a great 
source  of  wealth  to  the  Arabs.  The  mine  of  Zalamea, 
to  the  south  of  the  river  Guadiana,  in  Andalusia, 
appears  to  have  been  worked  in  the  middle  ages. 

In  1839  the  celebrated  mines  of  the  Sierra 
Almagrera,  in  the  province  of  Almeria,  were  dis- 
covered ; and  in  1843  those  of  Hiendelaencina,  in 
the  province  of  Guadalajara.  These  latter,  which 
are  considered  the  most  important  silver  mines  of 
S^ain,  are  situated  about  70  miles  north  of  Madrid, 
and  were  discovered  by  a returned  Mexican  miner, 
who  observed  a resemblance  between  some  rock  and 
the  ore  which  he  had  worked  in  the  New  World. 
The  average  annual  produce  of  the  mines  of  this 
district  during  the  twenty  years  ending  1866  was 
about  32,390  lbs.  troy,  about  90  ozs.  of  fine  silver 
being  generally  obtained  from  each  ton  of  ore.  The 
method  invented  by  Pattinson  for  desilverizing  lead 
— a process  fully  explained  in  the  article  Lead — 
has  been  very  generally  introduced  in  the  provinces 
of  Murcia  and  Almeria,  as  by  its  means  silver  may 
be  profitably  extracted  from  slightly  argentiferous 
lead. 

The  silver  mines  of  Norway  and  Sweden  were 
long  famous,  but  have  latterly  become  less  produc- 
tive. The  mine  of  Sabi,  or  Sala,  is  said  to  have 
been  worked  five  hundred  years  ago.  The  silver 
mines  of  Kongsberg,  in  Norway,  were  discovered  in 
1623,  and  have  been  worked  almost  uninterruptedly 
up  to  the  present  day,  yielding  a large  profit.  The 
annual  produce,  however,  is  very  irregular,  and  has 
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during  the  last  few  years  been  about  8000  lbs. 
troy.  They  are  now  worked  at  a depth  of  about 
300  fathoms,  the  silver  occurring  in  parallel  belts 
of  rock  of  considerable  extent,  impregnated  with 
sulphides  of  iron,  copper,  zinc,  &c. 

In  Great  Britain  silver  is  found  in  considerable 
quantities,  but  always  associated  with  lead  in  galena, 
and  the  amount  of  the  precious  metal  per  ton  varies 
considerably  in  different  parts  of  the  country.  That 
obtained  in  the  Isle  of  Man  is  the  richest,  containing 
from  50  to  60  ozs.  per  ton ; while  in  the  north  of 
England  usually  only  oz.  are  obtained  from  each 
ton  of  ore.  The  average  annual  produce  obtained 
by  this  means  in  the  United  Kingdom  is  about 
620,000  ozs. 

In  several  districts  of  France  argentiferous  galena 
is  produced  in  large  quantities:  the  principal  of 
these  are  Pontgibaud  in  Puy-de-D6ine,  Poullaouen 
and  Iluelgoet  in  Finisterre,  &c.  To  the  former  of 
these  special  reference  will  be  made  when  treating 
of  the  methods  of  smelting  silver  ores.  The  amount 
of  silver  produced  by  Australia  is  insignificant. 

But,  as  in  the  case  of  gold,  the  amount  of  silver 
obtained  in  the  mines  of  the  Old  World  is  trifling 
when  compared  with  that  produced  by  the  New 
World;  and  North,  Central,  and  South  America  all 
yield  large  quantities  of  the  precious  metal. 

The  earliest  discoveries  were  made  in  Mexico 
shortly  after  its  invasion  by  Cortez  i . 1519,  and 
according  to  Humboldt,  during  the  years  1785-89, 
amounted  to  more  than  7,000,000  lbs.  troy.  Sub- 
sequently to  this  period,  however,  the  produce  fell 
off  until  1850,  since  which  time  they  have  produced 
about  1,000,000  lbs.  troy  annually.  Mining  opera- 
tions are  principally  conducted  in  the  districts  of 
Zacatecas,  Guanaxuato,  Fresnillo,  and  Real  del 
Monte. 

The  State  of  Nevada  first  became  known  as  a 
silver-producing  district  in  1859,  but  the  amount 
since  obtained  has  been  extraordinary;  and  accord- 
ing to  Phillips,  the  mines  on  the  great  Comstock 
Vein,  in  the  range  of  the  Washoe  Mountains  and 
near  Virginia  City,  have  since  that  date  produced 
bullion  to  the  value  of  £25,000,000  sterling,  one- 
third  of  which  was  gold.  Valuable  mines  also 
exist  at  White  Pine,  in  the  Austin  district,  and  in 
other  parts  of  the  state. 

The  first  actual  discovery  of  the  precious  metal 
in  Nevada  appears  to  have  been  made  in  1857  by 
two  brothers  named  Grosh  ; but  they  died  very 
shortly  afterwards,  and  before  their  discovery  be- 
came generally  known.  Rich  deposits  were  found 
in  1859  by  two  Irish  miners,  and  the  ground  was 
subsequently  purchased  by  Comstock,  whose  name 
was  thus  given  to  the  entire  lode.  It  was  not,  how- 
ever, worked  on  an  extensive  scale  till  the  latter  end 
of  1862,  and  during  the  five  subsequent  years  it 
yielded  an  annual  average  produce  of  the  value 
of  nearly  £3,000,000  sterling.  The  principal 
ores  found  are  stephanite  and  argentite ; native, 
ruby,  and  horn  silver  are  also  found,  and  polybasite, 
accompanied  by  rich  argentiferous  galena.  The 
rocks  inclosing  these  vary  considerably  in  different 
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localities.  Propylite  or  compact  porphyry  invariably 
exists  on  the  eivstern  side  of  the  vein  (which  travels 
north  and  south),  while  on  the  western  face  syenite 
is  at  times  found;  the  main  boundary  being  a con- 
tinuous clay  selvage  or  flucan.  The  occurrence  of 
silver  in  this  vein  is  thus  summarized  by  Richt- 
hofen : — 

1.  The  ore  is,  in  the  northern  part  of  the  vein, 
concentrated  in  chimneys  dipping  to  the  south ; in 
the  southern  part  it  forms  continuous  sheets  of 
great  length,  but  which  are  comparatively  narrow. 

2.  These  deposits  of  ore  are  inclosed  in  the 
eastern  and  sometimes  also  in  the  middle  portions 
of  the  vein ; the  western  branches  iire  «ther  poor  or 
banen. 

3.  The  richest  and  largest  deposits  have  been 
found  at  those  places  where  the  outcrops,  including 
those  of  the  western  branches,  were  most  prominent. 

4.  In  the  northern  part,  the  vein  is  at  the  levels 
explored  invariably  poor  where  it  passes  a ravine ; 
but  in  the  southern  part,  the  ore  continues  in  the 
ravines. 

6.  The  richest  portions  of  the  lode  are  south  of 
each  ravine  crossed  by  the  vein. 

6.  All  the  chimneys  in  the  northern  part  are  at 
those  places  where  the  walls,  after  close  contact, 
rapidly  diverge,  and  cause  the  vein  to  expand. 

7.  All  the  principal  accumulations  of  ore  are  at 
those  places  where  there  was  most  room  in  the 
fissure  for  the  deposition  of  quartz;  and  they  are 
therefore  generally  rare  where  an  unusual  number 
of  ‘horses’  obstruct  the  vein. 

The  Reese  River  mining  region  is  an  extensive 
district  in  the  north-eastern  portion  of  Nevada,  and 
covers  an  area  of  about  75,000  square  miles ; it 
yields  nearly  all  the  valuable  metals,  such  as  gold, 
silver,  copper,  lead,  iron,  &c. ; but  only  the  two 
former  arc  at  present  worked  to  any  great  extent. 
ITe  ores  at  Austin,  in  about  the  centre  of  this  region, 
are  chiefly  pyrargyrite,  or  dark  red  silver  ore,  while 
chloride  is  found  in  large  quantities  in  the  White 
Pine  district  lu  Idaho,  pyrargyrite  is  found  massive, 
as  well  as  auriferous  carbonate  and  sulphide  of  lead. 
The  latter  is  also  the  principal  ore  found  in  Colorado 
and  Utah,  while  various  mixed  sulphides  are  worked 
in  Colorado.  Native  silver  is  found  in  conjunction 
with  native  copper  in  the  neighbourhood  of  Lake 
Superior.  According  to  Phillips,  the  annual  pro- 
duce of  silver  in  the  United  States  and  territories 
amounts  to  about  1,400,000  lbs.  troy,  having  a 
money  value  of  £4,500,000  sterling. 

In  Central  America  granite,  gneiss,  and  mica 
slate  are  the  rocks  most  usually  met  with,  together 
with  an  abundance  of  igneous  rocks,  which,  as 
already  pointed  out  in  the  article  on  Gold,  are  found 
traversing  the  whole  western  seaboard  of  North, 
Central,  and  South  America.  The  mountain  of 
Alotepec  furnished  53,000  lbs.  troy  during  the  eight 
years  from  1858  to  18G5.  Various  other  mines  exist, 
but  statistics  relating  to  them  are  not  accessible. 

In  South  America  valuable  mines  exist  in  Peru, 
Bolivia,  aud  Chili,  which  might  equal  those  of 
Mexico  and  Nevada  in  the  amount  of  their  yield, 
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were  it  not  that  the  exeessive  elevation  at  which  they 
exist  forms  a great  drawback  to  their  value.  In 
Peru  the  mines  of  Cerro  de  Pasco  are  most  cele- 
brated, where  the  ore  exists  in  the  form  of  gossans; 
they  have  been  worked  since  the  commencement 
of  the  seventeenth  century,  and  the  yield  has  at 
times  been  very  considerable.  Other  districts  in 
Peru  have  produced  large  quantities  of  the  precious 
metal,  the  total  annual  product  of  the  Republic 
being  estimated  at  nearly  300,000  lbs.  troy.  During 
the  years  1784  to  1827  the  principal  mines  of  the 
Cerro  de  Pasco  produced  nearly  5,000,000  lbs.  troy 
of  silver,  worth  about  £16,000,000  sterling. 

The  famed  mines  of  Potosi,  in  the  Republic  of 
Bolivia,  were  discovered  in  1545,  and  during  the 
century  following  this  date  they  yielded  an  annual 
average  of  600,000  lbs.  troy.  Their  yield  has  long 
since  declined,  however ; and  according  to  Whitney, 
there  were  in  1852  in  the  province  of  Potosi  1800 
abandoned  silver  mines,  and  only  26  at  work. 
Rich  silver  deposits  are  now  worked  in  the  district 
of  Caracoles.  Bolivia  at  presents  yields  about 
450,000  lbs.  troy. 

In  ChUi,  according  to  DoMEYKO,  the  veins  afford- 
ing gold  and  copper  belong  generally  to  the  igneous 
eruptive  rocks;  while  argentiferous  copper,  con- 
taining these  metals  in  combination  with  sulphur, 
arsenic,  and  antimony,  exist  in  the  secondary  strati- 
fied formations,  prior  to  the  upheaval  of  the  Andes. 
Chloride  of  silver  and  native  amalgams  are  usually 
found  near  the  points  of  junction  of  these  two  classes 
of  rocks.  The  richest  silver  district  exists  in  the 
mountains  north  of  Huasco,  the  most  important 
mines  being  those  in  the  neighbourhood  of  Copiapo. 
The  silver  ores — chiefly  chloride,  together  with 
bromide  and  the  native  metal — are  usually  embedded 
in  carbonate  of  lime  and  sulphate  of  baryta.  Chili 
annually  produces  about  300,000  lbs.  troy.  The 
mines  of  New  Granada,  which  were  formerly  of 
considerable  value,  have  become  unimportant. 

Ores.  — Silver  is  found  native,  as  an  amalgam 
or  alloy,  and  in  combination  with  various  non- 
metallic  elements — such  as  chlorine,  bromine,  iodine, 
sulphur,  and  selenium ; it  has  also  been  detected  in 
sea  water. 

Native  silver  occurs  crystallized  in  cubes,  octahedra, 
and  other  forms  related  to  these  ; sometimes  it 
exists  in  laminated,  filamentous,  or  amorphous 
masses,  and  sometimes  very  minutely  disseminated 
through  the  minerals.  It  is  found  to  accompany 
all  its  ores,  especially  the  sulphides  and  chlorides. 
It  is  met  with  chiefly  in  the  primitive  formations, 
as  in  granite  and  gneiss ; more  rarely  in  the  argil- 
laceous schists  and  grauwacke  of  the  transition 
rocks,  accompanied  by  quartz,  carbonate  and  fluoride 
of  calcium,  sulphate  of  baryta,  carbonate  of  iron, 
galena,  &c. 

Nearly  all  the  localities  in  which  silver  is  known 
to  exist  have  produced  native  silver,  although 
frequently  in  very  small  quantities.  It  exists  in  the 
ferruginous  rocks  of  Brittany,  and  has  been  found 
at  Kongsberg,  in  Norway,  and  the  Saxon  mines  at 
Freiberg,  as  well  as  in  Mexico,  Chili,  Peru,  and, 
93  
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associated  with  native  copper,  in  the  district  south 
of  Lake  Superior.  The  native  metal  is  always  found 
associated  with  copper,  iron,  or  gold. 

In  some  of  these  localities  it  has  been  found  occa- 
sionally in  considerable  masses.  Thus  at  Kongsberg 
pieces  have  been  extracted  weighing  from  50  to 
600  lbs. ; in  America,  at  the  end  of  the  last  century, 
lumps  of  200  to  800  lbs.  were  obtained  ; and  on  one 
occasion  a block  of  solid  silver  was  discovered  in  the 
mine  of  Johanngeorgenstadt,  which  is  said  to  have 
weighed  9000  or  10,000  lbs. 

Vitreous  Sulphide  of  Silver,  or  Argentite  — Argent 
Sidphure,  French ; Glaserz  or  Silherglanz,  German 
■ — contains  about  86  per  cent,  of  metallic  silver, 
and  its  chemical  formula  is  therefore  AggS. 
It  is  of  a dark  lead-grey  colour,  may  be  cut  with 
a knife,  and  shows  a metallic  lustre  where  cut.  It 
crystallizes  in  cubes  and  dodecahedra,  but  gener- 
ally occurs  massive.  It  has  a specific  gravity  of 
about  7'2,  and  is  easily  fusible,  giving  off  vapours  of 
sulphur,  and  leaving  a button  of  metallic  silver.  It 
is  met  with  in  nature  almost  always  combined  with 
other  sulphides,  as  those  of  copper  and  lead.  This 
mineral  is  one  of  the  richest  and  most  abundant 
ores  of  silver ; it  forms  a large  proportion  of  that 
annually  produced  by  the  various  continental  mines, 
as  those  of  Saxony,  Bohemia,  and  Hungary,  and  is 
particularly  abundant  in  the  mines  of  Guanaxuato 
and  Zacatecas  in  Mexico,  and  in  conjunction  with 
stephanite,  native  gold,  &c.,  in  Nevada.  Its  com- 
position, according  to  Klaproth,  is — 


From 

Himuielfurst. 

From 

JoachimsthaL 

86-50 

13-50 

86-39 

13-61 

100-00 

100-00 

Dark  Red  Silver  Ore,  Ruby  Silver,  or  Pgrargyrite. — 
Argent  Sviphure  Antimonie,  French ; Dunkles  Roth- 
gultigei-z,  German. — This  mineral  crystallizes  on  the 
rhombohedral  system,  and  has  a conchoidal  frac- 
ture. Its  specific  gravity  is  about  5-8,  and  according 
to  Wohler,  it  has  the  following  composition 


Silver, CO-02 

Antimony, 21-80 

Sulphur, 18  00 


99-82 

A result  which  would  indicate  its  formula  to  be 
AggSbSj.  It  is  found  together  with  calcite,  native 
arsenic,  and  galena,  at  Audreasberg,  in  the  Hartz ; 
also  in  Saxony,  Norway,  Hungary,  and  Spain,  in 
the  Old  World;  and  in  Nevada,  Idaho,  Mexico,  and 
Chili. 

Brittle  Sulphide  of  Silver,  or  Stephanite  — Argent 
Sidphure  fragile,  French ; Schu-arzgilltigerz,  German 
— crystallizes  on  the  orthorhombic  system,  is  a 
compound  of  sulphide  of  silver  with  the  sulphide 
of  antimony  and  arsenic,  and  has  a nearly  black 
iron-grey  colour,  a metallic  lustre,  and  conchoidal 
fracture.  It  is  generally  found  associated  with  other 
ores,  both  in  Europe  and  iu  the  various  parts  of  the 


New  World.  According  to  the  investigations  of 
Rose  and  Klaproth,  its  composition  is  as  follows : — 


From  Freiberg. 

From  Schemnits. 

By  Klaproth. 

By  Bose. 

Silver, 

66-50 

68-31 

Copper  and  arsenic, 

0 50 

0-64 

Iron, 

5 00 

0 00 

Antimony, 

10  00 

14-60 

Snl|ibur, 

12-00 

16-42 

Loss, 

6-00 

— 

100-00 

100-00 

From  which  its  formula  would  be  Ag^SbS^,  or 

fiAggS  + Sb2S3. 

Polybasite — Polybasite,  French  ; Eugenglanz,  Ger- 
man — is  another  form  of  the  brittle  sulphide, 
which  contains  a small  quantity  of  copper.  It 
crystallizes  on  the  same  system,  the  crystals  being 
short  tabular  prisms,  and  is  also  found  massive  and 
disseminated.  It  has  a semi-metallic  lustre  and  an 
iron-grey  colour,  and  the  scales  are  blood-red  by 
transmitted  light.  Its  specific  gravity  is  about  6'2. 
It  is  distributed  much  as  the  last-named  ore,  and 
according  to  Rose  the  ores  from  Mexico  and  Schem- 
nitz  have  the  following  compositions : — 


From  Mexico. 

From  Schemnits. 

Silver, 

64  29 

72-43 

Antimony, 

5-09 

0-25 

Arsenic, 

3-74 

6-23 

Cuj>per, 

9-93 

3-04 

Iron,  

0-06 

0-33 

Zinc, 

0-00 

0-59 

Sulphur, 

17-04 

16-83 

100-15 

99-70 

And  its  formula  is  (AgCu)g(Sb,  As)Sg. 

Monochloride  of  Silver  — Silberhornerz,  German; 
horn-silver — is  semi-ductile  and  sufficiently  soft  to 
be  cut  with  a knife  ; colour,  pearl-grey  inclining  to 
blue,  and  becoming  brown  in  the  fiir;  has  a vitreous 
lustre,  is  usually  translucid,  crystallizes  in  cubes. 
When  pure  it  consists  of  silver,  75‘3  ; chlorine,  24-7  ; 
and  its  composition  is  therefore  represented  by  the 
formula  AgCl. 

This  mineral,  says  Phillips,  which  was  formerly 
supposed  to  be  of  rare  occurrence,  constitutes  one  of 
the  richest  and  most  abundant  ores  of  Chili,  where  it 
is  frequently  associated  with  native  silver,  apparently 
resulting  from  its  decomposition.  It  also  occurs  in 
massive  amorphous  fragments  in  connection  with 
sulphide  of  silver,  but  still  more  frequently  in  small 
cubical  crystals  disseminated  in  the  ferruginous  rock 
known  in  Chili  and  Peru  under  the  names  of  pacos 
and  collorados.  Specimens  of  this  mineral,  although 
of  comparatively  rare  occurrence  i:i  the  European 
mines,  have  been  obtained  from  Norway,  Siberia, 
Saxony,  the  Hartz,  Cornwall,  and  Brittany. 

lodyrite,  or  Iodide  of  Silver,  is  a rare  mineral  of  a 
pale  lemon-yellow  colour,  with  sometimes  a tint  of 
green.  It  was  discovered  by  M.  VaL'QL’ELIN  in  the 
Mexican  mines,  and  occurs  iu  the  mines  of  Spain 
and  Chili,  but  from  its  rarity  is  of  no  importance  as 
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an  ore  of  silver.  It  is  composed  of  silver  77'4, 
iodide  22-6. 

Bromijrite,  or  Bromide  of  Silver,  was  discovered  by 
Berthier  in  the  Mexican  minerals,  where  it  has 
since  been  found  so  abundantly  in  the  district  of 
Plataros,  near  Zacatecas,  that  the  ores  there  raised 
have  received  the  name  of  plala  verde,  from  the  green 
colour  which  it  imparts  to  them.  It  is  also  found  in 
Chili  and  Brittiiny.  According  to  Berthier,  it  is 
composed  of  silver  57‘70,  bromine  12'50. 

Native  Amalgam — Argent  Amakjame,  French;  Natiir- 
lich  Amalgam,  German — has  a very  bright  silver-white 
colour,  and  is  so  soft  as  to  be  easily  cut  with  a knife. 
It  occurs  both  in  distinct  crystals,  in  irregular 
amorphous  masses,  and  at  times  as  thin  compressed 
plates.  It  crystallizes  in  the  regular  octahedron 
or  dodecahedron.  This  mineral  is  found  in  a great 
many  different  localities,  but  the  finest  specimens 
have  been  procured  from  MoscheUandsberg  in 
Bavaria.  Its  specific  gravity  is  14-],  and  according 
to  Klaproth,  it  contains  36  per  cent,  of  silver  and 
64  of  mercury,  which  would  indicate  its  formula  to 
be  Agllg. 

Arquerite,  another  species  of  this  substance,  says 
Phillips,  forms  one  of  the  principal  sources  of  silver 
in  the  rich  mines  r>f  Arqueros,  in  the  province  of 
Coquimbo,  Chili.  From  its  malleability  and  general 
appearance  this  product  was  for  a long  time  thought 
to  be  metallic  silver.  According  to  the  analysis  of 
Domeyko,  of  the  mining  school  of  Coquimbo,  this 
amalgam  consists  of  silver  86‘63,  mercury  13'37 ; from 
which  it  appears  to  be  composed  of  12  equivalents 
of  silver  united  to  1 of  mercury,  and  its  composi- 
tion may  therefore  be  represented  by  the  formula 

AgjjHg. 

Argentiferous  Galena. — The  sulphide  of  lead,  or 
galena,  is  almost  always  associated  with  a small 
quantity  of  silver  in  the  state  of  sulphide,  and  this 
is  the  source  of  the  silver  obtained  in  the  British 
Islands.  It  is  regarded  as  extremely  rich  when  it 
contains  0'005  of  silver;  and  in  many  cases  the 
silver  may  be  extracted  with  advantage  when  only  a 
tenth  part  of  that  proportion  is  present. 

In  general,  and  whatever  may  be  their  nature, 
minerals  are  regarded  as  rich  which  contain  0'005  of 
metallic  silver. 

The  other  less  important  ores  are  thus  enumerated 
by  Phillips: — 

Ilessite. — Telluride  of  silver. 

Naiimannite. — Selenide  of  silver. 

Eiicairite. — Selenide  of  copper  and  silver. 

Stroinq/erite. — Sulphide  of  copper  and  silver  con- 
taining iron. 

Dgxcrasite. — Antimonial  silver. 

Stenihergite. — Suli)hide  of  silver  and  iron. 

Miargyrite.  — Sul[>hide  of  silver  and  antimony,  with 
a little  coi>pcr  and  iron. 

l^-on.4te. — Containing  silver,  arsenic,  and  sulphur. 

Freieskbenitc. — Antimonial  sulphide  of  lead  and 
silver. 

Xanthoconite. — Arsenio-sulphide  of  silver. 

EmhoUte. — Chloro-bromide  of  silver. 

Selbile. — Probably  a mechanical  mixture  of  certain 


carbonates  with  other  minerals  which  are  argenti- 
ferous. 

Pure  Silver. — The  refined  silver  of  commerce 
contains  a small  amount  of  impurity,  although  this 
frequently  does  not  exceed  one-tenth  per  cent.  The 
method  usually  recommended  for  obtaining  pure 
metal  consists  in  dissolving  an  alloy  of  silver  in 
strong  nitric  acid,  and  adding  a solution  of  chloride 
of  sodium;  a double  decomposition  occurs;  the 
silver  is  thrown  down  in  the  form  of  an  insoluble 
chloride,  while  the  copper  and  any  other  metals 
that  may  be  present  remain  in  solution : 100  parts 
of  this  chloride  are,  when  separated  and  dried, 
mixed  with  70  parts  of  chalk  and  4 or  5 of  carbon, 
and  the  mixture  is  introduced  into  a crucible  and 
raised  to  a white  heat.  Carbonic  oxide  is  disen- 
gaged, and  chloride  of  calcium  and  metallic  silver 
remain  in  the  crucible ; or  the  mixture  of  chalk  and 
carbon  may  be  replaced  by  dried  carbonate  of  soda. 

According  to  Dr.  Miller,  the  following  is  the 
best  method  of  preparing  absolutely  pure  silver, 
such  as  that  required  in  assaying  as  subsequently 
described: — “Standard  silver  is  dissolved  in  nitric 
acid ; the  liquid  is  diluted  and  decanted  or  filtered 
from  undissolved  particles  of  gold  or  of  sulphide  of 
silver ; and  the  solution  is  precipitated  by  the  addi- 
tion of  chloride  of  sodium  in  slight  excess.  The 
precipitate  is  washed  in  a large  jar  by  subsidence 
until  the  washings  are  tasteless.  The  chloride  is 
then  mixed  with  oil  of  vitriol  in  the  proportion  of 
3 ozs.  to  each  pound  of  chloride,  and  several  bars  of 
zinc  are  placed  in  the  mass;  the  zinc  is  converted 
into  chloride  of  zinc,  which  is  dissolved,  whilst  the 
silver  is  reduced  to  the  metallic  state,  and  by  what 
Faraday  showed  to  be  a voltaic  action  the  reduction 
extends  through  the  mass.  The  mixture  is  not  to 
be  agitated.  In  the  course  of  a day  or  two  the 
decomposition  is  usually  completed.  If  a portion  of 
the  reduced  silver,  after  being  thoroughly  washed, 
is  entirely  soluble  in  nitric  acid  the  reduction  is 
complete.  The  bars  of  zinc,  with  the  crust  which 
adheres  to  them,  are  then  carefully  removed,  and 
the  reduced  metal  is  digested  for  two  day.s  with 
dilute  sulphuric  acid,  and  is  washed  in  a large  vessel 
by  subsidence,  until  the  washings  cease  to  precipi- 
tate nitrate  of  silver.  The  reduced  silver  is  now 
redissolved  in  nitric  acid  and  a second  time  preci- 
pitated as  chloride,  pure  hydrochloric  acid  being 
employed  for  this  purpose;  the  precipitated  chloride 
is  again  washed  by  subsidence  until  the  washings  no 
longer  redden  litmus.  The  chloride  of  silver  is  next 
dried  until  it  ceases  to  lose  weight;  100  parts  of  the 
chloride  are  mixed  with  70'4  of  chalk  and  4 2 of 
powdered  charcoal,  and  the  mixture  is  heated  in  a 
deep  clay  crucible.  The  temperature  is  kept  at  a 
dull  red  heat  for  half  an  hour,  after  which  it  is 
gradually  raised  to  full  redness : a considerable 
disengagement  of  g.as  takes  place,  and  oxychloride 
of  calcium  is  formed.  The  silver  may  be  poured 
into  an  ingot  mould,  remelted  in  order  to  free  it 
from  slag,  and  afterwards  rolled  into  sheets. 

GraGER  recommends  the  following  method  for 
preparing  pure  silver  from  an  alloy  of  silver  and 
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copper.  A solution  of  the  alloy  in  nitric  acid  is 
heated  to  70°  C.,  and  levigated  chalk  is  added  so 
long  as  effervescence  takes  place,  thus  precipitating 
all  the  copper,  while  the  precious  metal  remains  in 
solution.  It  may  now  be  treated  with  sodium  car- 
bonate and  the  precipitate  ignited,  after  which  the 
silver  will  be  obtained  in  the  metallic  state  on  the 
addition  of  hydrochloric  acid. 

Chemical  Properties. — At  ordinary  temperatures 
silver  is  not  acted  upon  by  dry  or  moist  air ; but  it  is 
tarnished  if  exposed  to  an  atmosphere  containing 
very  minute  portions  of  sulphuretted  hydrogen,  which 
is  always  present,  to  a greater  or  less  extent,  in  the 
air  of  chambers  heated  by  coal  fires.  When  melted 
in  open  vessels  it  possesses  the  remarkable  property 
of  absorbing  mechanically  about  twenty-two  times 
its  own  bulk  of  oxygen,  which  it  disengages  on  sol- 
idifying, producing  the  metallic  vegetation  observed 
on  the  surface  of  a silver  button  when  suddenly 
cooled  in  the  cupel.  Dumas  has  quite  recently 
pointed  out  that  this  circumstance  has  not  been 
sufficiently  regarded  in  the  determinations  which 
have  been  made  of  the  equivalent  of  silver  as  well 
as  of  those  elements,  such  as  chlorine,  in  the  deter- 
mination of  which  silver  has  been  directly  employed. 
If  a mass  of  pure  sUver,  after  being  maintained  for 
some  time  exposed  to  the  air  in  a state  of  fusion,  be 
allowed  to  cool  suddenly,  the  outer  coating  becomes 
solid,  and  this  crust  is  soon  broken,  partly  by  the 
liberation  of  ' the  oxygen  which  has  been  absorbed, 
and  partly,  perhaps,  by  the  expansion  which  is  said 
to  take  place  w'hen  silver  solidifies.  This  pheno- 
menon, which  is  called  rochage  or  spitting,  occasions 
the  loss  of  a small  quantity  of  silver  from  the  mass. 
It  does  not  occur  when  the  silver  is  alloyed  with 
a small  proportion  of  copper,  gold,  or  lead;  1 per 
cent,  of  copper  prevents  the  absorption  of  oxygen, 
to  which  the  phenomenon  is  due.  That  this  is 
the  real  cause  may  be  demonstrated  on  a small  scale 
by  heating  to  a white  red  in  a crucible  a consider- 
able quantity  of  silver,  and  projecting  upon  it  a 
little  nitrate  of  potassa,  which  by  its  decomposition 
produces  an  atmosphere  of  oxygen.  The  crucible 
is  then  to  be  covered,  and  the  heat  continued  for 
some  time,  after  which  the  lid  is  removed  and  the 
vessel  plunged  into  a tub  of  w'ater,  placing  over  it 
an  inverted  bell-glass  filled  with  the  same  liquid; 
the  oxygen  which  is  disengaged  is  collected  in  the 
bell-glass,  and  may  be  measured.  This  experiment, 
says  Barkuel,  is  not  without  danger,  for  the  oxygen 
may  be  disengaged  all  of  a sudden,  and  thus  produce 
a violent  explosion. 

If  subjected  to  a very  high  temperature,  such  as 
that  produced  by  the  oxyhydrogen  blow-pipe,  silver 
is  rapidly  volatilized.  By  inclosing  some  of  the 
metal  in  a lime-still  and  directing  the  blow-pipe 
flame  on  it,  M.  Stas  has  succeeded  in  distilling  a 
considerable  quantity  of  pure  silver.  It  may  be 
interesting  to  note  that  the  vapour,  when  condensed 
into  fine  particles  escaping  into  an  atmosphere  of 
hydrogen,  is  blue  by  reflected  light. 

Silver  does  not  absorb  the  oxygen  of  the  air  when 
it  is  fused  with  the  alkalies;  and  for  this  reason  silver 


crucibles  are  used  in  the  laboratory  for  making  analyses 
of  silicates  by  means  of  the  caustic  alkalies,  by  wliich 
platinum  would  be  attacked.  Chlorine,  bromine, 
and  iodine  combine  very  readily  with  silver,  and  of 
these  three  bodies  iodine  has  the  greatest  affinity  for 
it.  Of  the  acids,  nitric  acts  most  powerfully  on  it, 
dissolving  it  in  the  cold;  concentrated  sulphuric 
acid  requires  heat  to  dissolve  it.  Hydrochloric  acid 
attacks  it  only  with  difficulty,  by  leaving  it  a long 
time  to  digest ; however,  if  the  metal  is  in  a very 
divided  state,  and  the  liquid  be  heated  to  ebullition, 
the  solvent  action  is  considerable. 

Silver  readily  combines  with  sulphur,  and  hence 
the  fact  already  stated — the  facility  with  which  it  is 
tarnished  by  contact  with  the  air  containing  even  a 
very  small  proportion  of  sulphuretted  hydrogen.  In 
this  case  its  discoloration  arises  from  the  formation 
of  a brown  film  of  sulphide  of  silver. 

Metallurgy  of  Silver. — The  separation  of  silver 
from  its  ores  is  effected  in  various  ways,  according 
to  their  nature.  The  first  method  consists  in 
forming  an  amalgam,  from  which  the  mercury  is 
expelled  by  the  aid  of  heat ; in  the  second,  an  alloy 
of  lead  and  silver  is  formed,  by  methods  dependent 
on  the  nature  of  the  ore ; and  in  the  third,  the 
metal  is  reduced  to  either  a chloride  or  a sulphate, 
and  deposited  in  the  wet  way. 

I.  Amalgamation. — There  are  four  methods  of 
amalgamation  practised,  the  selection  of  the  one 
most  suited  to  a particular  district  depending  mainly 
on  the  possibility  of  obtaining  fuel.  In  all  cases, 
however,  the  silver  in  the  ore  is  first  brought  to  the 
form  of  chloride,  from  which  it  is  subsequently 
reduced  directly  by  mercury,  or  by  iron,  as  a pre- 
liminary step  towards  amalgamation  proper.  Much 
of  the  success  of  this  process,  however,  depends  on 
the  manner  in  which  it  is  conducted,  and  especially 
on  certain  preliminary  operations  whieh  are  required 
to  bring  the  ore  to  that  state  of  minute  division  in 
which  it  is  most  favourably  circumstanced  for  caus- 
ing the  whole  of  the  silver  that  is  contained  in  it  to 
combine  with  the  mercury. 

Mexican  or  Patio  Process. — This  method  was  in- 
vented by  Bartholome  Medina,  a native  of  the 
town  of  Pachuca,  in  Mexico,  in  1557 ; it  is  still 
practised  in  that  country  in  all  its  primitive  sim- 
jdicity  ; and  perhaps  when  the  cheapness  of  labour, 
the  poverty  of  the  ores,  the  scarcity  of  fuel,  and  the 
deficiency  even  of  water-power  are  considered,  it 
could  not  be  profitably  superseded  by  any  other.  It 
will  be  found  that  its  principal  characteristics  depend 
on  these  eircumstances. 

The  ore,  on  being  extracted  from  the  mine,  is 
placed  in  the  hands  of  the  pepenadores,  men  and 
women  who  break  all  the  larger  pieces  with  hammers ; 
and  after  rejecting  those  in  w'hich  their  experience 
teaches  them  that  no  metallic  particles  are  contained, 
and  setting  aside  those  which  are  very  rich  to  be 
treated  by  the  smelting  process,  they  subject  the  rest 
to  a process  of  crushing  and  pulverization,  with  a 
view  to  its  direct  treatment  by  amalgamation.  The 
ores  destined  for  this  treatment  are  reduced  to 
lumps  about  the  size  of  the  fist,  submitted  to  the 
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action  of  the  ingenios  or  stamping  mills,  which  are 
either  driven  by  mules,  or,  when  water-power  is  at 
hand,  by  means  of  a snudl  breast-wheel.  The  long 
horizontal  shaft  fixed  on  the  axis  of  the  wheel  is 
armed  with  five  or  six  cams,  placed  at  different 
situations  round  the  shafts,  so  as  to  act  in  succession 
on  the  projecting  teeth  of  the  upright  wooden 
lifters,  shod  with  iron,  each  weigliing  about  200 
lbs.,  and  works  in  a corresponding  mortar,  in  front 
of  which  is  placed  a screen  perforated  with  small 
round  holes.  It  is  estimated  that  a battery  of  eight 
of  these  stampers  is  capable  of  reducing  to  powder 
two  or  three  tons  of  ore  in  twenty-four  hours. 

llie  powder  thus  obtiuned  not  being  sufficiently 
fine  for  the  purpose  of  amalgamation,  it  is  trans- 
ferred from  the  stamps  to  be  reduced  to  an  impalp- 
able slime  or  mud  in  the  crushing  mills  or  arrastres, 
of  the  form  represented  in  Fig.  1.  These  mills 
are  commonly  worked  by  mules,  which  turn  a 
verticid  shaft  armed  with  two  cross-bars.  The 
grinding  stones,  as  well  as  the  sides  and  bottom 
of  the  mill  (which  should  be  paved  with  great  care, 
no  interstices  being  allowed  to  exist  between  the 
pyramidal  stones),  are  composed  of  porphyry,  four 
blocks  of  which  revolve  in  each  crushing  mill, 
attached  to  the  several  arms. 

The  arrastres  are  usually  about  12  feet  in  diameter, 
and  a number  are  arranged  in  a shed  j the  details 


Fig.  1. 


of  their  construction  will  be  at  once  understood 
from  the  engraving. 

Gold  is  found  in  considerable  quantities  in  con- 
junction with  silver  at  Guanaxuato,  in  Mexico,  and 
hence  the  grinding  is  conducted  with  more  than 
ordinary  care.  From  600  to  1100  lbs.  avoirdupois 
of  the  ore,  as  delivered  from  the  stamps,  are  intro- 
duced into  each  arrastre,  and  about  110  gallons  of 
water  gradually  added  during  twenty-four  hours ; at 
the  cml  of  wliich  period  the  lama  or  argentiferous 
mud  is  baled  out  and  removed  to  reservoirs,  where 
part  of  the  water  is  evaporated  by  the  sun’s  heat, 
and  the  mass  is  then  ready  for  treatment  in  the  patio. 
At  Zacatecas  no  gold  is  contained  in  the  ore ; each 
apparatus  is  therefore  capable  of  grinding  nearly  2000 
lbs.  avoirdupois  in  the  course  of  twenty-four  hours, 
since  it  is  not  necessary  to  reduce  to  such  an  ex- 
treme state  of  subdivision.  A considerable  quantity 


of  mercury  is  lost  during  the  process,  probably  in 
consequence  of  sulphide  of  silver  being  decomposed 
with  the  formation  of  sulphide  of  mercury. 

The  patio  or  amalgamating  floor,  to  which  the 
lama  is  conveyed  after  it  has  been  brought  to  a 
certain  consistency  through  the  evaporation  of  water 
by  the  sun’s  heat,  is  represented  in  Fig.  2.  It  is 


Fig.  2. 


a large  space,  usually  paved,  to  which  a slight 
inclination  is  given  in  order  to  insure  the  removal 
of  water,  and  in  which  are  marked  out  a number  of 
circular  spaces,  about  40  feet  in  diameter,  surrounded 
by  low'  stone  walls  or  frames  of  wood. 

At  Zacatecas  the  patio  is  rectangular,  312  feet  in 
length  by  240  in  breadth,  and  capable  of  containing 
24  flat  circular  heaps  of  lama,  each  about  50  feet  in 
diameter  and  7 inches  deep,  arranged  in  four  rows. 
Tliese  heaps  are  termed  tortas.  A small  space  is 
usually  reserved  at  one  corner  for  the  purpose  of 
performing  assays  on  the  ore,  with  the  view  of  de- 
termining beforehand  the  proportion  of  mercury  it 
may  be  necessary  to  incorporate  with  each  heap. 

A mass  of  lama  weighing  from  50  to  100  tons, 
according  to  the  locality,  is  now  introduced,  and 
forms  a layer  about  1 foot  thick,  which  is  allow'ed  to 
further  dry  until  of  the  consistency  of  moderately 
thin  mud.  From  3 to  5 per  cent,  of  salt  is 
added,  and  the  flrst  treading  by  mules  takes  place, 
after  which  the  mixture  is  allowed  to  rest  until  the 
following  day,  when  mercury  and  magistral  are 
added.  This  latter  is  prepared  by  roasting,  in  a 
reverberatory  furnace,  copper  pyrites  containing  a 
considerable  quantity  of  iron  pyrites  and  a small 
quantity  of  common  salt.  The  sulphates  of  copper 
and  iron,  mixed  w'ith  some  chlorides,  are  formed, 
about  20  per  cent,  of  the  whole  being  sulphate  of 
copper.  Usually  about  1 per  cent  of  magistral  is 
added  to  each  torta;  but  the  exact  amount  varies 
according  to  the  richness  of  the  argentiferous  ore 
and  the  season  of  the  year.  In  summer,  for  ex- 
ample, and  with  the  richer  ores,  about  750  lbs.  to 
the  torta,  and  in  winter  only  half  that  quantity ; for 
it  is  stated  as  a singular  fact  that  in  summer  the 
mixture  cools  and  requires  more  warmth,  while  in 
winter  it  acquires  of  itself  additional  heat.  The 
larger  proportion  is  for  minerals  containing  0'0015 
of  metallic  silver.  When  the  operation  proceeds  too 
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rapiflly,  arising  from  the  presence  of  too  much 
magistral  (which  would  occasion  a greater  loss  in 
mercury),  the  remedy  is  to  add  a certain  quantity  of 
lime,  which  serves  to  cool  the  lama. 

In  some  localities  the  mass  is  trodden  at  this 
stage  for  about  an  hour;  but  it  is  more  usual  at 
once  to  distribute  mercury  over  the  surface  in  the 
proportion  of  about  1 lb.  for  every  1 000  grains  of  silver 
supposed  to  be  present.  This  is  effected  by  sprinkling 
the  metal  from  a bag  of  coarse  cloth,  after  which  the 
mules  are  caused  again  to  traverse  it  at  intervals  for 
several  days.  The  progress  of  the  amalgamation  is 
carefully  determined  from  time  to  time  by  observing 
the  aspect  of  the  mercury  obtained  by  washing  the 
mineral  in  a bowl.  During  the  first  few  days  the 
mercury  can  be  removed  from  the  globule  of  amalgam 
obtained,  which  has  a slightly  grey  colour,  by  simple 
pressure  with  the  finger ; and  each  day  the  amalgam 
obtained  is  more  grey  and  more  solid.  If  the  change 
takes  place  slowly  it  indicates  that  probably  an 
additional  quantity  of  magistral  is  required ; while, 
should  the  mercury  become  leaden,  it  shows  that 
there  is  an  excess  of  this  substance,  and  the  torta 
must  be  ‘cooled’  by  adding  lime.  Sliould  the 
amalgam  obtained  be  extremely  hard,  it  will  be 
necessary  to  add  a small  additional  quantity  of 
mercury,  and  sometimes  even  a third  charge  of  this 
metal  is  required.  In  summer  a torta  may  frequently 
be  worked  off  in  fifteen  days,  while  as  many  as 
forty-five  days  may  be  required  in  winter. 

After  the  treading  is  completed,  it  is,  at  some 
mines,  usual  to  add  a considerable  quantity  of  mer- 
cury to  the  mass  in  order  to  collect  the  grains  of 
amalgam. 

The  next  operation  is  the  washing  of  the  amalga- 
mated ore,  for  the  purpose  of  removing  the  earthy 
matters,  and  of  thereby  obtaining  the  amalgam  or 
mixture  of  silver  and  mercury  in  a separate  form. 
This  is  performed  in  lavadcros,  or  washing  vats, 
which  are  circular  in  form,  and  solidly  built  in 
masonry,  each  about  5 feet  deep  and  9 in  diameter. 

At  Guanaxuato  the  washing  apparatus  consists  of 
three  such  tubs,  which  communicate  with  each  other 
by  openings  at  different  elevations,  and  here  no 
further  addition  of  mercury  is  made;  whereas  at 
Zacatecas  only  one  cistern  is  employed,  a large 
quantity  of  mercury  having  been  previously  added. 
A horizontal  toothed  wheel,  mounted  on  a shaft 
worked  by  mules,  communicates,  through  the  inter- 
vention of  another  toothed  wheel,  a movement  of 
rotation  to  a vertical  shaft  placed  in  the  middle  of  the 
vat,  and  armed  at  its  lower  part  with  four  agitators 
consisting  of  cross  beams,  from  which  rise  long 
wooden  teeth  to  the  height  of  5 feet.  A stream  of 
water  continually  flows  into  the  vats  from  a tank 
on  a higher  level.  Under  the  action  of  the  agitators 
the  lighter  earthy  matter  is  kept  afloat,  while  the 
heavier  amalgam  sinks  to  the  bottom,  and  from 
time  to  time  the  former  is  allowed  to  flow  out  into 
a second  similar  apparatus,  where  it  is  subjected  to  a 
second  washing,  and  then  allowed  to  run  away.  An 
entire  torta  of  amalgamated  ore  may  thus  be  passed 
through  one  vat  in  twelve  hours. 


Fig.  3. 


At  Zacatecas  a considerable  quantity  of  amalgam 
results  from  the  system  of  washing  adopted,  and  it 
therefore  becomes  necessary  to  pass  the  heavier 
residues,  collected  in  the  vats  which  receive  the 
liquid  from  the  tub,  over  a washing  table,  after 
which  they  are  roasted  and  returned  to  the  arrastre. 
At  Guanaxuato  the  agitators  of  the  three  vats  are 
driven  by  the  same  shaft  at  slightly  different  velo- 
cities, by  which  the  amalgam  is  more  completely 
extracted.  In  certain  districts  these  agitators  are 
replaced  by  shovels,  and  the  supernatant  liquid  is 
passed  over  riffle  boxes. 

A large  quantity  of  silver  and  mercury  is  always 
lost  in  this  process,  the  exact  proportion  depending 
on  the  nature  of  the  ores,  as  well  as  the  manner  of 
treating  them.  At  Guanaxuato  the  loss  is,  accord- 
ing to  Phillips,  from  9 to  14  per  cent,  of  silver ; 
at  Fresnillo,  often  28  per  cent. ; and  at  Zacatecas, 
according  to  Dupont,  as  much  as  35  to  40  per  cent. 
The  loss  of  mercury  is  about  12  or  1C  ozs.  for  every 
mark  (3550  grains)  of  silver  extracted. 

The  liquid  amalgam  obtained  in 
this  manner,  after  being  cleared  from 
adhering  particles  of  mineral,  is  then 
strained  through  a leathern  bag 
(Fig.  3),  the  bottom  of  which  is 
formed  of  strong  canvas  or  thick 
flannel.  The  uncombined  mercury 
is  thus  squeezed  out,  carrying  along 
with  it  a small  quantity  of  silver, 
which  is  not  lost,  as  the  same 
mercury  is  employed  in  the  next 
amalgamating  operation,  while  there 
remains  in  the  bag  a mass  of  semi- 
solid amalgam,  containing  about  17 
per  cent,  of  silver,  which  is  sub- 
mitted to  distillation.  For  this 
purpose  it  is  moulded  into  wedge- 
shaped  masses,  by  means  of  the 
frame  shown  in  Fig.  4,  each  about  30  lbs.  in 
weight,  and  these  are  arranged  in  a circle  in  what  is 
called  the  bur ning  house., 
to  the  number  of 
eleven,  on  a solid  plate 
of  cast  iron  having  a 
hole  in  its  centre. 

Over  this  rowof  wedges 
several  others  are  built, 
and  the  whole  pile  is 
covered  with  a large 
iron  bell  called  a capcllina,  about  18  inches  in  diameter 
and  3 feet  high,  lowered  down  upon  it  by  means  of 
pulleys,  and  carefully  luted  at  the  bottom  to  the 
iron  plate  with  a'  mixture  of  ashes,  crude  salt,  and 
lama.  A loose  wall  of  fire-bricks  is  then  built 
round  the  capellina,  leaving  an  interval  of  about  a 
foot  in  width,  as  shown  in  Fig.  5,  which  is  kept 
filled  with  burning  charcoal  for  about  twenty  hours, 
when  the  bricks  and  ashes  are  removed  and  the 
capellina  hoisted  up.  The  silver  is  then  found  in 
a solid  mass,  the  mercury  having  passed  off  in 
vapour  through  a pipe  fixed  to  the  opening  or  hole 
in  the  ground  plate,  by  which  it  is  conveyed  into 
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a cistern  filled  with  water,  and  there  almost  all 
condensed.  The  silver,  which  remains  on  the  plate 


Fig.  6. 


in  solid  pieces,  is  weighed,  and  usually  remelted 
and  cast  into  ingots  or  bars,  each  about  80  or  90 
lbs.  in  weight,  and  having  an  average  fineness  of 
over  99  per  cent.  Latterly,  at  some  establishments 
cylindrical  retorts  of  cast  iron  have  been  introduced 
for  distilling  the  amalgam.  The  loss  in  mercury  is 
usually  about  1^  per  cent,  of  the  weight  of  silver 
obtained. 

The  rationale  of  the  process  of  amalgamation,  as 
above  described,  may  be  explained  as  follows : — In 
America  the  silver  exists  in  the  ores,  partly  in  the 
native  state,  partly  as  a chloride,  and  partly  as  a 
simple  or  multiple  sulphide.  The  copper  pyrites 
which  is  added  reacts  on  the  chloride  of  sodium 
employed,  producing  sulphate  of  soda  and  bichloride 
of  copper  ; the  latter  acts  as  an  energetic  chloridiz- 
ing  agent  on  the  sulphide  of  silver  in  the  ore, 
changing  it  into  chloride  of  silver,  and  passing  at 
the  same  time  itself  into  the  state  of  monochloride, 
which  is  dissolved  by  the  solution  of  chloride  of 
sodium,  and  in  this  condition  reacts  on  the  unre- 
duced sulphide  of  silver,  forming  chloride  of  silver 
and  sulphide  of  copper.  The  chloride  of  silver  in 
the  presence  of  a solution  of  salt  is  in  its  turn  re- 
duced by  the  mercury  added,  and  by  such  arsenic, 
antimony,  copper,  lead,  and  tin  as  may  be  present, 
forming  mouochloride  of  mercury  and  an  amalgam 
of  silver.  It  is  the  monochloride  of  mercury  so 
formed  that  is  carried  away  by  the  water  in  the 
process  of  washing,  and  constitutes  almost  the  whole 
of  the  loss  in  mercury.  The  chloride  of  sodium 
employed  serves  not  only  to  transform  the  sulphate 
of  copper  into  dichloride,  but  also  to  dissolve  the 
chloride  of  silver,  and  thus  to  facilitate  considerably 
its  reduction  by  the  mercury. 

The  loss  of  mercury  occasioned  by  its  conversion 
into  chloride  is  very  considerable ; and  it  might  to 
a great  extent  be  avoided  by  employing  other  metals 
— such  as  zinc,  tin,  lead,  and  copper.  Thus  the  use 
of  an  amalgam  of  copper  has  given  excellent  results 
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at  Guadelupe  y Calvo,  The  copper  alone  is  dissolved 
by  reducing  the  chloride  of  copper  in  the  magistral 
to  a minimum,  and  the  mercury  thus  does  not  act 
until  after  the  complete  solution  of  the  copper. 
The  copper  employed  must  be  about  one-third  of 
the  weight  of  silver  contained  in  the  ore. 

The  following  analysis  of  the  ore  in  the  neighbour- 
hood of  Guanaxuato  is  given  b_  Phillips  : — 


Silver, 1-04 

Iron 4-71 

Copper, 0‘55 

Suliihur, 6-79 

Carbonate  of  lime, 8'2.i 

“ magnesia, 3'26 

Silica, 7;r00 
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Tliis  specimen  was  of  more  than  ordinary  richness, 
and  an  average  sample  of  the  ores  worked  by  this 
process  only  contains  about  0-15  per  cent,  of  sul- 
phide of  silver,  or  0'13  per  cent,  of  the  pure  metal. 

Stove  Amalgamation. — In  certain  parts  of  Mexico 
the  process  is  modified  by  transferring  the  lama 
from  the  patio  (which  is  under  a shed)  when  the 
process  is  about  half  completed,  to  a stove  consist- 
ing of  a chamber,  with  flues  so  arranged  as  to  lead 
heat  from  a fire-place  to  the  mixture.  The  heating 
is  continued  for  about  three  days,  and  the  mass  is 
then  returned  to  the  shed  for  the  completion  of 
the  patio  process.  The  time  employed  is  somewhat 
diminished,  and  the  yield  of  silver  increased  slightly, 
but  the  loss  of  mercury  is  excessive. 

Hot  Process  of  Amalgamation. — ^This  process,  much 
employed  in  South  America,  but  to  a very  small 
extent  in  Mexico,  is  especially  applicable  to  ores 
in  which  the  precious  metal  exists  as  a halogen 
salt.  The  ore,  after  being  ground  in  the  arrastre, 
but  not  to  such  an  extreme  degree  of  fineness  as  in 
the  patio  process,  is  transferred  to  a tub  called  a 
cazo,  the  sides  of  which  slope,  and  are  18  inches 
high,  and  formed  of  wood  or  stone ; while  the  base 
consists  of  a sheet  of  copper,  about  2 inches  thick 
and  2 feet  in  diameter.  The  whole  rests  above 
a hearth,  by  means  of  which  the  contents  can  be 
caused  to  boil.  About  100  lbs,  of  ore  are  intro- 
duced, made  into  a paste  by  the  addition  of  water, 
and  heat  is  applied.  From  5 to  10  per  cent,  of 
salt  is  now  added,  and  the  workman  commences 
the  addition  of  mercury,  at  the  same  time  keeping 
the  mass  constantly  agitated  by  a w'ooden  stiirer. 
Mercury  is  gradually  supplied  until  about  twice  the 
weight  of  silver  the  ore  is  assumed  to  contain  is 
present,  which  point  should  be  attained  after  the 
lapse  of  about  six  hours.  The  resulting  slimes 
are  subsequently  treated  by  the  ordinary  patio 
amalgamation,  without,  however,  the  addition  of 
magistral.  In  some  districts  the  dimensions  of  the 
cazo  are  so  far  enlarged  as  to  contain  about  1500  lbs. 
The  operation  on  this  large  quantity  is  completed 
in  the  same  time  as  when  the  smaller  apparatus  is 
employed.  The  loss  of  mercury  in  both  of  these 
cases  is  far  less  than  in  the  ordinary  way,  amount- 
ing only  to  2 or  3 per  cent.,  and  this  is  owing  to 
the  reduction  of  the  chloride  of  silver  at  the  expense 
of  the  copper  bottom  instead  of  by  the  mercury. 
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Saxon  Process  of  Amalgamation. — It  was  only  at 
the  end  of  the  last  century  that  the  method  of  treat- 
ing silver  ores  by  amalgamation  was  introduced  into 
Europe.  Here  the  circumstances  are  different  to  \ 
those  in  Mexico  and  Peru ; fuel  is  cheaper,  me-  | 
chanical  moving  power  is  abundant ; manual  labour 
is  more  expensive;  it  is  therefore  important  to 
replace  the  latter  as  far  as  possible  by  the  two 
former,  and  this  circumstance  will  explain  the  chief 
points  in  which  the  European  process  differs  from 
the  American.  These  points  of  difference  will  appear 
from  the  following  account  of  the  method  of  amal- 
gamation which  was  practised,  from  1790  to  1856, 
at  the  Halsbriicke  works,  near  Freiberg  in  Saxony, 
the  most  complete  establishment  of  the  kind  in 
Europe. 

In  these  works  no  ores  which  contain  more  than 
4 per  cent,  of  lead,  or  1 of  copper,  were  submitted 
to  amalgamation,  because  beyond  that  point  the  lead  ) 
entering  into  the  amalgam  renders  it  very  impure,  [ 
while  making  the  operation  itself  more  difficult, 
and  the  copper  would  be  entirely  lost.  The  most 
usual  constituents  of  the  ores  were  sulphur,  silver, 
antimony,  arsenic,  copper,  iron,  lead,  zinc,  &c.,  with 
several  earthy  minerals,  and  at  times  bismuth,  gold, 
nickel,  and  cobalt.  Formerly  ores  of  different  quali- 
ties were  so  sorted  that  the  mixture  contained  an 
average  of  about  4 ozs.  of  silver  per  100  lbs.  of 
ore  ; but  latterly  the  poor  and  rich  ores,  containing 
respectively  about  1 and  10  per  cent.,  were  treated 
separately,  as  the  amount  of  silver  lost  was  then 
found  to  be  less.  It  is  necessary,  also,  that  they 
contain  at  least  20  per  cent,  of  sulphide  of  iron,  to 
insure  the  liberation  of  as  much  chlorine  as  shall 
convert  the  whole  of  the  silver  into  a chloride. 

AVhen  the  ore  had  been  properly  ground  and 
mixed,  a portion  was  laid  on  a large  floor  40  feet  in 
length  and  12  in  width,  and  covered  with  about  10 
per  cent,  of  salt;  and  the  layers  of  ore  and  salt, 
when  thus  alternated,  were  thoroughly  mixed  by 
means  of  shovels,  passed  through  a coarse  sieve,  and 
divided  into  parcels  of  about  4 or  5 cwts.  Each 
parcel  was  then  roasted  in  a reverberatory  furnace, 
the  floor  of  which  w'as  elliptical,  and  about  6 feet  in 
length  by  8 in  breadth ; the  height  of  the  vault  in 
the  centre  being  about  18  inches.  The  mixture 
was  dried  at  a low  heat  for  about  twenty  minutes 
to  expel  moisture,  the  whole  being  constantly 
stirred  with  a long  rake,  and  the  heat  gradually 
raised.  Dense  white  fumes  of  arsenious  acid  and 
oxide  of  antimony  were  disengaged,  which  deposited 
themselves  in  the  condensing  chambers  above ; after 
this  the  ignition  of  the  iron  pyrites  was  characterized 
by  the  appearance  of  a bluish  flame  and  a strong 
odour  of  sulphurous  acid.  When  this  smell  had 
passed  away  the  chlorination  was  commenced  by 
raising  the  temperature  to  a bright  red,  and  main- 
taining it  at  that  point  for  about  three-quarters  of 
an  hour,  or  till  no  more  gas  was  disengaged ; and  a 
charge  was  thus  passed  through  the  furnace  every 
four  hours,  the  mass  being  constantly  stirred.  Dur- 
ing the  first  part  of  the  operation,  or  the  roasting 
properly  so  called,  the  arsenic  and  antimony  were 


separated,  and  the  sulphides  of  iron  and  copiper 
converted  into  a ferric  sulphate,  Fe2(SO^)3,  and 
cuprous  sulphate.  These  sulphates,  in  the  second 
part  of  the  process,  or  the  chlorination,  react 
in  their  turn  on  the  chloride  of  sodium,  producing 
sulphate  of  soda,  monochlorides  of  iron  and  cop- 
per, and  chlorine,  which  combines  in  the  nascent 
state  with  the  silver  contained  in  the  ore,  thereby 
converting  it  into  a chloride.  Here  it  is  the  chloride 
of  iron  which  principally  acts  as  the  chloridizing 
agent,  whereas  in  the  American  process  it  is  the 
chloride  of  copper.  The  roasted  ore,  after  its  re- 
moval from  the  furnace,  was  passed  through  a set  of 
sieves ; and  the  fine  particles  obtained,  averaging 
about  a quarter  of  the  whole,  were  ground  in  a dry 
state  between  granite  millstones.  The  remainder, 
having  been  mixed  with  2 or  3 per  cent,  of  chloride 
of  sodium,  was  again  roasted  for  a shorter  period. 

In  the  Saxon  process  amalgamation  is  performed 
in  casks  firmly  hooped  with  iron,  and  each  about  2 
feet  10  inches  long  by  2 feet  8 inches  in  internal 
diameter.  There  are  twenty  of  them,  arranged  in 
four  rows,  and  turning  on  horizontal  axes.  Fig.  6 


will  give  an  idea  of  this  arrangement.  Attached  to 
the  end  of  each  cask,  C,  C,  is  a toothed  wheel,  m,  m, 
which  engages  with  another  toothed  wheel,  M, 
mounted  on  a shaft,  S,  driven  by  water-power.  Each 
of  the  casks  has  an  opening,  r,  r,  about  4 inches  in 
diameter,  and  securely  closed  by  an  iron  or  wooden 
screw  stopper  during  the  amalgamation.  The  roasted 
ore  is  charged  into  hoppers,  D,  D,  which  are  prolonged 
downwards  by  conical  tubes,  cl,  d,  and  leather  hose, 
c,  e.  The  latter  are  introduced,  during  the  charging 
of  the  casks,  into  the  openings,  r,  r,  and  then  turned 
upward  as  one  of  them  is  shown  in  the  figure. 
Above  each  cask  is  a vessel,  E,  for  containing  the 
exact  amount  of  water  required  for  each  charge, 
and  those  are  fitted  with  flexible  tubes  and  stop- 
cocks for  allowing  the  water  to  pass  as  required. 
The  bearings  of  the  wheels,  m,  m,  through  which 
motion  is  transmitted  from  the  w'heel,  M,  are 
mounted  at  the  ends  of  the  barrels,  and  are  sup- 
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ported  on  slides  which  move  to  and  fro ; the  wheels 
can  therefore  be  disengaged  at  pleasure. 

The  charge  is  commenced  by  introducing  into  the 
barrels  the  water  from  the  vessels,  e,  each  of  which 
contains  83  gallons ; the  roasted  ore,  to  the  amount 
of  10  cwts.  for  each,  is  then  introduced,  and  lastly 
there  is  added  from  80  to  100  lbs.  of  iron  in  pieces 
about  1^  inch  square  by  three-eighths  thick.  The 
stoppers  are  screwed  in,  and  the  casks  are  thrown 
into  gear,  and  made  to  revolve  slowly  for  about  an 
hour  and  a half  at  the  rate  of  fourteen  or  fifteen 
turns  in  the  minute.  During  this  stage  the  chloride 
of  silver  dissolved  in  the  alkaline  chloride  is  decom- 
posed by  the  fragments  of  iron,  producing  chloride 
of  iron  and  metallic  silver.  It  is  very  important 
that  the  roasting  should  have  been  carried  far  enough 
to  decompose  all  the  chloride  of  copper;  for  if  not 
so,  the  latter  would  be  equally  reduced  by  the  iron 
to  tlie  metallic  state,  and  would  subsequently  pass 
into  the  amalgam,  rendering  it  very  impure.  At  the 
end  of  an  hour  and  a half  the  barrels  are  stopped 
and  water  or  ore  added,  if  necessary,  to  bring  the 
paste  to  the  requisite  consistency,  after  which  550 
lbs.  of  mercury  are  introduced  into  each,  by  means  j 
of  pipes  connected  with  a tube  which  communi- 
cates with  a large  graduated  iron  reservoir!  The  ! 
barrels  are  then  put  in  motion  again,  and  this  is 
continued  for  about  nineteen  hours  without  inter- 
mission, except  for  a short  period  at  the  end  of  every 
four  hours,  to  examine  whether  the  paste  has  the 
proper  consistency,  and  to  judge  of  the  progress  of 
the  operation.  The  reaction  is  facilitated  by  the 
elevation  of  temperature  which  is  observable  in  the 
contents  of  the  barrels,  and  whieh  increases  with  the 
velocity  of  rotation.  The  higher  the  temperature 
the  more  completely  will  the  residues  be  exhausted, 
but  the  greater  will  be  the  loss  in  the  subsequent 
washings  of  very  minutely-divided  mercury,  which  it 
will  then  be  impossible  to  recover. 

The  amalgamation  being  now  considered  as  termi- 
nated, the  barrels  are  nearly  filled  with  water,  and 
are  made  to  revolve  during  two  hours  with  a speed 
of  eight  or  nine  turns  per  minute  to  collect  the 
am.algam,  when  the  motion  is  stopped,  and  the  pro- 
cess of  disch.arging  proceeded  with.  For  this  purpose 
the  conical  bungs,  by  which  they  were  hermetically  j 
sealed  during  the  amalgamation,  are  removed,  and  a ! 
leathern  tube  fitted  with  an  iron  stopcock  is  inserted  i 
into  each  aperture ; the  barrels  are  reversed,  so  that  ^ 
the  apertures  are  turned  downward,  and  the  amal-  ' 
gam  is  made  to  fall  along  the  sluice,  //,  into  the  ' 
gutter,  J,  which  conducts  it  to  a general  reservoir.  ' 
The  barrels  are  then  turned  up,  to  adjust  to  them  I 
hollow  stoppers  fitted  with  wire-grating ; and  on  ( 
reversing  them  again  the  slimy  residues  fall  into  the 
canal,  o,  to  be  conducted  to  the  washing  vats,  while 
the  pieces  of  iron  are  retained  in  the  barrels  by  the 
grating.  Altogether  each  operation  lasts  twenty - 
four  hours,  and  about  2 lbs.  of  iron  are  consumed 
in  each  barrel 

The  earthy  residuum  of  the  barrels  in  which  the 
amalgamation  was  performed  is  run  into  five  circular 
tanka,  each  about  5 feet  in  depth,  the  diameter  of 

VOI-  II, 


which  is  5 feet  at  the  top  and  3 at  the  bottom,  and  these 
are  filled  up  with  water ; in  the  side  of  each  are  four 
orifices,  arranged  one  over  the  other  about  5 inches 
apart.  In  the  middle  of  each  tank  a vertical  axis, 
carrying  horizontal  arms,  is  made  to  revolve  during 
twenty  hours  at  the  rate  of  twelve  to  fourteen  turns 
per  minute ; and  while  this  agitating  process  is 
going  on,  the  supernatant  liquid,  containing  the 
lighter  earthy  impurities,  is  allowed  to  flow  out, 
twice  by  the  highest  orifice,  twice  by  the  second, 
and  once  by  the  third  or  lowest,  taking  care  to  fill 
up  the  tanks  with  water  after  each  partial  discharge. 
The  amalgam  itself  is  drawn  out  by  the  lowest 
orifice  once  a week,  and  after  being  fused  yields  an 
alloy  containing  from  25  to  65  per  cent,  of  fine 
silver.  If  the  solid  matter  which  settles  from  the 
water  drawn  off  contain  on  assay  4^  ozs.  per  ton,  it 
is  dried  and  roasted  again  with  15  per  cent,  of 
pyrites  and  5 of  salt,  and  treated  in  the  manner 
already  described. 

The  total  loss  in  silver  varies  from  5 to  9 per 
cent,  of  the  quantity  contained  in  the  ore  ; the  loss 
in  mercury  amounts  to  25  per  cent,  of  the  silver 
obtained,  and,  from  an  average  of  twenty  years,  is 
thus  distributed : — 

Loss  in  mercury,  which  remains  iii  the  I gj  .70 
earthy  residues  of  the  amalgamation,  j" 

Loss  in  the  distillation  of  the  amalgam.. . 2'77 
Loss  proceeding  from  the  cracking  or) 
breaking  of  the  bells, j 


0-45 


2,1 -00 

Distilling  the  Amalgam. — The  mercury  is  then 
separated  from  the  silver  by  distillation;  and  for 
this  purpose  iron  bells,  analogous  to  those  employed 
in  Mexico,  were  formerly  used.  Latterly,  however, 
these  were  almost  entirely  superseded  at  Freiberg 
by  iron  retorts,  in  which  450  lbs.  of  amalgam  was 
placed  on  iron  plates.  The  retort  was  provided 
with  a large  eondensing  tube,  in  order  that  the 
mercury  might  be  collected  without  the  aid  of  water. 
Each  charge  required  about  ten  hours  for  its  com- 
plete distillation,  and  yielded  about  70  lbs.  of  teller- 
silbcr,  which,  after  having  been  melted  in  an  iron 
crucible  and  cast  into  an  ingot,  contained  about  80 
per  cent,  of  the  precious  metal. 

Tlie  process  was  ultimately  abandoned  at  Freiberg 
on  account  of  the  expense  which  it  entailed  and  the 
unsatisfactory  nature  of  the  results  obtained,  and 
the  argentiferous  ores  are  now  smelted  with  others 
containing  lead,  in  the  manner  presently  to  be 
described;  it  was,  however,  in  use  at  Iluelgoet  in 
Brittany  as  recently  as  186.5. 

Modification  of  the  Barrel  Process  of  Amalgamation 
employed  in  Spain. — A modification  of  the  method 
above  described,  in  use  at  Constante  in  Spain,  must 
be  briefly  noticed.  In  the  ores  there  treated,  which 
come  from  the  mines  of  Iliendeloencina,  the  silver 
exists  principally  as  an  antimonial  sulphide,  dis- 
seminated through  a gangue  containing  a large 
quantity  of  sulphate  of  baryta.  The  ore  having 
been  thoroughly  crushed  is  mixed  xvith  5 or  6 per 
cent,  of  salt,  and  gradually  introduced,  by  a hopper 
in  the  centre,  into  a circular  calcining  furnace,  the 
94 
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floor  of  which  rotates  at  a rate  of  three  or  four 
revolutions  per  hour,  the  ore  being  caused  to  pass 
from  the  centre  towards  the  edge  by  fixed  iron  rakes. 
About  8000  lbs.  of  ore  are  treated  in  each  furnace  in 
the  course  of  twenty-four  hours. 

It  is  important  to  observe  that  ores  can  only  be 
treated  in  this  manner  when  they  contain  iron 
pyrites,  as  this,  after  being  partially  converted  into 
sulphate,  reacts  on  the  salt  and  liberates  chlorine. 
The  calcined  ore  is  now  passed  through  a scries  of 
sieves  of  sixty  holes  to  the  linear  inch.  The  lumps 
finally  obtained  are  returned  to  the  furnace,  and  the 
fine  ore  introduced  into  the  amalgamation  barrels. 
About  1300  lbs.  are  introduced  into  each,  together 
with  320  lbs.  of  water  and  100  to  150  lbs.  of  iron. 
After  the  barrels  have  revolved  slowly  for  two  and  a 
half  hours  they  are  stopi)cd,  and,  if  the  mass  be  of 
the  proper  consistency,  400  lbs.  of  mercury  are 
introduced  into  each.  They  then  rotate  at  about 
double  the  initial  rate  for  sixteen  hoiu’s,  are  again 
stopped  and  filled  with  water,  and  after  two  more 
hours’  rotation  are  emptied  in  a manner  very  similar 
to  that  already  described,  except  that  the  barrels 
continue  to  rotate.  The  amalgam,  having  been 
strained  in  canvas  bags,  is  retorted,  and  the  silver 
so  obtained  is  melted,  refined,  and  cast  into  ingots. 

Washoe  Process. — It  became  evident  soon  after 
the  discovery  of  the  Comstock  lode  that  the  methods 
practised  in  other  localities  for  treating  the  ores  of 
silver  could  only  be  practised  with  profit  on  the 
richer  class  of  ores  there  produced,  and,  moreover, 
the  climate  of  Nevada  exercised  a prejudicial  in- 
fluence on  the  chemical  action  of  the  torta.  It 
was  therefore  necessary  to  devise  a method  more 
adapted  to  the  special  circumstances  under  which 
the  ore  was  obtained.  The  method  finally  adopted 
consists  in  the  employment  of  stamps,  pans,  &c., 
similar  to  those  already  described  in  the  article  on 
Gold.  It  will  be  unnecessary,  therefore,  to  give  a 
detailed  account  of  such  apparatus  as  has  been  there 
referred  to. 

The  veinstone  of  the  Comstock  consists  principally 
of  a crumbling  white  quartz,  and  this  generally 
contains  clay,  iron  and  copper,  pyrites,  and  small 
quantities  of  blende,  galena,  and  argentite ; occa- 
sionally, also,  polybasite  and  stephanite. 

The  ore  is  first  broken  into  fragments  about  the 
size  of  a walnut,  by  means  of  sledge  hammers  or 
Blake’s  rock-breaker.  It  then  passes  direct  to  the 
mill,  where  it  is  crushed,  with  the  addition  of  a con- 
siderable quantity  of  water.  On  the  side  of  the 
mortar  opposite  to  that  at  which  the  ore  is 
introduced  is  fixed  a screen  of  Russian  sheet  iron, 
perforated  with  holes  from  -g^th  to  55th  of  an  inch 
in  diameter.  Each  stamp  is  usually  capable  of 
crushing  2 tons  of  ore  of  average  quality  in 
twenty-four  hours. 

On  leaving  the  mill,  the  pulp  passes  along  troughs 
to  ‘‘  settling  ” tanks,  a number  of  which  are  arranged 
in  front  of  the  screens.  They  are  constructed  of 
planks,  and  are  6 or  7 feet  square  and  3 or  4 feet 
deep,  and  arranged  in  series  in  such  a manner  that 
when  one  is  nearly  full,  the  stream  passes  through 


an  aperture  to  the  next,  and  the  stream  which 
finally  escapes  is  tolerably  clear  water.  This  still 
(jontains  cruslied  ore,  and  is  therefore  conducted  to 
a large  pond  or  to  a second  series  of  settling  tanks. 

The  “slimes”  collected  in  the  first  series  are 
now  transferred  to  the  pans,  which  vary  much  in 
their  details  of  construction,  any  of  those  referred 
to  in  the  article  on  Gold  being  employed. 

In  mills  of  more  modern  construction,  what  is 
known  as  a Stetefeldt  furnace  is  employed,  and  into 
this  the  ore  passes,  after  being  ground  in  the  stamps, 
in  order  that  all  the  silver  present  may  be  converted 
into  chloride.  The  introduction  of  the  Stetefeldt 
furnace  represents  a very  great  advance  in  the 
metallurgical  treatment  of  silver.  It  is  based  on 
the  fact,  first  observed  by  Stetefeldt,  that  silver 
ores  in  a state  of  moderately  fine  powder  (no  matter 
in  what  combination  the  silver  occurs),  if  mixed  with 
salt,  are  completely  chloridized  on  falling  against  a 
current  of  hot  air  which  rises  in  a properly  arranged 
shaft.  The  general  appearance  of  the  furnace  will 
be  at  once  understood  from  the  accompanying 
Fig.  7,  in  which  a represents  the  shaft  through 


Fig.  7. 


which  the  ore  falls;  B,  the  door  through  which 
roasted  ore  is  discharged  upon  a cooling  floor ; C C, 
the  fire-places;  d,  the  flue  for  the  gases  to  pass  out 
of  the  shaft,  a ; e,  a grate  of  cast-iron  plates,  form- 
ing the  base  of  the  flue,  D,  and  allowing  much  of 
the  dust  tliat  escapes  from  A to  fall  into  the  chamber, 
F;  G,  discharge  door;  H,  furnace  for  roasting  dust 
in  the  flue,  d. 

The  ore  having  been  mixed  with  from  3 to  6 per 
cent,  of  salt  (according  to  its  richness)  on  a kiln, 
is  crushed  in  a dry  battery;  and  after  any  lumps 
accidentally  present  have  been  removed  by  a revolv- 
ing screen,  the  mass  is  transferred  by  an  elevator 
to  the  top  of  the  furnace.  It  is  then  introduced  by 
a specially-devised  hopper  into  A.  The  fire  is  kept 
as  nearly  as  possible  the  same  in  all  the  furnaces, 
the  heat  being  such  that  the  roasted  ore  is  just  red- 
hot  ; and  when  nearly  a ton  has  accumulated,  the 
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ma.ss  is  removed  through  the  door,  B.  Kustel 
explains  the  chemical  action  in  this  furnace  as 
follows : — As  soon  as  the  ore  enters  the  furnace, 
each  particle  ignites,  evolving  sulphur,  which,  in 
presence  of  atmospheric  air,  is  converted  into  sul- 
phurous acid,  and  the  metal  into  an  oxide.  In 
contact  with  ore  particles  and  oxygen,  the  sulphur- 
ous acid  becomes  sulphuric  acid,  which,  however, 
does  not  combine  with  the  metallic  oxide,  or 
only  to  a very  slight  degree,  but  immediately  acts 
on  the  salt,  and  liberates  chlorine.  As  steam  is 
present  from  the  burning  of  the  fuel,  hydrochloric 
acid  is  at  once  formed,  and  the  furnace  is  thus  filled 
■with  chlorine,  hydrochloric  acid,  sulphuric  acid, 
sulphurous  acid,  oxygen,  steam,  and  volatile  chlor- 
ides of  base  metals.  These  are  all  in  the  gaseous 
condition,  and  combine  to  act  on  the  sulphurets  and 
oxides  with  great  energy.  Thus,  if  the  particles  are 
sufficiently  minute,  they  cannot  fail  to  be  chloridized 
before  reaching  the  bottom  of  the  shaft. 

The  furnace  is  capable  of  treating  ore  which 
contains  nothing  but  silver-bearing  galena,  and  is 
specially  applicable  when  large  quantities  of  anti- 
monial  and  lead-bearing  minerals  are  present.  As 
a general  rule,  the  richer  ores  are  more  or  less 
associated  with  galena,  &c.,  and  they  thus  require 
a preliminary  ro.asting  in  such  a furnace  before  they 
can  be  submitted  to  the  process  of  amalgamation. 

The  method  followed  varies  considerably  in 
different  mills,  but  the  following  was  the  method 
adopted  at  the  Eberhardt  and  Aurora  mines,  in 
White  Pine  County,  in  1872 ; — About  2300  lbs.  of 
pulp,  with  water  enough  added  to  keep  it  in  a 
tolerably  thiek  condition,  is  charged  into  each  pan 
(of  the  Wheeler  and  Varney  construction);  1 per 
cent,  of  salt,  or  about  25  lbs.,  is  then  added,  with  2 
ozs.  of  sulphuric  acid,  and  from  one-half  to  1 lb. 
weight  of  sulphate  of  copper.  The  temperature  of 
the  pulj)  is  maintiuned  at  about  160°  Fahr.  by  intro- 
ducing steam  below  the  false  bottom  of  the  pan. 
The  mullers  having  been  lowered,  the  pan  is  caused 
to  grind  the  pul)3  at  a rate  of  rotation 
of  about  60  revolutions  per  minute 
for  three  hours,  at  the  end  of  which 
period  from  150  to  200  lbs.  of 
mercury  are  added,  and  the  grind- 
ing is  continued  for  an  additional 
three  hours.  The  mullers  are  then 
raised,  and  about  2 lbs.  of  carbonate 
of  soda  added,  in  order  to  “clean  ” 
the  mercury,  and  two  hours’  further 
grinding  completes  the  pan  process. 

The  contents  are  then  run  off  into 
the  “ settlers  ” (already  described, 
under  Goi.d),  and  allowed  to  remain  for  three- 
quarters  of  an  hour.  The  settler  is  then  filled 
with  water,  allowed  to  cool  down,  and  when  at  the 
proper  temperature,  jdugs  are  withdrawn,  and  the 
liquid  run  off  to  the  “ agitators,"  a stream  of  cold 
water  being  introduced  all  the  time.  The  agitator 
resembles  both  the  pan  and  settler,  but  is  of  some- 
what larger  dimensions,  and  is  driven  in  a different 
manner.  A section  of  this  apparatus  is  shown  in 


Fig.  8.  It  consists  of  a round  tub  formed  of  wood, 
in  the  centre  of  which  rises  a hollow  cast-iron  cone, 

Fig.  8. 
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containing  a shaft  driven  by  gearing  below.  A 
east-iron  cap  rests  on  the  top  of  this  shaft,  from 
which  project  iron  arms  carrying  wooden  stirrers 
hanging  vertically,  and  reaching  nearly  to  the  bottom 
of  the  tub.  A copious  stream  of  water  is  introduced 
all  the  time  the  machine  is  in  action ; and  the  pulp 
being  thoroughly  beaten  up  and  thinned,  the  lighter 
parts  flow  off  with  the  current,  while  the  amalgam 
and  “ floured  ’’  mercury  fall  to  the  bottom.  This 
amalgam  is  always  poorer  and  less  pure  than  that 
which  collects  in  the  settler. 

The  mills  are  of  course  arranged  in  very  various 
manners  in  the  different  districts,  but  Fig.  9 


Fig.  9. 


may  be  taken  to  represent  the  plan  of 
one  in  which  the  Stetefeldt  furnace  is 
employed.  It  will  be  sufficient  to  indicate  the  several 
appliances  in  such  an  establishment,  where  the  ores 
are  crushed  in  a dry  state.  After  passing  through  a 
Blake’s  rock-breaker,  the  ore  is  conducted  to  the 
stiimping  floor  or  .self-feeder,  to  be  supplied  to  the 
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stamps,  a drying  floor  being  interposed  when  neces- 
sary. On  leaving  the  stamps,  the  powder  is  carried 
by  a bucket-lift,  which  raises  it  to  the  pulp-feeder  at 
the  summit  of  the  furnace.  From  this  it  is  drawn 
on  to  cooling  floors,  and  goes  to  the  pans,  thence 
to  the  settlers  and  agitators,  and  is  finally  collected 
outside  the  mill  in  the  settling  vats. 

In  the  White  Pine  district  about  GO  per  cent,  of 
the  ore  contains  silver  in  the  form  of  chloride,  the 
remainder  being  principally  sulpliide  ; the  gangue  is 
quartz  containing  a large  quantity  of  carbonate  of  lime. 

The  “ chemicals  ” introduced  into  the  pan  vary 
considerably  in  different  establishments.  The  fol- 
lowing is  supposed  to  be  the  reaction  which  takes 
jjlace  when  the  operation  is  conducted  as  above 
described : — Biuoxide  of  manganese  being  present 
in  the  ore,  the  reaction  which  takes  place  between 
it,  the  sulphuric  acid,  and  the  common  salt,  liberates 
chlorine,  which  converts  the  lower  metals  into 
chlorides.  The  action  of  the  acid  on  the  iron  shoes  of 
the  pan  also  produces  sulphate  of  iron,  and  this,  with 
the  sulphate  of  copper  added,  forms  magistral,  which 
acts  in  the  same  manner  as  in  the  Patio  process, 
producing  chlorides  of  copper  and  iron,  which  assist 
in  reducing  the  silver  to  the  form  of  chloride.  The 
chloride  is  then  reduced  to  the  metallic  state,  by  the 
action  of  the  iron  of  the  pan  itself,  and  amalgamates 
with  the  mercury.  The  addition  of  carbonate  of 
soda  is  of  very  doubtful  advantage.  The  sodium 
amalgam  already  described  (see  Article  Gold,  vol. 
ii.)  is  probably  the  best  means  of  insuring  the 
amalgamation,  but  in  its  absence  cyanide  of  potassium 
is  an  excellent  substitute.  Many  practical  men  con- 
sider that,  with  a pan  which  insures  a thorough 
circulation  of  the  pulp  and  good  working,  the 
“ chemicals  ” may  be  advantageously  dispensed 
with ; aud  it  is  asserted  that  galvanic  currents, 
occurring  within  the  pan,  have  much  to  do  with 
the  decomposition  of  the  silver  compounds.  The 
following  is  the  theory  of  the  action  in  the  pan 
given  by  J.  D.  Hague  in  his  valuable  work  on  the 
“Mining  Industry  of  the  Fortieth  Parallel : ” — 

The  ores  treated  consist  chiefly  of  native  gold, 
native  silver,  and  sulphides  of  silver,  associated  with 
varying  proportions  of  blende  and  galena.  The 
chloride  of  sodium  and  sulphate  of  copper  react  and 
form  dichloride  of  copper.  The  metallic  iron  present 
partially  reduces  this  to  the  state  of  monochloride. 

Both  chlorides  of  copper  assist  in  reducing  the  ores. 

Sulphate  of  copper  augments  the  amalgamating 
energy  of  mercury  by  forming  small  quantities  of 
copper  amalgam,  and  it  tends  to  remove  lead  from 
the  mercury. 

Mercury  and  iron,  under  the  influence  of  heat 
and  friction,  are,  however,  the  principal  agents  in 
the  reactions  which  take  place. 

The  amalgam,  having  been  strained  in  bags  iu  the 
manner  already  described,  is  placed  in  lumps  in 
cast-iron  semi-cylindrical  trays,  which  are  introduced 
into  horizontal  iron  retorts  arranged  as  represented 
in  the  annexed  Fig.  10.  The  retort  itself,  C,  is  12 
inches  in  diameter  and  3 feet  long,  and  is  provided 
with  a close-fitting  stopper,  like  that  of  a coal-gas 


retort.  The  interior  is  connected  by  the  pipe  D 
with  a Liebig’s  condenser,  e,  the  condensed  mercury 


fig.  10. 


falling  into  the  vessel  G,  in  which  the  water  is  at 
such  a height  as  to  admit  air  into  C before  a column 
of  water  can  ascend  to  the  level  of  the  tube  D.  The 
tubes  are  so  arranged  that  by  removing  stoppers  at 
the  angle,  they  can  be  cleaned  with  ease.  The 
interior  of  the  retort  is  coated  with  a thin  wash  of 
clay  or  milk  of  lime,  to  prevent  adhesion  of  the 
amalgam  to  the  iron.  About  1000  lbs.  of  amalgam 
are  introduced  at  once,  and  the  temperature  gradu- 
ally raised ; the  crude  bullion,  generally  weighing 
about  one-sixth  of  the  original  amalgam,  is  broken 
up,  melted,  and  cast  into  ingots. 

II.  Smelting  and  Cueellation. — The  second 
great  subdivision  of  the  methods  adopted  for  ex- 
tracting silver  from  its  ores  comprises,  as  already 
mentioned,  all  those  processes  by  which  the  precious 
metal  is  first  brought  into  the  form  of  an  alloy  with 
lead  (a  metal  which  has  as  great  an  affinity  for  silver 
when  in  a liquid  state  as  mercury  itself  has),  and 
subsequently  extracted  by  cupellation,  which  may 
or  may  not  be  preceded  by  concentration. 

Smelting. — It  will  be  impossible  in  the  limits  of 
this  article  to  give  even  a complete  summary  of  the 
numerous  methods  adopted  for  the  smelting  of  silver 
ores  containing  lead,  with  or  without  copper,  as  the 
system  practised  is  in  no  two  places  precisely  similar, 
depending,  as  it  does,  so  much  on  the  special  re- 
sources of  the  district.  Many  of  the  methods  are 
extremely  complicated,  and  they  are  now  generally 
disused,  having  been  replaced  by  one  or  another  of 
the  methods  of  Class  III.  We  cannot  do  better 
than  refer  the  reader  who  desires  complete  informa- 
tion to  Phillips’  “Mining  and  Metallurgy  of  Gold 
and  Silver,”  from  which  a considerable  portion  of 
the  information  which  follows  has  been  derived. 

In  Lower  Hungary  the  poorer  silver  ores,  con- 
taining a considerable  quantity  of  pyrites,  were 
formerly  treated  successively  in  three  furnaces  pro- 
vided with  tuyeres,  through  which  a current  of  air 
is  driven  on  to  the  hearth  containing  the  ore  mixed 
with  a flux.  The  slags  pass  over  the  breast  of  the 
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hearth,  and  the  remaining  matt  is  left  in  an  enriched 
condition.  In  the  third  furnace  operation  a quantity 
of  lead,  depending  on  the  richness  of  the  ore,  is 
introduced,  and  this  takes  up  a large  quantity  of  the 
silver  and  gold  contained  in  the  ore — usually  from 
400  to  600  ozs.  per  ton.  The  slags  from  this  fusion, 
containing  about  150  ozs.  per  ton,  are  again  passed 
through  the  furnaces. 

The  precious  metals  are  subsequently  extracted 
from  the  lead  in  one  of  the  cupellation  furnaces 
already  described  (see  Article  Lead,  vol.  ii., 
page  298). 

At  Freiberg,  previous  to  the  introduction  of 
Augustin's  process,  a method  analogous  to  this 
was  practised ; the  principal  difference  consisting  in 
the  use  of  roasted  lead  ores  in  place  of  the  bath  of 
melted  lead.  As  it  has  been  discontinued,  however, 
it  will  be  unnecessary  to  do  more  than  refer  to  it. 

At  Clausthal,  in  the  Hartz  district,  the  lead  ores 
being  rich  in  silver,  it  is  diflBcult  to  enrich  them  by 
simple  mechanical  treatment ; and  they  are  there- 
fore fused  in  a blast  furnace,  after  being  mixed 
with  a certain  proportion  of  granulated  cast  iron. 
The  lead  is  reduced  to  the  metallic  state,  and 
the  liberated  sulphur  combines  with  the  iron ; tlie 
molten  lead  thus  takes  up  a considerable  portion 
of  the  silver  present.  It  is  run  off,  and  subse- 
quently desilverized,  the  precious  metal  remaining 
in  the  matts  being  extracted  by  four  successive 
fusions. 

The  Castilian  furnace  (see  article  Lead,  vol.  ii. 
page  288)  is  very  generally  used  for  treating  low- 
produce  argentiferous  galenas.  In  this  the  lead  ore 
is  partially  roasted  prior  to  its  fusion  with  iron, 
instead  of  being  introduced  direct  into  the  furnace 
in  the  manner  formerly  practised  at  Clausthal. 

The  argentiferous  galena,  containing  a consider- 
able quantity  of  silica,  obtained  at  the  mines  of 
Pontgibaud,  in  the  department  of  Puy-de-D6me, 
in  France,  is  treated  in  a manner  peculiar  to  that 
district.  Phillips  points  out  that  the  gangues  are 
analogous  to  those  met  with  in  Mexico,  Nevada, 
&c.,  and  that  the  method,  as  described  below,  is 
peculiarly  applicable  to  the  treatment  of  such  ores 
where  fuel  and  ores  of  lead  are  to  be  obtained  at  a 
moderate  cost. 

The  ore  is  delivered  at  the  smelting  works 
thoroughly  crushed,  so  that  it  will  all  pass  through 
a sieve  of  about  six  holes  to  the  linear  inch.  It  is 
passed  through  no  less  than  nine  distinct  operations, 
and,  in  addition,  four  operations  are  necessary  for 
the  treatment  of  the  residues  obtained. 

The  principal  processes  are : — 1,  Preparation  of 
lits  (le  grillage ; 2,  roasting ; 3,  preparation  of  lits  de 
/itsion ; 4,  smelting  in  Castilian  blast  furnace ; 5, 
improving ; 6,  crystallizing ; 7,  refining ; 8,  reduc- 
ing ; 9,  resmelting  rich  slags ; and  there  are  several 
Bubsidiaiy  processes.  It  will  not  be  possible  in 
the  limits  of  this  article  to  give  more  than  a brief 
account  of  each  of  the  above  operations. 

1.  Uniformity  of  composition  of  the  ore  is  very 
important  for  the  successful  carrying  out  of  the 
process ; and  as  it  would  be  impossible  to  manipulate 
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the  large  masses  treated  so  as  to  form  a uniform 
admixture,  the  device  known  as  a lit  de  grillage 
is  resorted  to.  The  lit  is  formed  by  spreading 
weighed  portions  from  the  several  parcels  of  ore 
in  thin  layers,  one  over  the  other,  imtU  a total 
weight  of  about  20  tons  (the  amount  roasted  per 
day)  has  been  taken,  and  the  portions  so  taken 
are  such  as  to  exhaust  all  the  parcels  at  the  same 
time.  The  charge  is  then  obtained  by  cutting  in 
a vertical  direction  through  these  several  layers. 
Matts  resulting  from  previous  washing  operations  in 
the  blast  furnace  are  also  introduced  into  the  lits. 

2.  The  roasting  is  conducted  in  reverberatory 
furnaces  of  great  length  and  width,  capable  of 
working  a total  charge  of  6 tons  at  a time.  The  ore 
is  introduced  through  hoppers  at  the  part  of  the 
furnace  most  distant  from  the  fire-place ; and  ;ifter 
it  has  been  dried,  it  is  advanced  by  means  of  paddles 
to  the  central,  that  is,  the  desulphurizing  or  oxidiz- 
ing portion,  whence  it  passes  to  the  agglomerating 
bed  on  a somewhat  lower  level.  On  reaching  this 
latter  the  ore  is  fused,  and  a charge  is  withdrawn  at 
the  end  of  every  six  hours,  when  a fresh  charge  of 
2 tons  is  introduced  through  the  hoppers. 

3.  The  lits  de  fusion  are  prepared  in  a similar 
manner  to  the  lits  de  grillage,  but  consist  of  roasted 
ore,  scrap  iron,  limestone,  and  fluor  spar. 

4.  The  Castilian  furnace  has  already  been  suffi- 
ciently described  in  the  article  Lead,  and  it  is  not 
necessary  to  specially  refer  to  the  form  used  at 
Pontgibaud.  Suffice  it  to  say,  that  the  ore  is 
arranged  round  the  sides,  while  the  coke  is  at  the 
centre  and  against  the  breast.  Care  is  taken  to 
prevent  the  flame  rising  above  the  surface  of  the 
charge.  From  5 to  6 tons  of  lead  can  be  obtained 
from  such  a furnace  in  a day  of  twenty-four  hours, 
together  with  from  7 to  10  per  cent,  of  matt. 

5.  The  lead  thus  obtained  must  be  prepared  for 
crystallization  by  the  Pattinson  process  by  being 
placed  in  a specially  constructed  reverberatory  or 
“improving”  furnace,  where  it  is  partially  oxidised 
at  a low  red  heat.  By  this  means  such  impurities 
as  antimony,  sulphur,  arsenic,  &c.,  are  removed,  and 
the  lead  is  rendered  ‘soft.’  After  a charge  of  20 
tons  has  rcmaine  l in  the  furnace  for  sixty  hours,  the 
metal  is  run  off  by  opening  a hole  in  the  bottom  of 
the  pan,  while  the  dross,  which  contains  a consider- 
able quantity  of  sOver,  is  treated  in  the  reducing 
furnace. 

6.  The  method  of  crystallizing  by  the  Pattinson 
process  has  been  already  described  in  considerable 
detail  in  the  article  Lead  : it  need  only,  therefore, 
be  added  that  at  Pontgibaud  the  method  of  thirds 
is  practised,  and  that  it  is  found  to  be  impossible  to 
enrich  the  lead  beyond  2 per  cent,  of  silver. 

7.  The  refining  takes  place  in  a furnace  which 
differs  but  little  from  the  ordinary  English  cupella- 
tion furnace.  At  the  end  of  the  operation  the  silver 
is  cast  into  moulds  and  remelted  in  black-lead  cruci- 
bles, when  it  yields  metal  assaying  999-thousandths. 

8.  The  reduction  of  the  litharge,  pot  dross,  &c., 
takes  place  in  a kind  of  reverberatory  furnace,  and 
the  amount  of  lead  thus  reduced  is  very  great. 
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9.  Finally,  the  slags  are  smelted  in  a blast  furnace 
similar  to  that  used  for  the  ore. 

Smelting  is  resorted  to  in  some  parts  of  Mexico  in 
place  of  the  Pattinson  process  ; but  only  in  the  case 
of  the  richer  class  of  silver  ores. 

They  are  first  roasted  in  heaps  or  in  circular  kilns, 
the  charge  for  the  latter  consisting  of  about  2000 
lbs.  of  ore,  roughly  broken  and  mixed  with  one  half 
of  its  weight  of  dry  wood,  and  the  subsequent  fusion 
with  fiuxes  and  litharge  takes  place  in  a small  blast 
furnace,  charcoal  being  usually  employed  as  a fuel. 
When  a sufficient  quantity  of  argentiferous  lead  has 
accumulated,  it  is  withdrawn  by  raising  a dam  be- 
tween the  breast  and  a receiving  basin,  and  the  matts 
collect  on  the  surface. 

Cnpellation. — The  treatment  of  argentiferous  lead 
ores,  with  a view  to  the  separation  of  the  silver,  has 
been  fully  described  in  the  article  Lead. 

Very  poor  leads  cannot  be  directly  cupelled  with 
profit,  because  the  value  of  the  silver  obtained  does 
not  defray  the  expense  of  the  operation.  In  that 
case  recourse  is  had  to  Pattinson’s  process  for  the 
extraction  of  silver,  which  has  also  been  fully  de- 
scribed in  the  article  Lead  (vol.  ii.,  page  292) ; and 
after  the  lead  has  been  enriched  by  successive 
crystallizations,  it  is  fit  to  be  cupelled. 

Liquation. — ^The  matts  obtained  in  treating  cupri- 
ferous minerals  were  formerly,  at  Mansfeld  in 
Saxony  and  in  the  Hartz,  subjected  to  a treatment 
termed  liquation,  with  a view  to  extract  the  silver 
contained  in  them.  This  has,  however,  been  gener- 
ally replaced  by  one  of  the  methods  of  chlorination 
or  sulphurization,  soon  to  be  described.  It  is  based 
on  the  circumstance  that  when  argentiferous  copper 
together  with  lead  is  heated  to  about  500°  C.,  the 
lead  runs  off  and  carries  with  it  the  greater  part  of 
the  silver  present. 

Amalgamation  of  Copper  Matts.  — At  Mansfeld 
also  formerly,  and  at  Cziklova  in  the  Banat,  a 
system  of  amalgamation  was  practised.  In  the  latter 
locality  the  process  comprises  four  distinct  operations. 
The  coarse  copper  having  been  reduced  to  a fine 
powder  is  mixed  with  iron  pyrites  and  salt,  roasted, 
and  again  pulverized.  After  being  moistened  with 
water  the  mixture  is  inti’oduced  into  barrels,  together 
with  lumps  of  black  copper,  and  treated  with  mercury 
in  a manner  very  similar  to  that  already  described. 

Wet  Methods  fob  the  Extraction  of  Silver. — 
There  are  four  principal  processes  for  extracting 
silver  from  ores  in  which  it  exists,  either  in  the 
native  or  combined  state,  by  forming  a soluble  com- 
pound, and  subsequently  removing  the  metal  by 
precipitation.  In  the  methods  devised  by  Augustin 
and  Von  Patera  the  silver  is  converted  into  a 
chloride,  while  in  those  of  Ziervogel  and  Karsten 
the  sulphate  is  obtained. 

Augu.stin's  Pi'ocess. — This  is  founded  on  the  fact, 
well  known  to  assayers,  that  chloride  of  silver  is 
soluble  in  a solution  of  common  salt,  especially  if 
the  latter  be  in  a concentrated  and  heated  condition. 
It  was  employed  at  Freiberg  for  treating  argenti- 
ferous copper  matts  from  1849  to  1862,  when  a 
sulphuric  acid  method  was  adopted.  It  is  necessary 


that  lead,  zinc,  antimony,  and  arsenic  be  not  present, 
except  in  very  moderate  proportions,  in  the  ores 
treated  by  the  method  of  Augustin. 

The  matt  having  been  finely  ground  and  sifted, 
is  roasted  for  five  hours  at  a low  red  heat  in  a 
reverberatory  furnace,  when  it  is  transferred  to  a 
second  hearth  and  roasted  for  a similar  period,  so 
that  most  of  the  silver  is  converted  into  a sulphate. 
The  charge  having  been  withdrawn,  is  ground,  and 
after  mixing  it  with  about  4 per  cent,  of  salt, 
the  whole  is  returned  to  tlie  same  furnace.  The 
roasting  converts  the  silver  into  a chloride,  as  in 
many  of  the  processes  already  referred  to;  and  after 
two  or  three  hours  the  mass  is  transferred  to  the 
premises  in  which  the  lixiviation  takes  place. 

A series  of  wooden  tubs,  provided  with  false 
bottoms  covered  with  twigs,  are  each  filled  with 
about  8 cwts.  of  the  roasted  matt  aud  supplied 
with  hot  brine,  which  dissolves  the  chloride  on 
pa.ssing  through  the  mass,  carrying  it  through  the 
filters  to  a trough  by  which  it  is  conducted  to  a 
large  reservoir.  Thence  it  is  led  to  a set  of  tubs 
containing  metallic  copper;  this  causes  the  silver 
to  be  precipitated  in  the  metallic  state,  and  it  is 
subsequently  washed  with  hydrochloric  acid  and 
water,  pressed  into  balls,  dried,  and  passe.  I on  to 
the  refinery. 

Von  Patera'.s  Process. — ^This  is  founded  on  the  fact, 
first  pointed  out  by  Percy,  that  the  chloride  of 
silver  is  soluble  in  hyposulphite  of  one  of  the 
alkaline  metals,  from  which  it  may  be  deposited  by 
any  alkaline  sulphide,  hyposulphite  being  reproduced. 
The  process  was  first  introduced  in  1858  in  the  works 
at  Joachimsthal,  where  it  is  still  practised. 

It  comprises  four  distinct  operations.  The  ore 
having  been  coarsely  ground,  is  roasted  in  a furnace 
with  a wide  hearth,  the  heat  being  raised  gradually ; 
steam  is  introduced  on  the  mass  attaining  a red  heat, 
and  the  whole  withdrawn  at  the  end  of  four  hours. 
After  being  thoroughly  ground  and  mixed  with  about 
9 per  cent,  of  salt  and  2 or  3 of  sulphate  of  iron,  it 
is  placed  in  a similar  furnace,  and  steam  is  introduced 
in  the  same  manner  as  before ; in  about  twelve 
hours  it  is  removed  to  the  lixiviating  department. 
After  being  treated  for  six  hours  in  one  set  of  tubs 
with  hot  water,  in  order  to  remove  soluble  chlorides 
and  sulphates,  such  as  those  of  copper,  zinc,  iron, 
nickel,  and  cobalt,  the  mass  is  transferred  to  a second 
set,  where  it  is  washed  with  a cold  solution  of 
hyposulphite  of  soda,  of  such  a strength  that  each 
cubic  foot  is  capable  of  holding  in  solution  0‘7.53  lbs. 
of  sdver;  this  solution  then  passes  from  below  the 
false  bottoms  of  the  tubs  to  the  precipitating  vats. 

A solution  containing  polysulphide  of  soda,  with 
a small  amount  of  hyposulphite,  and  prepared  by 
fusing  soda-ash  with  sulphur  and  subsequently 
boiling  the  product,  is  now  introduced  so  long  as 
a precipitate  is  formed ; care  must  be  taken,  by 
successive  trials,  that  neither  the  argentiferous  nor 
the  precipitating  solution  remains  in  excess,  as  the 
resulting  supernatant  liquid  would  then  be  less 
fitted  for  use  as  a solvent  when  again  employed. 
The  system  of  vats  employed  in  the  lixiviating 
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department  is  shown  in  Fig.  11.  a represents  one 
of  a series  of  tubs  into  which  the  roasted  ore  is 
introduced  with  water.  The  insoluble  mass  is 
transferred  to  B,  provided  with  filters  and  false 
bottoms,  and  from  B the  liquors  are  led  by  a trough 
to  the  vessels,  E,  as  well  as  those  on  the  other  side 
of  the  row  of  conical  bags,  G. 

The  sulphide  of  silver  having  been  drained  in  the 
canvas  bags,  is  washed,  dried,  and  heated  to  redness 
in  a mufile.  AVhen  most  of  the  sulphur  has  thus 


been  removed,  the  mass  is  fused  in  large  crucibles, 
with  the  addition  of  metallic  iron  to  remove  the 
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remaining  sulphur.  The  metal  obtained,  containing 
about  95  per  cent,  of  silver,  is  then  sent  to  be  refined. 

Ziervofjd's  Process. — Since  1857  the  method  devised 
by  Augustin  has  been  replaced  by  the  cheaper  and 
simpler  process  now  about  to  be  described.  It  is 
based  on  the  fact  that  sulphate  of  silver  is  soluble 
in  water,  and  that  it  requires  a higher  temperature 
for  decomposition  than  any  of  the  other  soluble 
sulphates  of  heavy  metals,  which  are  produced 
during  the  roasting,  with  pyrites,  of  copper  matts 
containing  silver.  It  is,  however,  not  generally 
applicable  to  the  treatment  of  ores  containing  zinc, 
lead,  antimony,  or  arsenic.  The  matt  having  been 
reduced  to  a fine  state  of  division  by  millstones,  is 
roasted,  together  with  about  12-5  per  cent,  of  im- 
perfectly desilverized  residues  and  I'h  per  cent,  of 
lixiviated  lumps,  in  a specially  constructed  furnace 
with  two  heartlis,  one  above  the  other.  The  upper 
one,  into  which  the  mass  is  first  introduced,  is  closed, 
and  forms  a kind  of  muffle,  while  the  lower  one 
is  in  free  communication  with  the  fire-place  and 
chimney.  After  the  mixture  has  remained  undis- 
turbed for  half  an  hour  on  the  upper  hearth,  nearly 
1 per  cent,  of  dry  powdered  lignite  is  added,  and 
tlie  whole  stiired  with  a rake.  After  thorough 
stirring  and  uniform  heating  for  about  five  hours, 
an  additional  4-5  per  cent,  of  powdered  lignite  is 
added,  and  the  whole,  while  glow  ing,  is  transferred 
to  the  lower  hearth.  Here  the  roasting  is  continued 
for  about  two  liours,  its  progress  being  ascertained 
by  withdrawing  a smidl  quantity  of  the  mass,  and 
testing  with  water,  until  no  greenish  coloration  is 
obtained.  The  heat  is  now  raised  by  using  a fuel 
which  does  not  give  a smoky  flame  ; and  the  mass 
is  ascertained  to  be  sufficiently  roasted  when  the 
liquid  obtained  by  lixiviating  a small  quantity  has 
a light  blue  colour,  yielding  a dense  precipitate  of 
silver  on  addition  of  salt.  This  stage  of  the  roasting 
usually  occupies  rather  over  five  hours. 

The  mixture  is  next  transferred  to  tubs  similar  to 
those  previously  described,  and  treated  with  hot 
water,  slightly  acidulated  with  sulphuric  acid.  The 


liquor  which  escapes  is  conducted  to  another  scries 
of  vats,  where  it  is  precipitated  by  means  of  cement- 
copper;  and  the  resulting  finely-divided  silver  is 
lixiviated  with  dilute  sulphuric  acid,  in  order  to 
remove  gypsum  and  salts  of  copper.  The  series  of 
vats  used  in  this  case  is  shown  in  Fig.  12.  A repre- 


Fig.  12. 


sents  the  row  of  vessels  that  receive  the  powdered 
mixture ; B,  a long  trough  into  which  the  silver  solu- 
tion passes;  and  c,  vats  containing  cement-copper,  d 
also  contains  copper  for  precipitating  the  last  traces 
of  silver,  and  the  spent  liquor  is  received  in  a lead- 
lined  cistern,  E.  The  washed  metal  is  dried  and 
refined. 

The  following  interesting  table  is  given  by  Dr. 
Lamborn  in  his  “ Metallurgy  of  Silver  and  Lead:”  — 


ExtroctioD  of  SUrer  by 

C06t. 

Amount  of  Silver 
Left  iu  Copiier. 

Liquntion,  from  1 cwt.  of  copper. 

£ $.  d. 

1 10  0 

Per  Cent. 

oiou 

Aiiialgiinialioii,  “ 

16  6 

O-O.VJ 

Aiigusliii’s  process,  “ 
Ziervogel’s  “ “ 

13  G 

O-O.o'J 

7 6 

0029 

Karsten's  Process. — This  method  is  practised  at 
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Ober,  in  the  Lower  Hartz,  for  removing  silver  and 
gold  from  copper  matts  or  granulated  copper,  and 
consists  in  removing  the  copper  as  sulphate  by  means 
of  sulphuric  acid,  diluted  with  its  weight  of  water, 
and  heated  to  about  70°  C.,  and  subsequently  smelt- 
ing the  metaUie  mud  obtained  with  litharge.  Tlie 
argentiferous  lead,  containing  about  2 per  cent,  of 
silver,  is  subsequently  cupelled. 

Claudel's  Process. — This  was  devised  for  extracting 
silver  from  the  lyes  obtained  by  treating  copper 
pyrites,  after  roasting  and  chlorination,  with  water, 
which  usually  contains  about  1 part  of  silver  to 
10,000  parts  of  water.  The  solution  having  been 
mixed  with  iodide  of  potassium,  or  some  other 
soluble  iodide,  is  diluted,  when  iodide  of  silver  is 
deposited,  together  with  some  salts  of  copper  and 
lead.  The  silver  is  then  reduced  by  means  of 
metallic  zinc,  the  resulting  zinc  iodide  being  used 
as  a precipitant  subsequently. 

COJIBINATIONS  OF  SILVER. — There  are  three  oxides 
of  silver — a suboxide,  a monoxide,  and  a dioxide. 
Of  these  the  monoxide  alone  forms  permanent  and 
definite  saline  combinations. 

Argentous  Oxide,  Ag^O,  was  discovered  by  Wohler 
in  1839.  It  may  be  obtained  by  heating  citrate  of 
silver  to  100°  C.  in  a current  of  hydrogen,  taking 
up  the  resulting  compound  with  water,  in  which  it 
is  sparingly  soluble,  and  adding  hydrate  of  potash. 
It  is  a black,  unstable  solid,  which  does  not  assume 
a metallic  lustre  under  the  burnisher. 

Monoxide  of  Silver,  Argentic  Oxide,  Ag^O,  may  be 
obtained  iu  various  ways.  The  most  usual  consists 
in  mixing  concentrated  hot  solutions  of  potash  and 
nitrate  of  silver,  when  the  oxide  is  at  once  obtained  as 
a black  powder,  which  may  be  washed.  The  precipitate 
has  a density  of  7-143,  according  to  Herapath;  when 
washed,  it  is  of  a brownish-grey  colour,  anhydrous, 
and  soluble  in  about  3000  times  its  weight  of  pure 
water ; and  it  has,  when  in  solution,  an  alkaline 
reaction,  and  a nauseous  metallic  taste.  > It  is  com- 
pletely reduced  to  the  metallic  state  by  being  raised 
to  a red  heat,  or  even  by  the  prolonged  action  of 
solar  light.  In  the  latter  case,  however,  the  black 
powder  which  results  is  possibly  the  suboxide. 

It  is  a very  powerful  base,  and,  according  to  Rose, 
capable  of  absorbing  the  carbonic  acid  from  the  air 
when  in  a moist  state ; in  combination  with  the 
fusible  silicates  it  is  sometimes  employed  for  produc- 
ing yellow  glass.  According  to  Bottger,  sulphide 
of  gold,  moist  flowers  of  sulphur,  selenium,  amor- 
phous phosphorus,  and  other  substances,  are  ignited 
when  rubbed  in  contact  with  it.  By  digesting  it 
with  caustic  ammonia,  or  by  dissolviug  nitrate  of 
silver  in  ammonia,  and  subsequently  adding  potash, 
an  extremely  detonating  compound,  known  as  fulmi- 
nating silver,  is  formed;  which  is  very  dangerous,  often 
exploding,  even  when  moist,  if  subjected  to  the 
slightest  friction,  and  its  composition  has  not  there- 
fore been  ascertained.  Some  consider  it  to  be  an 
amide  or  nitride  of  silver,  while,  according  to  others, 
it  is  a combination  of  argentic  oxide  with  ammonia. 
This  compound,  which  must  not  be  confounded  with 
the  fulminate  of  silver — to  be  described  presently — 


has  hitherto  received  no  application,  on  account 
of  the  danger  which  attends  its  preparation  and 
management. 

Silver  Dioxide,  Peroxide  of  Silver,  AggOg,  was  ob- 
tained by  Ritter  by  the  electrolysis  of  a weak  solu- 
tion of  nitrate  of  silver.  It  deposits  in  acicular  crystals 
at  the  positive  pole,  and  has  a density  of  5-474; 
it  is  readily  converted  into  the  protoxide,  and  is  of 
no  use  in  the  arts. 

Chlorides  of  Silver. — There  are  two  ehlorides  of 
silver,  the  argentous  and  argentic  chloride ; the  latter 
of  these,  however,  is  the  only  one  of  importance. 

Argentous  Chloride,  Subchloride  of  Silver,  AggCl,  is 
formed  by  treating  argentous  oxide  with  hydrochloric 
acid,  or  by  precipitating  citrate  ef  silver  with  common 
salt,  and  it  is  formed  by  the  action  of  light  on  the 
higher  chloride.  It  is  a brown  powder  which  turns 
black  on  drying. 

Argentic  Chloride,  Chloride  q;  Silver.  AgCl,  occurs 
native  as  horn  silver,  and  is  produced  by  adding  a 
solution  of  chlorine,  of  hydrochloric  acid,  or  of  any 
soluble  chloride,  to  nitrate  of  silver,  or  to  any  of  the 
solublesalts  of  silver,  with  the  exception  of  the 
hyposulphite.  Thus — 

AgNOj  + HCl  = AgC!  -t-  HNO3. 

It  falls  in  the  form  of  a curdy  white  precipitate, 
which  by  exposure  to  light  becomes  purplish- 
brown,  and  ultimately  black.  In  sunshine  the  change 
is  extremely  rapid,  more  especially  if  any  organic 
matter  be  present.  The  presence  of  moisture  is 
necessary  to  the  blackening  effect  of  light  upon  the 
chloride,  as  when  dried  in  the  dark  and  subsequently 
exposed  to  light  under  an  inverted  glass  over  sul- 
phuric acid,  no  discoloration  is  produced. 

This  change  is  probably  due  to  partial  liberation  of 
the  chlorine,  argentous  chloride  being  formed;  and  it 
is  the  foundation  of  the  extensive  use  which  is  made 
of  the  silver  salts  in  photography.  It  is  almost 
perfectly  insoluble  in  water,  so  that  the  minutest 
portion  of  hydrochloric  acid,  or  of  a chloride  in 
solution,  may  be  detected  by  adding  to  the  liquid  a 
drop  or  two  of  nitrate  of  silver.  The  converse 
reaction  is  taken  advantage  of  for  assaying  silver  in 
the  humid  way,  in  the  manner  subsequently  de- 
scribed. It  is  soluble  in  hot  hydrochloric  acid,  and 
in  strong  solutions  of  the  chlorides  of  the  alkalies 
and  the  alkaline  earths.  This  fact  is  applied  to  the 
extraction  of  silver  from  its  ores  in  the  Augustin 
process;  and  its  solubility  in  the  hyposulphite  of 
the  alkalies  is  applied  in  VoN  Patera’s  process; 
both  of  these  have  been  described. 

It  is  easily  soluble  in  ammonia,  and  on  evaporating 
the  solution  the  chloride  is  obtained  in  the  form  of 
octahedra.  When  dry  chloride  of  silver  is  heated 
to  dull  redness  in  a silver  crucible,  it  fuses,  and  on 
cooling  concretes  into  a grey  semi-transparent  sub- 
stance, which  is  known  as  horn  silver,  or  hina  cornea. 

Iron,  zinc,  and  such  other  metals  as  are  easily 
oxidised,  reduce  the  moist  chloride  to  the  metallic 
state.  These  metals  are,  therefore,  generally  em- 
ployed for  obtaining  pure  silver,  as  already  explained 
at  page  739.  Iron,  however,  is  perhaps  preferable 
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to  zinc,  on  account  of  tlie  great  difficulty  experienced 
in  removing  the  last  traces  of  this  metal. 

Stas  has  pointed  out  that  the  chloride  may  exist 
in  any  one  of  four  different  states,  namely,  gelatin- 
ous, curdy  flocculent,  pulverulent,  or  granulo-scaly- 
crystalline.  These  forms  vary  much  as  to  their 
solubility  in  water.  The  second  modification — 
obtained  by  precipitation  from  cold  solutions — is  the 
most  soluble.  Chloride  of  silver  forms  double  salts 
with  ammonium,  barium,  sodium,  and  osmium. 

Silver  Iodide,  Agl,  is  precipitated  upon  adding 
hydrochloric  acid,  or  a soluble  iodide,  to  a solu- 
tion of  nitrate  of  silver,  and  occurs  native  as  iodite. 
It  is  of  a dingy  yellow  colour,  with  a density 
of  5’02,  insoluble  in  water,  and  decomposed  when 
heated  with  potash.  Like  the  chloride,  it  is  dis- 
coloured by  light,  and  hence  its  use  in  Daguerre's 
photographic  process — the  plate  of  silvered  copper 
intended  to  receive  the  image  in  the  camera  being 
prepared  by  exposing  it  in  a box  containing  iodine. 
The  iodide  is  soluble  in  a hot  solution  of  hydriodic 
acid  or  concentrated  iodide  of  potassium,  and  is 
distinguished  from  the  chloride,  not  only  by  its 
yellow  colour,  but  also  by  its  being  almost  insoluble 
in  ammonia;  this  constitutes  its  special  characteristic. 

Silver  Bromide,  AgBr,  is  occasionally  found 
native  as  broinite,  and  is  j>repared  in  a manner 
analogous  to  the  iodide ; its  properties  are  also 
analogous,  and  both  are  soluble  in  hyposulphite  of 
soda  and  employed  in  photography. 

Silver  Fluoride,  AgF,  is  produced  by  dissolving 
monoxide  or  carbonate  of  silver  in  hydrofluoric  acid. 
When  iodine  gas  is  passed  over  the  fused  crystals  of 
this  salt,  chloride  of  silver  is  formed  and  fluorine  set 
free.  An  oxyfiuoride  having  the  formula  AgF,  AgHO, 
also  exists. 

Silva-  Nitrate,  AgNOg,  is  the  most  important 
salt  of  this  metal.  Its  density  is  4-355,  and  it  is 
obtained  by  dissolving  silver  in  nitric  acid  diluted 
with  3 parts  of  water ; nitric  oxide  is  disengaged, 
and  if  the  silver  contain  copper,  the  solution  will 
h.ave  a bluish  tinge ; if  gold,  that  metal  will  remain 
undissolved  in  the  form  of  a black  powder.  The 
solution  of  nitr.ate  of  silver  should  be  perfectly  clear 
and  colourless.  It  is  caustic,  and  tinges  animal 
substances  of  a deep  yellow,  which,  by  exposure 
to  light,  becomes  a deep  purple  or  black  stain,  and 
light  appears  only  to  be  capable  of  decomposing 
it  when  in  contact  with  organic  matter.  It  is  the 
essential  ingredient  in  many  of  the  washes  em- 
ployed for  dyeing  the  hair,  and  in  the  so-called 
indelible  inks  for  marking  linen ; but  cyanide  of 
potassium  will  remove  the  black  stain  produced  by 
any  of  the  preparations  of  silver.  The  crystals  are 
colourless,  transparent,  anhydrous  tables,  soluble  in 
an  equal  weight  of  cold,  and  in  half  their  weight  of 
boiling  water.  Alcohol  also  dissolves  about  one- 
fourth  of  its  weiglit  of  this  salt  at  its  boiling  point, 
but  deposits  nearly  the  whole  as  it  cools.  When 
heated  in  a silver  crucible  the  nitrate  fuses  into  a 
grey  mass,  and  if  cast  into  small  cylinders  forms  the 
lapis  in/ernalis  or  lunar  caustic  of  the  pharmacopoeia. 
Ivory,  marble,  and  several  other  bodies  may  be 
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stained  black,  or  even  silvered,  by  soaking  them  in 
a solution  of  nitrate  of  silver,  and  fully  exposing 
them  to  the  action  of  the  sun’s  rays.  A plate  of 
copper,  introduced  into  a solution  of  this  salt,  occa- 
sions a brilliant  precipitation  of  crystalline  silver, 
and  the  copper  is  oxidised  and  dissolved  by  the  acid. 
The  introduction  of  mercury  into  the  solution  causes 
a beautiful  crystalline  deposit  of  silver,  known  as  the 
a7-bor  Dianse.  Hydrogen  has  a remarkable  power  of 
reducing  this  salt  when  in  solution,  and  the  metal 
so  obtained  is  very  pure.  Nitrate  of  silver  forms 
several  double  salts. 

Silver  Nitrite,  AgNOg,  is  obtained  by  causing 
nitrate  of  silver  and  an  alkaline  nitrite  to  react  on 
each  other.  It  crystallizes  as  long  white  needles, 
and  is  soluble  in  about  120  times  its  weight  of  cold 
water. 

Silver  Sulphide,  AggS,  may  be  obtained  by  heating 
finely- divided  silver,  or  plates  of  silver,  with  sulphur, 
and  occurs  abundantly  in  nature  as  silver  glance.  It 
is  a grey  crystallizable  compound,  considerably  more 
fusible  and  much  softer  than  silver,  and  having  a 
density  of  6-85.  The  presence  of  sulphuretted 
hydrogen  in  the  air  occasions  the  tarnish  upon  silver, 
which,  though  only  superficial,  is  a great  obstacle  to 
many  applications  that  might  otherwise  be  made  of 
this  valuable  metal ; but  in  the  process  known  as 
niello  it  is  used,  in  conjunction  with  other  metallic 
sulphides,  for  producing  black  designs  on  engraved 
silver.  Silver  which  has  been  discoloured  by  the 
formation  of  sulphide  may  be  at  once  restored  to  its 
original  colour  by  heating  in  a solution  of  hameleon 
mineral  (manganate  of  potash).  It  is  insoluble  in 
water,  but  dissolves  in  nitric  acid  with  liberation  of 
sulphur.  It  forms  double  sulphides  with  iron  and 
copper. 

Silver  Sulphate,  AggSO^,  is  deposited  when  sul- 
phate of  soda  is  mixed  with  nitrate  of  silver  in  solution. 
It  is  also  formed  by  boiling  silver  with  its  weight  of 
strong  sulphuric  acid.  Upon  the  large  scale,  small 
portions  of  gold  may  be  most  economically  separated 
from  large  quantities  of  silver  by  heating  the  finely- 
granulated  alloy  in  sulphuric  acid,  in  the  manner 
described  in  the  article  on  Gold  (see  vol.  ii.  p.  92). 

It  is  a white  inodorous  powder,  soluble  in  88  times 
its  weight  of  boiling  water,  with  a disagreeable 
metallic  taste,  and  when  exposed  to  light  it  gradually 
turns  green.  An  acid  sulphate,  having  the  formula 
AgllSO^,  also  exists  as  faintly  yellow  prisms,  which 
crystallize  out  from  a solution  of  the  normal  salt  in 
less  than  3 parts  of  sulphuric  acid. 

Silver  Sulphite,  AggSOg,  is  prepared  by  precipi- 
tating a silver  salt  by  an  alkaline  sulphite,  and 
crystallizes  in  white  shining  needles.  It  is  very 
slightly  soluble  in  water,  and  has  a disagreeable  taste. 

Silver  Thiosidphate  is  not  known  in  a free  state, 
but  forms  two  series  of  double  salts,  having  the 
formula  R^Ag„SQOg  and  RAgSgOg  (R  indicating  an 
alkaline  metal).  Those  of  the  first  class  are  easily 
soluble  in  water,  while  those  of  the  second  are  very 
sparingly  soluble  in  it,  and  these  latter  may  be  used 
for  silvering  purposes. 

Silver  Dilhionate  {Hyposidphate'),  AggSgOg  + 2HgO, 
95 
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is  formed  when  oxide  or  carbonate  of  silver  is  dis- 
solved in  dithionic  acid. 

Phosphates  of  Silver,  — Three  of  these  occur, 
namely: — (1.)  Triphosphate,  AggPO^,  obtained  by 
precipitating  a solution  of  ordinary  phosphate  of 
soda  by  one  of  nitrate  of  silver ; it  is  a yellow  pre- 
cipitate, which  turns  black  on  exposure  to  light. 
(2.)  Pyrophosphate,  Ag^PgO^,  is  obtained  in  a 
similar  manner,  employing  pyrophosphate  of  soda. 
(3.)  Metaphosphate,  AgPOg,  by  using  the  metaphos- 
phate of  soda. 

Silver  Carbonate,  AggCOg,  is  precipitated  in  the 
form  of  a white  insoluble  powder,  by  adding  carbonate 
of  potash  to  nitrate  of  silver.  It  blackens  on  exposure 
to  light,  and  is  easily  decomposed  by  heat. 

Silver  Fulminate,  AggCygOg. — ^'Phis  curious  and 
dangerous  compound,  used  for  making  crackers  and 
other  detonating  toys,  is  prepared  as  follows : — 100 
grains  of  fused  and  finely-powdered  nitrate  of  silver 
are  added  to  1 oz.  of  warm  alcohol,  and  the  mixture 
stirred  with  a wooden  stirrer  in  a sufficiently  large 
glass  basin ; 1 oz.  of  fuming  nitric  acid  is  then  added, 
when  a violent  effervescence  ensues,  and  a powder 
is  formed ; after  the  liquid  has  cooled,  this  is 
collected  upon  a filter,  washed,  and  carefully  dried 
at  a temperature  not  exceeding  100°.  In  collecting 
and  handling  this  powder  the  utmost  caution  is 
requisite.  It  should  be  made  in  very  small  quantities 
only,  and  touched  with  nothing  hard;  for  it  has 
sometimes  exploded  upon  the  contact  of  a glass  rod 
even  under  water.  The  feather  of  a common  quill 
serves  to  collect  it;  and  it  should  be  kept  in  a wide- 
mouthed vessel  covered  by  paper,  and  by  no  means 
in  a stoppered  or  even  a corked  phial,  as  serious 
accidents  have  arisen  from  its  unexpected  explosion. 
It  is  deposited  as  small,  white,  opaque,  shining 
needles,  with  a strong,  bitterish,  metallic  taste,  and 
very  poisonous;  and  it  is  slightly  soluble  in  cold 
water,  and  more  freely  in  ammonia.  It  blackens 
on  exposure  to  light,  giving  off  carbonic  acid  and 
nitrogen.  Gunpowder  may  be  mixed  with  this 
compound,  and  when  the  fulminate  is  exj^loded 
the  powder  is,  according  to  Liebig,  scattered  about, 
and  not  ignited.  Many  substances  are  capable  of 
decomposing  it,  and  an  extensive  series  of  double 
fulminates  exists.  It  has  been  a subject  of  inquiry 
by  many  chemists,  more  especially  Gay-Lussac  and 
Liebig.  The  compounds  of  silver  with  manganic, 
chromic,  molybdic,  and  other  acids,  are  very  num- 
erous ; but  as  they  are  unimportant,  it  will  not  be 
necessary  further  to  refer  to  them. 

Alloys  of  Silver. — The  alloys  of  most  import- 
ance in  the  arts  are  those  which  this  metal  forms 
with  copper,  copper  and  zinc,  and  copper,  nickel, 
and  zinc,  as  these  are  used  for  the  subsidiary  coinage 
in  various  countries;  but  it  may  be  alloyed  with 
most  other  metals.  The  presence  of  small  quantities 
of  some  metals— such  as  antimony,  arsenic,  bismuth, 
tin,  and  zinc — renders  silver  brittle,  and  therefore 
unsuited  to  the  purposes  of  coinage,  &c. 

Aluminium  forms  with  silver  alloys  which  are 
much  harder  than  aluminium,  but  fuse  at  a lower 
temperature,  and  are  therefore  used  as  solder  for  it. 


Copper  alloys  with  silver  in  all  proportions,  and 
forms  very  ductile  and  elastic  but  hard  alloys,  which 
are  capable  of  taking  a brilliant  polish.  So  long  as 
the  copper  does  not  exceed  about  one-eighth  of  the 
silver,  the  alloy  is  white ; but  the  surface  is  made 
white  in  the  case  of  the  poorer  class  of  alloys  by 
oxidising  the  superficial  copper,  and  subsequently 
dissolving  this  oxide  in  hot  dilute  sulphuric  acid. 
In  France  three  standard  alloys  are  employed, 
namely : — 

95  per  cent,  of  silver  and  5 per  cent,  of  ^'^nrT'plate* 

90  “ “ 10  “ “ for  coin. 

80  “ “ 20  “ “ for  jewellery. 

In  Germany  and  Austria  two  standards,  contain- 
ing 90  and  87-5  per  cent.,  are  employed. 

A curious  phenomenon,  known  as  liquation,  takes 
place  when  alloys  of  silver  and  copper  pass  from 
the  liquid  to  the  solid  state,  whereby  it  is  rendered 
impossible  to  obtain  a perfectly  uniform  alloy  of 
these  two  metals.  Levol  found  that  with  alloys  of 
a standard  higher  than  that  containing  7T9  per  cent, 
of  silver,  the  mass  is  richest  in  the  centre,  while 
with  this  alloy  (in  which  the  metals  exist  in  the  exact 
proportion  represented  by  the  formula,  AggCug)  no 
liquation  takes  place,  and  below  this  point  the 
liquation  renders  the  inside  poorer  in  silver  than 
the  outside.  Roberts  finds,  however,  that  these 
differences  are  very  considerably  modified  according 
to  the  rate  at  which  the  mass  is  allowed  to  cool. 
The  English  standard  alloy,  containing  92‘5  per  cent, 
of  silver,  will  be  described  subsequently. 

Gold  alloys  with  silver  in  all  proportions,  and  the 
metals  usually  accompany  each  other  in  the  native 
state.  The  manner  in  which  gold  is  extracted  from 
this  alloy  in  a pure  state  has  been  already  explained 
in  the  article  on  Gold. 

Lead,  in  very  small  quantities,  forms  a brittle  alloy 
with  silver.  It  is  capable  of  alloying  in  any  pro- 
portion, and  forms,  as  already  shown,  a convenient 
medium  for  extracting  silver  from  all  oxidisable 
metals  with  which  it  may  be  alloyed. 

Nickel  forms  a highly-magnetic  alloy  with  silver, 
and  that  containing  10  per  cent,  of  nickel  is  used 
for  subsidiary  coin  in  Switzerland. 

Platinum  and  silver  form  a series  of  alloys,  which 
are  less  ductile  than  pure  silver.  Even  though 
the  former  metal  be  only  present  in  very  minute 
quantities,  it  prevents  cupellation. 

Palladium  and  iridium  also  form  alloys  with  silver. 

Zinc,  in  conjunction  with  copper,  is  alloyed  with 
silver  to  form  the  metal  which  constitutes  the  subsi- 
diary coins  of  France ; the  composition  is  given  as — 

Part*. 


Silver, 8.-i5 

Conner, 93 

Zinc, 72 


1000 

And  an  alloy  of  80  per  cent,  of  silver  and  20  per 
cent,  of  zinc  constitutes  Doppler’s  reflector  metal. 

“With  mercury  silver  readily  amalgamates.  When 
red-hot  silver  is  thrown  into  heated  mercury,  it 
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dissolves;  and  wlien  8 parts  of  mercury  and  1 of 
silver  are  thus  combined,  a granular  crystalline  soft 
amalgam  is  obtained,  the  density  of  which  exceeds  the 
mean  density.  When  a solution  of  this  amalgam  in 
mercury  is  squeezed  through  chamois  leather,  the 
excess  of  mercury,  carrying  along  with  it  only  a 
small  portion  of  silver,  goes  through,  and  the  solid 
amalgam  is  left  behind. 

Bekzelius  found  a crystalline  amalgam  to  contain 
65  per  cent,  of  mercury  and  35  per  cent,  of  silver. 
Silver  amalgam  may  be  employed  for  plating  copper 
or  brass  with  a coating  of  silver  by  simply  covering 
the  metal  (previously  cleaned)  with  the  amalgam, 
and  applying  heat;  but  the  process  cannot  be 
advocated,  and  the  methods  subsequently  referred 
to  are  preferable. 

Standard  Silver. — In  England  the  same  alloy  is 
employed  both  for  the  coinage  and  for  the  manu- 
facture of  plate,  and  it  has  been  in  use  from  the 
earliest  times.  It  contains  11  ozs.  2 dwts.  of  silver 
and  18  dwts.  of  copper  per  troy  pound — i.e.,  92*5 
per  cent,  of  the  former  and  7'5  per  cent,  of  the 
Latter  metal — and  is  known  as  “standard”  silver. 
A richer  alloy,  containing  95  per  cent,  of  silver,  is 
employed  for  the  manufacture  of  medals.  The 
density  of  the  standard  metal  is  lower  than  calcula- 
tion would  indicate,  being  only  10‘20  instead  of  10'35. 

In  order  that  the  standard  of  plate  may  be  main- 
tained, the  Goldsmith’s  Company  in  London,  and 
the  assay  offices  in  several  of  the  larger  towns,  are 
required  to  impress  on  all  plate,  as  in  the  case  of 
gold,  before  it  is  offered  for  sale,  a mark  to  indicate 
that  it  is  of  the  requisite  standard,  together  with 
certain  other  marks  indicating  the  date,  the  maker’s 
name,  and  the  payment  of  duty ; the  expense  of 
such  examination  being  defrayed  by  the  manufacturer. 

AVhen  silver  alloyed  with  copper,  such  as  standard 
silver,  is  exposed  to  a red  heat  in  the  air,  it  becomes 
black  from  the  formation  of  a superficial  film  of 
oxide  of  copper.  This  may  be  removed  by  im- 
mersion in  hot  dilute  sulphuric  acid,  and  a film 
of  pure  silver  then  remains,  of  a beautiful  whiteness; 
this  is  called  hlnnched,  or  dead  silver.  It  is  usual  to 
employ  tliis  process  in  order  to  improve  the  colour 
of  objects  formed  of  alloyed  silver ; the  article, 
when  heated  nearly  to  redness,  is  plunged,  while 
still  hot,  into  water  acidulated  either  with  nitric  or 
sulphuric  acid;  the  external  oxide  of  copper  is  thus 
entirely  removed ; and  the  matted  appearance  of 
the  pure  silver,  which  now  forms  the  surface,  soon 
gives  place  to  a bright  poli.sh  by  rubbing  with  a 
burnisher.  The  blanks  for  coin  may  be  treated  in 
this  way  before  they  are  struck ; but  the  practice 
Wivs  abolished  in  the  English  Mint  for  reasons  already 
given  in  the  account  of  the  coinage  conkiined  in  the 
Article  Gold,  see  page  102. 

Articles  of  plate  are  often  deadened  or  matted  by 
boiling  in  bisuliihate  of  potash,  which  acts  in  the 
same  way  as  the  dilute  sulphuric  or  nitric  acid. 

Silver  Solder  consists  of — 


Silver 6G7 

Copper, 233 

Zinc 100 
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Spectrum  of  The  spectrum  of  silver  con- 

tains twenty-five  lines ; of  these,  two,  situated  in 
the  green,  exceed  in  brilliancy  the  well-known 
sodium  lines  in  the  yellow,  and  aU  the  important 
silver  lines  are  in  the  same  green  portion  of  the 
spectrum.  The  absorption  spectrum,  produced  by 
the  vapour  of  silver  obtained  in  the  manner 
adopted  by  M.  Stas,  was  found  by  Loceyer  and 
Roberts  to  belong  to  the  class  denominated  by  the 
former  channel-spaced  spectra. 

Silvering. — Almost  all  kinds  of  silvering  are 
now  performed  by  electro  - chemical  deposition, 
and  for  full  details  of  the  process  the  reader  is 
referred  to  the  article  Electro-Metallurgy;  but 
it  will  be  necessary  here  to  enumerate  certain  pro- 
cesses by  which  silver  can  be  deposited  on  various 
substances  without  the  aid  of  the  voltaic  current. 
The  coating  of  the  backs  of  ordinaiy  mirrors  and 
looking-glasses  consists  of  an  amalgam  of  tin  and 
mercury ; a coating  of  real  silver  may,  however,  be 
deposited  on  glass  by  one  of  the  methods  sub- 
sequently enumerated. 

Silver-plating,  properly  so  called,  consists  in  causing 
a thin  leaf  of  this  metal — prepared  by  hammering  in 
the  manner  already  described  in  detail  in  the  article 
on  Gold  (see  vol.  ii.  p.  103) — to  adhere  firmly  to  the 
surface  of  another  metal,  always  of  course  of  an 
inferior  value.  When  silver-leaf  is  to  be  applied  to 
the  surfaces  of  bodies,  the  methods  prescribed  for 
gold-leaf  are  also  generally  suitable.  Among  the 
metals,  copper,  brass,  and  German  silver  are  those 
on  which  the  silverer  most  commonly  operates ; iron 
is  seldom  silvered,  but  the  process  is  essentially  the 
same.  The  principal  steps  of  the  operation  are 
summarily  described  by  Dr.  Ure  as  follows : — 

1.  The  smoothing  down  the  sharp  edges,  and  polish- 
ing the  surface  of  the  copper,  or  other  metal,  to  be 
silvered. 

2.  The  annealing,  or  making  the  piece  to  be 
silvered  red-hot,  and  then  plunging  it  in  very  dilute 
nitric  acid,  till  it  is  bright  and  clean. 

3.  Pumicing,  or  clearing  up  the  surface  with 
pumice-stone  and  water. 

4.  The  warming  to  such  a degree  merely  as,  when 
it  touches  water,  it  may  make  a hissing  sound;  in 
this  state  it  is  dipped  in  very  weak  aquafortis, 
v/hereby  it  is  roughened  sufficiently  to  retain  the 
silver  leaves  that  are  to  be  applied. 

5.  The  hatching. — AVhen  the  asperities  so  formed 
are  inadequate  for  giving  due  solidity  to  the  silvering, 
the  plane  surface  must  be  hatched  all  over  with  a 
graving  tool ; but  the  chased  surfaces  need  not  be 
touched. 

7.  The  charging,  the  workman’s  term  for  silvering. 
— This  operation  consists  in  placing  the  silver  leaves 
on  the  heated  piece,  and  fixing  them  to  its  surface  by 
burnishers  of  steel  of  various  forms.  The  workman 
begins  by  applying  the  leaves  double.  Should  any 
part  darken  in  the  heating,  it  must  be  cleared  up  by 
the  scratch-brush. 

After  applying  two  sdver  leaves,  he  heats  the  articles 
to  the  same  degree  as  at  first,  and  then  fixes  on  with 
the  burnisher  four  additional  leaves  of  silver ; ami  he 
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goes  on  chargirtq  iil  the  same  way  four  or  six  leaves 
at  a time,  till  he  has  applied,  one  over  another, 
thirty,  forty,  fifty,  or  sixty  leaves,  according  to  the 
desired  solidity  of  the  silvering.  He  then  burnishes 
down  witli  great  pressure  and  address,  till  he  has 
given  the  surface  a uniform  silvery  aspect. 

Silvering  hy  the  aid  of  heat  may  be  performed  in 
various  ways,  of  which  the  following  are  the  most 
important: — The  surface,  previously  cleaned  with 
care,  and  dipped  in  a solution  of  nitrate  of  mercury, 
is  covered  with  a uniform  layer  of  silver  amalgam, 
and  subsequently  heated,  first  gently,  and  when 
the  layer  is  found  to  be  uniform,  the  heat  is  raised 
to  expel  the  mercury,  and  the  surface  is  subsequently 
burnished. 

A mixture  consisting  of  1 part  of  silver  in  a fine 
state  of  subdivision,  4 of  sal-ammoniac,  4 of  common 
salt,  and  one-fourth  part  of  corrosive  sublimate,  is 
made  and  formed  into  a paste,  with  a sufficient 
quantity  of  water;  and  when  the  surface  of  the 
article  has  been  coated  with  this  mixture,  it  is 
heated  to  the  fusing  point  of  the  mixture  of  salt. 

Another  method  consists  in  rubbing  the  surface 
with  a mixture  of  equal  parts  of  chloride  of  silver, 
silver  in  a fine  state  of  subdivision,  and  calcined 
borax,  heating  to  a dull  redness,  and  then  introducing 
the  article  into  a solution  of  common  salt  and  cream 
of  tartar ; then  covering  the  surface  with  a paste  of 
equal  parts  of  sal-ammoniac,  common  salt,  and 
sulphate  of  zinc,  again  heating  and  dipping  into  the 
same  liquid.  This  process  is  repeated  until  a surface 
of  the  requisite  thickness  is  obtained. 

Silvering  without  the  aid  of  heat,  and  hy  Immersion. — 
The  following  are  a few  of  the  preparations  and 
solutions  which  have  been  recommended  by  various 
authors  as  suitable  for  depositing  silver  without  the 
necessity  of  raising  the  temperature  of  the  body — a 
practice  which  would  in  many  cases  destroy  the 
article  by  fusing  the  soldered  joints  : — 

The  old  method  of  obtaining  a thin  coat  of  silver 
consisted  in  employing  a paste  formed  by  mixing 
water  with  equal  parts  of  chalk,  cream  of  tartar,  and 
chloride  of  silver ; or  with  1 part  of  freshly  precipii- 
tated  chloride  of  silver,  5 of  common  salt,  and  5 of 
cream  of  tartar. 

A second  process,  recommended  by  Roseleur  and 
Lanaux,  is  to  dissolve  6 parts  of  sulphite  of  soda 
ami  1 part  of  a salt  of  silver  in  6 parts  of  water,  the 
object  being  warmed  after  rubbing  with  this  mixture. 

Another  method — frequently  adopted  for  plating 
small  brass  or  copper  articles,  such  as  the  scales  of 
tlierinometers — consists  in  rubbing  them,  after  being 
properly  cleaned,  with  a mixture  of  100  parts  of 
cream  of  tartar,  10  of  chloride  of  silver,  and  1 of 
corrosive  sublimate : the  surface  should  then  be 
polished. 

If  a wet  rag  be  dipped  in  a powder  consisting  of 
2 parts  of  cyanide  of  potassium,  1 of  n.itrate  of  silver, 
and  5 of  chalk,  and  rubbed  on  the  surface  of  an 
object,  it  is,  according  to  Boudier,  covered  with  a 
firmly  adhering  layer  of  silver. 

Silvering  of  Glass,  &c. — Drayton  proposed  in  184.3 
a method  of  coating  glass  surfaces,  such  as  mirrors. 


&c.,  by  the  reduction  of  an  ammoniacal  solution  of 
nitr  te  of  silver  by  one  of  the  essential  oils. 

The  process,  as  modified  by  Petitjean,  is  carried 
out  as  follows: — The  glass  to  be  silvered  having 
been  laid  on  a horizontal  cast-iron  table,  is  well 
cleaned,  and  solutions  of  the  silver  salt  and  tartaric 
acid  are  poured  over  it.  In  twenty  minutes  the 
deposition  commences,  and  the  whole  process  is 
completed  in  an  hour  and  a quarter.  The  liquid  is 
now  poured  off,  and  the  glass  washed,  dried,  and 
covered  with  a coat  of  varnish.  The  deposition  by 
this  means  has  the  advantage  of  being  a perfectly 
healthy  occupation,  and  costing  less  than  when 
mercury  is  employed  ; but  the  method,  nevertheless, 
has  certain  objections,  the  principal  of  which  is  a 
yellowish  tint  on  the  glass ; but  all  of  them  are 
effectually  avoided  by  the  modification  introduced 
by  Lenoir,  which  consists  in  sprinkling  the  surface 
after  washing  with  a dilute  solution  of  the  double 
cyanide  of  mercury  and  potassium.  The  silver  is 
partially  dissolved,  while  an  amalgam  is  instantan- 
eously produced,  both  more  adhesive  and  much 
whiter  than  pure  silver.  The  solar  rays,  moreover, 
have  less  effect  upon  it  than  before  such  a treatment, 
neither  are  sulphur  vapours  so  liable  to  attack  it. 

Estimation  of  Silver. — The  behaviour  of  various 
reagents  with  solutions  of  silver  is  given  in  a tabular 
form  in  the  article  on  Gold,  to  which  the  reader  is 
referred.  In  general,  the  soluble  salts  of  silver  are  re- 
cognized by  furnishing  a white  precipitate  with  hydro- 
chloric acid  and  the  soluble  chlorides,  which  blackens 
by  exposure  to  light,  and  which  is  readily  soluble  in 
ammonia ; and  by  affording  metallic  silver  upon 
the  immersion  of  a plate  of  copper.  The  salts  in- 
soluble in  water  are  mostly  soluble  in  ammonia ; and 
when  heated  with  carbonate  of  soda  on  charcoal 
before  the  blow-pipe  they  afford  a globule  of  silver. 
A yellow  precipitate  on  th.e  addition  of  phosphate 
of  soda  to  a neutral  solution,  a red-brown  with 
arseniates,  a crimson  with  the  chromates,  and  white 
with  ferrocyanide  of  potassium,  are  further  character- 
istics of  the  soluble  salts  of  silver. 

Tin  and  lead  are  the  most  rapid  precipitants  of 
metallic  silver  from  the  nitrate ; cadmium,  zinc, 
copper,  bismuth,  and  antimony  are  more  slow  in 
their  operation,  and  mercury  still  more  tardy. 
Chloride  of  silver  is  rapidly  reduced  by  most  of  the 
metals  which  form  soluble  chlorides,  such  as  zinc, 
iron,  cadmium,  cobalt,  and  arsenic.  Zinc,  copper, 
and  arsenic  rapidly  reduce  the  ammoniacal  solution 
of  oxide  of  silver.  Of  all  the  metallic  precipitants 
zinc  and  cadmium  are  the  most  effective  ; when  zinc 
or  antimony  is-  used,  the  separated  silver  contains 
the  precipitating  metals. 

The  solubility  of  silver  in  nitric  acid,  and  the 
complete  insolubility  of  its  chloride  in  acid  solutions, 
facilitate  the  separation  of  silver  from  other  metals. 
When  its  amount  is  to  be  estimated  quantita- 
tively, the  alloy  or  pulverized  ore  is  dissolved 
in  nitric  acid,  and  the  silver  is  precipitated  as  a 
chloride  by  adding  a slight  excess  of  hydrochloric 
acid.  In  order  that  a dense  precipitate  may  be 
obtained,  the  solution  should  be  heated  nearly  to 
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the  boiling  point  previous  to  the  addition  of  the 
precipitant.  When  the  whole  of  the  chloride  has 
settled  at  the  bottom  of  the  vessel,  the  supernatant 
liquor  is  carefully  drawn  off  by  means  of  a glass 
syphon  ; and  the  chloride,  after  being  well  washed 
by  repeated  decantations  with  water  slightly  acidu- 
lated with  nitric  acid,  is  transferred  to  a thin 
porcelain  capsule,  the  weight  of  which  has  been 
accurately  ascertained.  It  is  carefully  dried  in  a water 
bath,  and  then  heated  over  the  flame  of  a gas-burner 
or  spirit  lamp  until  it  fuses,  and  the  crucible  with 
its  contents  are  again  weighed  while  warm.  The 
difference  between  the  first  and  second  weighings 
gives  the  amount  of  the  chloride,  from  which  that  of 
the  silver  can  be  deduced  by  the  simple  proportion : — 

As  100  : 75'27  : : K,  or  the  weight  of  chloride 
obtained,  to  x,  the  weight  of  silver  in  the  ore 
operated  on  ; since  every  100  parts  of  the  chloride 
correspond  to  7b'27  parts  of  metallic  silver. 

U'his  principle  is  applied  to  the  assay  of  bullion  in 
the  Indian  mints,  and  will  be  found  referred  to  under 
the  head,  “ Humid  Methods  of  Assay,”  at  page  760. 

Valuation  of  Silver  Alloys. — In  the  article  ou  Gold 
(vol.  ii.  page  96)  it  has  already  been  explained  that 
silver  assays  may  be  reported  either  on  the  French  or 
decimal  system,  or  on  what  is  called  the  trade  system. 
On  this  latter  the  assay  pound  (usually  12  grains 
troy)  is  divided  into  12  parts  called  “ ounces,”  each 
“ounce”  into  20  “ pennyweights,”  and  each  “penny- 
weight” into  24  “excess  grains.”  Thus  the  whole 
assay  pound  contains  5760  excess  grains,  and  the 
division  is  exactly  analogous  to  that  of  the  troy 
pound ; any  report,  therefore,  on  this  system  gives 
at  once,  without  calculation,  the  amount  of  fine 
silver  per  troy  pound  of  the  alloy.  The  following 
tables,  similar  in  form  to  those  given  in  the  Valua- 
tion of  Gold  Alloys,  will  be  found  useful : — 


Ounces. 

Decimal 

Penny- 

Decimnl 

Excess 

Decimal 

Equivalent. 

weights. 

Equivalent. 

Grains. 

Equivalent. 

1 

83-3 

1 

4-16 

1 

0-17361 

2 

8-3 

2 

0-347-2 

2 

166-6 

3 

12-49 

3 

0 -.5-2083 

4 

0-694 

3 

2.50-0 

4 

16-6 

5 

0-86805 

5 

20-83 

6 

1-0416 

4 

333-3 

6 

24-9 

29-16 

7 

8 

1-21527 

1-38 

7 

5 

416-6 

8 

33-3 

9 

10 

1-56249 

l-736i 

C 

500-0 

9 

37-49 

11 

1-90972 

10 

41-6 

12 

2-083 

7 

683-3 

11 

12 

45-8-2 

49-9 

13 

14 

2-2.5694 

2-4305 

15 

2-60416 

8 

666-6 

13 

.54-16 

16 

2-7 

14 

58-3 

17 

2-95138 

9 

750-0 

15 

6-2-49 

18 

3-1249 

16 

66-6 

19 

3-29861 

10 

833-3 

17 

70-83 

20 

3-47-2 

21 

3-64583 

11 

916-6 

18 

74-9 

22 

3-8194 

19 

79-16 

23 

3-99305 

12 

1000-0 

20 

83-3 

24 

4-16 
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Excess 

Decimal 

Penny- 

Grains. 

Equivalent. 

Weights. 

Ounces. 

1 

0-1736 

Assay  Pound. 

4-13 

1 

24 

1 

20 

480 

83 -6‘ 

1 

12 

240 

5760 

1000-0 

The  terms  betterness  and  worseness  (indicated 
by  B and  W)  are  used  to  show  that  the  alloy 
contains  a greater  or  less  proportion  of  the  preci- 
ous metal  than  the  standard  alloy,  which  contains 
or  11  ozs.  2 dwts.  per  lb.  troy.  Excess 
grains,  however,  whether  used  in  conjunction  with 
B or  W,  always  express  betterness.  Thus  a report, 
B,  6^  dwts.  5 excess  grains,  would  indicate  an  alloy 
containing  5 grains  per  lb.  of  silver  more  than  that 
contained  in  an  alloy  of  the  standard,  B,  6|^  dwts. ; 
and  further,  a report,  W,  6^  dwts.  5 excess  grains, 
would  not  indicate  an  alloy  containing  5 grains 
per  lb.  less  than  the  report,  W,  6|  dwts.,  but  this 
amount  in  excess  of  that  report.  This  difference 
will  be  more  clear  if  the  decimal  equivalents  be 
given : — 

Trade  Report.  Decimal  Equlyalent 

B,  6i  5 952-95 

B,  64  0,  952-08 

W,  64  5,  898-82 

W,  64  0,  897-95 

Assay  of  the  Alloys  and  Ores  of  Silver  in 
THE  Dry  Way. — In  this  process  the  object  sought  is 
to  obtain  the  silver  and  other  metals  that  may  be 
present  in  the  form  of  an  alloy  with  lead,  which  is 
afterwards  introduced  into  the  muffle,  and  cupelled  in 
the  ordinary  way.  All  the  oxidisable  metals  are  thus 
removed,  the  silver  remaining  behind  in  a pure  state 
— that  is,  free  from  all  metals  except  gold,  platinum, 
and  any  other  non-oxidisable  metals  that  may  be 
present.  Should  appreciable  quantities  of  such 
metals  be  known  to  be  present,  the  dry  method  of 
assay  is  not  applicable  in  its  simple  form,  but  must 
be  supplemented  by  the  use  of  nitric  acid,  as  de- 
scribed under  the  heading,  “ Parting  Assays,”  in 
the  assay  of  gold  (vol.  ii.  page  122)  ; or  one  of  the 
wet  methods  of  assay  of  silver,  subsequently  de- 
scribed, may  be  resorted  to. 

The  preliminary  operations  to  which  minerals 
containing  silver  are  subjected,  and  the  form  of  the 
cupels  and  other  apparatus  employed,  have  been 
fully  described  in  connection  with  the  analogous 
processes  followed  in  the  assaying  of  gold  ores,  and 
therefore  it  will  be  quite  unnecessary  to  repeat  them 
in  this  place. 

Ores,  according  to  their  nature,  are  either  (1) 
fused  with  a reducing  flux,  such  as  charcoal  or  black 
flux  in  conjunction  with  litharge,  in  order  to  pro- 
duce metallic  lead  in  which  to  collect  the  silver ; or 
(2)  fused  with  an  oxidising  agent,  such  as  litharge 
or  nitre  ; or  (3)  scorified. 

Ores  of  silver,  in  which  the  metals  that  are  present 
exist  in  the  form  of  reducible  oxides,  are  commonly 
treated  according  to  the  first  of  these  methods.  The 
proportion  of  litharge  employed  for  this  purpose, 
says  Phillips,  must  be  varied  according  to  circum- 
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stances,  as  the  resulting  button  of  alloy  should  not 
be  too  rich,  since  in  that  case  a portion  of  the  silver 
is  lost  in  the  slag ; nor  too  poor,  as  the  cupellation 
•would  then  occupy  a long  time,  and  a loss  through 
sublimation  be  entailed.  In  ordinary  cases,  if  400 
grains  of  ore  be  the  quantity  operated  on,  a button 
of  200  grains  ■will  be  a very  convenient  amount  for 
cupellation  ; and  this  may  be  obtained  by  the  addi- 
tion of  MOO  grains  of  litharge,  and  from  7 to  8 
grains  of  finely-powdered  charcoal.  The  whole  is 
to  be  well  mi.xed  with  200  grains  of  carbonate  of 
soda  on  a sheet  of  highly-glazed  paper,  and  after- 
wards introduced  into  an  earthen  crucible,  of  which 
it  should  not  fill  more  than  two-thirds  the  capacity. 
It  is  now  covered  with  a thin  layer  of  borax,  and 
heated  in  an  ordinary  assay  furnace — care  being  taken 
to  withdraw  it  from  the  fire  as  soon  as  a liquid  and 
perfectly  homogeneous  slag  has  been  obtained,  as 
the  unreduced  litharge  would  otherwise  be  liable  to 
eat  through  the  pot  and  spoil  the  experiment.  When 
it  has  sufficiently  cooled,  the  crucible  is  broken,  and 
the  button  of  alloy  obtained  is  cupelled.  When 
other  minerals  than  oxides  or  carbonates  are  to  be 
examined,  the  addition  of  charcoal,  or  any  similar 
reducing  agent,  becomes  in  many  instances  unneces- 
sary, as  htharge  readily  attacks  all  the  sulphides, 
arsenio-sulphides,  &c.,  and  oxidises  nearly  the  whole 
of  their  constituents,  with  the  exception  of  silver, 
whilst  a proportionate  quantity  of  metallic  lead  is  at 
the  same  time  set  free.  The  slags  formed  in  this 
way  contain  the  whole  of  the  excess  of  litharge 
added,  and  the  button  of  alloy  produced  is  subjected 
to  cupellation  in  the  usual  manner. 

All  the  directions  given  with  regard  to  the  assay 
of  gold  ores  (see  vol.  ii.  page  114),  and  the  method 
there  described  for  diminishing  the  amount  of 
reduced  lead  which  has  to  be  subsequently  treated 
by  cupellation,  apply  with  equal  force  to  the  assay 
of  silver  ores,  and  need  not  here  be  repeated.  The 
treatment  to  which  an  ore  is  subjected  depending 
to  a great  extent  on  its  nature,  it  is  well  to  make  a 
preliminary  assay,  in  order  that  in  the  actual  assay 
only  a certain  amount  of  lead  alloy  may  be  submitted 
to  cupellation.  Mitchell  recommends  that  all  ores 
be  subdivided  into  three  classes,  indicating  the  special 
treatment  to  which  they  should  be  subjected.  These 
classes  are — (1)  Ores  which,  on  fusion  with  excess  of 
litharge,  give  no  metallic  lead,  or  less  than  their  own 
weight.  (2)  Those  which  give  their  own  weight,  or 
nearly  so,  of  metallic  lead;  and  (3)  those  which  give 
more  than  their  own  weight  of  metallic  lead.  For  this 
preliminary  assay  20  grains  of  very  finely  pulverized 
ore  are  mixed  with  500  grains  of  litharge,  and  placed 
in  a crucible  of  such  size  that  it  is  only  half  full. 
After  being  carefully  warmed  it  is  rapidly  heated  in 
a bright  fire,  and  when  the  mixture  is  thoroughly 
fused  the  pot  is  removed,  cooled,  and  broken.  The 
ore  belongs  to  the  first,  second,  or  third  of  the 
above  classes,  according  as  the  resulting  button 
weighs  less  than,  the  same  as,  or  mo're  than  20 
grains,  the  weight  of  ore  originally  taken.  Now 
200  grains  of  lead  alloy  is  a convenient  quantity  to 
cupel;  hence,  in  the  actual  assay,  bodies  of  the 


second  class  require  simple  fusion  with  litharge  and 
a suitable  flux ; those  of  the  first  class  require  the 
addition  of  such  a quantity  of  a reducing  agent  that 
the  final  button  may  weigh  200  grains;  and  those 
of  the  third  class,  such  a proportion  of  an  oxidising 
agent  as  shall  oxidise  all  lead  in  excess  of  200  grains. 
An  excellent  reducing  agent  is  argol  (commercial 
cream  of  tartar)  ; and  nitrate  of  potash  is  the  oxidis- 
ing agent  usually  employed.  The  former  is  capable 
of  reducing  about  6 times  its  weight  of  litharge,  and 
the  latter  of  oxidising  about  4 times  its  weight. 
These  data  suffice  for  determining  the  quantities 
required  for  assaying  ores  of  the  first  and  third 
classes  respectively,  when  the  results  of  the  pre- 
liminary assays  are  known. 

Scorijication. — This  process  has  been  sufficiently 
described  under  the  Assay  of  Gold;  it  is  only  neces- 
sary to  add  that  it  is  applicable  to  every  kind  of 
argentiferous  matter,  and  is  both  the  most  conve- 
nient and  the  most  exact  method  of  assay  when  large 
numbers  of  assays  are  required  to  be  done. 

Cvpellatloii. — This  process  has  also  been  described 
in  considerable  detail  in  the  Assay  of  Gold;  but  it 
will  be  nece.ssary  here  to  give  some  account  of  the 
precautions  to  be  taken  when  silver  is  under 
examination. 

In  the  assay  of  alloys  of  silver  with  copper  it  is,  of 
course,  necessai'y  to  add  the  requisite  amount  of  lead ; 
whereas  when  ores  are  being  assayed,  the  preliminary 
fusion  or  scorification  has  rendered  this  unnecessary. 
If  the  composition  of  an  alloy  be  not  approximately 
known,  a preliminary  assay  will  therefore  be  needed. 
An  experienced  assayer  will  frequently  be  able  to 
judge  with  sufficient  accuracy  from  the  colour  and 
hardness  of  the  metal ; but  when  cupellation  must 
be  resorted  to,  50  grains  of  pure  lead  and  2 grains 
of  the  alloy  may  be  introduced  into  the  cupel,  and 
worked  in  the  manner  about  to  be  described.  Or 
the  composition  may  be  roughly  ascertained  by  com- 
paring tlie  appearance  of  a streak  made  by  the  alloy 
on  a touchstone  with  those  of  a series  of  “ test 
needles,”  or  by  noting  the  amount  of  oxidation  pro- 
duced on  a cle.an  piece  of  the  alloy  when  introduced 
into  the  muffle  for  a definite  period.  Gay-Lussac 
himself  suggested  that  a galvanic  couple,  formed  of 
the  unknown  alloy  and  pure  silver,  should  be  em- 
ployed as  a means  of  determining  its  approximate 
composition ; or  else,  that  a series  of  standard  alloys 
be  used,  and  successively  associated  with  the  alloy  until 
no  deflection  of  the  galvanometer  needle  is  observed. 

The  amount  of  lead  present  should  be  greater  in 
proportion  as  the  quantity  of  copper  is  more  con- 
siderable ; but  in  cupelling  an  alloy  of  silver  and 
copper,  the  same  amount  of  lead  cannot  safely  be 
added  as  in  treating  an  alloy  of  copper  and  gold,  as 
the  greater  volatility  of  the  silver  would  cause  a 
considerable  loss  of  that  metal  before  the  whole  of 
the  lead  could  be  absorbed.  In  this  case,  therefore, 
the  following  table,  showing,  according  to  D’Arcet, 
the  amount  of  lead  necessary  to  effect  the  proper 
cupellation  of  various  alloys  of  silver  and  copper, 
must  be  substituted  for  that  given  at  the  place  above 
referred  to : — 
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Stiindard  of 
Silver. 

Ratio  of  Weight  of  Lead  to 
Weight  uf  AsiUiy. 

Ratio  of  Weight  of  Lead  to 
Weight  of  Coiiper  Present. 

1000 

3-lOth  to  1 



9.^0 

3 to  1 

60  to  1 

900 

7 to  1 

70  to  1 

800 

10  to  1 

50  to  1 

700 

12  to  1 

40  to  1 

600 

14  to  1 

35  to  1 

500 

IG  or  17  to  1 

32  or  34  to  1 

400 

16  or  17  to  1 

27  or  28  to  1 

300 

16  or  17  to  1 

23  or  24  to  1 

200 

16  or  17  to  1 

20  or  21  to  1 

100 

16  or  17  to  1 

18  or  19  to  1 

Pure  copper. 

16  or  17  to  1 

16  or  17  to  1 

Makins,  however,  points  out  that  there  are  great 
difficulties  in  working  fine  silver  with  less  than  three 
times  its  weight  of  lead,  and  he  considers  that 
results  obtained  on  alloys  very  rich  in  silver  are  not 
satisfactory  when  a smaller  quantity  is  used.  He 
employs  six  times  its  weight  for  the  assay  of  metal 
of  the  English  standard  (925  parts  to  1000),  and 
increases  the  proportion  for  coarser  varieties. 

In  the  above  table  the  numbers  in  the  second 
column,  which  express  the  quantity  of  lead  neces- 
sary to  be  added  in  each  case,  are  multiples  of  the 
weight  of  alloy  on  which  the  operation  is  performed. 
Hence,  in  the  third  line,  for  example,  in  which  the 
alloy  consists  of  900  of  silver  and  100  of  copper  for 
each  grain  of  alloy  taken,  7 grains  of  lead  will  be 
necessary ; and  as  each  grain  of  alloy  contains  only 
one-tenth  of  its  weight  in  copper,  it  follows  that  the 
ratio  of  the  lead  to  the  copper  is  as  70  to  1. 

It  will  be  remarked  also  that  here,  as  in  the  table 
given  for  an  alloy  of  gold  and  copper,  the  proportion 
of  lead  to  be  employed  for  a silver  alloy  below  the 
standard  of  500  remains  constantly  the  same. 

Although  silver  is  not  appreciably  volatilized  when 
melted  alone,  yet  it  is  so  to  a certain  extent  in  the 
presence  of  lead,  and  therefore  the  cupellation  should 
be  made  at  the  lowest  temperature  at  which  the 
absorption  of  the  litharge  can  be  effected ; and  even 
when  every  precaution  is  used,  there  is  always  a loss 
of  silver  in  cupellation,  for  which  allowance  must 
be  made. 

It  must  be  carefully  noted,  however,  that  the  heat 
must  be  raised  as  much  as  possible,  in  consequence 
of  the  necessity  of  removing  all  foreign  metals  on 
the  cupel — the  furnace  process  not  being  followed, 
as  in  the  case  of  gold,  by  treatment  of  the  button  in 
nitric  acid.  The  cooling  also  of  the  furnace  must 
be  accomplished  with  considerable  care,  in  order  to 
avoid  loss  of  silver  by  the  expulsion  of  oxygen, 
which  attends  the  rapid  solidification  of  silver  buttons. 
The  heat  should  therefore  be  so  adjusted  that  only 
slight  fumes  are  visible  over  the  cupels,  and  the 
fused  metal  should  be  very  luminous  and  easily 
distinguishable  from  the  cupel.  With  too  low  a 
temperature,  crystals  of  litharge  are  liable  to  collect 
round  the  button ; and  with  an  excessive  heat,  the 
fumes  rise  rapidly  to  the  crown  of  the  muffle.  In 
cooling  down  the  furnace  prior  to  withdrawing  the 
assays,  special  care  must  be  taken  to  avoid  the 
admission  of  cold  air  into  the  muffle,  as  this  would 
be  followed  by  the  “spitting”  mentioned  above.  A 


convenient  method  of  avoiding  such  an  accident 
consists  in  surrounding  the  closed  door  of  the  muffle 
with  glowing  coals,  and  in  not  opening  it  until  the 
upper  coals  in  the  furnace  are  blacL 

When  other  metals  besides  lead  and  silver  are 
present  in  an  alloy,  the  cupel  usually  Etffords  indica- 
tions, from  which  it  is  generally  possible  to  judge  of 
their  nature,  and  roughly  of  the  amount  in  which 
they  exist. 

The  following  are  the  results  of  experiments  made 
in  order  to  ascertain  the  influence  of  the  several 
metals  on  the  nature  of  the  resulting  button,  and 
the  action  on  the  cupel ; but  the  appearance  due  to 
each  metal  is  so  often  masked  by  the  presence  of 
another,  that  the  indications  given  cannot  be  con- 
sidered of  much  practical  value : — 

Alumimum. — Yellowish  stain,  with  scoria  which 
float  on  the  surface  of  the  button. 

Antimony. — Light  yellow  slag,  which  sometimes 
cracks  the  cupel. 

Arsenic. — Sage  green  stain. 

Cadmium. — Black  ring  near  the  top  of  the  cupel. 

Chromium. — Hark  brick-red  stain. 

Cohalt. — Dark  green  scoria  and  greenish  stain. 

Copper. — Dark  brown  or  green  colour. 

Iron. — Dark  red-brown  stain  at  commencement  of 
operation,  leaving  a dark  ring  on  the  cupel 

Lead. — Straw  or  orange-yellow  colour. 

Manganese. — Dark  bluish-black  stain  and  corrosion 
of  the  cupel 

Nickel. — Dark  green  scoria  and  greenish  stains. 

Palladium  and  Platinum.  — Green  stain  and  very 
crystalline  button. 

2’in. — Forms  a grey  slag. 

Zinc. — Yellow  ring  on  cupel ; the  metal  burns 
with  a brilliant  flame,  gives  out  copious  vapours, 
and  corrodes  the  cupel. 

On  withdrawing  from  the  muffle,  the  buttons  are 
usually  struck  on  their  sides,  on  an  anvil,  prior  to 
brushing  them  with  a stiff  brush,  in  order  to  remove  all 
adhering  bone-ash,  when  they  are  ready  for  weighing. 
The  loss  by  volatilization  and  absorption  in  the  cupel 
being  much  greater  than  in  the  assay  of  gold,  it  is 
usual  in  works  on  assaying  to  give  a table  exhibiting 
the  results  of  experiments  made  in  the  French  Mint, 
with  a view  to  ascertain  the  amount  of  such  loss  in 
alloys  of  all  degrees  of  fineness.  Such  a table  is, 
however,  of  but  little  use  to  the  assayer,  as  the  loss 
depends  on  so  many  varying  circumstances  that  it 
is  far  from  being  constant,  even  when  every  pre- 
caution is  tiiken.  The  best  method  of  eliminating 
it  is  the  use  of  a number  of  “ check  ” assays  made 
on  fine  silver,  side  by  side  with  the  metal  under 
examination,  in  the  manner  recommended  in  the 
article  on  the  assay  of  gold.  Since,  however,  the 
loss  is  much  greater,  and  varies  considerably  through- 
out the  muffle,  it  is  necessary  that  a greater  number 
of  check  assays  be  made.  In  the  Royal  Mint  nine 
checks  are  worked  in  a fire- of  45  assays,  or  one  in 
each  row,  and  a correction  is  applied  to  each  assay 
deduced  from  the  checks  in  its  immediate  neigh- 
bourhood. Considerable  judgment  is  required  in 
applying  such  corrections  to  the  weights  obtoined. 
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The  amount  of  the  correction  may  be  as  much  as 
10  parts  in  1000,  and  the  experiments  of  Hambly 
appear  to  show  that  the  loss  of  silver  increases  with 
the  weight  of  lead  present. 

Other  Mijthods  of  Estimating  Silver  in  the 
Dry  Way  : — The  two  following  processes  for  deter- 
mining the  amount  of  silver  without  first  dissolving 
it  are  described  by  Fresenius,  and  are  applicable  in 
the  cases  specified; — 

(1)  Determination  as  Chloride. — Specially  applicable 
to  bromides  and  iodides  of  silver.  The  mass  under 
examination  is  placed  in  a bulb  tube,  and  after  fusion 
is  cooled  and  weighed.  Chlorine  gas  is  then  caused 
to  pass  over  for  some  time,  the  bulb  being  weighed 
from  time  to  time  until  no  change  of  weight  is 
observed ; care  must  be  taken  to  remove  any  residual 
chlorine  gas  before  weighing. 

(2)  Determination  as  Metallic  Silver.  — Applicable 
to  oxide  and  carbonate  of  silver,  its  compounds  with 
organic  acids,  and  its  chloride,  bromide,  and  sulphide. 
In  the  case  of  oxides,  carbonates,  and  compounds 
with  organic  acids,  a simple  ignition  in  a porcelain 
crucible  will  suffice.  The  results  can  be  taken  to  be 
absolutely  accurate,  except  when  organic  salts  are 
examined,  when  there  is  a chance  of  a minute  quantity 
of  carbon  being  retained  in  the  silver.  For  the 
estimating  of  chlorides,  bromides,  and  sulphides  (but 
not  iodides),  the  apparatus  used  for  determining  as 
chloride  may  be  used,  hydrogen  gas  being  substituted 
for  chlorine. 

Humid  Methods  of  Assay. — Various  methods 
have  been  proposed  from  time  to  time  for  estimating 
the  amount  of  silver  contained  in  a solution  of  this 
metal;  in  some  of  these  the  precipitate  is  dried  and 
weighed,  and  the  amount  of 'silver  present  determined 
by  calculation,  and  in  others  the  volumetric  method 
is  resorted  to.  Fresenius  classifies  the  first  series 
as  follows : — 

(1)  Chloride  of  Silver. — This  method  is  applicable 
to  all  compounds  of  silver.  It  has  been  already 
briefly  referred  to  ; but  it  may  be  well  to  describe  in 
a few  words  the  system  now  practised  in  the  Indian 
Mints,  where  it  is  exclusively  employed  for  the  assay 
of  silver  bullion. 

After  the  samples  of  alloy  for  assay  have  been 
accurately  weighed,  so  that  each  weighs  18'817  grains 
(for  a reason  that  will  presently  appear),  they  are 
transferred  to  12-ounce  stoppered  bottles,  and  to 
each  is  added  1'5  drachm  of  nitric  acid  of  specific 
gravity  1'200  for  ordinary  standard  metal  (that  is, 
containing  91(r6  parts  per  1000,  which  is  the  stan- 
dard of  the  Indian  coinage),  or  1-320  for  fine  metal, 
or  when  the  nature  of  the  alloy  is  uncertain  ; the 
solution  is  aided  by  a gentle  heat.  About  6 ozs.  of 
distilled  water  and  1-5  drachm  of  hydrochloric  acid, 
of  specific  gravity  1-060,  are  added  to  each  bottle. 
They  are  well  shaken,  filled  with  water,  and  allowed 
to  re.st  for  four  hours.  The  supernatant  liquid  is 
then  carefuUy  decanted  by  means  of  a syphon,  and 
the  chloride  washed  several  times  in  distilled  water. 
It  is  then  transferred,  under  water,  to  a Wedgewood 
cup,  in  which  it  is  broken  up  by  a glass  rod  and 
dried  at  a moderate  temperature,  when  it  assumes  a 


compact  form,  and  should  be  transferred  at  once  to 
the  balance  to  be  weighed  while  warm. 

The  weight  of  silver  present  can  be  deduced  from 
the  weight  of  chloride  obtained,  for  each  lliO  parts 
of  the  latter  contain  75-27  parts  of  fine  metal ; and 
the  weight  taken,  18-817  grains,  is  such  that  it 
would,  if  pure  silver,  produce  exactly  25  grains  of 
chloride.  Thus,  a decimal  series  of  weights  is  pre- 
pared in  which  the  1000  weighs  25  grains;  and  if 
these  be  employed  in  weighing  the  chloride  obtained, 
they  will  indicate  the  standard  of  the  alloy  w’ithout 
calculation.  Chloride  of  silver,  although  extremely 
insoluble  in  water  and  dilute  nitric  acid,  is  soluble 
perceptibly  in  strong  nitric  acid  and  in  hydrochloric 
acid,  especially  if  concentrated  and  boiling.  It  is 
also  soluble  in  most  aqueous  solutions  of  chlorides, 
and  in  solutions  of  the  nitrates  of  the  alkalies  and 
the  alkaline  earths.  Hence  the  method  is  specially 
applicable  when  none  of  these  salts  are  liable  to  be 
present. 

(2)  Sulphide  of  Silver. — Sulphuretted  hydrogen  or 
sulphide  of  ammonium  may  be  employed  to  separate 
silver — the  former  from  any  solution  whatever, 
and  the  latter  only  from  neutral  and  alkaline 
solutions.  The  precipitate  is  allowed  to  settle, 
filtered  rapidly  with  the  exclusion  of  air,  and  dried 
on  a weighed  filter  at  100°  C.  There  is  a certain 
amount  of  risk,  however,  in  the  process,  in  conse- 
quence of  sulphur  being  rapidly  liberated  if  the 
sulphide  be  exposed  to  air,  or  if  the  solution  con- 
tains substances  which  reduce  sulphuretted  hydrogen. 
When  this  seems  probable.  Rose  recommends  that 
it  be  converted  into  metallic  silver  by  heating  to 
redness  in  a porcelain  crucible  in  a stream  of 
hydrogen. 

(3)  Cyanide  of  Silver.  — A neutral  solution  of 
silver  is  mixed  with  cyanide  of  potassium  until  the 
precipitate  formed  is  dissolved;  then  nitric  acid  is 
added,  and  heat  applied.  Any  free  acid  present 
must  be  neutralized.  The  precipitate  is  collected 
on  a weighed  filter,  dried  at  100°  C.,  and  weighed. 

(4)  Metallic  Silver. — AVhen  nitric  acid  is  present 
sulphuric  acid  is  added,  and  the  liquid  evaporated 
till  all  the  former  is  driven  off ; the  sulphate  formed 
is  dissolved  in  hot  water,  and  placed  in  a weighed 
porcelain  crucible,  in  which  is  also  placed  a rod  of 
cadmium.  The  silver  is  soon  reduced ; it  is  separated 
from  the  cadmium,  and  wai-med  with  the  acid  fluid 
till  no  more  hydrogen  escapes,  then  washed,  dried, 
ignited,  and  weighed. 

Volumetric  Methods  of  Assay. — The  first  of 
these  introduced  was  that  proposed  by  Gay-LussaC 
in  1832,  and  it  is  still  largely  practised,  especially 
in  mints,  and  wherever  frequent  assays  have  to  be 
made  on  metal  of  nearly  uniform  composition.  It 
will  be  necessary  to  describe  it  in  some  detail. 
After  this  some  account  will  be  given  of  other 
methods  which  have  been  proposed. 

Gay-Lussac's  Method. — It  is  based  on  the  fact  that 
hydrochloric  acid  and  soluble  chlorides  are  capable 
of  completely  precipitating  silver  from  its  solution 
in  nitric  acid,  without  acting  on  any  other  metal 
with  which  it  may  be  associated,  except  mercury  : 
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the  presence  of  this  metal  can  be  at  once  ascer- 
tained in  the  manner  subsequently  described  (see 
page  762),  and  any  error  which  it  would  occasion 
may  also  be  avoided. 

Tlie  process  might  be  conducted  in  either  of  the 
three  following  ways  : — (1)  By  precipitating  the 
silver  by  an  excess  of  the  chloride,  and  calculating 
the  weight  of  metal  from  that  of  the  chloride  pro- 
duced. (2)  By  determining  the  iveUjht  of  a standard 
solution  of  salt  which  is  required  to  precipitate  the 
silver  present.  (3)  By  determining  the  volume  of  a 
standard  solution  of  salt  which  is  required  for  that 
purpose. 

()f  these  the  first  is  that  employed  in  the  Indian 
mints,  which  has  been  already  referred  to ; the 
second  is  tedious,  requiring  considerable  care,  and 
is  therefore  rarely  practised;  and  the  third  is  that 
recommended  by  Gay-Lussac,  which  we  now  pro- 
ceed to  describe. 

If  the  approximate  assay  of  the  alloy  under  ex- 
amination be  not  known,  it  must  be  ascertained  by 
one  of  the  methods  explained  at  page  758;  or,  if 
it  be  preferred,  by  the  volumetric  method  described 
at  the  end  of  this  article  (see  page  763).  Such  a 
portion  of  the  silver  alloy  is  taken  as  that  it  shall 
contain  rather  more  than  1 gram,  of  pure  silver ; 
this  amount  is  ascertained  by  the  simple  proportion, 

A : 1000  : : 1-0  : x, 

where  A is  the  approximate  assay  expressed  in 
thousandths,  and  x the  amount  of  alloy  required, 
. • . X = ® grams. 

The  metal  is  dissolved  in  about  1 oz.  of  nitric  acid, 
of  specific  gravity  1'190,  by  the  aid  of  a gentle  heat, 
and  100  c.c.  of  a standard  solution  of  salt  are  added; 
this  solution  being  of  such  a strength  that  100  c.c. 
exactly  precipitate  1 gram,  of  pure  silver.  The 
bottle  is  now  shaken,  either  by  hand  or  in  the 
“agitator”  shown  in  Fig.  14,  in  order  to  agglomerate 
the  precipitated  chloride  of  silver,  and  leave  the 
supernatant  liquid  clear.  Now,  if  the  addition 
of  a drop  of  salt  solution  to  this  liquid  produces 
a precipitate,  it  will  of  course  indicate  that  nitrate 
of  silver  still  exists  in  the  solution ; but  if  no  pre- 
cipitate is  formed,  and  a drop  of  a solution  of 
nitrate  of  silver  produces  a precipitate,  it  is  evident 
that  too  much  salt  has  been  added.  Two  drops 
of  the  above  “normal”  solution  of  salt  suffice  to 
deposit  1 milligram,  of  silver ; hence,  for  delicate 
assays,  it  is  usual  to  prepare  a solution  of  one-tenth 
the  strength,  and  to  continue  adding  this,  in  c.c.’s  at 
a time,  until  no  further  precipitate  is  obtained.  The 
amount  of  salt  so  added  (making  an  appropriate 
deduction  where  it  has  been  found  necessary  to  add 
silver,  which  is  done  by  the  aid  of  a titrated  solution 
of  the  nitrate  containing  1 gram,  of  pure  silver  in  1 
litre  of  water)  gives  the  requisite  data  for  ascertaining 
the  actual  amount  of  silver  present  in  the  portion 
(x)  of  alloy  taken  for  assay  ; whence  the  amount  per 
1000  parts  may  be  ascertained  by  means  of  tables 
prepared  for  the  purpose,  or  by  the  following  simple 
proportion : — 

X : 1000  : : M ; S. 
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where  x means  the  same  as  in  the  last  case,  M 
the  amount  of  silver  it  contains,  measured  directly 
by  the  amount  of  salt  added,  and  S the  standard  of 
the  alloy,  expressed  in  thousandths,  . • . S = 

The  method,  so  far,  is  only  capable  of  indicating 
the  amount  of  silver  present  to  the  -njViyth  part,  but 
a skilled  assayer  can  attain  to  even  great-'r  accuracy, 
for  he  will  know  by  practice,  from  the  amount  of 
the  precipitate  obtained  on  adding  a c.c.  of  the 
decimal  solution  of  salt,  whether,  after  shaking  the 
liquid,  a precipitate  will  be  produced  when  a fresh 
addition  is  made ; and  therefore,  knowing  the 
amount  produced  when  the  solution  is saturated, 
he  can  estimate  with  the  eye  the  fractional  part  of  a 
thousandth,  which  any  less  precipitate  proves  to  be 
present.  The  composition  can  thus  be  ascertained 
with  considerable  certainty  to  the  -i-(7,^jr^th  part. 

From  the  above  brief  account  of  the  process  it 
will  be  seen  that  three  solutions  are  necessary,  as 
well  as  suitable  pipettes  for  the  exact  admeasure- 
ment of  them.  The  solutions  are — 

(a)  A standard  or  normal  solution  of  salt. 

(5)  A decimal  solution  of  salt. 

(c)  A decimal  solution  of  nitrate  of  silver. 

The  preparation  of  these  will  now  be  described, 
(a)  The  standard  solut'on  may  be  made  either 
by  adding  a known  weight  of  pure,  thoroughly  dry 
salt  to  a definite  bulk  of  water,  or,  what  is  more 
convenient,  especially  where  a large  quantity  of  the 
solution  has  to  be  prepared,  by  diluting  a saturated 
solution  of  salt  to  the  requisite  strength.  To  obtain 
pure  chloride  of  sodium  when  the  first  method  is 
adopted,  a concentrated  solution  of  the  best  table 
salt  is  treated  with  caustic  baryta,  to  remove  sul- 
phuric acid  and  magnesia  ; then  with  a slight  excess 
of  carbonate  of  soda,  to  remove  baryta  and  lime. 
The  liquid  having  been  warmed,  any  precipitate 
formed  is  allowed  to  subside.  The  supernatant 
liquid  is  evaporated,  and  the  resulting  crystals 
washed  slightly,  and  carefully  heated  to  dull  redness. 
They  may  be  kept  in  a glass-stoppered  bottle.  If 
attainable,  chemically  pure  rock  salt  may  be  used  in 
place  of  the  above. 

The  atomic  weights  of  silver  and  chlorine  being, 
according  to  Stas,  107-929  and  35-457,  it  will  be 
evident  that  107-929  grams,  of  pure  silver  require 
for  their  complete  precipitation  as  chloride,  35-457 
grams,  of  chlorine ; hence  each  gram,  of  silver 
requires  0-3285  gram,  of  chlorine,  an  amount  which 
is  contained  in  0-54162  gram,  of  pure  salt.  If  there- 
fore it  be  required  to  prepare  M litres  of  standard 
solution  (an  amount  which  will  suffice  for  10  X M 
assays),  it  will  only  be  necessary  to  dissolve  5-4162 
X M grams,  of  the  pure  salt  in  M litres  of  distilled 
water,  care  being  taken  that  the  solution  is  complete. 

It  is,  however,  more  convenient  to  employ  a 
saturated  solution  of  salt,  and  common  water,  which, 
of  course,  itself  contains  a small  quantity  of  salt, 
may  be  added  to  this  until  the  requisite  strength  is 
attained.  It  is  impo.ssible  to  give  the  exact  pro- 
portions necessary;  but  if  the  solution  be  thoroughly 
saturated,  by  being  left  to  stand  fdr  a few  days  at  a 
temperature  of  15°  C.,  the  addition  of  3 troy  ozs.  of 
96 
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Fig.  13. 


the  satur.ated  solution  to  each  gallon  of  common 
water  will  give  approximately  the  requisite  strength, 
and  further  adjustment  must  be  made  after  an  assay 
on  pure  silver  has  shown  the  condition  of  the  liquid. 

(?;)  The  decimal  salt  solution  may  be  easily  pre- 
pared by  introducing  100  c.c.  of  the  normal  solution, 
by  means  of  the  pipette  subsequently  described, 
into  a litre  flask,  and  diluting  the  whole  to  1 litre. 

(c)  For  the  decimal  solution  of  silver,  1 gram,  of 
chemically  pure  silver,  prepared  by  one  of  the 
methods  already  described,  is  dissolved  in  a small 
quantity  of  pure  nitric  acid,  and  the  liquid  diluted 
to  1 litre. 

The  necessary  apparatus  is  extremely  simple, 
consisting  principally  of  a pipette  capable  of  accu- 
rately measuring  100  c.c.  of  liquid ; tube  pipettes, 
graduated  in  c.c.s,  and  having  a fine  opening  at  the 
lower  end  ; and  bottles,  holding  about  10  ozs.,  with 
carefully  ground  stoppers.  The  100  c.c  pipette, 
originally  recommended  by  Gay-LussaC,  is  rarely, 
if  ever,  employed  at  the  present  day.  Its  use  in- 
volved the  careful  adjusting  of  the  level  of  the 
liquid  to  a graduation  on  a fine  tube,  and  was  thus 
liable  to  introduce  considerable 
error  in  the  results  obtained. 
An  excellent  and  extremely 
simple  form  of  pipette  has  been 
proposed  by  Stas,  which  renders 
all  adjustment  by  the  eye  un- 
necessary , and  when  carefully 
made  it  gives  very  accurate 
results  It  IS  shown,  accom- 
panied by  the  necessary  acces- 
sories, in  Fig.  13,  from  which 
it  will  be  seen  that  both  ends 
are  drawn  out  to  a fine  opening, 
which  is  about  0 09  inch  in 
diameter  at  the  lower  extremity, 
and  0'04  inch  at  the  upper 
extremity.  It  is  found  that  if  care  be  taken  in 
grinding,  the  drop  of  liquid  retained  at  the  lower 
end  is  of  a constant  magnitude,  and  thus  the  amount 
delivered  by  the  pipette  is  invariable. 

The  solution  is  introduced  at  the  lower  extremity 
by  means  of  an  india-rubber  tube  connected  with  a 
large  vessel,  which  is  pliced  at  an  elevation  above 
the  level  of  the  pipette.  A perforated  glass  dish  is 
affixed  to  the  upper  extremity,  to  collect  any  liquid 
which  may  escape  at  the  opening  j and  when  the 
pipette  is  full,  the  flexible  tube  is  closed  by  a tap  or 
a spring  clip,  the  finger  is  placed  on  the  upper 
opening,  and  the  tube  removed  When  the  lower 
portion  of  the  pipette  has  been  wiped,  by  drawing 
the  fingers  over  it,  the  bottle  is  placed  below,  and 
the  upper  end  opened  by  sliding  the  finger  off — a 
motion  which  insures  the  same  amount  being  always 
left  within  the  tube. 

The  pipette  employed  for  the  decimal  solution  is 
a simple  glass  tube,  about  10  inches  in  length  and 
0-35  inch  in  diameter,  graduated  in  c.c.s,  and 
terminating  in  a fine  opening  at  its  lower  end.  An 
arrangement  for  more  delicately  measuring  small 
quantities  of  this  solution  has  been  devised  by 


Mulder.  It  consists  of  a pear-shaped  vessel,  filled 
with  the  liquid,  and  fixed  in  a vertical  position.  It 
is  provided  with  two  glass  taps  for  regulating  the 
flow,  and  20  drops  are  exactly  equal  to  1 c.c. 

The  agitator  shown  in 
Fig.  14  is  a convenient 
appliance  for  shaking  ten 
bottles  at  a time,  and 
much  saving  of  labour 
will  attend  the  use  of 
it  where  a considerable 
number  of  assays  is  fre- 
quently made.  It  con- 
sists of  a metal  frame,  m, 
divided  into  compart- 
ments, h,  b,  b,  to  receive 
the  bottles,  and  a lid, 
provided  with  spring 
slides,  prevents  the  bot- 
tles from  being  displaced 
and  the  stoppers  from 
being  shaken  out.  The 
frame  hangs  from  a short 
carriage  spring,  s,  firmly 
fixed  to  the  wall,  by  a 
leather  strap  or  by  india- 
rubber  door  springs,  and 
it  is  connected  with  the  floor  by  a long  india-rubber 
spring,  p. 

A dead  black  shelf  should  be  fixed  in  front  of  a 
window  (which  may  be  glazed  with  yellow  glass)  to 
receive  the  bottles  during  the  addition  of  the  deci- 
mal solution ; and  the  shelf  is  provided  with  a black 
back  of  such  a height  that  the  light  just  passes 
through  the  upper  part  of  the  liquid  contained  in  the 
bottles. 

Additional  Details  with  reference  to  ike  above  Method. 
— If  a small  quantity  of  mercury  be  present  in  the 
metal  under  examination,  it  will,  unless  its  preju- 
dicial effect  be  neutralized,  render  the  result  of  the 
assay  inaccurate.  Its  presence  may  be  at  once 
detected  by  — (1)  The  permanence  of  the  white 
colour  of  the  chloride  of  silver,  even  when  exposed 
to  a strong  light;  and  (2)  The  difficulty  experi- 
enced in  rendering  the  supernatant  liquid  clear  by 
shaking.  As  already  explained,  the  pure  chloride 
rapidly  becomes  blue  on  exposure  to  chemically 
active  light,  and  this  is  the  reason  for  the  employ- 
ment of  yellow  glass  or  blinds  to  the  windows  by 
some  assayers,  as  mentioned  above.  Should  mer- 
cury be  suspected,  and  the  discoloration  still  take 
place,  the  question  may  be  set  at  rest  by  taking  1 
gram,  or  more  of  the  metal,  and  only  adding  suffi- 
cient salt  solution  to  precipitate,  say,  a quarter  of 
the  metal.  The  mercury  will  be  first  thrown  down, 
and  its  effect  will  thus  be  concentrated  on  a small 
quantity  of  chloride  of  silver. 

A convenient  method  of  neutralizing  the  effect  of 
mercury,  even  if  only  found  to  be  present  in  the 
course  of  an  assay,  /ionsists  in  adding  acetate  of  soda 
or  caustic  ammonia  and  acetic  acid,  when,  according 
to  Debray,  the  nitrates  of  silver  and  mercury  are 
transformed  into  acetates,  an  alkaline  nitrate  being 
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also  formed.  This  authority,  however,  prefers  to 
remove  the  mercury  by  previous  fusion,  in  conse- 
quence of  the  difficulty  in  “clearing'’  which  is 
occasioned  by  the  use  of  acetates. 

Mulder  has  shown  that  when  the  most  exact 
chemical  proportions  of  silver  and  salt  react  on  each 
other,  the  addition  of  a solution  of  either  will  pro- 
duce a precipitate — a fact  which  he  considers  due  to 
the  presence  of  nitrate  of  soda,  but  this  explanation 
is  doubted  by  Stas.  Mulder  points  out,  therefore, 
that  an  assay  may  be  completed  in  either  of  the 
three  following  ways; — (1)  By  adding  decimal  salt 
solution  until  it  just  ceases  to  produce  a cloudi- 
ness; (2)  By  adding  a slight  excess  of  salt,  and 
then  decimal  silver  until  no  more  precipitate  occurs; 
or  (3)  By  finding  the  “ neutral  ” point — that  is, 
the  point  at  which  either  the  decimal  salt  or  silver 
solution  will  produce  the  same  amount  of  precipi- 
tate. He  considers  the  last  of  these  the  most 
accurate,  but  the  first  is  preferable  from  its  rapidity; 
and  if  check  assays  be  made  from  time  to  time,  very 
great  accuracy  can  be  attained  by  its  means. 

It  may  be  well  to  mention  that  as  a rise  of  tem- 
perature occasions  an  expansion  of  the  solution,  it 
will  render  the  “ normal  ” liquid  weaker,  and  there- 
fore will  tend  to  »iiake  the  results  appear  too  high ; 
and  a fall  of  temperature  will  have  the  reverse 
effect.  It  is  very  essential  that  the  solutions  be  kept 
in  well-closed  vessels  (of  glass  or  earthenware),  to 
avoid  evaporation ; and  the  exact  strength  of  the 
normal  solution  should  be  ascertained  each  morning 
by  one  or  two  assays  on  fine  silver.  If  it  is  found 
necessary  to  add  salt  solution,  in  order  to  reach  the 
point  at  which  no  cloudiness  is  produced,  it  indicates 
that  the  solution  is  weak;  the  results  therefore  appear 
too  high,  and  the  excess  must  be  deducted.  When 
it  is  necessary  to  add  silver  solution,  the  reverse  is 
the  case ; and  the  solution  being  too  strong,  the 
results  appear  low.  Therefore  it  is  necessary  to  add 
to  all  the  results  the  amount  represented  by  the 
additional  silver  solution  introduced. 

IHsaoi's  Method. — This,  which  is  specially  applicable 
when  only  small  quantities  are  present,  cannot  be 
used  in  presence  of  bodies  which  exert  a decom- 
posing action  on  iodide  of  starch — such  as  salts  of 
mercury,  and  many  of  those  of  tin,  antimony, 
arsenic,  iron,  manganese,  and  gold,  or  of  substances 
which  colour  the  solution.  The  process  depends 
upon  the  fact  that  if  solutions  of  iodide  of  potassium 
and  starch  be  gradually  added  to  a liquid  containing 
nitrate  of  silver,  no  permanent  blue  colour  is  pro- 
duced until  all  this  salt  is  decomposed.  PiSANi’s 
method,  as  modified  by  Vogel,  is  very  convenient 
for  photographers.  The  following  solutions  are 
required: — 10  grams,  of  commercially  pure  iodide 
of  potassium  are  dissolved  in  distilled  water,  and 
diluted  to  a volume  of  1023‘4  c.c. ; 1 c.c.  of  this 
solution  will  suffice  to  precipitate  0-01  gram,  of 
silver.  One  gram,  of  pure  sulph.ate  of  monoxide  of 
iron  is  added  to  1000  grams,  of  nitric  acid,  of  specific 
gravity  L200,  in  order  to  obtain  free  nitrous  acid; 
a small  quantity  of  the  iron  salt  must  be  added 
from  time  to  time.  The  starch  solution  is  made  by 


dissolving  1 part  of  starch  in  100  of  warm  water. 
This  is  allowed  to  settle  ; and  after  the  clear  liquid 
has  been  decanted,  20  parts  of  pure  nitrate  of  potash 
are  added.  It  will  remain  fit  for  use  for  about  six 
weeks. 

The  following  is  the  method  of  procedure  : — 1 
c.c.  of  the  nitric  acid  is  added  to  1 c.c.  of  the  solution 
under  examination,  then  10  or  12  drops  of  starch 
solution  and  a few  drops  of  the  iodide,  and  the 
whole  shaken.  The  addition  of  the  latter  is  con- 
tinued until  a permanent  pale  blue  coloration  is 
just  produced,  and  the  number  of  c.c.s  added 
indicates,  without  calculation,  the  number  of  centi- 
grammes present  per  centimetre  of  the  solution — 
that  is,  grammes  per  litre. 

Volhard’s  method  is  applicable  even  when  a 
considerable  quantity  of  copper  is  present.  If  a 
solution  of  sulphocyanate  of  potassium  or  ammonium 
be  added  to  an  acid  solution  of  a silver  salt  con- 
taining a small  quantity  of  ferric  sulphate,  the 
whole  of  the  silver  is  precipitated ; and  the  least 
excess  of  the  precipitant  causes  a blood-red  colora- 
tion, owing  to  its  combination  with  the  iron  salt. 
Hence  if  a standard  solution  of  sulphocyanate  be 
used,  it  will  at  once  indicate  the  amount  of  silver 
present.  As  the  sulphocyanate  of  ammonium  is 
exceedingly  hygroscopic,  a standard  solution  must 
be  prepared  as  follows: — 10  c.c.  of  a solution  of 
nitrate  of  silver,  containing  10‘8  grams,  of  pure 
silver  per  1000  c.c.,  are  introduced  into  a beaker, 
together  with  5 c.c.  of  a solution  of  ferric  sul- 
phate (50  grams,  per  litre  of  water),  and  a solution 
containing  about  8 grams,  of  the  ammonium  salt 
added  gradually  until  a permanent  pale  red  tint  is 
obtained.  A hundred  times  the  amount  so  added 
is  diluted  to  1 litre,  and  each  c.c.  of  the  resulting 
solution  is  equivalent  to  10  milligrammes  of  silver. 

Preliminary  Volumetric  Assay. — As  already  men- 
tioned, it  is  essential  that  the  composition  be  approxi- 
mately known,  in  order  to  successfully  practise  the 
wet  method  of  Gay-Lussac.  This  may  conveniently 
be  determined  by  dissolving  1 gram,  of  the  alloy  in 
nitric  acid,  and  very  carefully  precipitating  with  the 
normal  salt  solution.  Thus  suppose  70  c.c.s  are 
required  for  this  purpose,  we  have,  100  : 1’O  : : 70  : x, 
or  X = 0'7 ; and,  to  ascertain  the  amount  of  alloy  to 
be  taken  for  the  assay  proper,  0-7  : 1 : : 1 ; x',  whence 
x'  = 1-428  gram. 

Blowpipe  Assay. — This  account  of  the  methods  of 
assaying  silver  would  not  be  complete  without  some 
description  of  the  method  of  determining  the  amount 
of  the  precious  metal  in  either  ores  or  alloys  by 
means  of  the  blowpipe,  which  was  first  proposed 
in  1827  by  Harkout,  and  considerably  improved 
by  Plattner.  A very  complete  account  of  the 
method  will  be  found  in  the  Chemical  Neivs  for  1867, 
by  David  Forbes,  who  practised  it  with  great  suc- 
cess. It  is  e.xactly  analogous  to  the  furnace  assay 
before  described,  the  fusion -with  lead,  scorification, 
and  subsequent  cupellation  being  performed  in  all 
cases  before  the  blowpipe.  In  the  cupellation,  how- 
ever, the  process  is  somewhat  modified. 

If  the  silver  be  already  alloyed  with  lead,  and  be 
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free  from  such  metals  as  would  interfere  with  its 
treatment  on  the  cupel,  it  may  be  at  once  sub- 
mitted to  cupellation ; but  otherwise,  it  must  be 
scorified  on  charcoal  until  these  substances  are 
removed  by  volatilization  or  by  slagging  off.  The 
concentration  of  the  silver,  as  well  as  the  final 
cupellation,  take  place  on  specially  formed  cupels 
0-7  inch  in  diameter  and  0'4  inch  high,  made  of 
moderately  fine  bone-ash,  which  is,  for  the  cupella- 
tion process,  covered  with  a layer  of  bone-ash  of 
very  fine  quality.  The  silver-lead  alloy  is  submitted 
to  the  action  of  an  oxidising  flame,  and  quickly 
assumes  a bright  metallic  appearance,  commencing 
at  the  same  time  a rapid  rotatory  movement.  This 
operation  should  be  conducted  at  as  low  a tempera- 
ture as  is  compatible  with  such  a movement,  other- 
wise the  litharge  is  liable  to  sink  into  the  cupel. 
The  concentration  must  not  be  carried  too  far,  as  the 
silver  would  then  be  liable  to  spit.  The  cupel  is  now 
withdrawn  very  gradually  from  the  flame  and  allowed 


to  cool,  when  the  metallic  globule  is  removed  from 
the  litharge  surrounding  it. 

In  cupelling  this  button,  it  is  placed  in  the  centre  of 
the  cupel,  and  an  oxidising  blowpipe  flame  is  made  to 
play  on  the  bone-ash  surface  immediately  surround- 
ing it  without  touching  it,  so  as  to  insure  the 
absorption  of  the  litharge  by  the  cupel,  and  to  pre- 
vent scales  of  litharge  being  formed  beneath  the 
globule  itself. 

Considerable  practice  is  required  in  order  to 
properly  conduct  the  process.  It  is,  however,  well 
worthy  of  more  attention  than  it  has  hitherto  re- 
ceived, and  is  capable,  in  able  hands,  of  giving  very 
excellent  results. 

Statistics. — The  more  important  statistics  relat- 
ing to  silver  have  been  already  given  in  the  article 
on  Gold  ; but  it  may  be  interesting  to  add  the 
accompanying  table,  which  shows  the  produce  of 
different  parts  of  the  world  in  1800,  1850,  and 
1865 


TABLE  SHOWIXG  THE  APPROXIMATE  YlELn  OP  THE  PRINCIPAL  SILVER-PRODUCING  COUNTRIES  OP  THE  WORLD 

(PHILLIPS). 


COUNTBT. 


Russian  Empire, -. 

Scandinavia 1 

Great  Britain, 

Hartz, 

Prussia 

Saxony, I 

Other  German  States, ^ 

Austria 

France 

Italy  and  Sardinia, 

Spain, ^ 

Australia,  New  Zealand,  British  Columbia,  I 

and  Nova  Scotia, j 

Chili 

Bolivia, 

Peru, 

New  Granada, 

Brazil, 

Me'xico 

United  States, 

Total, 


1800. 

1850. 

1865. 

Pounds 

Percentage 

Pounds 

Percentage 

Pounds 

Percentage 

Troy. 

o£  Total. 

Troy. 

of  Total. 

Troy. 

of  Total. 

58,150 

2-5 

60,000 

2-1 

58.000 

1-5 

20,400 

0-7 

15,000 

0-4 

48,  ,500 

1-7 

60,500 

1-5 

31,. 500 

M 

28,000 

0-6 

21.200 

0-7 

68.000 

1-7 

141,000 

60 

03,6')0 

2.500 

2 2 
0-1 

80.000 

2,500 

2-0 

87,000 

3-1 

92.000 

2-2 

5,000 

0-2 

18,000 

0-4 

— 

— 

25.000 

0-6 

125,000 

4-4 

110,000 

2-8 

— 

— 

10,000 

0-4 

9,500 

0-2 

18,300 

0-8 

238.500 

8-4 

299,000 

7-3 

271,300 

11 -6 

130,000 

4-6 

136.000 

3-3 

401.8.50 

17-2 

303,150 

10-7 

299.000 

7-4 

5.000 

0-2 

13,000 

0-5 

15.O00 

0-4 

1,200 

— 

675 

— 

1..500 



1,440,500 

61-7 

1,650,000 

58-4 

1.700.000 

42-3 

— 

— 

17,400 

0-7 

1,000,000 

25-0 

2.337,300 

100-0 

2,827,425 

100-0 

4,017,000 

100-0 

SOAP.  — Savon,  French  ; Sei/e,  German  ; Sapo, 
Latin. — The  term  soap  was  formerly  applied  to  all 
compounds  consisting  of  an  alkali,  an  alkaline  earth, 
or  a metallic  oxide,  united  to  a fatty  or  oily  acid,  or 
other  substance  of  an  unctuous  or  oleaginous  nature. 
This  extended  meaning  of  the  term  is,  however,  not 
now  recognized;  it  is  now  applied  to  those  combin- 
ations of  grease  or  oil  with  the  alkalies  which,  by 
their  peculiar  properties  and  solubility  in  water,  aid 
the  removal  of  grease  and  dirt  in  the  processes  of 
washing  and  scouring.  This  cleansing  influence  is 
due  to  what  is  termed  a detergency;  that  is,  a power 
of  rendering  soluble  in  water  the  adhering  dirt  of 
the  clothes  and  the  skin,  to  which  purpose  soap  is 
almost  exclusively  applied.  The  alkalies  themselves 
— potash  and  soda — possess  this  property  of  deter- 
siveness ; and  the  former,  potash,  under  the  form  of 
wood  ashes,  was  used  in  the  most  ancient  times  by 


the  Hebrews,  Egyptians,  and  Greeks,  as  an  aid  to 
cleansing  processes.  Free  alkali  itself,  however, 
possesses  a solutive  property  over  fibrous  materials, 
over  even  human  skin,  and  hence  the  necessity  of 
combining  it  in  such  a manner  as  to  modify  this 
injuriously  corrosive  action. 

The  remedy  is  the  substitution  of  soap,  which,  by 
its  slight  excess,  of  alkali,  rendering  soluble  in  and 
miscible  with  water  all  the  dirty  grease  of  the  clothes 
and  oily  exudations  from  the  pores  of  the  skin,  is  at 
the  same  time  detersive  itself ; for  though  composed 
of  oil  and  alkali  in  a state  of  combination,  it  still 
possesses  the  influence  of  the  latter  without  any  of 
its  hurtfulness.  Oleate  of  oxide  of  lead,  formerly 
called  lead  soap,  is  insoluble,  and  constitutes  the 
diachylon  plaster  of  pharmacy.  The  analogous  salts 
of  zinc  and  lime,  formerly  termed  zinc  soap  and  lime 
soap,  are  also  insoluble. 
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Historical  Notice. — Although  the  word  soap,  or 
rather  sope,  is  occasionally  met  with  in  the  transla- 
tion of  the  sacred  records,  it  must  not  be  supposed 
that  tlie  substance  now  known  by  that  name  was 
used  by  the  Israelites.  The  word  so  rendered 
doubtless  refers  to  the  juice  of  some  plant,  or  more 
probably  to  the  ashes  of  a plant ; as  the  substance 
in  question  appetirs  to  have  detersive  properties. 
The  earliest  mention  of  the  term  soap,  as  applied  to 
the  substance  now  under  discussion,  occurs  in  the 
writings  of  Pliny,  who  also  describes  a process  for 
its  preparation  differing  but  little  from  that  pursued 
at  the  present  day.  This  writer  ascribes  its  inven- 
tion to  the  Greeks,  from  whom  the  Romans,  and 
subsequently  other  nations,  derived  a knowledge  of 
its  manufacture.  Homer  makes  no  mention  of  soap, 
and  it  was  doubtless  unknown  to  him.  In  the  exca- 
vations at  Pompeii  a complete  soap-boiling  estab- 
lishment was  discovered,  containing  soap  still  perfect, 
though  it  must  have  been  prepared  upwards  of  seven- 
teen hundred  years. 

The  Germans  were  at  a very  early  period  distin- 
guished for  their  production  of  superior  soap,  and 
hence  probably  the  Latin  term  sopo,  from  the  original 
German  seipe,  now  written  seife,  and  from  this  by  a 
transposition  of  letters  the  English  soap  is  derived. 
Owing  in  a great  measure  to  natural  advantages  of 
the  country,  France  is  now  a great  mart  for  soap, 
and  especially  for  toilet  soaps. 

Materials. — The  materials  used  in  the  manufac- 
ture of  soap  are  various  kinds  of  oil  or  fat,  resin, 
and  the  alkalies,  potash  and  soda.  All  oils  and  fats 
of  whatever  kind,  vegetable  or  animal,  yield  soaps 
when  treated  with  alkali.  Only  a very  limited 
number,  however,  is  used  in  this  manufacture.  In 
Great  Britain  palm  oil  is  consumed  in  greater 
quantity  than  any  other,  and  principally  in  the 
production  of  hard  soap  ; for  soft  soaps,  the  various 
kinds  of  fish  oils,  the  drying  oils  from  seeds,  and 
tallow  are  mostly  employed. 

In  France,  and  on  the  Continent,  olive  oil  is 
extensively  used  in  soap- making;  for  soft  soaps 
hemp-seed  oil. 

Tallow,  saponified  with  soda,  yields  white  curd 
soap ; this  is  superseded  in  great  part  by  the  softer 
and  otherwise  superior  palm-oil  soap.  Cocoa-nut 
oil  soap,  on  account  of  its  property  of  dissolving 
pretty  readily  in  salt  water,  is  useful  for  washing 
during  long  sea  voyages.  Of  all  soaps  the  most 
emollient  are  those  of  palm  oil,  castor  oil,  and  of 
spermaceti. 

Most  of  the  oils  and  fats  are  met  with  in  com- 
merce in  a sufficient  state  of  purity  for  their  con- 
version into  soaps  without  previous  preparation. 

Palm  oil,  however,  and  oeeasionally  tallow,  are 
exceptions  to  this  rule,  and  therefore  the  methods 
most  effectual  for  their  purification  before  being 
used  in  the  manufacture  will  be  afterwards  stated. 

The  mixture  of  oleic  acid  with  small  quantities  of 
stearic  and  margaric  acids,  which  is  obUiined  in  the 
separation  of  stearic  acid  by  pressure,  affords  an 
excellent  soap. 

Experiments  were  made  by  Darcet,  Leli^vre, 


and  Pelletier,  on  the  relative  value  of  different 
kinds  of  oil  and  fat  in  the  manufacture  of  soap. 
The  oils  or  fats  were  saponified  by  means  of  caustic 
soda  lyes,  and  the  products  were,  therefore,  soda 
soaps.  The  results  of  these  experiments  were  as 
follows : — 

Olive-oil  soap. — 3 lbs.  of  olive  oil  gave  a block  of 
soap  weighing  6 lbs.  10  ozs.,  which  on  exposure  to 
the  air  for  two  months  became  4 lbs.  15  ozs.  It  was 
then  dry  and  perfectly  solid,  of  excellent  colour, 
resembling  that  of  Marseilles  soap.  By  further 
exposure  in  a dry  place  it  became  still  lighter,  owing 
to  loss  of  water. 

Sweet  almond-oil  soap  was  found  to  be  next  to  the 
olive-oil  soap  in  consistency.  This  was  very  white, 
uniform,  and  of  an  agreeable  odour.  Its  weight 
from  3 lbs.  of  oil  was  5i  lbs.;  and  after  two  month’s 
exposure  it  lost  1 lb.  of  water. 

Rape-seed  oil  soap  is  of  a greyish-yellow  hue,  is 
more  consistent  than  that  of  colza  oil,  and  pos- 
sesses the  peculiar  odour  of  the  oil  from  which  it  is 
produced. 

Oil  of  leech-nut  soap  is  of  a dirty-grey  colour, 
softer  than  the  preceding,  and  has  the  smell  of  the 
oil.  This  soap  is  greasy,  pasty,  and  clammy,  and 
when  exposed  to  the  air  becomes  yellow. 

By  associating  these  oils  with  proportionate  quan- 
tities of  suet  or  tallow,  mixtures  will  be  formed,  of 
which  soaps  of  proper  quality  and  consistence  can 
be  made. 

Poppy  oil. — The  soaps  made  from  this  oil  are  of  a 
dirty  grey,  without  any  disagreeable  smell ; are 
clammy,  and  of  medium  consistence.  They  become 
yellow  in  the  air,  and  when  exposed  to  cold  be- 
come soft  at  the  surface.  This  oil,  when  mixed 
with  the  greases,  yields  a soap  much  resembling  in 
appearance  that  of  olive  oil. 

Hemp-seed  oil  soap  is  of  a green  colour,  very  pasty, 
and  so  soft  that  the  least  addition  of  water  renders 
it  liquid.  Exposed  to  the  air,  it  loses  its  green  tint 
exteriorly,  bleaches,  and  afterwards  becomes  brown. 
Nut-oil  soap  is  of  a yellowish-white  colour,  with  but 
little  consistence,  is  greasy  and  clammy,  and  assumes 
a brown  appearance  on  exposure.  Linseed  oil  yields 
a whitish  soap,  which,  however,  becomes  yellow  by 
contact  with  the  air.  This  soap  is  greasy,  pasty, 
and  viscous,  of  a slight  consistence  and  powerful 
odour,  and  is  reduced  to  a thin  paste  by  a slight 
addition  of  water.  Sperm-oil  soap  is  of  a dirty-grey 
colour.  It  retains  the  peculiar  smell  of  the  oil, 
becomes  reddish-brown  and  of  some  firmness,  but 
much  less  than  olive-oil  soap. 

Fish  oil  is  very  similar  to  the  last  named. 

Cod -liver  oil  soap  differs  only  in  having  a more 
unpleasant  smell  and  less  consistency. 

Suet  or  tallow  soap  is  white  and  solid,  and  has  a slight 
odour  of  the  fat.  Exposed  to  the  air,  it  loses  water 
and  becomes  brittle.  Soap  prepared  from  lard  is 
very  white,  solid,  inodorous,  and  especially  valuable 
for  the  production  of  toilet  soaps. 

Rancid  butter  yields  a soap  which  is  white,  and  in 
properties  similar  to  tallow  soap,  but  retains  a rancid 
smell. 
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Castor-oil  and  spermaceti  soaps  are  emollient,  and 
especially  applicable  to  toilet  purposes. 

Palm-oil  soap  is  little  inferior  to  castor-oil  or  sper- 
maceti soap.  When  combined  with  rosin,  it  con- 
stitutes the  well-known  “ yellow  soap.” 


Lastly,  soaps  prepared  from  drying  oils  are  usually 
soft  and  flabby. 

The  appended  table  shows  the  quantity  of  soap 
obtained  from  3 lbs.  of  each  of  the  oils  mentioned 
above,  saponified  with  caustic  soda  solution. 


OU  or  Fat. 

Colour  of  the  Soaps. 

Quantity  obtained  ha 
taken  from  the  frame. 

Loss  of  Weight 
in  Lbs.  and  Oza. 

Time. 

Olive  oil, 

White, 

6 lbs.  10  ozs. 

5 lbs.  0 oz. 

2 months. 

Sweet  almond  oil 

White, 

5 

it 

11 

(( 

4 “ 

6 “ 

2 months. 

Colza  oil, 

Lemon -yellow, 

5 

(( 

14 

(< 

5 “ 

0 » 

15  days. 

Kape-seed  oil, 

White, 

6 

it 

8 

<< 

^ “ 

0 “ 

20  days. 

2 months. 

Beech-nut  oil, 

Dirty-grey, 

5 

a 

4 

<( 

4 “ 

13  “ 

Poppy  oil, 

Hemp-seed  oil, 

Grey, 

4 

<< 

8 

(( 

4 “ 

6 “ 

45  days. 

Green, 

Deep  yellow, 

5 

it 

0 

it 

4 “ 

14  “ 

15  days. 

Kut  oil 

4 

it 

7 

it 

4 “ 

6 “ 

15  days. 

Linseed  oil, 

Yellowish 

5 

it 

0 

it 

4 “ 

12  “ 

1 month. 

Sperm  oil, 

Dirty-grey, 

Reddish-brown, 

4 

a 

12 

it 

4 “ 

10  “ 

15  days. 

Fish  oil, 

4 

tt 

11 

tt 

4 “ 

8 “ 

1 month. 

Cod-liver  oil, 

Suet  or  tallow, 

Dirty  grey, 

4 

it 

14 

tt 

4 “ 

12  “ 

15  days. 

White, 

8 

tt 

4 

tt 

6 “ 

0 “ 

2 months. 

Lard, 

White, 

8 

3 

it 

5 “ 

0 “ 

2 monihs. 

Washed  raucid  butter, . .^ 

White, 

11 

(( 

0 

tt 

7 “ 

0 “ 

2 mouths. 

Palm  Oil. — As  it  arrives  in  this  country,  this  oil 
is  tinged  with  a peculiar  and  characteristic  orange- 
red  colour,  which  renders  it  unfit  for  use  for  soap 
making  in  its  natural  state.  This  colouring  matter 
is  not  proper  to  the  pure  oil,  which  in  a state  of 
chemical  purity  is  perfectly  colourless.  There  is 
associated  with  the  oil,  however,  and  extracted  with 
it  from  the  palm,  a peculiar  principle  which  in  the 
course  of  time  undergoes  spontaneous  decomposi- 
tion, assuming  at  the  same  time  a characteristic 
colour. 

Numerous  processes  have  from  time  to  time  been 
adopted  to  effect  the  decoloration  of  palm  oil, 
nearly  all  of  which  depend  upon  the  application 
of  nascent  oxygen  produced  through  the  decom- 
position of  various  compounds,  from  which  it  may 
be  liberated  with  a greater  or  less  degree  of  facility. 

The  old  method  consisted  in  the  employment  of 
nitric  acid,  but  this  method  has  the  disadvantage 
of  impairing  the  peculiar  violet  odour  of  the  oil 
upon  which  its  value  chiefly  depends ; whilst,  at  the 
same  time,  tliough  the  colouring  matter  is  destroyed, 
the  oil  is  not  perfectly  bleached,  and  hence  it  yields 
a soap  of  a greyish-yellow  hue.  Neither  is  chlorine 
well  adapted  for  the  purpose,  though  the  colouring 
matter  is  readily  decomposed  by  it ; for  this  agent 
exerts  an  injurious  action  on  the  oil  itself,  developing 
a brown  tint,  and  impairing  its  consistence. 

Of  all  methods  of  bleaching  palm  oil,  the  best  is 
that  originally  proposed  and  patented  by  Watt,  in 
which  the  decoloring  agent  is  nascent  oxygen  pro- 
duced by  the  decomposition  of  chromic  acid.  The 
process  is  commenced  by  heating  the  oil  by  steam 
in  an  ordinary  boiling  cauldron  for  half  an  hour ; it 
is  then  allowed  to  stand  at  rest  to  deposit  impurities, 
and  when  cooled  down  to  about  130°  Fahr.,  it  is 
drawn  off  from  the  sediment  and  condensed  steam, 
and  placed  in  wooden  vessels,  each  capable  of  con- 
taining 2 or  3 tuns.  To  each  half  tun  of  oil,  thus 
freed  from  extraneous  matters,  the  following  mixture 
is  added : — A saturated  aqueous  solution  of  12^  lbs. 
of  bichromate  of  potash,  4 lbs.  of  concentrated  sul- 


phuric acid,  and  about  25  lbs.  of  strong  hydrochloric 
acid.  These  proportions  are  not  always  strictly 
adhered  to ; many  bleachers  using  to  the  above 
quantity  of  oil  10  lbs.  of  the  bichromate,  and  40  of 
the  hydrochloric  acid.  After  being  well  agitated 
with  the  mixture  for  a few  minutes,  the  oil  becomes  of 
a black  colour ; in  a short  time,  however,  this  charges 
to  dark  green,  and  soon  afterwards  to  light  green ; 
and  at  the  same  time  a thick  froth  appears  on  the 
surface,  indicating  the  termination  of  the  reaction. 
The  oil  is  now  examined  by  taking  out  a small 
portion  and  allowing  it  to  settle,  and  if  not  suf- 
ficiently bleached  an  additional  portion  of  the 
bleaching  mixture  is  added. 

After  complete  decoloration,  which  is  effected  in 
from  ten  to  fifteen  minutes,  the  oil  is  permitted  to 
remain  undisturbed  for  about  half  an  hour,  so  as  to 
allow  the  deposition  of  the  aqueous  solution  of 
chloride  of  chromium,  sulphate  of  potash,  and  other 
foreign  matters,  after  which  the  clear  oil  is  drawn 
off  into  a wooden  vat,  mixed  with  a little  fresh 
water,  and  again  heated  for  a short  time  by  means 
of  steam.  After  being  once  more  .allowed  to  rest 
to  deposit  w.ater,  &c.,  the  oU  is  fit  for  use. 

As  already  mentioned,  the  decoloration  is  effected 
in  this  process  by  the  agency  of  nascent  oxygen. 
When  the  solution  of  bichrom.ate  of  potash  and 
hydrochloric  acid  are  mixed,  the  acid  of  the  bichro- 
m.ate  is  liberated,  the  oxygen  of  the  pot.ash  seizes 
the  hydrogen  of  the  acid,  forming  water,  .and  the 
chlorine  unites  with  the  potassium  to  produce 
chloride  of  potassium,  as  represented  in  the  annexed 
equation : — 

Bichromate  of  Hydrochloric  Chloride  of  WafAr  Chromic 

PotaslL  Acid.  Fotaesium.  ^ * Acid. 

K2Cr04,Cr03  + 2HC1  = 2KC1  + UjO  + 2C1O3. 

After  this  decomposition,  the  mixture,  containing 
an  excess  of  hydrochloric  acid,  is  added  to  the 
melted  oil;  and  on  coming  in  contact  with  the 
org.anic  matter,  a farther  change  takes  place  between 
the  hydrochloric  and  chromic  .acids.  The  latter  is 
reduced  to  chromic  oxide,  CrjOj,  and  this  with 
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hydrochloric  acid  yields  chromic  chloride,  CrgClg; 
water  is  formed,  and  oxygen  is  set  free  as  follows : — 

Chroinlo  Hydrochloric  Sesqulchlorido  of  wo*at»  Ovitctati 

Acid.  Acid.  Chromium.  uxygen. 

2Cr0a  + 6UC1  = CrjClg  + 3HjO  + 30. 

The  liberated  oxygen  is  seized  by  the  colouring 
matter,  and  the  green  sesquichloride  of  chromium, 
chloride  of  potassium,  &c.,  are  found  in  solution  in 
water  at  the  bottom  of  the  vat.  The  sulphuric  acid 
directed  to  be  added  by  the  inventor  does  not  appear 
to  be  essential  to  the  operation,  and  is  indeed  omitted 
by  many  bleachers.  Oil  once  bleached  by  this  pro- 
cess may  be  preserved  from  acquiring  colour,  and 
the  soap  made  from  it  does  not  become  tinged  like 
that  made  from  oil  bleached  by  other  methods. 

When  palm  oil  is  to  be  used  in  the  production  of 
yellow  soap,  the  most  economical  mode  of  bleaching 
is  by  the  process  invented  by  Arthur  Dunn.  This 
method,  which  is  also  applicable  to  other  oils  and 
fatty  matters  of  a like  nature,  consists  in  the  ex- 
posure of  the  oil  to  the  combined  influence  of  air 
and  heat.  The  air  is  forced  beneath  the  surface  of 
the  oil  through  pipes,  by  means  of  a blowing  appara- 
tus, and  then  allowed  to  rise  through  the  liquid  in 
numerous  small  streams — the  oil  being  maintained 
at  a temperature  between  170°  and  230°  Fahr.  by 
steam  pipes  or  other  means.  A hood  communica- 
ting with  a chimney  is  placed  over  the  vessel  con- 
taining the  oil,  for  the  purpose  of  conducting  away 
the  unpleasant  vapours  which  are  disengaged. 

According  to  Parnell,  the  oil  should  not  be 
maintained  at  a temperature  exceeding  180°  Fahr. 
during  the  operation  of  blowing  in  the  air.  He 
recommends,  however,  that  at  the  commencement 
of  the  process  it  be  heated  to  212°  Fahr.,  and  then 
suffered  to  cool  a little.  This  is  necessary,  inasmuch 
as  the  air  has  but  little  effect  as  long  as  water  is 
present ; but  when  this  is  completely  expelled,  the 
bleaching  commences  immediately. 

The  oxidising  action  of  the  air  on  the  colouring 
matter  of  palm  oil  seems  to  be  accelerated  by  com- 
bining the  influence  of  light  with  that  of  heat.  AVith 
this  end  in  view,  the  oil  is  sometimes  placed  in  a 
thin  layer  on  the  surface  of  a large  shallow  uncovered 
.vat.  Several  of  these  vats,  each  about  a foot  iu 
depth,  may  be  heated  by  means  of  steam  passed 
through  serpentine  leaden  pipes  proceeding  from  a 
common  boiler;  one  extremity  of  each  tube  may 
terminate  in  a receiver  for  the  condensed  water,  and 
the  latter  may  be  returned  to  the  boiler.  Each  vat 
is  first  two-thirds  filled  with  water  ; and  when  this 
is  hot,  a sufficient  quantity  of  palm  oil  is  introduced 
to  form  when  fluid  a layer  of  about  2 inches  in  depth, 
and  this  should  be  maintained  during  the  whole 
process  at  a temperature  as  near  212°  Fahr.  as 
possible.  To  preserve  an  equal  temperature  through- 
out the  fluid,  the  steam  may  bo  admitted  at  opposite 
ends  of  the  vat,  and  separated  in  contrary  directions 
by  two  distinct  serpentine  tubes.  Both  air  and  light 
having  access,  the  time  required  for  the  decoloration 
of  the  oil  is  from  ten  to  fifteen  hours — the  thinner 
the  stratum  of  oil,  the  more  rapid  is  the  process. 
The  rapidity  of  the  bleaching  action  is  not  sensibly 


lessened  by  loosely  covering  the  containing  vessel, 
provided  the  removal  of  the  air  over  the  surface  of 
the  oil  is  not  much  interfered  with  ; but  if  exposed 
to  a temperature  of  212°  in  a closed  vessel,  so  that 
although  light  and  heat  have  access  the  air  is  ex- 
cluded, the  oil  does  not  then  become  bleached.  The 
bleached  oil,  which  while  fluid  retains  a fawn-coloured 
tint,  is  after  solidification  of  a greyish-white  colour. 

E-OSIN. — Besides  oil  and  alkali,  common  rosin  or 
colophony  also  forms  an  important  ingredient  in  the 
production  of  soap.  The  kind  used  is  that  yielded 
by  the  commou  turpentine,  produced  by  and  ex- 
tracted from  the  several  species  of  pine. 

Though  employed  in  the  fabrication  of  soap  as 
a partial  substitute  for  oleaginous  or  fatty  material, 
rosin  does  not  possess  a similar  constitution  to  these 
matters,  and  therefore  does  not  suffer  an  analogous 
alteration  in  the  process  of  saponification.  The 
introduction  of  too  large  a proportion  of  rosin  into 
soaps  gives  them  a very  dark  colour,  and  also  renders 
them  much  too  soft.  Rosin  is  only  used  in  the 
production  of  yellow  soap.  A process  for  bleaching 
rosin  has  been  patented  by  Messrs.  Hunt  & Pochin 
of  Manchester.  They  melt  the  rosin  and  then  pass 
steam  through  it. 

Alkalies. — The  alkaline  ingredients  employed  in 
the  soap  manufacture  are  potash  and  soda.  Both 
these  articles  are  met  with  abundantly  in  commerce 
in  the  state  of  carbonate,  and  in  this  condition  pur- 
chased by  the  soap  manufacturers. 

The  sodium  carbonate  now  used  by  soap  manu- 
facturers is  bought  as  white  ash  or  soda  ash. 

This  ash  contains  carbonate  of  soda  sometimes  to 
the  amount  of  95  or  96  per  cent.  It  is  essentially 
necessary  in  the  production  of  soap  that  the  alkali 
should  be  rendered  caustic — that  is,  set  free  from 
carbonic  acid  ; as,  if  combined  with  even  the  weakest 
mineral  acids,  these  wiU  not  be  displaced  by  the  fatty 
acids,  and  saponification  will  not  ensue.  The  greatest 
care  should  therefore  be  exercised  in  this  prelimin- 
ary process — the  preparation  of  the  lyes.  The  pro- 
cess for  causticizing  is  the  same  in  principle  for  the 
preparation  both  of  soda  and  potash  lyes.  It  depends 
upon  the  greater  affinity  of  calcium  than  of  sodium 
or  potassium  for  carbonic  acid,  and  the  decomposi- 
tion is  one  of  the  most  simple,  thus — 

Sodinin  Carbonate.  Calcium  Hydroxide.  Calcium  Carbonate. 

NujCOa  + CaHaOa  = CaCOj  + 2NaUO 

The  proportions  of  soda  ash  and  lime  employed 
vary  according  to  the  degree  of  strength  of  the  soda; 
similarly  with  regard  to  the  potash  salt.  It  is,  how- 
ever, always  an  advantage  to  have  an  excess  of  lime 
over  the  alkaline  carbonate,  as  in  the  contrary  case 
any  undecomposed  carbonate  is  totally  lost. 

In  England  the  lyes  are  made  by  boiling  together 
the  soda  ash  and  lime:  on  the  Continent  the  in- 
gredients are  mixed  in  the  cold.  The  proportions 
are  50  lbs.  of  lime  to  100  lbs.  of  carbonate  of  soda, 
80  lbs.  of  lime  to  100  lbs.  of  carbonate  of  potash. 

'I'he  soda  ash  or  potash  and  lime  (slaked  with  liot 
water)  are  thrown  into  a vat  and  boiled  by  a jet  of 
steam  for  several  hours,  until  the  supernatiint  liquor 
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no  longer  gives  off  carbonic  acid  on  being  treated 
•with  hydrochloric  acid.  The  lye  thus  made  contains 
less  lime  than  that  made  in  the  cold.  When  the 
calcium  carbonate  has  entirely  subsided  the  liquor  is 
drawn  off  into  tanks.  The  residual  precipitate  is 
washed  with  water,  and  the  weak  liquor  is  used  for 
diluting  stronger  lyes,  or  in  place  of  water  for  the 
next  causticizing  operation. 

A fact  deserving  of  mention  in  treating  of  the 
preparation  of  lyes  is,  that  in  the  process  of  causticiz- 
ing by  means  of  lime,  a portion  of  the  soda  appears  to 
enter  into  some  form  of  combination  very  difficultly 
soluble.  Kynaston  found  the  residue  to  contain,  after 
being  well  washed,  soda  to  the  amount  of  5 or  6 per 
cent.  When  the  deposit,  after  being  dried,  is  heated 
to  a temperature  insufficient  to  expel  carbonic  acid, 
and  after  being  allowed  to  cool  is  again  drenched 
with  water,  caustic  soda  is  then  removed  with  great 
ease,  and  the  deposit  may  be  almost  completely 
deprived  of  soda.  Taking  these  facts  into  con- 
sideration, it  is  very  probable  that  it  would  well 
repay  the  soap  manufacturer  to  collect  the  lime 
deposit,  and  after  thorough  desiccation  by  exposure 
to  the  air,  to  submit  it  to  heat  until  the  carbonic 
acid  is  expelled.  The  lime  now  again  become 
caustic  may  be  used  advantageously  in  the  prepar- 
ation of  fresh  lye,  and  the  process  may  be  repeated 
until  the  deposit  becomes  highly  charged  with  the 
impurities  of  the  ash,  when  fresh  lime  may  again  be 
used  for  a new  process. 

The  addition  of  alum  to  soda  lyes  is  stated  by 
Kottula  to  facilitate  saponification.  The  lyes  are 
made  hot,  and  the  alum  added  in  the  following  pro- 
portions : — 

Alnm.  1 cwt.  lya 

12  ozs 10°  B. 

18  ozs 15°  B. 

24  ozs 20°  B. 

30  ozs 25°  B. 

Another  of  those  progressive  steps  manufacturers 
frequently  take,  leading  to  the  simplification  of 
operations  which  previously  had  been  tedious,  labo- 
rious, and  wasteful,  has  been  taken  in  the  soda  trade, 
the  especial  benefits  of  which  are  to  be  derived  par- 
ticularly by  the  soap-maker  and  the  public  generally. 
This  intellectual  advancement  consists  in  preparing 
directly  the  caustic  alkali,  by  the  use  of  which  the 
soap-maker  at  once  dispenses  with  a considerable 
plant  outlay,  economizes  space,  expedites  the  oper- 
ations of  his  trade,  and  effects  no  little  amount  of 
saving  in  labour  alone,  compared  with  the  present 
general  practice.  Besides  the  foregoing  immediate 
and  apparent  advantages  resulting  in  favour  of  the 
soap-maker  from  the  employment  of  caustic  soda 
prepared  directly,  there  are  others  of  much  greater 
importance — namely,  the  economy  of  alkali,  and  the 
readiness  'with  which  soap  can  be  made  by  the  use 
of  lyes,  the  strengths  of  which  are  immediately  under 
control,  and  which  cannot  be  obtained  economically 
on  the  present  causticizing  system  to  which  soda 
ash  is  submitted,  unless  at  considerable  trouble ; 
and  even  then  the  lyes  are  not  pure,  owing  to  the 
circumstance  that  strong  caustic  alkaline  solutions 

divest  carbonate  of  lime  of  a portion  of  its  carbonic 
acid. 

Of  late  years  caustic  soda  for  soap-making  has 
been  manufactured  to  a very  considerable  extent  by 
alkali  - makers,  and  the  trade  is  likely  to  be  greatly 
increased ; and  it  is  evident  that  its  employ- 
ment would  be  much  more  economical  to  the  soap 
manufacturers  than  the  present  method  of  pre- 
paration. The  caustic  soda  requires  simply  to  be  dis- 
solved in  a given  quantity  of  water  to  produce  lyes 
ready  for  use  and  of  any  required  strength. 

Testing  the  Lye. — For  this  purpose  specific  gravity 
bulbs,  or  the  hydrometer,  is  used.  In  this  country 
Twaddell’s  hydrometer  is  most  commonly  em- 
ployed. The  degree  indicated  by  Twaddell’s 
hydrometer,  multiplied  by  5 and  added  to  lOUO,  ex- 
presses the  specific  gravity  of  the  fluid.  A lye  test- 
ing 27'50  Twaddell,  for  instance,  has  a density  equal 
to  T138,  which  is  equivalent  to  15  per  cent,  of  pot- 
ash or  12-8  per  cent,  of  soda,  always  supposing  the 
lye  to  contain  no  other  matters  or  salts  which  might 
also  affect  the  specific  gravity.  This,  however,  is 
never  the  case  with  soap-boilers’  lye,  so  that  the 
indications  are  only  approximations  with  reference 
to  the  amount  of  alkali,  or  even  may  be  altogether 
fallacious.  Still  they  are  useful  in  a variety  of  ways, 
and  are  indeed  indispensable.  The  practitioner  is 
able  with  this  instrument  to  follow  the  diminishing 
strength  of  the  liquid  flowing  from  the  ash  tubs  or 
vats,  and  to  form  a just  estimate  of  its  value,  when, 
at  the  same  time,  a test  with  acid  proves  the  absence 
of  carbonic  acid.  But  even  in  the  process  of  soap- 
boiling itself,  the  test  of  the  lye  afforded  by  the 
hydrometer,  combined  with  the  personal  experience 
of  the  workman,  is  a clue  by  which  he  is  enabled  to 
judge  whether  the  proper  strength  has  been  attained; 
knowing  as  he  does  what  degree  the  hydrometer 
ought  to  indicate  from  any  particular  soda  or  potash 
lye  for  any  particular  purpose.  The  more  or  less 
caustic  taste  of  a lye  is  also  a test  much  depended  on 
by  many  soap-boilers. 

Saponification. — Oils  and  fats  themselves  are 
neither  soluble  in  water  nor  miscible  with  it,  but 
nearly  all  are  made  so  by  union  with  alkali.  The 
process  of  effecting  this  combination  is  termed 
saponification,  and  the  compound  produced  is  soap— 
hard  soap  when  its  base  is  soda,  but  a more  or  less 
soft  soap  when  potash  is  the  alkali  present. 

The  properties  and  composition  of  oils  and  fats 
have  already  been  described.  It  is  sufficient  to  state 
here  that  neutral  fats,  such  as  tallow,  palm  oil, 
cocoa-nut  oil,  &c.,  are  the  glyceryl  salts  of  the  fat 
acids;  and  their  conversion  into  soap  or  “saponifi- 
cation ” consists  in  the  separation  of  tlie  glyceryl 
and  the  acid,  and  results  in  the  formation  of  an 
alkaline  salt  of  the  fat  acid  (i.e.,  a soap)  and  glyce- 
rin, thus— 

Stearine.  Glycerin. 

Potassium  Stearate. 

3 Atoms. 

(CigHgsOjal 
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In  all  saponifiable  fats  the  same  reaction  ensues, 
though  the  soap  produced  contains  different  acids, 
according  to  the  kind  of  grease  or  fat  employed. 
Thus,  in  the  case  of  palm  oil,  the  soap  consists  for 
the  most  part  of  palmitate  of  sodium  or  potassium. 
When  spermaceti  is  used,  the  soap  produced  con- 
sists of  cetylate  of  potassium  or  sodium ; and  instead 
of  glycerin,  an  analogous  body  termed  ethal  is 
found  in  the  mother  liquor.  By  far  the  greater 
majority  of  fats,  however,  yield  when  treated  with 
alkalies  soaps  containing  only  stearate,  palmitate, 
and  oleate  of  potassium,  if  a soft  soap,  and  of  sodium 
in  the  case  of  hard  soaps.  Rosin,  though  employed 
in  the  manufacture  of  soap  in  the  place  of  fixed  oil 
or  fat,  is  not  to  be  considered  analogous  to  a fat  in 
its  chemical  constitution,  or  to  be  capable  of  forming 
with  an  alkali  a proper  soap  by  itself.  Rosin  is  an 
indefinite  mixture  of  three  distinct  bodies  possessing 
well  - marked  acid  properties ; and  hence  named 
sylvic,  pinic,  and  colophonic  acids,  each  of  which  is 
capable  of  entering  into  combination  with  alkalies, 
and  of  readily  dissolving  in  alkaline  solutions,  though 
totally  insoluble  in  pure  water. 

For  the  complete  saponification  of  fats  or  oils  an 
excess  of  alkali  is  requisite;  this  is  the  more  willingly 
employed,  that  it  can  be  removed  again  without 
difficulty. 

The  production  of  soap  is  by  no  means  a momen- 
tary process.  On  the  contrary,  the  manufacture 
consists  of  a number  of  stages,  and  these  occupy 
a considerable  length  of  time  from  the  first  mix- 
ing of  the  fat  with  the  alkali,  when  an  emulsion  is 
produced,  to  the  formation  of  soap  ready  for  use, 
or  even  to  that  point  when  the  whole  of  the  alkali 
is  saturated  with  fatty  acid.  Acid  salts  are  first 
produced  with  the  oily  acids,  and  these  hold  the  re- 
mainder of  the  fat  in  solution,  or  in  a state  of  division, 
until  it  also  is  able  to  combine  with  alkali,  and 
transform  the  acid  into  neutral  salts  or  into  finished 
soap.  This  reaction  may  easily  be  observed,  if  the 
fat  is  boiled  with  one-half  the  required  quantity  of 
alkali ; the  whole  of  the  oil  is  in  such  case  dissolved, 
but  the  solution  becomes  turbid  on  cooling,  and 
when  water  is  added,  and  the  mixture  again  boiled, 
unsaponified  fat  separates,  showing  that  this  had 
only  been  retained  in  the  fluid  by  the  stearate  or 
inargarate  of  the  alkali  that  had  been  formed. 

Hard  and  Soft  Soap. — Soaps  are  divided  into  two 
classes,  differing  from  each  other  in  the  material  from 
which  they  are  produced,  and  are  distinguished  by 
the  names  hard  and  soji  soap.  Hard  soaps  are  made 
from  fats,  or  vegetable  fat  oils,  and  soda ; for  soft 
soaps,  the  oleaginous  material  is  usually  a fish  oil 
or  vegetable  drying  oil,  and  the  alkali,  potash. 
Hard  soaps  may,  however,  be  made  with  potash, 
provided  a solid  fat  be  employed ; but  soda  soaps 
are  invariably  harder  than  potash  soaps,  the  unctuous 
material  being  the  same.  The  hard  soaps  of  animal 
fats  are  either  white  or  marbled,  and  are  particularly 
applicable  for  washing  the  finer  articles  of  dress, 
the  soft  soaps  being  more  caustic  than  the  solid  soda 
soaps.  Of  the  hard  soaps  of  commerce  those  made 
with  oils,  with  the  exception  of  palm  oil,  consist 
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of  oleate,  with  only  a small  proportion  of  stearate 
of  sodium  ; those  made  with  animal  fats  are  mix- 
tures of  stearate,  palmitate,  and  oleate  of  sodium. 
On  the  Continent,  and  wherever  wood  is  abundant, 
potash  is  frequently  introduced  in  admixture  with 
soda  in  the  production  of  hard  soaps. 

Properties  of  Soaps. — Potash  and  soda  soaps  are 
readily  soluble  in  hot  water  and  alcohol;  both  solu- 
tions solidify  to  a jelly  if  concentrated.  Opodeldoc 
is  this  jellied  soap  mixed  with  alcohol.  The  addition 
of  a quantity  of  cold  water  to  the  aqueous  solution 
produces  a precipitation,  the  neutral  salts  of  stearic 
and  palmitic  acids  decomposing  into  free  alkali,  which 
remains  in  solution,  and  acid  stearate  and  palmitate 
of  alkali,  which  precipitates  in  the  form  of  pearly, 

; crystalline  scales.  Potash  soaps  are  more  soluble 
i in  water  than  those  containing  soda.  Stearate  of 
\ sodium  may  be  regarded  as  the  type  of  hard  soaps ; 
in  contact  with  ten  times  as  much  water,  it  suffers 
no  striking  change,  while  stearate  of  potassium 
under  the  same  circumstances  forms  a thick  paste 
or  a viscid  solution.  In  these  respects  the  palmitates 
of  potassium  and  sodium  closely  resemble  the  cor- 
responding stearates.  Oleate  of  sodium  is  soluble 
in  10  parts  of  water,  and  oleate  of  potassium  in  4 
parts.  The  latter  forms  a jelly  with  2 parts,  and 
possesses  such  a strong  affinity  for  water,  that  100 
parts  absorb  162  when  exposed  to  a humid  atmos- 
phere. It  follows,  therefore,  that  soaps  are  soft  in 
proportion  to  the  oleates,  and  hard  in  proportion 
to  the  stearates  and  palmitates  they  contain,  so 
that  the  softness  or  hardness  of  soap  is  not  solely 
dependent  upon  the  base  that  is  employed. 

Soap  of  Commerce — that  is,  stearate,  palmitate,  or 
oleate  of  alkali — is  never  dissolved  by  cold  water 
without  decomposition.  The  neutral  salts  are  re- 
solved into  alkali,  which  dissolves,  and  into  an  acid 
salt,  which  is  precipitated.  The  same  decomposition 
occurs  when  hot  solutions  of  soap — particularly  of 
dilute — are  cooled. 

The  occurrence  of  these  decompositions,  which 
ensue  equally  with  the  palmitates  and  oleates  of 
potassium  and  sodium,  as  with  the  stearates,  affords 
an  easy  explanation  of  the  appearance  of  the  whitish 
turbidity  always  produced  when  soap  is  dissolved  in 
even  the  purest  water,  and  show,  at  the  same  time, 
that  the  alkalinity  of  soap-suds  is  solely  due  to  the 
liberation  of  caustic  potash  or  soda;  and  this  it  is 
that  affords  the  possibility  of  removing  fatty  im- 
purities in  water,  which  is  the  sole  object  of  washing 
with  soap. 

It  is  of  the  utmost  importance  to  the  soap-boiler 
that  he  be  well  acquainted  with  the  physical  com- 
portment of  soaps  with  solutions  of  different  salts, 
as,  for  instance,  with  chloride  of  sodium,  carbonate 
of  soda,  the  corresponding  potassium  salts,  chloride 
of  ammonium,  and  various  others.  These,  although 
not  absolutely  essential  to  the  formation  of  soaps, 
j are  very  much  concerned  in  the  separation  of  the 
j foreign  matters  that  render  hard  soap  impure ; and 
j are  also  useful  to  impart  to  it  the  proper  amount  of 
water.  In  practice,  a solution  of  chloride  of  sodium 
I is  always  employed  for  this  purpose.  The  peculiar 
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behaviour  of  soap  with  a solution  of  this  salt  was 
noticed  by  Liebig  : — 

If  a piece  of  common  hard  soap  be  placed  in  a solu- 
tion of  salt  at  ordinary  temperature,  it  floats  upon  the 
surface  without  ever  being  moistened,  and  if  the  liquid 
be  heated  to  boiling,  it  separates  without  foam  into 
gelatinous  flocculse,  which  collect  on  the  surface,  and 
upon  cooling  unite  into  a solid  mass,  from  which  the 
solution  flows  off  like  water  from  fat.  K the  flocculae 
be  taken  out  of  the  hot  fluid,  they  congeal  on  cooling 
into  an  opaque  mass,  which  may  be  pressed  between 
the  fingers  into  flue  laminae  without  adhering  to 
them.  If  the  solution  is  not  quite  saturated,  the 
soap  then  takes  up  a certain  quantity  of  water,  and 
the  flocculse  separate  thi-ough  the  fluid  on  boiling. 
But  even  when  the  water  contains  only  :^^5th  part 
of  common  salt,  ebullition  does  not  produce  solution. 
If  the  soap  is  boiled  in  a dilute  and  alkaline  solution 
of  salt,  and  suffered  to  cool,  it  again  collects  on  the 
surface  of  the  fluid  in  a more  or  less  solid  state, 
depending  on  the  greater  or  less  degree  of  concen- 
tration of  the  solution ; that  is,  on  the  quantity  of 
water  taken  up  by  the  soap.  By  boiling  the  dilute 
solution  of  salt  with  soap  for  a considerable  time, 
the  aqueous  flocculse  intumesce,  and  the  mixture 
assumes  a foamy  appearance,  but  still  they  are  not 
dissolved,  as  the  solution  separates  from  them.  The 
flocculse,  however,  have  become  soft  and  pasty  even 
after  cooling,  and  their  pastiness  depends  on  the 
quantity  of  water  they  have  imbibed.  By  still  con- 
tinued boiling  this  character  again  changes,  and  iu 
proportion  as  the  water  evaporating  renders  the 
solution  more  concentrated,  the  latter  again  extracts 
the  water  from  the  flocculse;  the  liquid,  however, 
continues  to  foam,  but  the  bubbles  are  larger.  At 
length  a point  is  attained  at  which  the  solution 
becomes  saturated ; the  larger  iridescent  bubbles 
formed  just  before  disappear,  and  the  liquid  continues 
to  boil  without  froth  ; all  the  soap  collects  as  a trans- 
lucent mass  on  the  surface,  and  now  the  solution  and 
soap  cease  to  attract  water  from  each  other. 

If  the  plastic  soap  be  now  removed  and  cooled, 
while  the  solution  is  pressed  out,  it  becomes  so  solid 
as  scarcely  to  receive  an  impression  from  the  fingers. 
In  this  state  it  is  called  grain  soap.  The  addition  of 
salt,  or  its  solution,  to  a concentrated  alkaline  men- 
struum of  soap  in  water,  precipitiites  the  soap  in 
gelatinous  flocculaj,  and  the  mixture  behaves  precisely 
as  solid  soap  boiled  with  a dilute  solution  of  salt. 
Caustic  potash  and  carbonate  of  potash  act  like  salt 
in  separating  soap  from  the  alkaline  fluid.  The 
application  of  these  facts  to  the  manufacture  of  soap 
is  obvious.  The  fat  is  kept  boiling  in  an  alkaline  lye 
until  all  pasty  matters  disappear;  but  the  lye  should 
have  such  a strength  that  the  soap  may  be  per- 
fectly dissolved  iu  it.  Thus  tallow  may  be  boiled 
for  days  in  a caustic  potash  solution,  of  specific 
gravity  without  being  saponified.  If  the  lye  be 
stronger  a partial  saponification  ensues ; but  being 
insoluble  iu  the  fluid,  the  soap  floats  on  the  surface 
as  a solid  mass.  By  the  gradual  addition  of  water 
with  continued  boiling,  the  mass  at  a certain  point  | 
becomes  thick  and  clammy,  and  with  more  water 


an  emulsion  is  formed;  on  continued  heating  this 
becomes  perfectly  clear  and  transparent,  if  a suflBcient 
quantity  of  alkali  be  present.  In  this  state  it  may  be 
drawn  out  into  long  threads,  which  on  cooling  either 
remain  transparent,  or  are  milky  and  gelatinous.  As 
long  as  the  hot  mass,  suffered  to  drop  from  a spatula, 
exhibits  a milkiness  or  opalescence,  the  boiling  is 
continued,  or  more  alkali  added.  When  excess  of 
alkali  is  present,  the  milkiness  arises  either  from  im- 
perfect saponification  or  want  of  water;  the  former 
is  known  by  dissolving  a little  in  pure  water,  which 
becomes  perfectly  clear  when  the  whole  is  saponified. 

If  the  lye  contains  lime  the  mixture  is  also  turbid, 
but  the  addition  of  an  alkaline  carbonate  causes  the 
turbidity  arising  from  this  cause  to  disappear  instantly. 
In  order  to  separate  the  soap  from  w'ater,  free  alkali, 
and  glycerin,  a large  quantity  of  salt  is  gradually 
added  to  the  boiling  mass,  waiting  after  each  addition 
till  that  portion  is  completely  dissolved.  The  first 
addition  increases  the  consistency  of  the  mass,  while 
each  successive  portion  renders  it  more  fluid,  till  it 
loses  its  adhesive  character,  and  drops  from  the 
spatula  in  short  thick  lumps.  As  soon  as  the  con- 
gelation is  complete — that  is,  when  gelatinous 
flocculse  separate  from  a clear  watery  liquid — the 
fire  is  extinguished,  the  soap  allowed  to  collect  on 
the  surface,  and  cooled  either  on  the  liquid,  or 
ladled  out  and  allowed  to  get  solid. 

In  being  separated  by  means  of  salt  from  a very 
dilute  solution,  soap  suffers  an  alteration  in  compo- 
sition, the  soap  so  thrown  down  being  a distearate, 
dipalmitate,  or  dioleate  of  the  alkali,  instead  of  the 
neutral  compound  originally  in  solution  ; but  when 
the  solution  is  of  moderate  strength,  the  soap  is  separ- 
ated unaltered  in  composition.  The  same  results  as 
those  obtained  by  the  use  of  common  salt  are  also 
produced,  although  in  a less  energetic  manner,  by 
chloride  of  potassium,  carbonates  of  the  alkalies, 
sulphate  of  soda,  acetate  of  potash,  and  chloride  of 
ammonium.  Of  these,  sulphate  of  soda  and  chloride 
of  potassium  have  but  a very  slight  action.  Con- 
centrated caustic  lyes  also  separate  soap  from  its 
solution,  in  the  same  manner  as  with  eommon  salt; 
in  weak  caustic  lye,  on  the  contrary,  soap  is  peifectly 
soluble.  On  this  account  soap-boilers,  especially  at 
the  commencement  of  the  operation,  except  in  the 
case  of  cocoa-nut  oil,  always  use  weak  lyes,  as  the 
stronger  would  prevent  the  necessary  amount  of 
contact  amongst  the  ingredients,  and  very  much 
retard  the  process  of  saponification.  Not  only  all 
foreign  matters  other  than  soaps,  but  also  the  base 
of  the  oils — glycerin — is  completely  separated  from 
soap  by  means  of  caustic  or  saline  solutions,  in  which 
it  is  perfectly  soluble.  The  separation  of  the  small 
quantities  of  earthy  and  metallic  soaps,  always 
formed  during  the  process  of  saponification  by  means 
of  impure  alkalies,  requires  a distinct  operation, 
termed  the  Jiuing  process,  which  wiU  be  presently 
alluded  to. 

Manukacture. — The  boilers  usedinthe  soap  manu- 
facture are  formed  of  cast-iron  or  wrought-iron  plate. 

I Their  capacity  varies  according  to  the  quantity  of 
soap  to  be  produced — some  being  as  large  as  15  feet 
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in  diameter  .and  15  feet  deep,  and  cap.able  of  yielding 
25  to  30  tons  of  soap  at  one  operation.  The  pan  or 
kettle  is  fixed  in  the  brickwork,  and  so  built  round 
that  the  heat  acts  solely  at  the  bottom.  The  waste 
lyes  are  withdrawn  from  the  bottom  by  means  of  a 
pipe  fixed  to  the  boiler.  The  pans  are  usually  cast 
with  a flange  at  the  upper  rim,  so  that  if  necessary 
the  boiler  may  be  enlarged  by  adjusting  a hollow 
cone  of  wood,  iron  bound,  and  which  is  termed  the 
curb.  It  may  extend  as  high  as  desired,  and  should 
be  surrounded  with  mason  work  like  the  rest  of  the 
pan.  The  boiling  of  the  soap  is  accomplished  by 
means  of  steam,  either  conducted  directly  into  the 
materials  in  the  boiler,  or  when  a high  tempera- 
ture is  not  desirable,  by  applying  the  steam  to  the 
outer  surface  of  the  caldron.  The  application  of 
Steam  is  a method  of  communicating  heat  to  the 


caldrons  far  preferable  to  the  old  method  of  placing 
the  boiler  directly  in  conbact  with  the  fire.  Not  only 
is  there  a gi’eat  saving  of  fuel,  but  less  attention, 
and  consequently  fewer  hands  are  required,  while 
the  facility  of  arresting  the  operation  at  any  desired 
moment  is  of  gre.at  importance.  In  the  annexed 
representation  (Fig.  1)  are  shown  three  caldrons, 
A,  A,  A,  set  in  solid  masonry,  M.  The  main  pipe 
or  steam  feeder,  g,  is  attached  by  the  cock,  p,  to 
the  boiler,  w,  which  is  stationary,  and  generally 
placed  against  the  wall  immediately  above  the 
kettles  or  caldrons.  These  latter  are  partly  of  iron 
and  partly  of  wood,  the  upper  portion  or  curb  being 
wood,  well  hooped  round  by  iron  rings,  and  the 
lower  portion  of  cast  iron,  and  so  shaped  that  the 
worm  can  lie  closely  to  the  sides,  and  that  the  blow- 
pipe can  fit  upon  the  bottom.  The  steam  is  admitted 


Fig.  1. 
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to  the  vats  by  the  cock,  n,  on  the  pipe,  N.  In  the 
section  at  K the  position  of  the  coil  is  displiiyed  ; the 
waste  steam  is  led  away  at  x.  The  cock,  i,  is  for  j 
the  withdrawal  of  the  spent  lyes.  The  pipe,  L,  serves  ! 
when  necess.ary  to  communicate  addition.al  heat  to  I 
the  contents  of  the  p.an,  .and  is  useful  also  to  agitate  : 
the  niiiss.  In  some  manufactories  the  boiling  vats 
are  made  wholly  of  wood,  well  fastened  by  iron 
clamps. 

Another  arrangement  of  so.ap  c.aldrons  is  shown 
in  Fig.  2.  a is  the  steam  boiler;  B B,  the  soap  pans; 
C,  the  chimney ; D,  the  steam  chest,  whence  the 
serpentine  coils,  ss,  are  supplied  with  ste.am  by  the 
pipes,  E K.  'I'he  lyes  are  withdrawn  from  the  pans 
by  the  cocks,  1 1,  and  the  condensed  water  from  the 
coils  by  the  cocks,  li  ii. 

The  process  is  rendered  more  r.apid  and  fuel  is 
saved  by  employing  superheated  steam.  An  in- 


genious contrivance  of  Morfit’s  for  this  purpose  is 
shown  on  next  p.age. 

This  apparatus  (Fig.  3)  is  used  for  mixing,  stirring, 
and  he.ating,  at  one  and  the  same  time,  the  con- 
tents of  vessels  of  any  size  or  form,  by  superheated 
steam.  It  is  well  adapted  for  the  manufacture  of  soap. 
A is  the  containing  vessel,  which  may  be  a pan 
with  a round  bottom  or  a wooden  tub.  Firmly 
fixed  to  the  centre  of  the  bottom  of  this  vessel  is  a 
slightly  conic.al  metallic  socket,  communiaating  with 
a waste  pipe,  L ; and  adjusted  to  and  turning  in 
this  socket  is  the  upright  metallic  .shaft,  C,  carrying 
the  tubular  arms  or  coils,  D D,  ee,  arranged  in  hori- 
zontal and  vertical  series  alternately.  There  may 
be  two,  four,  or  more  of  these  series  of  branching 
tubes.  F.ach  is  tightly  joined  with  the  shaft  at  F, 
the  centre  of  whicli  is  hollow  from  that  point  up- 
wards to  the  stuflBng  box,  G,  .as  a passage  w'ay  for 
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the  steam  from  the  generator  to  the  rotating  arms. 
The  lower  end  of  the  shaft  is  also  hollow  in. the 
centre  to  a height  of  several  inches  above  the  bottom 
of  the  pan,  for  the  purpose  of  communicating 


between  the  exit  ends  of  the  branches  and  the 
waste  pipe,  L. 

The  gearing  by  which  the  twirl  is  made  to  revolve 
is  shown  at  HJ.  The  superheated  steam  passes 


Fig.  8. 


from  the  feed-pipe,  K.  down  into  the  tubular  arms 
of  the  twirl,  which  twirl  being  made  to  revolve 
simultaneously  by  power  applied  to  the  gearing,  H J, 
the  stirring  and  heating  of  the  contents  of  the  pan 
go  on  uninterruptedly  together. 

W.  Gossage  of  Widnes  thus  describes  the  method 
of  making  English  hard  soaps; — The  manufacturer 
provides  himself  ‘with  solutions  of  caustic  soda  of 
various  strengths,  called  lyes,  these  being  obtained 
by  boiling  together  a solution  of  carbonate  of  soda 
and  slaked  lime,  running  off  the  first  solutions  and 
washing  the  residual  carbonate  of  lime  with  several 
affusions  of  water;  the  last  liquors  thus  obtained 
being  used  for  dissolving  a fresh  batch  of  carbonate 
of  soda. 

It  is  a well  known  fact  that  lime,  in  whatever 
proportion  it  may  be  used,  does  not  effect  the  per- 
fect decomposition  of  carbonate  of  soda,  unless  the 
latter  is  present  as  a weak  solution.  And  as  any 
alkali  in  the  state  of  carbonate  which  may  be  intro- 
duced into  the  soap-copper  is  incapable  of  decom- 
posing the  neutral  oils  or  fats,  it  becomes  wasted ; 
therefore  the  manufacturer  uses  solutions  of  car- 
bonate of  soda  of  such  strength  as  will  yield  lyes 
(solutions  of  caustic  soda)  having  a specific  gravity 
not  exceeding  1‘090. 

The  manufacturer  charges  his  soap -pan  at  the 
commencement  with  a quantity  of  neutral  fat  or  oil, 
and  adds  to  this  weak  lyes  having  a specific  gravity 
of  about  1'050.  lie  causes  steam  to  be  injected  to 
produce  ebullition  and  mixing.  If  the  process  goes 
on  properly  the  oil  or  fat  which  was  previously 
floating  on  the  surface  of  the  lye  becomes  speedily 
combined  with  it,  producing  a uniform  milky  emul- 
sion, from  which  no  watery  jiarticles  separate  on 
cooling.  If  this  combination  does  not  take  place, 
the  operator  adds  either  water  or  weaker  lye,  and 


continues  the  boiling  until  a perfect  emulsion  is 
produced.  At  this  period  all  taste  of  alkali  in  this 
compound  has  passed  away — the  tongue  being  used 
by  the  operator  in  place  of  turmeric  paper  to  ascer- 
tain the  presence  of  free  alkali.  The  combination 
of  the  oil  or  fat  with  the  mineral  alkali,  or  the  dis- 
placement of  the  glycerin,  having  been  thus  fairly 
put  in  progress,  the  operator  makes  repeated  addi- 
tions of  stronger  lyes,  continuing  the  boiling  until 
he  finds  the  presence  of  free  alkali  in  the  compound; 
he  then  adds  more  oil  or  fat,  or  some  rosin  (if  he  is 
making  soap  containing  rosin) ; he  also  continues  to 
make  repeated  additions  of  stronger  lyes.  In  this 
part  of  the  operation  he  takes  care  there  shall  be 
no  excess  of  alkali  present  in  the  compound  at  the 
period  when  the  soap-pan  has  become  nearly  filled 
by  the  repeated  addition  of  oils  and  fats  and  lyes. 
He  then  adds  common  salt  to  the  mixture,  which  by 
its  superior  affinity  for  water,  as  compared  with  that 
of  the  saponaceous  compound,  effects  the  decompo- 
sition of  the  emulsion,  and  causes  this  to  be  sepa- 
rated into  soap  combined  with  a definite  quantity  of 
water,  but  not  having  its  full  proportion  of  alkali, 
and  a solution  of  common  salt — which  latter  con- 
tains the  glycerin  of  the  fats  or  oils  employed.  The 
soap  floats  in  a granulated  state  on  the  surface  of 
the  solution,  which  is  then  called  “ spent  lyes,”  and 
should  contain  no  free  alkali. 

After  a few  hours  for  subsidence  the  exhausted 
solution  or  spent  lye  is  withdrawn  from  the  soap- 
pan,  from  under  the  imperfectly-made  soap,  and  is 
rejected  as  worthless. 

The  workman  commences  his  second  operation  by 
the  addition  of  some  weak  lye  to  the  imperfect  soap, 
and  by  boiling  he  brings  the  contents  of  his  pan 
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again  into  a slate  of  homogeneous  mixture — called 
the  “close  state,”  as  contradistinguished  from  the 
condition  in  which  the  soap  is  granulated  and 
separated  from  the  liquid  contents  of  the  pan  ; and 
if  he  has  not  already  added  his  full  complement  of 
oils  or  fats,  he  completes  the  addition  of  them, 
adding  also  strong  lyes  until  he  finds  the  mixture 
has  acquired  a strongly  alkaline  taste.  He  then  adds 
sufficient  common  salt  to  cause  the  separation  of  the 
soap  from  the  alkaline  solution,  and  boils  the  soap 
for  some  hours  in  the  presence  of  the  alkaline  solu- 
tion, to  insure  the  whole  of  the  fatty  matter  being 
combined  with  alkali. 

If  it  is  intended  that  the  product  should  be  framed 
as  a “ curd  ” soap,  it  is  allowed  to  remain  quiescent 
for  a few  hours,  so  that  the  lyes  may  subside ; and 
the  soap  is  then  skimmed  off  and  transferred  to  the 
“frames,”  in  which  it  soKdifies  by  cooling,  and  is  then 
divided,  by  cutting  with  wire,  into  slabs  and  bars. 

If  the  soap  contains  rosin  as  part  of  its  acid 
constituents,  it  requires  a further  operation  before 
framing.  This  consists  in  melting  the  curd  soap 
(after  the  abstraction  of  the  alkaline  lyes  from  the 
lower  part  of  the  pan)  with  the  addition  of  water, 
and  boiling  the  mixture  by  steam  or  fire,  or  both 
steam  and  fire,  so  as  again  to  produce  a homogeneous 
compound  containing  an  indefinite  proportion  of 
water,  and  allowing  this  compound  to  remain  quies- 
cent for  two  days,  when  a separation  takes  place, 
resulting  in  the  elimination  of  a definite  compound, 
containing  in  100  parts  about  65  of  fatty  acids,  6'5 
of  soda,  and  28'5  of  water.  This  forms  the  upper 
stratum  of  the  soap-pan,  underneath  which  is  an 
indefinite  compound,  technically  called  “ nigre,” 
containing  a much  larger  proportion  of  water. 

When  it  is  judged  that  the  separation  of  these 
compounds  has  been  well  effected  by  subsidence,  the 
upper  portion,  or  definite  compound,  is  usually 
taken  out  of  the  soap-pan  by  ladling,  and  trans- 
ferred to  frames  to  solidify  by  cooling.  The  residual 
portion,  which  contains  an  excess  of  alkali,  as  well 
as  of  water,  is  boiled  up  with  salt  and  the  addition 
of  fatty  materials,  to  form  the  succeeding  boil  of  soap. 

In  Germany  the  kettle  is  charged  with  190  gallons 
of  soda  lye  of  30°  B.,  and  2000  lbs.  of  the  best  melted 
suet.  W'hen  the  mixture  becomes  milky  it  is  kept 
gently  boiling  for  two  hours,  the  source  of  heat  is 
then  removed,  and  after  two  hours’  repose  the  lye  is 
drawn  off.  The  operations  are  continued  as  above 
described.  When  the  soap  forms  by  pressure  clear 
solid  scales  between  the  fingers,  the  magma  is  cooled 
by  throwing  in  some  buckets  of  lye,  and  soon  after  it 
has  settled  drawn  off  clear.  After  the  heat  is  with- 
drawn 9 or  10  gallons  of  lye  are  poured  into  the 
kettle,  and  when  fusion  is  complete  a trial  of  the 
paste  is  made  with  the  spatula.  If  it  runs  from  the 
lye  water  is  added;  if  it  does  not  run,  it  must  be 
boiled  a little  longer,  adding  a bucket  of  water 
containing  a third  of  its  weight  of  common  salt  in 
solution,  in  order  to  effect  the  separation  of  the  soap 
from  the  water.  When  tliis  separation  appears  to  be 
perfect,  after  an  hour  or  more  of  repose,  the  water, 
which  coutiiius  the  greater  part  of  the  alkaline  lye 


remaining  from  the  first  boiling  (generally  of  a very 
deep  bottle-green  colour),  is  drawn  off.  The  boiling 
is  renewed  with  addition  of  about  eight  buckets  of 
water,  and  when  the  incorporation  is  complete  an 
I examination  with  the  spatula  must  be  made  to  ascer- 
tain whether  the  soap  runs  from  the  water.  If  it 
does,  water  is  added  in  small  quantities  until  this 
ceases,  and  the  pasty  mass  moves  tremulously.  To 
finish  the  operation  the  contents  of  the  kettle  are 
well  boiled,  and  unless  the  soap  has  a bluish  tint  (in 
which  case  it  must  have  another  washing),  the  fire  is 
extinguished,  or  the  steam  shut  off,  the  kettle  care- 
fully covered,  and  the  whole  left  to  rest  for  a day  or 
more,  and  then  ladled  off  into  the  frames. 

In  the  United  States  of  America  the  following 
process  is  pursued : — The  strength  of  the  lye  em- 
ployed differs  accordingly  as  the  fat  to  be  saponified 
is  richer  in  olein  or  in  solid  constituent.  The  opera- 
tion is  commenced  by  pouring  the  lye  into  the  boiling 
caldron  to  a third  of  its  capacity.  This  is  then 
heated  to  ebullition,  and  the  oil  is  now  poured  in. 
The  reaction  is  such  that  a magma  is  immediately 
formed.  The  proper  formation  of  this  magma  is 
considered  to  be  the  most  delicate  and  important 
part  of  the  whole  process  ; and  if  badly  managed,  a 
much  greater  quantity  of  lye  is  required  to  form  the 
same  weight  of  soap  than  otherwise  would  be.  After 
pouring  in  the  fat,  the  heat  is  decreased  by  opening 
the  doors  of  the  furnace  ; and  when  the  mixture  is 
complete,  if  necessary  a further  quantity  of  weak 
lye  is  added  gradually,  and  with  constant  stirring 
during  the  addition,  so  as  to  insure  thorough  con- 
tact. The  mass  should  remain  homogeneous;  the 
fat  should  neither  rise  to  the  surface  nor  descend  to 
the  bottom.  If  it  rises,  it  is  necessary  to  add  more 
strong  or  weak  lye,  according  to  the  capacity  of  the 
caldron.  If  the  lye  is  in  excess,  a further  quantity 
of  fat  must  be  added — always  stirring  briskly  upon 
any  addition  of  new  material.  The  operation  re- 
quires from  eighteen  to  twenty  hours  for  completion. 
It  may,  however,  be  greatly  accelerated  by  throwing 
in  the  scrapings  or  the  waste  of  soap  already  made. 
An  excess  of  soda  is  recognized  by  the  liquidity  and 
transparency  of  the  paste.  The  presence  of  a large 
proportion  of  common  salt  in  the  soda  also  prevents 
more  or  less  the  proper  formation  of  the  magma. 
When  this  is  the  case  to  any  considerable  extent, 
the  use  of  soap  scraps  is  indispensable.  The  next 
step  in  the  process  is  the  removal  of  the  large 
quantity  of  water  which  was  required  for  the  ample 
saponification  of  the  fat.  This  is  effected  by  the 
addition  of  lyes  containing  common  salt,  and  after- 
wards boiling  the  mixture  from  fifteen  to  twenty  hours, 
constantly  stirring  during  ebullition.  When  the  mass 
opens  in  different  places,  the  separation  is  esteemed 
complete.  The  fire  is  withdrawn,  and  the  whole  is 
now  allowed  three  or  four  hours’  repose,  after  which 
the  settled  waste  lye  is  drawn  off.  A further  quantity 
of  lye,  charged  with  common  salt,  is  now  added,  and  the 
mixture  is  gently  boiled — the  operator  being  careful 
to  remove  from  the  sides  of  the  caldron  any  adher- 
ing soap,  so  that  all  portions  may  be  in  contact  with 
the  lye.  The  mass  now  acquires  more  consistence. 
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After  some  hours’  repose,  the  settled  waste  lye  is 
again  withdrawn.  Lye  of  specific  gravity  I’lO  = 
20° Tw.  is  poured  in,  and  the  mixture  is  again  boiled; 
by  this  it  acquires  a still  greater  consistence.  After 
continued  boiling  for  about  three  hours,  it  is  allowed 
to  deposit,  and  the  waste  lye  is  again  drawn  off. 
This  operation  is  repeated  once  more,  but  with 
strong  lyes,  care  being  taken  to  stir  the  paste  while 
being  heated,  and  to  allow  only  a gentle  ebullition, 
so  that  the  whole  may  form  a homogeneous  mass. 

The  soap  at  this  stage  begins  to  acquire  firmness. 
The  boiling  with  lye  several  times  successively  serves 
not  only  to  complete  the  saponification,  but  to  wash 
and  purify  the  soap.  That  it  may  be  perfect,  it  is 
necessary  to  repeat  the  operation  four  or  five  times. 
As  soon  as  complete,  the  fire  should  be  withdrawn, 
and  the  mass  allowed  to  settle  and  become  some- 
what cool,  and  then  ladled  out  and  conveyed  in 
buckets  to  the  frames. 

Framing. — When  the  soap  paste  has  remained  in 
the  boiler  a sufficient  length  of  time  to  have  become 
pai-tially  cool,  it  is  ladled  out  into  buckets  or  pails, 
conveyed  to  the  frame-room,  and  poured  into  the 
frames  to  solidify. 

The  frames  or  sesses  (Figs.  4 and  5)  form  when 
joined  together  a pile  of  rectangular  inclosures. 

Fig.  4. 


measuring  internally  about  45  inches  by  15  inches. 
They  should  be  very  smooth,  and  so  jointed  as  to 
fit  closely  together.  When  piled  one  upon  the 
other,  to  the  height  of  3 or  4 feet,  they  constitute 
a tiglit  square  well  fitted  to  receive  the  boiled  soap 
paste.  They  are  tightly  bound  together  by  clamps 
and  screw  rods,  e f.  The  bottom,  a,  is  made  of  two 
layers  of  planks ; in  the  upper  one  are  four  grooves, 
into  which  the  projections,  dd,  which  support  the 
sides,  fit.  The  cross  pieces,  cc,  support  the  ends. 


A cloth  is  spread  over  the  bottom,  to  filter  off  the 
lye  which  runs  out  through  the  holes,  gg. 

Cast-iron  frames,  as  a substitute  for  the  above 
in  the  manufacture  of  yellow  soaps,  are  of  late 
introduction.  These  latter  are  formed  of  five 
rectangular  plates,  one  for  the  bottom,  two  for 
the  ends,  and  two  for  the  sides,  so  arranged  and 
fastened  together  as  to  form  a well  or  leservoir 
of  the  same  length  and  breadth  as  the  wooden 
frames,  and  about  5 feet  in  height.  These  frames 
are  put  together  and  taken  to  pieces  much  more 
easily  than  those  of  wood,  and  the  good  conducting 
power  of  the  iron  considerably  accelerates  the  cool- 
ing and  solidifying  of  the  soap.  If  the  soap  is 
allowed  to  solidify  in  the  state  in  which  it  is  run 
into  the  frames  it  has  a rough  granulated  texture, 
and  is  extremely  hard.  It  is  therefore  usual  to  mix 
a small  quantity  of  water  with  it  in  the  frame,  and 
afterwards  agitate  the  mixture  with  a wooden  paddle 
or  crutch  until  nearly  cold.  By  this  means  it  acquires 
a finer  grain,  and  is  not  nearly  so  hard. 

The  soap  having  become  cold  and  dry,  and  in  a 
state  to  be  removed  from  the  frames,  which  may  be 
known  by  gentle  pressure  of  the  finger  making  no 
impression,  the  iron  screw  rods  which  bind  the 
frames  together  are  remove ',  and  each  frame  is 
lifted  off  the  soap,  which  is  left  a compact  mass  of 
the  size  of  the  interior  of  the  frame.  This  mass  is 
then  marked  round  with  a kind  of  iron  toothed 
scrihe  or  dentier.  The  teeth  are  near  or  distant  from 
each  other  accordingly  as  the  blocks  are  desired  of 
small  or  large  size.  The  mass  is  then  cut  by  means 
of  a wire,  inserted  by  the  workmen  in  the  track  of 
the  teeth,  into  slabs,  and  these  are  again  subdivided 
into  bars.  The  usual  size  of  the  bars  is  15  inches 
long  by  2^  inches  deep  and  broad. 

Various  machines  have  been  devised  for  cutting 
the  lumps  of  soap  from  the  frames  into  slabs  and 
bars.  One  much  used  in  this  country  consists  of  a 
table,  upon  which  the  soap  is  placed  at  an  angle,  so 
that  a hinged  frame,  provided  with  a number  of 
wires  fixed  at  the  desired  distances  apart  from  each 
other,  can  be  brought  down  upon  it ; the  cut  soap 
then  falls  through  the  hinged  frame  in  regular  bars. 

Lesage  has  patented  a soap-cutting  machine,  in 
which  a cylinder,  lying  in  a horizontal  position,  but 
capable  of  being  raised  into  an  inclined  or  vertical 
position  for  the  convenience  of  filling  it  with  soap, 
is  closed  in  front  by  a plate  perforated  with  a num- 
ber of  holes.  The  other  end  of  the  cylinder  is  closed 
by  a piston,  which,  when  urged  forward  by  the 
piston-rod,  presses  upon  the  mass  of  soap,  and  forces 
it  through  the.  holes  in  the  front  plate,  thereby 
moulding  it  into  sticks  whose  transverse  sections 
have  the  size  and  form  of  the  holes.  These  are  cut 
off  from  the  cylinder  by  a rotating  knife,  or  by  a 
wire  moving  vertically  up  and  down. 

The  bars,  by  whichever  mode  obtained,  are  next 
removed  to  the  drying  room,  and  piled  upon  one 
another  crossways  upon  slatwork  frames,  made  of 
wooden  uprights  and  cross  pieces,  interstices  being 
left  for  the  free  circulation  of  the  air,  which  much 
facilitates  the  drying.  The  commoner  kinds  of  soap 
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are  frequently  piled  upon  the  floor  without  using 
any  frame,  but  the  lower  bars  of  soap  are  apt  to 
get  misshapen  from  the  weight  of  the  superincum- 
bent mass. 

The  bars  of  soap,  when  sufficiently  hard,  are 
stamped,  either  by  a press  with  suitable  box  and 
die,  or,  in  the  case  of  bar  soap,  with  a stereotype 
plate,  which  conveys  its  impression  by  being  struck 
with  a mallet. 

White  Soap  — Curd  Soap. — The  material  em- 
ployed may  be  tallow  or  lard,  or  olive  or  well- 
bleached  palm  oil,  or  mixtures  of  these  in  almost 
any  proportion.  To  produce  1 ton  of  soap,  from 
10  to  14  cwts.  of  tallow  or  olive  oil  are  required. 
The  process  of  saponification  is  conducted  as  above 
described,  with  but  slight  variation,  attending  more 
particularly  to  the  complete  removal  of  the  aluniiiio- 
feiTuyinotts  impurities  of  the  lye,  which  otherwise 
impart  to  the  soap  a more  or  less  intense  colour. 
Their  removal  is  effected  by  boiling  the  soap  several 
times  with  fresh  lyes,  or  by  thinning  out  the  soap 
with  a little  lye,  and  applying  gentle  heat,  then 
covering  the  caldron  carefully,  and  allowing  it  to 
settle.  The  upper  strata  of  soap  is  afterwards 
ladled  out  and  run  into  the  cooling  frames. 

In  place  of  this  process,  Anderson  at  this  stage, 
instead  of  boiling  out  the  head,  and  finishing  as 
heretofore  practised,  pumps  out  or  draws  off  the 
strong  lye  on  which  the  materials  have  been  boiled, 
and  then  adds  weak  lye  or  water  in  successive  por- 
tions, and  boils  the  whole  until  the  mass  assumes  a 
proper  appearance  for  fitting.  The  mixture  is  now 
allowed  to  stand  at  rest  for  from  twenty-four  to 
forty-eight  hours,  or  until  the  niyre  or  imperfect 
portion  of  the  soap  is  deposited.  This  latter  may 
then  be  separated,  either  by  pumping  it  off  from 
under  the  purified  compound  into  an  adjacent  kettle, 
or  by  removing  carefully  the  upper  stratum  of 
purified  soap  by  means  of  ladles  or  buckets. 

Whichever  method  be  pursued,  the  cleansed 
material  must  now  be  treated  with  the  proper  finish- 
ing lye  for  curd  soap,  which  being  added,  the  whole 
is  boiled  until  the  soap  becomes  of  sufficient  con- 
sistence to  be  transferred  to  the  cooling  frames. 
When  the  materials  employed  in  the  production  of 
this  soap  are  very  impure,  the  fitting  or  purifying 
process  as  above  described  is  repeated  one  or  more 
times ; in  which  case,  after  the  first  separation  of 
tlie  imperfect  soap,  the  remaining  partially-purified 
material  is  treated  with  a lye  only  of  moderate 
strength,  instead  of  the  ordinary  finishing  lye,  and 
the  whole  is  boiled  with  weak  lye  or  water  until 
sufficiently  diluted  to  allow  the  proper  performance 
of  the  fitting  process — after  which,  time  is  allowed 
for  deposition,  the  imperfect  soap  is  again  removed, 
and  after  the  addition  of  the  finisl)ing  lye,  the  re- 
mainder is  boiled  to  a curd  as  before.  The  further 
treatment  of  the  separated  nigre  or  imperfect  soap, 
and  its  conversion  into  mottled  soap,  is  effected  by 
adding  to  it  in  an  ordinary  caldron  the  usual  finish- 
ing lye  for  a mottled  soap,  and  boiling  until  it  is 
of  proper  consistence  to  be  removed  to  the  frames. 
The  quantity  obtained  from  one  charge  of  soap  by 


the  fitting  or  purifying  process  is  not  enough  to  be 
conveniently  boiled  by  itself ; it  is  therefore  set 
aside,  and  six  or  more  batches  operated  upon  at 
one  time. 

The  average  composition  of  ordinary  white  tallow 
soap  is — of  alkali,  1 part ; of  fatty  acids,  about  9 
parts ; and  5 to  8 parts  of  water.  In  England  by 
far  the  greater  quantity  of  curd  soap  produced  is 
made  from  tallow  or  mutton  suet  and  soda  only. 
Some  manufacturers,  however,  substitute  for  one- 
fourth  of  the  tallow  as  much  lard  or  olive  oil,  and 
a soap  is  produced  greatly  superior  in  quality,  and 
less  liable  to  change  by  exposure.  Soap  made  solely 
of  tallow  is,  besides,  inconveniently  hard,  and  very 
difficult  of  solution.  In  France  and  on  the  Con- 
tinent, when  tallow  is  saponified,  olive  oil  is  always 
added  in  the  proportion  of  20  to  25  per  cent,  of  the 
oleaginous  material.  In  England  lard  is  not  un- 
frequently  used  as  the  softening  agent ; and  when 
applied  in  about  the  same  proportion,  answers  every 
purpose,  while  it  has  the  advantage  over  olive  oil 
that  it  does  not  detract  from  the  whiteness  of  the 
soap.  English  white  or  curd  soap  is  largely  used 
by  the  cloth  manufacturers  of  Yorkshire,  and  the 
lace  and  stocking  bleachers  of  Nottingham.  Tallow 
is  not  saponified  to  a very  considerable  extent  on 
the  Continent ; but  in  its  stead,  olive  oil  mixed 
with  about  one-fifth  of  rape  oil  is  used  in  the  manu- 
facture of  hard  soaps.  This  addition  of  rape  oil  is 
always  resorted  to,  because  olive  oil  alone  yields  a 
soap  as  hard  and  compact,  and  as  difficultly  soluble, 
as  soap  made  wholly  of  tallow  and  alkali.  This, 
however,  is  not  the  case  with  rape  oil,  and  other 
oils  of  a similar  nature — that  is,  such  oils  as  become 
thick  and  viscid  by  exposure — experience  having 
demonstrated,  though  the  reason  is  as  yet  unknown, 
that  the  oils  which  turn  viscid  the  soonest  by  ex- 
posure, yield  with  soda  softer  soaps  than  those 
made  with  oils  which,  like  olive  oil,  remain  long 
limpid  under  the  influence  of  the  air.  The  admix- 
ture of  rape  oil  with  olive  oil  has  therefore  the  effect 
of  modifying  the  degree  of  hardness  of  the  soap, 
just  as  when  lard  is  saponified  in  conjunction  with 
tallow. 

Yellow  Soap. — This  variety  of  soap  differs  from 
other  kinds  in  containing  rosin.  This  substance,  as 
previously  observed,  enters  into  combination  with 
the  alkalies,  producing  a detergent  compound  sol- 
uble in  water.  The  combination,  which  cannot  be 
called  saponification,  takes  place  equally  well  with 
carbonated  as  with  caustic  alkalies.  The  soap  separ- 
ates on  the  surface  when  an  excess  of  carbonate  is 
used,  or  in  the  presence  of  common  salt,  as  a thick, 
slimy,  brown  mass,  smelling  strongly  of  rosin,  and 
contiiining  15‘8  per  cent,  of  soda.  Besides  the  rosin, 
common  fat  or  inferior  tallow,  palm  oil  is  also  used 
to  a considerable  extent.  The  usual  proportion  of 
palm  oil  and  rosin  are  3.V  parts  of  the  former  to  1 of 
the  latter;  sometimes  the  proportion  is  still  greater, 
and  the  soap  produced  is  then  soft  and  dark  coloured. 
When  the  saponific;itiou  of  the  oil  is  nearly  complete 
— that  is,  at  the  last  charge  of  the  lye — the  rosin  is 
introduced  in  a state  of  coarse  powder,  and  well 
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mixed  with  the  soap  by  agitation.  The  mixture  is 
then  boiled  for  some  hours;  a small  quantity  of  lye 
being  added  from  time  to  time,  if  necessary,  to  pre- 
serve an  excess  of  alkali  until  the  soap  is  completely 
formed,  when  the  lye  may  be  withdrawn  and  one  or 
two  waters,  or  else  weak  lyes,  applied  successively 
with  agitation  for  the  purpose  of  washing  and  puri- 
fying the  soap.  The  resinous  scum  being  removed 
for  another  operation,  the  soap  is  conveyed  to  the 
iron  frames  to  solidify.  Yellow  soap  usually  con- 
tains, to  1 part  of  soda,  from  10  to  11  parts  of  oily 
acid  and  rosin,  with  from  24  to  30  per  cent,  of  water. 
This  communicates  to  the  soap  a viscid  consistence 
which  is  not  altered  by  long  exposure  to  air.  Ac- 
cording to  Richardson  and  Watts,  the  best  plan  of 
preparing  the  soap  is  to  saponify  the  rosin  and  tallow 
separately,  and  to  mix  the  two  soaps  in  the  boiler, 
where  they  are  retained  in  a state  of  ebullition  for 
some  time,  until  a uniform  mixture  has  been  effected; 
salt  is  then  to  be  added  and  the  soap  brought  to  the 
moulds.  It  is  not  advisable  to  mix  the  separate 
soaps  in  the  moulds,  though  this  plan  is  sometimes 
adopted.  The  soap  is  finished  when  a cooled  sample 
is  of  the  right  consistence,  and  does  not  leave  a 
film.  If  it  contains  a large  proportion  of  water,  it 
has  just  the  same  appearance  as  when  it  con- 
tains only  a small  proportion.  When  anything 
like  50  per  cent,  of  water  is  present,  it  has  been 
added  while  the  soap  was  in  the  frames  for  the 
purpose  of  fraud. 

If  tallow  or  other  grease  be  employed  in  the  manu- 
facture of  yellow  soap,  instead  of  palm  oil,  the  follow- 
ing is  the  mode  of  procedure : — 2000  lbs.  of  the  oil  or 
fat,  600  lbs.  of  rosin,  and  from  150  to  175  gallons  of 
soda  lye  of  specific  gravity  1'075  to  1’150  = 15° 
to  30°  Tw.,  are  run  into  the  boiler,  and  when  the 
whole  is  melted,  the  mixture  is  heated  to  ebullition, 
stirring  carefully  all  the  time  to  prevent  the  rosin 
adhering  to  the  bottom  and  sides  of  the  caldron. 
Should  the  mass  begin  to  swell  out,  the  heat  must 
be  decreased.  The  first  boiling  should  be  continued 
not  more  than  two  or  three  hours,  on  account  of  the 
facility  with  which  the  combination  of  the  fat  and 
alkali  is  effected.  After  six  hours’  repose  the  ex- 
hausted lye  is  withdrawn,  and  fresh  substituted,  and 
the  whole  is  again  boiled  for  three  hours  or  more. 
This  is  repeated,  and  the  boilings  are  thus  continued, 
day  after  day,  until  the  soap  has  acquired  a proper 
consistence,  which  may  be  ascertained  by  taking  a 
small  portion,  and  when  cool,  squeezing  it  between 
the  thumb  and  finger.  If  hard  thin  scales  are 
formed,  it  is  finished,  and  after  having  boiled  briskly, 
the  fire  is  removed ; but  if  greasy,  clammy,  and  soft, 
it  is  not  perfect,  and  it  is  necessary  to  add  more  lye 
and  reboil.  The  soap  is  now  to  be  cooled  by  adding 
three  bucketfuls  of  lye,  and  after  two  hours  the 
liquor  is  withdrawn.  Six  or  eight  bucketfuls  of 
water  are  now  added,  and  the  whole  is  again  briskly 
boiled,  stirring  constantly  until  the  soap  is  melted. 
A little  of  the  boiling  paste  is  now  removed  on  a 
wooden  spatula,  and  if  it  run  clear  from  the  lye, 
more  water  is  added,  and  the  boiling  is  continued. 
If  it  should  not  run,  too  much  water  has  already 


been  added,  and  a half  pailful  of  strong  solution  of 
salt  must  be  thrown  in. 

The  most  delicate  part  of  the  operation  is  that  of 
boiling,  and  it  therefore  requires  particular  attention. 
When  it  is  complete  the  soap  should,  when  a 
portion  is  taken  on  a spatula,  and  the  latter  is  held 
in  an  oblique  position,  shake  and  disperse  tremu- 
lously, as  would  a body  of  gelatinous  consistence. 
When  it  acts  thus,  the  fire  may  be  withdrawn,  and 
the  soap  considered  as  finished. 

Rosin  soap  can  be  prepared  from  curd  soap 
by  adding  to  it  about  25  per  cent,  of  rosin,  then 
adding  2 to  4 per  cent,  of  carbonate  or  bicarbo- 
nate of  soda,  and  1 or  more  per  cent,  of  alum 
or  aluminium  sulphate  ; the  whole  being  boiled 
with  water  till  perfect  combination  is  effected.  To 
prevent  the  rosin  from  precipitating,  about  2 per 
cent,  of  dilute  sulphuric  acid  (1  part  of  acid  to  9 
parts  of  water)  is  stirred  into  the  mixture. 

In  France  yellow  soap  is  produced  by  a similar 
process  to  that  for  other  kinds  of  common  soap, 
adding,  however,  at  the  commencement  of  the 
operation  15  to  20  percent,  of  rosin.  Some  manu- 
facturers make  a soap  with  but  5 to  10  per  cent, 
of  ro.sin,  and  this  being  lower  priced  than  soap 
made  entirely  of  grease,  has  a more  extensive  sale, 
and  is  preferred  especially  for  domestic  purposes. 
By  its  property  of  dissolving  more  readily  in  sea- 
water than  other  soaps,  it  is  also  well  adapted  for 
use  on  shipboard. 

The  common  brown  soap  is  made  in  the  same 
way  as  described  above,  but  a greater  proportion  of 
rosin  is  used  ; the  common  kinds  of  grease,  such  as 
soap  fat,  bone  fat,  &c.,  are  substituted  for  the  tallow, 
either  wholly  or  partially. 

Rosin  soap  has  a yellow  colour  when  palm  oil  is 
used;  otherwise  it  is  apt  to  be  brown.  It  is  very 
firm,  rough  to  the  touch,  and  translucent.  The  best 
quality  when  cut  shows  a fibrous  structure.  It 
always  retains  the  smell  of  rosin. 

Meineck^s  Process. — The  soap-pan  is  constructed 
with  a still  head  and  cooling  worm,  in  order  to  con- 
dense the  oil  of  turpentine  which  is  given  off  from 
the  rosin,  which  is  used  in  the  form  of  white  turpen- 
tine; 1000  lbs.  of  white  turpentine  are  melted  in 
the  kettle  by  steam  with  800  lbs.  of  tallow  or  other 
fat;  and  when  the  mixture  reaches  108°  Fahr.,  800 
lbs.  of  caustic  soda  lye,  containing  30  per  cent,  of 
dry  soda,  are  added  by  slow  degrees.  The  saponi- 
fication is  very  rapid  at  this  temperature,  the  acids 
of  the  rosin  and  fat  being  completely  neutralized 
and  converted  into  liquid  melted  soap.  The  essential 
oil  of  turpentine  is  set  free  at  the  same  time  ; and  in 
order  to  promote  its  evaporation  salt  or  brine  is  added. 
The  head  being  then  luted  on  the  pan  and  the  worm 
fitted  to  it,  the  mixture  is  brought  to  the  boil,  when 
steam  and  oil  of  turpentine  pass  into  the  worm,  and 
are  there  condensed.  When  all  the  essential  oil  is 
distilled  over,  the  soap  is  finished  in  the  usual  way. 

Dunn's  Process. — Steam  is  used  to  heat  the  lyes, 
whilst  air  is  forced  below  their  surface  by  means 
of  a pump ; the  saponification  is  thereby  greatly 
accelerated.  Into  each  of  the  ordinary  boiling 
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caldrons  a circular  ring  of  pipe,  of  about  1^-inch 
bore,  and  perforated  with  small  holes,  is  fixed  in 
the  well  of  the  kettle,  just  below  the  flange  or  joint, 
keeping  it  suflaciently  off  the  bottom  to  allow  a 
stirrer  to  be  used  to  scrape  the  bottom  when  neces- 
sary. The  pipe  is  supplied  with  atmospheric  air 
from  a cylinder  blast,  or  other  suitable  forcing 
apparatus,  and  is  connected  with  the  latter  by  means 
of  a pipe  attached  thereto,  and  rising  up  to  the  top 
of  the  kettle,  where  it  is  furnished  with  a stop-cock 
and  union-joint,  for  the  purpose  of  connecting  or 
disconnecting  the  parts  of  the  pipe  within  and  with- 
out the  copper.  , 

For  a good  yellow  soap,  90  gallons  of  lye  of 
specific  gravity  1*14  z=  28°  Tw.  are  run  into  the 
caldron.  The  fire  being  kindled,  the  caldron  is 
charged  with  2050  lbs.  of  grease ; and  as  soon  as 
the  lye  is  at  or  near  the  boiling  point,  the  blast  is 
commenced,  keeping  up  a brisk  fire,  so  as  to  continue 
the  materials  in  the  kettle  as  near  ebullition  as 
possible.  When  the  lyes  are  exhausted,  an  addi- 
tional quantity  is  gradually  added  until  the  grease, 
oil,  or  fatty  matter  is  taken  up;  550  lbs.  of  rosin 
are  then  added — a bucketful  at  a time,  with  more 
lye  occasionally,  until  300  gallons  of  the  strength 
above-mentioned  have  been  used,  keeping  the  blast 
in  action  the  whole  time,  and  the  contents  of  the 
kettle  as  nearly  boiling  as  possible.  When  the 
whole  of  the  rosin  is  melted,  and  thoroughly  incor- 
porated with  the  saponaceous  mass,  and  the  strength 
of  the  lyes  taken  up,  the  blast  should  be  stopped, 
and  the  contents  of  the  boiler  briskly  boiled,  and 
then  allowed  to  rest,  that  the  spent  lyes  may  sepa- 
rate and  deposit.  These  being  now  drawn  off,  the 
soap  is  then  brought  to  strength  by  fresh  lyes,  as  in 
the  ordinary  process  of  soap-boiling.  During  the 
operation  of  the  blast  the  soap  must  be  kept  in  an 
open  or  grained  state ; and  for  this  purpose  salt  or 
brine  is  to  be  added  when  necessary.  Experience 
has  shown  that  it  is  better  not  to  make  a change  of 
lye  during  the  operation  of  the  blast,  when  lye  of 
the  strength  above-mentioned  is  used ; but  if  weaker 
lye  is  employed,  one  or  more  changes  may  be  made. 
It  is  found  desirable,  also,  that  the  soap  should  be 
kept  in  a teeak  state  during  the  passage  of  the  streams 
of  air  through  the  materials,  otherwise  it  is  apt  to 
swell  up,  from  the  air  hanging  in  the  grain ; and 
this  is  found  troublesome  to  remove,  requiring  long 
boiling.  If  dark-coloured  materials  are  used,  it  is 
well  to  keep  the  blast  in  operation  three  or  four 
hours  after  the  rosin  is  melted,  provided  the  soapy 
mass  is  kept  weak  and  open  or  grained. 

Normandy's  Process. — By  this  process  a soap  is 
obtained  from  the  cheaper  oils,  possessed  of  detergent 
properties  and  a degree  of  hardness  approaching 
to  that  obtained  by  the  employment  of  the  more 
valuable  fats  and  oils. 

When  the  soap  is  made  in  the  usual  manner,  and 
is  ready  to  be  cleansed,  there  is  to  be  introduced 
and  crutched  into  it  a certain  quantity  of  neutral 
anhydrous  sulphate  of  sodium,  or  of  hyposulphite 
of  soda,  or  of  the  two  salts  conjointly. 

The  “ salt-cake”  is  treated  with  a quantity  of  hot  I 
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water,  less  than  is  necessary  to  dissolve  the  whole 
of  it,  and  to  the  saturated  solution  thus  obtained  as 
much  solution  of  caustic  or  carbonate  of  alkali  is 
added  as  is  necessary  to  impart  to  the  liquid  a faint 
alkaline  reaction.  This  addition  is  made  not  only 
to  saturate  any  free  acids  that  may  be  present,  but 
also  to  remove  the  ferric  oxide  always  contained  in 
crude  salt-cake,  and  which,  by  this  treatment,  will 
be  precipitated.  When  this  precipitate  has  com- 
pletely subsided,  and  the  supernatant  liquor  is 
perfectly  clear,  as  much  of  the  latter  is  added  to  the 
soap  paste  as  is  necessary  to  confer  upon  it  the 
requisite  degree  of  hardness  when  cold — the  par- 
ticular quantity  varying  according  to  the  nature  of 
the  fat  or  oil  saponified,  or  to  the  proportion  of 
rosin  present.  The  mixture  of  salt-cake  solution 
and  of  soap  are  thoroughly  incorporated  by  stirring 
or  crutching,  continuing  the  agitation  until  the 
mass  has  become  so  hard  that  the  stirring  can  be  no 
longer  practised.  When  hyposulphite  of  soda  is 
used,  it  should  be  dissolved  in  very  little  hot  water, 
and  the  solution  added  to  the  soap  exactly  as  above 
described. 

Mottled  Soap — Marbled  Soap.— In  the  manu- 
facture of  this  variety  of  soap,  the  same  kinds  of 
materials  are  used  as  for  white  soap,  and  its  different 
appearance  arises  from  the  different  mode  of  treat- 
ment of  the  soap,  after  the  completion  of  saponifi- 
cation. By  a reference  to  the  general  process  of 
soap-making  given  above,  it  will  be  observed  that 
even  after  the  complete  formation  of  soaps,  that  is, 
when  the  whole  of  the  oil  or  fat  used  is  decomposed, 
and  the  oily  acids  have  entered  into  combination 
with  alkali,  the  soap  still  requires  further  treatment 
before  it  is  brought  into  a marketable  condition.  It 
exists  now  in  the  form  of  immovable  globules,  and  it 
is  necessary  to  cause  these-to  coalesce  into  a homo- 
geneous mass.  This  is  effected  by  a process  termed 
Jilting,  which  consists  in  the  fusion  of  the  contents 
of  the  boiling  caldron  in  a weak  lye  or  in  water,  and 
afterwards  boiling  the  whole  for  a longer  or  shorter 
period,  according  to  the  kind  of  material  operated 
upon,  the  mass  being  prevented  from  boiling  out  of 
the  copper  by  dashing  shovels  into  it,  so  as  to  break 
the  froth  and  favour  evaporation.  During  this  pro- 
cess in  making  white  or  curd  soap,  the  more  or  less 
coloured  impurities  of  the  materials,  termed  nigre  or 
nigger,  fall  to  the  bottom ; but  in  making  mottled 
soap,  the  mixture  is  left  in  a thick  or  viscid  state,  so 
that  the  impurities  cannot  subside,  and  is  trans- 
ferred to  the  frames  in  this  condition.  To  produce 
a good  marbled  soap,  it  is  necessary  that  this  latter 
operation  be  very  carefully  conducted;  as,  if  too 
great  a quantity  of  liquid  be  added,  or  if  the  mix- 
ture of  soap  and  water  or  weak  lye  cools  too  slowly, 
all  the  colouring  matter  falls  to  the  bottom,  leaving 
the  upper  stratum  of  soap  perfectly  white,  while,  on 
the  other  hand,  if  it  becomes  too  quickly  cold,  the 
soap  remains  in  the  granular  condition.  In  some 
cases  the  mottling  is  produced,  or  at  least  the  pro- 
portion is  increased,  by  sprinkling  on  the  surface  of 
the  soap,  after  being  boiled  with  the  last  service  of 
I lye,  a small  quantity  of  very  strong  sulphuretted 
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lye,  which  produces  the  mottling  by  filtering  slowly 
through  the  mass  of  soap.  At  Marseilles  and  other 
places  where  olive  oil  is  used  in  making  soap,  a 
quantity  of  sulphate  of  iron  is  added  ; in  which  case 
the  mottling  is  produced  both  by  the  black  sulphide 
of  iron  and  by  the  oxide  of  iron — the  red  portion — 
which  latter  combines  with  fatty  acids,  producing  a 
true  ferruginous  soap.  The  quantity  of  copperas 
requisite  is  about  18  ozs.  to  4.50  lbs.  of  oil  or  fat. 
It  is  added  first  mixed  with  weak  lye,  and  should  be 
poured  in  during  the  coction  of  the  soap,  and  before 
it  has  acquired  too  much  consistence.  When  the 
soap  is  ladled  out  of  the  boiler,  it  is  of  a uniform 
slate  tint ; but  as  it  becomes  cool,  the  portion  con- 
taining the  iron  solution  separates  into  nodules,  and 
by  the  trickling  of  the  excess  of  lye  through  the  mass 
it  becomes  mottled.  By  varying  the  proportion  of 
sulphate  of  iron  a tint  is  produced  of  a lighter  or 
darker  hue.  Soaps  containing  this  have  a rusty 
colour,  owing  to  the  oxidation  of  the  iron,  and  this 
shade  may  be  deepened  by  the  addition  of  Venetian 
red  or  colcothar,  into  the  particular  tint  to  which 
the  French  apply  technically  a term  signiiymg  hidden 
red,  and  which  upon  the  deep  blue  produces  the 
appearance  of  marble,  as  seen  in  the  variety  known 
as  castile  soap.  This  peculiar  tint  may  be  communi- 
cated as  well  before  as  after  the  true  marbling;  for 
which  purpose  it  is  necessary  to  thin  out  the  col- 
cothar with  water,  and  in  adding  it  to  incorporate  it 
well  with  the  soap.  Generally,  in  the  preparation 
of  mottled  soap,  less  care  is  exerted  in  the  choice  of 
materials  than  for  white  soaps,  and  the  heterogene- 
ous mixture  of  fatty  substances  known  as  kitchen 
stuff  usually  forms  one  of  the  materials. 

A well  manufactured  mottled  soap  cannot  con- 
tain more  than  33  to  36  per  cent,  of  water,  whereas 
genuine  curd  soap  contains  45  per  cent.,  and  yellow 
at  least  52  per  cent.  The  mottling  being  due  to  the 
presence  of  sulphide  of  iron  held  in  a state  of  sus- 
pension and  demi-solution,  it  is  evident  that  addition 
of  water  would  cause  the  colouring  matter  to  sub- 
side, and  a white  soap  would  result.  The  addition 
of  water,  technically  “ fitting,”  is  in  fact  the  process 
used  to  obtain  colourless  soap,  whether  it  be  curd  or 
yellow. 

Cocoa-nut  Oil  Soap — Marine  Soap. — Cocoa-nut 
oil  is  very  easy  to  saponify,  and  is  used  to  a con- 
siderable extent  in  the  manufacture  of  white  soap, 
as  well  per  se  as  in  admixture  with  other  oils  and 
fatty  matters.  The  disagreeable  odour  is  removed 
most  effectually  and  conveniently  by  boiling  in  a 
wooden  vessel  by  means  of  steam  with  a mixture  of 
6 lbs.  of  sulphuric  and  12  of  hydrochloric  acid  to 
each  tun  of  oil.  The  oil  so  purified  is  heated  in  the 
boiling  caldron,  with  the  addition  of  a portion  of 
olive  or  some  other  readily  saponifiable  oil  or  fat, 
and  the  soda  lyes  are  gradually  introduced  in  the 
usual  manner.  Towards  the  conclusion  of  the  pro- 
cess of  saponification,  a quantity  of  caustic  potash 
lye  is  thrown  in,  and  the  boiling  is  continued  as  long 
as  may  be  necessary.  The  soap  thus  formed  requires, 
for  its  separation  from  the  lyes,  a much  larger  pro- 
portion of  salt  or  other  saline  matter  than  the  soaps 


formed  of  tallow,  palm  oil,  or  olive  oil;  hence  the 
usual  mode  of  proceeding  is  not  followed  in  the 
production  of  this  soap.  The  principal  distinction 
between  cocoa-nut  oil  and  other  oils  and  fats  is, 
that  while  the  latter  are  most  readily  saponified  by 
we.ak  lyes,  cocoa-nut  oil  is  quite  unacted  upon  until 
the  lyes  have  obhiined  a considerably  higher  degree 
of  concentration  ; saponification  then  suddenly  com- 
mences, and  proceeds  with  extraordinary  rapidity. 
Only  the  strongest  soda  lyes  are  employed  in  the 
production  of  cocoa-nut  oil  soap,  and  by  taking  pure 
and  perfectly  caustic  lye,  the  use  of  salt  in  purifying 
the.  soap  is  dispensed  with.  Pure  cocoa-nut  oil 
hardens  much  too  quickly  to  exhibit  any  distinct 
formation  of  curd,  and  is  consequently  incapable  of 
marbling  of  itself;  it  is  very  white,  translucent, 
exceedingly  light,  and  forms  a good  lather,  but  has 
always  a more  or  less  offensive  smell. 

An  important  property  of  cocoa-nut  oil  is  its  power 
of  combining  with  more  water  than  can  ever  be 
incorporated  with  tallow  soap,  and  this  property 
frequently  leads  to  dishonest  practices.  Cocoa-nut 
oil  actually  produces  no  greater  quantity  of  soap  than 
an  equal  weight  of  tallow;  but  the  soap  from  the 
former  can  easily  be  made  to  absorb  one-third  more 
water  or  lye,  and  at  the  same  time  exhibit  no  want 
of  consistence  or  softness,  as  would  be  the  case  with 
other  so.aps. 

Cocoa-nut  oil  is  not  usually  saponified  alone,  but 
is  added  to  other  oils  for  the  purpose  of  producing 
quickly  solidifying  soaps  containing  a large  propor- 
tion of  water.  AVhen  equal  parts  of  cocoa-nut  oil 
and  tallow  are  used,  the  soap  has  the  smell  of  com- 
mon tallow  soap.  The  boiling  is  continued  until  a 
specimen  exhibits  the  proper  consistence  under  the 
thumb.  Tallow  itself  could  not  be  saponified  under 
the  same  conditions;  but  the  saponification  begins 
with  the  cocoa-nut  oil,  and  the  tallow  is  then  saponi- 
fied by  means  of  the  presence  of  cocoa-nut  oil  soap. 

The  different  varieties  of  this  soap  are  marbled  arti- 
ficially. The  blue  or  red  colouring  matter  is  rubbed 
up  with  a little  of  the  soap,  or  better,  with  a separate 
portion  of  good  cocoa-nut  oil  soap,  until  the  whole 
acquires  a red  or  blue  colour.  This  is  then  placed 
in  alternate  layers  with  the  colourless  soap ; and  by 
stirring  the  mass  together  streaks  and  veins  are  pro- 
duced in  all  directions. 

A mottled  soap  is  also  manufactured  from  cocoa- 
nut  oil  and  palm  oil,  wherein  the  mottling  is  so 
perfectly  effected  by  means  of  ultramarine  and  black 
I or  brown  oxide  of  manganese,  that  it  is  impossible 
to  distinguish  it  from  the  true  mottled  soap:  80 
cwts.  of  palm  oil  are  made  into  soap  in  the  usual 
I way,  and  the  spent  lye  pumped  away,  so  that  the 
curd  is  left  perfectly  free ; then  32  cwts.  of  cocoa- 
I nut  oil,  60  cwts.  of  lye  at  20°  B.  added,  and  by 
slow  degrees  14  cwts.  of  lye  at  14°  B.  The  whole 
j is  then  boiled  till  complete  saponification  takes 
I place.  The  colouring  matter,  6 to  7 lbs.  of  ultra- 
[ marine  (or  whatever  pigment  may  be  used),  is  well 
' stirred  into  weak  lye,  and  poured  into  the  soap 
through  the  rose  of  a watering  pot;  the  whole  is 
then  boiled  for  half  an  hour  to  an  hour,  and  the 
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soap  is  then  transferred  to  the  ordinary  wooden  or 
iron  frames  (in  the  latter  case  surrounded  with 
matting,  so  that  the  soap  may  not  cool  too  quickly). 
The  above  proportions  yield  212  cvvts.  of  soap. 

SiLICATED  Soaps. — Many  varieties  of  soap  are 
met  with  in  commerce  termed  silicated  soaps.  They 
are  produced  either  by  the  addition  of  silica  itself 
or  an  alkaline  silicate  to  the  soap  paste,  just  before 
cooling  and  solidification. 

Soaps  are  also  thus  styled  which  contain  pipe-clay, 
fuller’s  earth,  &c.  These  ingredients  are  reduced 
to  powder,  mixed  with  their  own  weights  of  dry 
soda  ash  or  pearl  ash,  and  thoroughly  incorporated 
with  the  soap  by  crutching  or  stirring,  while  it  is 
Still  in  the  state  of  paste.  The  mixing  must  be 
completed  before  the  pasty  soap  cools. 

Sand  Soaps. — Sand  soaps  differ  from  silica  soaps, 
inasmuch  as  in  the  latter  the  admixture  has  been 
prepared  artificially,  while  in  the  former  common 
white  sand  is  the  silicious  ingredient,  and  the  only 
preparation  it  has  undergone  is  finely  sifting.  In 
the  preparation  of  sand  soap,  the  finely-sifted  sand 
is  added  to  ordinaiy  white  soap  and  thoroughly 
incorporated  with  it  while  in  the  pasty  condition,  in 
the  proportion  of  7 or  8 per  cent. ; and  as  soon  as 
the  mass  has  cooled,  it  is  taken  from  the  frame  and 
cut  into  tablets  or  moulded  into  balls. 

When  the  silicious  ingredient  is  flint  or  quartz, 
the  calcined  material  is  reduced  to  nearly  an  impal- 
pable powder  by  wet  grinding  with  horizontal  stones. 
The  powder  obtained  is  thinned  out  with  about  20 
per  cent,  of  water,  and  then  boiled  with  caustic  soda 
lyes  of  the  strength  above-mentioned  for  eight  hours, 
or  until  it  becomes  a homogeneous  mass.  In  this 
condition,  in  which  it  is  technically  termed  detergent 
mixture,  it  is  ready  to  be  mixed  with  the  soap  paste. 

Gossage's  Process. — Of  the  three  silicated  soaps, 
the  first  that  claims  mention  is  that  invented  by 
W.  Gossage.  It  consists  in  the  introduction  into 
soaps  prepared  from  fatty  or  resinous  materials  of 
a highly  concentrated  solution  of  silicate  of  alkali. 
The  process  for  the  preparation  of  this  silicate, 
termed  also  soluble  glass,  is  described  in  the  specifi- 
cation as  follows : — When  soda  is  used  as  the  alkaline 
solution  to  be  combined  with  silica,  9 parts  of  soda 
ash  containing  50  per  cent,  soda  fire  mixed  with  11 
parts  of  clear  s.'ind,  and  the  mixture  fused  in  a 
reverberatory  furnace,  provided  with  a tap-hole 
through  which  to  allow  the  finished  product  to  run 
off.  Sufficient  heat  is  to  be  applied  to  the  mixture, 
stirring  from  time  to  time  until  combination  has 
been  effected ; the  product  is  then  drawn,  and 
received  either  in  metallic  moulds,  or  in  moulds 
formed  of  damp  or  moistened  sand.  The  charge 
for  a furnace  having  a bed  or  sole  measuring  60 
square  feet,  is  about  a ton  of  the  mixed  sand  and 
alkali,  and  each  ch.irge  requires  four  or  five  hours 
to  be  properly  fused  and  combined.  For  the  pre- 
paration of  silicate  of  potassium  the  proportions  are 
equal  weights  of  crude  carbonate  of  potassium  and 
sand,  and  these  are  melted  e.xactly  as  in  the  pro- 
duction of  silicate  of  sodium.  It  is  always  desirable 
to  use  such  proportions  of  alkali  and  sand  for  the 
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production  of  the  silicate,  that  the  latter  may  be 
almost  wholly  soluble  in  water ; when  the  alkali  is 
deficient,  however,  this  is  not  the  case,  and  to 
obtain  perfect  solution  it  is  necessary  to  use  as  the 
solvent  a solution  of  caustic  soda  or  potash. 

The  solution  of  the  perfect  silicate  may  be  effected 
simply  by  grinding  the  latter  to  powder,  and  agitat- 
ing this  in  a pan  containing  boiling  water;  but  a 
much  preferable  method  of  dissolving  is  by  the 
employment  of  an  apparatus  consisting  of  a vessel 
formed  of  iron  plates,  or  other  suitable  materials, 
which  vessel  is  fitted  with  a perforated  diaphragm 
or  false  bottom  placed  about  mid-way  between  top 
and  bottom.  The  silicate,  first  broken  into  small 
lumps,  is  placed  upon  the  false  bottom,  and  hot 
water  is  introduced  into  the  vessel  to  a sufficient 
height  to  cover  the  pieces  of  glass  to  be  dissolved. 
Steam  is  then  introduced  into  the  water  so  as  to 
maintain  the  latter  at  a high  temperature. 

As  the  glass  dissolves,  it  communicates  additional 
gravity  to  the  water,  and  the  heavier  solution 
descends  in  the  vessel  whilst  the  lighter  fluid  rises, 
and  coming  in  contact  with  the  glass  also  dissolves 
it,  and  acquiring  density  again  descends.  In  this 
manner  a continued  circulation  of  the  fluid  takes 
place,  and  the  glass  becomes  nearly  all  dissolved, 
yielding  a strong  solution. 

After  allowing  undissolved  matters  to  deposit,  the 
solution  is  transferred  to  a cast-iron  evaporating 
pan,  and  by  the  application  of  heat  concentrated 
until  of  specific  gravity  1’450,  when  it  becomes 
viscous  on  cooling,  and  is  then  in  a condition  to  be 
added  to  the  soap.  When  the  solution  of  the  silica 
is  to  be  added  to  a soda  soap,  the  latter,  prepared 
in  the  usual  manner,  is  to  be  transferred  from  the 
caldron  into  a tub  or  pan,  termed  the  mixing 
vessel,  capable  of  containing  about  14  cwts.  of  soap, 
and  the  viscous  solution  of  silicate  of  soda  is  to  be 
added  in  such  proportions  as  to  yield  the  particular 
quality  of  soap  desired  to  be  produced;  and  the 
mixture  is  then  well  agitated  by  means  of  crutches 
or  paddles.  The  soap  and  the  viscous  solution 
should  be  each  at  such  a degree  of  heat  that  the 
mixture,  when  formed,  may  be  at  a temperature 
of  160°  Fahr.,  and  the  agitation  is  to  be  continued 
until  the  temperature  is  reduced  ten  degrees,  that 
is,  to  about  150°  Fahr.  The  mixture  is  then  trans- 
ferred to  the  cooling  frames,  and  agitated  therein 
by  means  of  crutches,  until  it  becomes  of  such 
consistence  as  to  render  its  continuance  no  longer 
practicable. 

For  admixture  with  soft  soap,  the  soluble  glass 
is  formed  by  the  fusion  of  a mixture  of  sand  and 
potash,  as  previously  mentioned,  for  the  preparation 
of  a silicate  of  potassium.  This  is  dissolved,  and 
after  concentrating  the  solution  to  the  viscous  con- 
dition, it  is  mixed  with  the  soft  soap,  exactly  as 
described  in  the  case  of  soda  or  hard  soaps.  As  the 
proportional  amount  of  alkali  contained  in  a mixture 
of  soap  with  soluble  glass  is  greater  than  that  con- 
tained in  the  unmixed  soap  — if  it  is  desired  to 
reduce  this  amount,  as  the  excess  of  alkali  may  be 
injurious  for  some  purposes  to  which  the  soap  may 
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be  applied,  it  is  effected  by  the  addition  to  the 
solution  of  the  silicate  of  sulphuric  or  hydrochloric 
acid,  previously  to  its  reduction  to  the  viscous  con- 
dition. The  mixed  silicated  soaps  may  be  obtained 
of  any  requisite  degree  of  hardness  by  the  greater 
or  less  concentration  of  the  solution  of  soluble  glass. 
The  compound  soaps  produced  by  the  above  pro- 
cess are  possessed  of  valuable  detergent  properties, 
independently  of  the  real  soap  contained  in  them. 

Sheridan's  Process. — Calcined  flint,  quartz,  or  sand 
is  used  for  the  production  of  soluble  glass.  If 
sand  is  the  silicious  ingredient,  it  is  mixed  with 
carbonate  of  soda  in  the  proportion  of  1 part  of 
sand  to  3 of  soda,  and  the  mixture  is  then  fused  in 
a reverberatory  furnace.  The  product  of  calcination 
is  drawn  out  into  water  and  dissolved  by  the  aid  of 
heat.  Thus  far  the  process  resembles  that  of  W. 
Gossage.  Sheridan,  however,  now  passes  a current 
of  carbonic  acid  through  the  solution  of  silicate  of 
soda,  whereby  the  silica  is  displaced  from  com- 
bination and  precipitated  in  a gelatinous  form. 
From  this  the  liquid  containing  the  soda,  recon- 
verted to  the  state  of  carbonate,  is  withdrawn, 
and  evaporated  to  dryness  for  use  again ; the 
precipitated  silica  is  mixed  with  caustic  soda  or 
potash  lye  of  specific  gravity  l-1515z=30°  Twaddell, 
and  boiled  for  eight  hours,  with  constant  stirring, 
until  it  becomes  a homogeneous  mass. 

Dunn's  Process. — The  apparatus  employed  is  re- 
presented in  section,  Fig.  C.  The  boiler,  B,  should 
be  furnished  with  a man- hole,  safety  valve,  a ther- 


mometer plunged  into  a mercury  chamber,  and  all 
the  ordinary  appendages  of  such  an  apparatus.  A 
is  the  feed-pipe,  and  C the  pipe  through  which  to 
discharge  the  finished  product.  The  crushed  flint 
or  quartz  to  be  combined  with  the  soap  is  mixed 
with  caustic  soda  or  potash  lye,  in  the  proportion 
of  1 cwt.  of  silica  to  100  gallons  of  lye  of  specific 
gravity  1-16  = 32°  Tw.,  and  introduced  into  the 
steam-tight  boiler.  The  fire  is  then  kindled,  the 
valve  being  so  regulated  as  to  allow  the  tempera- 
ture of  the  materials  to  rise  gradually  to  about  310° 
Fahr.,  or  at  a pressure  of  50  to  70  lbs.  to  the  square 


inch.  When  it  has  remained  at  this  temperature 
for  about  three  or  four  hours,  the  contents  are  dis- 
charged and  cooled  down.  The  solution  of  silicate 
of  potassium  or  sodium  thus  obtained  is  added  in 
the  proper  proportion  to  the  soap  paste,  either  in 
the  caldron  or  frame  after  the  saponification  is  com- 
plete, and  before  the  soap  becomes  too  cold. 

J.  P.  Way’s  silicated  soap  is  prepared  from  a 
silicious  earth  found  in  Surrey,  which  contains 
much  soluble  silica.  A steam  pan  is  used.  Into 
this  a soda  lye  is  run  of  about  18°  Tw.  The 
silicious  earth,  ground  to  powder  or  broken  into 
small  pieces,  is  then  added  by  slow  degrees  until 
the  alkali  has  taken  up  as  much  as  it  will  dissolve. 
The  heat  is  now  withdrawn,  and  the  undissolved 
earthy  matter  allowed  to  settle.  The  clear  liquor  is 
run  off,  and  the  sediment  washed. 

In  making  soap  the  proportions  used  are  11'5  per 
cent,  of  palm  oil,  11 '5  per  cent,  of  cocoa-nut  oil, 
30'6  per  cent,  of  soda  lye  of  36°  Tw.  The  whole  is 
boiled  until  tlie  soap  becomes  stiff,  upon  which 
44  per  cent,  of  silicate  of  soda  (prepared  as  just 
described)  of  36°  Tw.  is  added,  and  the  boiling 
continued  till  the  soap  becomes  thin  and  limpid,  at 
which  stage  2‘4  per  cent,  of  common  salt  is  added, 
and  the  soap  boiled  for  three  or  four  hours  longer. 
It  is  then  ready  to  cleanse.  This  may  be  done  at 
once,  or  after  it  has  been  allowed  to  stand  for  a few 
hours.  If  open  steam  is  used — that  is,  steam  blow- 
ing into  the  pan — the  silicate  solution  and  lye  require 
to  be  somewhat  stronger. 

Marseilles  Soap. — This  variety  of  soap  is  pro- 
duced by  the  saponification  of  olive  oil  alone.  The 
process  does  not  materially  differ  from  that  described 
for  white  soap.  The  duration  of  the  operation  is 
longer  or  shorter  according  to  the  quality  of  the  oil. 
Some  manufacturers  use,  in  the  fabrication  of  this 
soap,  a certain  proportion  of  poppy,  or  other  seed 
oil,  with  the  olive  oil ; and  the  addition  is  rather 
beneficial  than  otherwise,  as  the  soap  produced  is 
less  hard,  and  consequently  more  easily  applicable 
to  detergent  purposes.  It  is  at  present  manufactured 
on  a considerable  scale  in  this  country. 

The  value  of  this  oil  for  soap-making  increases  as 
it  is  less  coloured,  and  is  in  proportion  to  the  amount 
of  stearin  it  contains.  The  oils  of  Provence  are 
most  highly  esteemed. 

The  lyes  used  are  of  three  strengths,  the  weakest 
is  4°  to  5°  B..  the  next  strong  10°  to  15°  B.,  and  the 
strongest  20°  to  25°  B.  These  lyes  are  kept  in 
brickwork  cisterns  until  required  for  use.  Pure 
soda  is  used  for  the  first  lye  boiling,  in  order  that 
no  common  salt  may  be  introduced  at  this  stage. 

The  saponification  is  begun  in  two  boilers  at  the 
same  time,  and  the  contents  of  both  are  joined  for 
the  finishing  operation. 

The  arrangement  of  one  form  of  the  apparatus  is 
shown  in  the  annexed  section,  though  steam  pans 
are  now  sometimes  employed  if  superheated  steam 
is  accessible. 

The  bottom  of  the  boiling  pan,  A (Fig.  7),  is  of 
cast  iron  or  copper;  the  sides  are  composed  of  brick- 
work, lined  with  cement,  to  resist  the  action  of 
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water.  The  upper  part,  bbbh,  which  never  comes 

which  the  soap  acquires  great  consistence,  and  the 

into  contact  with  the  fire,  and  is  intended  to  afford 

alkalinity  of  the  lye  is  less  easily  destroyed. 

space  for  the  soap  to  rise,  expands  in  the  form  of  a 

At  length  the  lye  retains  its  alkalinity,  and  the 

cone.  The  fire-place,  is  separated  from  the  ash- 

soap  begins  to  boil  in  a jerky  fashion ; the  frothy 

pit,  h,  by  the  grate,  r.  The  fire,  after  having  heated 

mass  forms  itself  into  granules,  and  the  smell  of  oil 

is  no  longer  perceptible.  The  curd  when  pressed 

fls-  7.  into  the  palm  of  the  hand  should  form  a firm  granular 

SBli  1 ^ cake.  The  fire  is  kept  up  for  from  ten  to  eighteen 

I >1  hours  after  the  last  portion  of  lye  has  been  added. 

1^*11  I.cn  ^ The  curd  has  a slate  colour,  produced  by  the 

^■P  It'S  sulphide  of  iron  and  iron  soap.  In  order  to  dis- 

P'^1  ^ 2 ° seminate  the  colourin.o-  matter  as  veins  tlirouffh 

the  soap,  the  consistence  of  the  soap  (at  present 

too  great)  is  diminished  to  the  proper  amount 

by  sprinkling  the  surface  of  the  mass  with  weak 
S 1 ill  same  time  that  workmen  rake  and 

1' stirrers  in  such  a manner  as 

. 1 jlljilji  j!i| It  Ss  thus  equalizing  the  lye  and  colouring  matters. 

-'ii  Isll;  • 1 ' I iiii J lil  1 ii jin' i 11  ^ in  eight  or  ten  days  it  cools  down  to  mottled 

Soft  Soap. — This  vanety  of  soap  differs  in 

the  bottom  of  the  pan,  passes  by  the  flue,  xxx.  half 

many  essential  particulars  from  those  already  de- 

round  the  side  of  the  pan  into  the  chimney,  E.  This 

scribed.  The  alkali  used  in  its  production  is  potash. 

is  accessible  for  the  purpose  of  cleaning|by  the  door. 

and  the  oil,  either  in  whole  or  in  part,  a drying  oil. 

P.  The  soot  is  thrown  into  the  pit,  k.  A tube. 

as  that  of  hemp  seed,  poppies,  &c.,  or  a fish  oil,  as 

with  a cock,  y,  leads  from  the  lowest  part  of  the  pan 

whale  or  seal  oil.  The  reaction  of  potash  upon  fats 

for  the  removal  of  the  lye.  The  whole  of  the  pan 

and  oils  is  precisely  the  same  as  in  the  case  of  soda. 

is  sunk  into  the  floor  of  the  boiling  house  in  such  a 

Soaps  with  potash  are,  however,  manufactured  on 

manner  that  the  brickwork  of  the  upper  part  projects 

an  entirely  different  system  to  those  of  soda  or  hard 

about  3 feet  above  the  grouud. 

soap.  In  the  latter,  the  soap  is  withdrawn  from  the 

These  pans  are  made  to  contain  240  cwts.  of  soap. 

lye  when  only  a portion  of  the  oil  has  been  saponi- 

The  upper  part  is  frequently  constructed  of  oak 

fied,  and  fresh  lyes  are  added  until  saponification  is 

staves,  and  sometimes  a siphon  is  used  instead  of 

complete. 

the  cock  and  tube,  y.  The  violent  ebullition  of  a 

In  the  production  of  potash  or  soft  soaps  no  lyes 

direct  boiling  is  considered  so  advantageous  as  to 

are  separated  during  the  whole  course  of  operation; 

counterbalance  loss  from  occasional  burning. 

the  only  object  being  the  combination  of  the  potash 

A boil  of  120  to  160  cwts.  of  oil  passes  through 

with  the  fat  or  oil.  Potash  soap,  therefore,  of  course 

three  stages.  At  first  a lye  of  from  8°  to  11°  B.  is 

contains  the  whole  of  the  base  of  the  oils  or  glycerin, 

used.  This  is  prepared  in  the  boiler  by  mixing  the 

which  is  expelled  from  combination  by  the  stronger 

first  and  last  lyes  above  mentioned.  As  soon  as 

base,  as  well  as  the  impurities  always  existing  in  the 

this  has  come  to  the  boil  the  whole  of  the  oil  is  run 

lye,  as  carbonate  of  and  caustic  potash,  chloride  of 

in,  and  soon  an  emulsion  is  formed,  which  thickens 

potassium,  sulphate  of  potassium,  and  in  small  quan- 

as  the  evaporation  of  the  water  proceeds.  If  oil 

titles  many  other  salts,  which  in  the  manufacture  of 

floats  on  the  surface  more  lye  is  added.  The  soap 

hard  soaps  are  removed  in  the  exhausted  lyes.  Pot- 

must  remain  in  solution  ; if  it  separates  an  extra 

ash  soap,  also,  always  contains  a much  greater  pro- 

quantity  of  weak  lye  is  added : 6 to  8 lbs.  of  green 

portion  of  water  than  hard  soaps,  the  quantity  being 

vitriol  are  added  for  the  purpose  of  mottling.  The 

in  the  majority  of  instances  from  50  to  60  per  cent. 

next  stage  is  the  addition  of  salt,  or  rather  a strong 

If  desired,  the  glycerin  of  the  fat  and  saline  impuri- 

lye  containing  salt.  This  is  poured  gradually  into 

ties  of  the  lye  might  easily  be  removed  by  the  appli- 

the  pan,  with  constant  stirring  until  the  soap  begins 

cation  of  strong  lyes  towards  the  completion  of  the 

to  congeal  and  separate  in  flocks.  In  the  course  of 

process,  but  on  the  large  scale  such  a system  is  never 

three  hours  the  lye  below  it  may  be  drawn  off.  The 

pursued.  A much  larger  proportion  of  alkali  is  con- 

soap  is  next  scooped  into  one  pan  to  finish : 280 

sumed  by  a given  weight  of  oil  or  fat,  when  saponi- 

gallons  of  saline  lye  of  18°  to  20°  are  added  and  the 

fied  by  potash,  than  when  soda  is  used,  1 part  of 

boiling  proceeded  with.  The  further  assimilation  of 

pure  potash  being  taken  up  by  from  4^  to  5 parts  of 

soda  is  now  dependent  upon  the  concentration  of  salt 

oil;  and  hence  the  quantity  of  real  soap  produced 

lye  in  the  pan.  When  the  lye  appears  no  longer 

from  a given  weight  of  oil  or  fat  when  saponified  by 

caustic,  that  which  is  in  the  lower  part  of  the  pan  is 

potash  is  considerably  greater  than  when  the  alkali 

drawn  off  and  replaced  with  fresh  soda  lye.  The 

used  is  soda;  and  this  quantity  is  still  further  aug- 

operation  is  repeated  from  four  to  six  times,  during 

mented  by  the  large  proportion  of  water,  together 
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with  tlie  glycerin  and  saline  impurities  always  con- 
tained in  the  lyes,  and  which,  as  above  stated,  are 
not  removed  from  the  soap. 

From  the  great  analogy  which  exists  between  soda 
and  potash  compounds,  it  would  be  expected  that 
potash  soap  would  be  separated  from  its  solutions 
by  chloride  of  potassium,  as  soda  soap  is  by  chloride 
of  sodium.  This,  however,  is  not  the  case,  as  when 
to  a solution  of  potash  soap,  procured  by  treating 
oils  or  fats  with  caustic  potash  lyes,  a considerable 
quantity  of  chloride  of  potassium  is  added,  no  separ- 
ation of  soap  takes  place;  the  salt  dissolves  in  the 
soapy  mixture,  and  the  solution  remains  clear.  Potash 
soap  can  only  be  separated  from  the  lyes  and  elimin- 
ated glycerin  by  adding  strong  potash  lyes  after  the 
soap  is  complete,  and  the  excess  of  alkali  and  the 
glycerin  may  then  be  allowed  to  subside,  and  subse- 
quently be  more  completely  removed  by  placing  the 
soap  to  drain.  On  the  large  scale,  however,  as  before 
observed,  soft  soap  is  never  separated  as  above  ; the 
soap  solution  is  boiled  down  until  homogeneous  and 
of  a proper  pasty  consistence. 

Soft  soap  is  therefore  practically  a mixture  of 
potash  soap  with  more  or  less  caustic  lye,  forming 
at  ordinary  temperatures  a thick  tiansparent  jelly. 
Addition  of  salt  converts  it  into  hard  soda  soap. 

The  process  of  manufacture  of  soft  soap  is  as  fol- 
lows : the  proportions  of  oil  and  lye  being  regulated 
according  to  the  strength  of  the  latter,  and  the  quali- 
ties operated  upon  at  once  varying  with  the  greater 
or  less  capacity  of  the  boiling  caldron.  The  larger 
the  caldron  the  better  and  more  economical.  To  be 
properly  proportional,  the  diameter  should  always  be 
greater  than  their  depth,  and  the  pan  should  be  only 
half  filled  with  material,  as  the  soap  when  boiling 
swells  up  considerably.  In  some  soaperies  the 
whole  of  the  oil  and  tallow  is  introduced  at  once, 
together  with  a portion  of  the  lye,  and  the  remainder 
of  the  lye  is  added  after  some  hours’  ebullition ; in 
others,  both  the  oil  and  lye  are  introduced  gradually. 
The  lye  should  indeed  always  be  gradually  added, 
and  in  small  quantities  at  a time,  spreading  it  super- 
ficially over  the  whole  mass.  As  soon  as  the  two 
clear  liquids,  separately  introduced,  unite  together, 
the  whole  becomes  much  thicker,  and  in  some  cases 
boils  quietly,  but  in  others  swells  up  into  froth.  In 
the  latter  case  it  must  be  thrashed  with  a stirring 
pole,  and  dosed  with  a sufficient  quantity  of  lye  to 
lessen  the  commotion  and  prevent  loss  of  the  ma- 
terial by  running  over.  The  caldron  requires  to  be 
constantly  watched  while  over  the  fire.  If  too  much 
lye  is  added  at  the  commencement,  no  union  is 
effected  between  the  oil  and  the  alkali;  and  if  the 
lyes  are  too  strong  they  seize  on  the  oil  too  rapidly, 
and  instead  of  becoming  thick  and  viscid,  the  mass 
becomes  clotted.  This  latter  inconvenience  may  be 
remedied  by  adding  lyes  of  a lower  degree  of  strength. 
If  the  lyes  are  not  sufficiently  strong,  combination 
ensues  so  tardily  that  part  of  the  superabundant 
water  must  first  be  expelled  by  evaporation  before 
a perfect  union  between  the  oil  and  alkali  can  be 
effected.  The  lyes  used  at  the  commencement  of 
the  operation  are  of  specific  gravity  1-OC  to  I'OS. 


When  combination  is  perfect  and  the  great  foam- 
ings have  subsided,  the  pasty  mass  should  become 
clear  and  trans]3arent,  and  free  from  clots  or  granules, 
and  no  acrid  taste  should  be  perceptible.  To  ascer- 
tain if  this  be  the  case,  a small  sample  is  taken  out 
and  cooled.  If  it  should  not  be  of  proper  consist- 
ence and  free  from  opacity,  the  boiling  is  continued, 
and  after  some  time  another  sample  is  taken,  and  so 
on  until  the  soap  is  properly  finished.  If  the  test 
sample  thickens  on  cooling,  has  a brown  colour,  is 
perfectly  homogeneous,  and  is  not  ropy  when  worked 
between  the  fingers,  the  soap  is  finished,  and  the 
fire  should  at  once  be  withdrawn.  A fair  criterion 
of  the  quality  of  the  soap  is  furnished  by  a peculiar 
phenomenon  observable  during  its  cooling;  a little 
opaque  zone  forming  around  the  test-portion  taken 
from  the  caldron  and  placed  on  a glass  plate  for  an 
assay,  indicates  perfect  saponification,  and  is  called 
strength.  The  absence  of  this  zone  denotes  a defi- 
ciency in  strength  ; and  when  it  vanishes  soon  after 
having  made  its  appearance,  the  soap  is  said  to  have 
false  strength.  When  it  comes  in  the  best  form  the 
soap  is  perfect,  and  may  be  secured  in  ttiat  state  by 
removing  the  fire,  and  then  proceeding  as  subse- 
quently directed. 

To  allay  the  foaming  and  render  the  finished  soap 
fit  to  be  transferred  to  the  barrels  or  casks  without 
endangering  its  detergent  quality  or  diminishing  its 
causticity,  the  soap  should  be  cooled  as  rapidly  as 
possible.  For  this  purpose  a quantity  of  ready-made 
soap — a ton  or  more,  according  to  the  size  of  the 
caldron — is  added  to  the  hot  raas.s.  This,  in  melting, 
rapidly  abstracts  a portion  of  the  heat  of  the  recently 
made  soap,  until  the  degree  of  that  and  its  own  is 
uniform.  The  foaming  having  subsided,  the  soap  is 
racked  off  into  the  barrels,  in  which  it  is  sent  away. 
In  the  manufacture  of  soft  soap,  it  is  better  that  the 
boiling  should  be  for  too  long  a time  than  for  too 
short.  Soap  which  is  not  sufficiently  cooked  chnnges 
and  spoils,  while  the  only  disadvantage  produced 
by  excessive  boiling  is  a diminution  in  the  quantity 
of  the  product.  The  usual  time  requisite  for  a 
charge  is  six  or  seven  hours;  but  varies  with  the 
strength  of  the  lyes,  the  temperature  of  the  atmos- 
phere, and  other  incidental  circumstances. 

In  Great  Britain  a small  proportion  of  tallow  is 
usually  introduced  a;3  one  of  the  materials  for  the 
production  of  soft  soap.  This  addition  is  for  the 
purpose  of  producing  the  solid  white  granulations 
of  stearate  of  potash,  termed  fgging,  because  the 
soap  then  resembles  the  granular  texture  of  a fig. 
Hence  British  soft  soap  presents  the  appearance  of 
a brownish  transparent  body,  through  which  white 
graitis  are  disseminated.  These  figged  granulations 
do  not  usually  make  their  appearance  until  two  or 
three  weeks  after  the  soap  has  been  made,  and  dur- 
ing the  hot  summer  months  they  do  not  appear  at  all. 
They  are  improperly  considered  to  be  a proof  of  the 
good  quality  of  the  soap,  and  hence  the  figged 
appearance  is  sometimes  imitated  by  the  admixture 
of  starch. 

The  Scotch  process  for  manufacturing  soft  soap  is 
as  follows : — 273  gallons  of  whale  or  cod  oil,  and 
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400  lbs.  of  tallow  are  introduced  into  the  soap-pan, 
together  with  250  gallons  of  potash  13’e,  of  such 
strength  that  1 gallon  contains  6600  grains  of  real 
potash.  Heat  is  now  applied  to  the  pan,  and  as  the 
mixture  approaches  the  boiling  temperature,  much 
froth  appears,  and  to  prevent  boiling  over  it  is 
beaten  down  on  the  surface.  Should  it  subside 
quickly  into  a doughy-looking  paste,  it  is  an  indica- 
tion that  too  strong  a lye  has  been  used.  Its  proper 
appearance  is  that  of  a thin  glue.  There  should 
now  be  added  about  42  gallons  of  a stronger  lye, 
equivalent  to  8700  grains  of  potash  per  gallon,  and 
after  a short  interval,  an  additional  42  gallons ; and 
thus  successively  until  nearly  a total  of  600  gallons 
has  been  introduced.  After  properly  boiling,  to 
complete  the  saponification  of  the  fats,  soap  will  be 
obtained  amounting  in  quantity  to  6400  lbs.,  from 
the  above  proportions  of  materials. 

American  soft  soap  differs  very  little  from  the 
preceding  in  its  mode  of  manufacture ; 200  lbs.  of 
oil  saponified  by  72  lbs.  of  potash  in  lyes  of  specific 
gravity  THO  = 22°  Twaddell,  yielding  450  lbs.  of 
finished  soap. 

Fish-oil  soft  soap  has  usually  a dark-brown  colour, 
and  that  made  from  refuse  fat  and  oil  a dirlj'-white 
shade.  Soap  made  with  colza  oil  is  slightly  bluish. 
When  hempseed  oil  is  used,  tlie  soap  has  a greenish 
colour.  The  latter  is  by  some  consumers  preferred 
to  other  kinds  of  soft  soap ; and  hence  ordinary  soft 
soap  made  from  fish  oil  is  frequently  tinged  green  by 
adding  a small  proportion  of  powdered  indigo. 

Soft  soap  is  always  of  a pasty  consistence,  and 
even  if  excessively  boiled,  does  not  harden,  but 
becomes  scorched  and  dry.  In  this  country  it  is 
chiefly  used  for  fulling,  and  for  the  scouring  and 
cleansing  of  woollen  stuffs.  Being  possessed  of 
greater  solubility,  and  having  a much  more  power- 
fully detergent  action,  it  is  also  especially  applicable 
for  scouring  floors  and  wooden  utensils.  In  Ger- 
many, Belgium,  and  Holland  it  is  also  used  for 
washing  linen,  which  thereby  acquires  a most  dis- 
agreeable odour  of  oil. 

ITiere  are  two  qualities  of  soft  soap  in  the  market. 
They  contain — 


1. 

2. 

Fat  acids, 

40-0 

Potash, . 

9-5 

\Yater, 

50-5 

100-0 

100-0 

Soda  So/l  Soap. — In  this  soap  part  of  the  potash 
is  replaced  by  soda.  The  product  has  the  char- 
acteristics of  soft  soap,  but  contains  more  water. 

The  lyes  must  be  free  from  salt,  or  obviously  the 
product  would  be  a hard  soap ; or  if  in  too  small  a 
quantity  for  this,  a certain  quantity  of  hard  soap 
would  precipitate  and  render  the  soap  turbid  instead 
of  transparent. 

The  best  proportion  is  1 part  of  soda  to  4 of 
potash  lye.  A mixture  of  100  lbs.  of  oleic  acid  (or 
red  oil),  50  lbs.  of  tallow,  and  3750  lbs.  of  hemp- 
seed  oil,  makes  a good  fatty  mixture  for  this  soap. 

The  Savon  vert  of  Belgium  and  Germany  contains 
about  equal  parts  of  potash  and  soda  soaps. 


Hard  Soap  from  Soft. — When  chloride  of  sodium  is 
added  to  soft  or  potash  soap,  decomposition  ensues, 
the  chlorine  of  the  salt  seizes  the  potassium  of  the 
soap,  producing  chloride  of  potassium ; and  at  the 
same  time  the  sodium  takes  the  place  of  the  potas- 
sium in  the  soap,  and  a hard  or  soda  soap  results. 
The  proportions  recommended  by  Pelletier  and 
others  for  the  conversion  of  soft  into  hard  soaps, 
by  means  of  the  above-mentioned  decomposition, 
are  6 lbs.  of  salt  to  every  3 lbs.  of  oil;  and  the 
solution  of  the  salt  in  water  is  to  be  added  in 
small  portions  and  gradually  to  the  soap,  the 
latter  being  in  a state  of  ebullition.  The  soda 
soap  produced  separates  quickly  from  the  lye,  and 
the  operation  is  terminated  in  the  usual  way.  This 
process  for  producing  hard  soap  is  of  great  import- 
ance in  those  countries  where  soda  is  not  to  be 
procured,  as  potash  and  its  salts  may  be  substituted 
for  the  latter  in  the  process  of  saponification. 

Toilet  Soaps. — Scented  Soaps,  Little-pan  Soaps. — 
These  soaps  are  ordinarily  made  without  boiling, 
saponification  being  effected  by  mechanical  means ; 
or  they  are  prepared  by  remelting  and  clarifying 
white  or  curd  soap,  and  adding  various  perfumes, 
colours,  &c.  Most  of  these  soaps  are  already  de- 
scribed in  the  article  Perfumery. 

Cold  Saponification. — The  fat  is  melted  at  a low 
temperature,  and  filtered.  A very  strong  lye  is  then 
gradually  added  (not  less  than  56°  B.),  and  stirred 
well  in  with  a wooden  crutch,  the  mixture  being 
heated,  but  not  allowed  to  boil.  When  the  stirrer 
draws  a distinct  ring,  the  colouring  matter  and  per- 
fume is  added.  The  temperature  must  not  be  below 
104°  Fahr.,  nor  above  149°  Fahr.  The  paste  should 
be  united,  homogeneous,  and  of  some  consistence. 
Pressed  between  the  fingers,  it  should  be  unctuous, 
without  being  greasy.  When  it  has  reached  this 
state,  it  is  run  into  frames  lined  with  linen,  and 
closed  in  with  a wooden  cover,  and  left  for  twelve 
to  twenty-four  hours,  wheu  saponification  wiU  be 
complete.  During  saponification  the  temperature 
rises  spontaneously  to  about  176°  Fahr.  When  the 
soap  is  cool,  it  may  be  taken  from  the  frames,  cut, 
pressed,  and  dried ; 112  lbs.  of  lard  require  56  lbs. 
of  caustic  soda  lye  of  56°  B. 

Hawes'  Process. — The  tallow  or  other  fat  is  melted 
at  as  low  a degree  of  heat  as  possible,  and  then 
mixed  with  the  quantity 
of  alkaline  lye  requisite 
to  convert  it  into  soap. 

The  mixing  is  performed 
by  mechanical  means. 

Ordinary  soap  boilers’  lye 
is  used,  preference  being 
given  to  that  made  from 
the  strongest  and  purest 
alkali.  To  each  100  lbs. 
of  tallow  are  required 
about  20  gallons  of  lye 
made  from  strong  alkali, 
and  of  specific  gravity 
1-125  = 2.5°Tw.  An  ordinary  boiling  caldron  may  be 
used  as  the  combining  vessel,  with  the  addition  of  a 
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rotating  fan  to  produce  an  intimate  admixture  and 
minute  division  of  the  tallow.  Figs.  8 and  9 show 
the  apparatus.  An  upright  shaft,  A,  Fig.  8,  whieh 
may  be  of  wood  or  iron,  and  from  which  arms, 
aaaa,  radiate  to  the  sides  of  the  caldron,  is  fixed 
permanently  or  temporarily  in  the  copper.  If  more 
convenient,  a cylinder  (Fig.  9)  may  be  employed, 

Fig.  9. 


with  a shaft.  A,  passing  through  it  horizontally,  and 
from  which  arms,  c c c c c c,  radiate,  when  a rotatory 
motion  will  thoroughly  incorporate  the  fatty  matter 
and  tlie  lye.  For  tons  of  tallow  the  cylinder 
should  be  about  6 feet  in  diameter  and  12  feet  in 
length.  At  DD  are  dooi'S  for  filling  and  discharging 
the  materials.  The  agitation  must  be  continued  for 
about  three  hours,  or  until  the  tallow  is  completely 
saponified,  which  is  known  by  the  mass  becoming 
thick,  after  which  it  is  allowed  to  stand  from  one  to 
four  days,  according  to  the  quantity  of  the  paste. 
As  soon  as  the  mass  thickens  and  the  lye  is  absorbed, 
the  cylinder  should  be  emptied  and  the  contents 
turned  into  an  ordinary  caldron,  preparatory  to  being 
finished  and  converted  into  soap  by  any  of  the  ordi- 
nary methods. 

French  Toilet  Soaps. — The  .soap  is  cut  into  thin 
shavings  by  being  pressed  against  a rotating  wheel, 
having  on  its  circumference  a number  of  cutting 
blades. 

The  laminae  are  then  mixed  with  the  requisite 
perfumes  and  colouring  matters,  and  transferred  to 
a mixing  machine.  Fig.  10  represents  a mixer  which 


sition  of  which  is  readily  understood,  crush  the 
mixture  into  a paste.  The  distance  of  these  crush- 
ing rollers  is  rceulated  by  the  screws,  H h'.  The 
mixture  is  carried  upwards  by  the  lower  rollers,  and 
passes  through  the  upper  series,  S,  which  convey  it 
into  the  hopper,  M.  This  hopper  when  full  is  opened, 
and  the  paste  falls  into  the  lower  hopper,  N,  whence 
it  is  again  sent  through  the  machine. 

Soaps  coloured  with  ochre,  vermilion,  or  metallic 
oxides  are  passed  five  or  six  times  through  the 
machine;  white  soaps  or  dyed  soaps  two  or  three 
times  only. 

When  the  paste  is  perfectly  homogeneous,  a catch, 
which  holds  the  plate,  p,  in  position,  is  let  go,  and 
the  mixture  falls  into  the  box,  p.. 

The  mass  of  moist  soap  is  then  weighed  into  lumps, 
and  moulded,  either  by  hand  or  by  suitable  presses, 
into  the  required  shape,  and  placed  in  a drying 
chamber.  When  sufficiently  hard,  the  cakes  are 
stamped  in  moulds,  and  finally  polished  with  a little 
alcohol  to  give  them  a good  surface. 

In  the  case  of  the  best  soaps  the  process  of  drying 
and  moulding  is  repeated  several  times. 

Fig.  1 1 is  a moulding  machine  for  cheap  toilet  soaps. 
The  soap  paste  is  placed  in  the  cylinder,  c ; here  it 
is  pressed  upon  by  a piston  moved  slowly  down- 
wards by  the  rod,  a.  At  the  bottom  of  the  cylinder, 

Fig.  11. 


is  much  used  in  France.  The  soap  cuttings,  with 
the  necessary  ingredients  to  form  the  toilet  soap, 
are  placed  in  the  hopper,  N.  Three  pairs  of  cylinders, 
set  in  motion  by  the  gearing,  a B c D F G,  the  dispo- 


C, the  soap  passes  into  moulds,  and  is  here  sub- 
mitted to  the  action  of  another  piston,  moving 
horizontally,  which  stamps  the  maker’s  name,  and 
gives  a polish  to  the  surface.  Round  the  cylinder, 
c,  a current  of  steam  circulates,  to  maintain  the 
soap  at  the  necessary  degree  of  fluidity. 

Analysis. — The  proportion  of  water  in  mottled  or 
marbled  soap  should  never  exceed  30  to  35  per  cent. 
Properly  prepared  white  soap  should  not  contain 
more  than  from  40  to  45  per  cent,  of  water.  Fre- 
quently, however,  the  proportion  amounts  to  55  or 
60  per  cent.,  and  cases  have  been  known  in  which 
soaps  combined  with  from  83  to  84  per  cent,  of 
water  have  been  sold.  This  is  either  added  directly 
to  the  soap  when  run  into  the  frames,  or  the  soap 
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is  kept  for  some  time  in  a solution  of  salt.  The 
proportion  of  water  is  also  sometimes  increased  by 
submitting  the  bars  of  soap  to  the  action  of  high- 
pressure  steam  in  tight  chests  or  bins ; also  by 
boiling  the  soap  in  high-pressure  coppers  before 
cleansing. 

The  proportion  of  water  contained  in  a sample  of 
soap  may  be  readily  ascertained  by  treating  a por- 
tion in  a water  or  oil  bath,  untU  it  ceases  to  lose  in 
weight : 2 ozs.  or  more  of  the  sample  to  be  examined 
should  be  taken  and  reduced  to  small  thin  shavings. 
Of  these,  after  carefully  mixing  together,  100  grains 
are  taken,  placed  in  a small  porcelain  or  platinum 
crucible,  and  dried  by  exposure  in  a water  bath  for 
a sufficient  length  of  time.  When  the  weight  re- 
mains constant,  the  operation  is  at  an  end.  The 
difference  between  the  first  and  last  weighing  indi- 
cates the  percentage  of  water  present. 

To  ascertain  the  amount  of  fatty  matter,  100 
grains  of  the  soap  are  dissolved  in  4 or  6 ozs.  of 
boiling  water,  and  the  solution  is  filtered.  A suf- 
ficient quantity  of  dilute  acid  is  added  to  effect 
neutralization,  and  afterwards  a weighed  portion  of 
pure  and  dry  white  wax.  The  whole  is  then  heated 
until  the  wax  is  liquefied,  and  has  combined  with  or 
taken  up  the  oil  or  fat  liberated  from  the  soap  by 
the  stronger  acids.  After  allowing  it  to  cool  the 
cake  of  wax  obtained  is  removed  and  weighed ; the 
increase  above  the  original  weight  of  the  wax  indi- 
cates the  proportion  of  fat,  oil,  or  grease  contained 
in  the  soap. 

If  the  fatty  matter  of  the  soap  when  liberated  by 
the  acid  itself  concretes  on  cooling,  the  addition  of 
wax  is  unnecessary,  as  the  fat  may  be  weighed  per  se. 

The  liquid  decanted  from  the  fat,  or  solidified 
wax,  may  afterwards  be  submitted  to  examination, 
to  ascertain  the  nature  and  state  of  purity  of  the 
alkali.  If  this  is  intended,  hydrochloric  acid  should 
be  used  for  the  liberation  of  the  fat.  To  ascertain 
the  nature  of  the  fatty  material,  Dumas  directs  the 
aqueous  solution  of  the  soap  to  be  saturated  with 
tartaric  acid,  the  fatty  acids  to  be  collected,  and 
their  point  of  fusion  carefully  observed.  It  is  a 
matter  of  great  difficulty  to  determine  the  particular 
kind  of  fat  or  oil  used  in  the  production  of  the  soap 
under  examination ; yet  by  the  above  method,  it  is 
possible  at  least  to  prove  the  identity  of  the  fatty 
component;  as,  for  instance,  whether  the  soap  is 
made  from  tallow  or  from  oil,  or  whether  it  is  of 
the  same  kind  as  the  sample  from  which  it  may  have 
been  purchased.  The  odour  evolved  by  the  fatty 
acids  at  the  moment  of  decomposition  of  the  soap 
by  a stronger  acid,  or  that  developed  when  the  fatty 
matter  so  liberated  is  treated  in  a small  porcelain 
dish,  will  often  indicate  the  nature  of  the  fatty  sub- 
stance employed  in  its  production,  or  that  at  least 
which  is  present  in  the  greatest  proportion. 

According  to  Normandy,  another  test  as  to  the 
quality  of  the  soap  is,  that  the  fatty  or  oily  acid 
should  be  readily  and  completely  dissolved  by  hot 
alcohol. 

The  estimation  of  the  proportion  of  alkali  con- 
tained in  a sample  of  soap  is  frequently  a point  of 
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great  difficulty.  When  only  one  alkali  is  present, 
the  determination  is  most  easily  effected  by  alkali- 
metry. 

It  not  unfrequently  happens  that  a soap  contains 
more  or  less  uncombined  or  non-saponified  fatty 
matters ; and  in  this  case,  when  the  soap  is  dissolved 
in  water  a film  of  oily  matter  is  seen  to  float  on  the 
surface.  The  aqueous  solution  is  decomposed  by 
means  of  hydrochloric  acid,  when  the  fatty  acids  as 
well  as  the  unaltered  fatty  matter  collect  together 
on  the  surface  of  the  liquid.  These  are  separated 
by  filtration,  thoroughly  washed,  and  then  treated 
with  caustic  baryta.  The  precipitate  produced  is 
thrown  on  a filter,  washed  with  boiling  water,  and 
then  acted  upon  by  hot  alcohol.  By  this  means 
the  non-saponified  grease  dissolved  is  from  the  soap 
of  baryta;  and  after  separation  of  the  alcohol  by 
evaporation,  its  weight  may  be  ascertained.  When 
tested  by  litmus  paper,  it  should  not  show  an  acid 
reaction. 

The  following  is  a of  the  method  of  analysis 

given  by  Richardson  .and  Watts  : — 

The  soap  is  dried  over  sulphuric  acid,  or  in  a 
water  bath  at  100°  C.,  and  is  then  dissolved  in 
alcohol  (100  grains  require  3 ozs.  of  alcohol),  and 
heated  to  boiling  in  a water  bath.  The  soap,  rosin, 
and  free  fat  enter  into  solution,  leaving  the  mineral 
constituents,  glue,  starch,  dextrin,  &c.,  undissolved. 
The  liquid  is  filtered,  and  the  residue  washed  with 
alcohol. 

The  alcohol  is  eliminated  from  the  filtrate  by 
the  heat  of  a water  bath.  Addition  of  water  then 
sets  free  any  rosin  or  uncombined  fat;  these  are 
collected  on  a filter,  dried,  and  weighed. 

The  filtr.ate  now  contains  only  the  fat  soap  and 
rosin  soap,  if  any,  and  must  be  treated  with  a gradu- 
ated solution  of  sulphuric  acid,  to  determine  the 
amount  of  potash  or  soda  in  combination  with  the 
fat  acids.  At  the  same  time,  the  soap  solution  is 
decomposed ; the  fat  and  rosin  acids  rise  to  the 
surface,  are  collected  on  a weighed  filter,  washed 
with  hot  water,  dried  in  vacuo,  and  weighed.  The 
weight  expresses  the  joint  amount  of  fat  and  rosin 
acids  in  the  soap.  Cold  alcohol  will  dissolve  out  all 
the  fat  acid,  together  with  a small  proportion  of  the 
rosin  from  the  filter ; and  the  filter,  dried  in  vacuo 
and  weighed  as  before,  gives  approximately  the 
amount  of  rosin  in  the  soap. 

To  determine  whether  the  base  of  the  soap  is 
soda  or  potash,  the  solution  of  the  sulphates  filtered 
from  the  f.at  acids  is  concentrated,  and  treated  with 
tartiiric  acid  or  dichloride  of  platinum  in  the  usual 
way. 

The  filter  containing  the  matter  insoluble  in  alco- 
hol is  dried  and  weighed,  after  being  thoroughly 
washed  with  .alcohol.  In  genuine  so.ap  this  insoluble 
matter  is  of  very  sm.all  amount,  not  exceeding  1 per 
cent,  for  mottled,  and  being  even  less  for  yellow  soap. 

Cailletet  has  proposed  a method  of  analysis  in 
which  only  one  weighing  is  required.  In  soap  10 
grams,  in  tiiin  shavings  is  decomposed  by  a measured 
volume  of  sulphuric  .acid  of  known  strength,  in  pres- 
ence of  a measured  volume  of  oil  of  turpentine. 
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The  fatty  acids  dissolve  in  the  oil  of  turpentine  and 
increase  its  volume;  and  this  increase,  multiplied  by 
the  specific  gravity  of  the  fat  acid,  determines  its 
weight.  The  amount  of  alkali  is  determined  by 
alkalimetry,  and  the  water  is  estimated  by  difference. 

The  standai'd  acid  is  prepared  by  mixing  189‘84 
grammes  of  the  strongest  sulphuric  acid  with  suffi- 
cient distilled  water  to  make  up  the  volume  to  a 
litre  at  15°  C.  Of  this  acid  10  c.c.  neutralize  12’2 
grammes  of  soda,  and  are  therefore  enough  to  de- 
compose 10  grammes  of  soap. 

Ten  c.c.  of  the  standard  acid  and  20  c.c.  of  oil  of 
turpentine  are  poured  into  a tube  containing  50  c.c., 
and  divided  into  100  parts ; 10  grammes  of  the  soap 
in  thin  shavings  are  then  added,  the  tube  is  closed 
with  a good  cork,  well  shaken  for  a few  minutes  till 
the  soap  is  dissolved,  and  then  left  at  rest  for  a 
quarter  of  an  hour  till  the  oily  solution  of  the  fatty 
acids  has  completely  separated  from  the  watery 
liquid. 

The  volume  of  this  oily  solution  is  now  to  be 
read  off,  a deduction  of  half  a division  (-25  c.c.) 
being  made  to  allow  for  the  diminution  of  the  capa- 
city of  the  tube  and  consequent  rise  of  the  level  of 
the  oil,  occasioned  by  the  film  of  watery  liquid  ad- 
hering to  the  inner  surface  of  the  tube. 

Bolley  decomposes  1 gram,  of  soap  in  a small 
beaker  with  ether  and  acetic  acid.  Two  layers 
of  liquid  are  formed ; the  upper  being  an  ethe- 
real solution  of  the  fatty  acid  and  rosin,  and  the 
lower  an  aqueous  solution  of  the  alkaline  acetate  and 
of  the  salts  contained  in  the  soap;  insoluble  matters 
remain  at  the  bottom  as  a residue.  The  liquids  are 
separated  by  a pipette ; the  ethereal  solution  is  evapo- 
rated in  a tared  glass  over  the  water  bath,  and  the 
residual  fatty  acid  weighed.  The  watery  liquid  is 
evaporated  to  dryness  in  a platinum  dish,  ignited, 
and  the  alkali  estimated  in  the  usual  way. 

There  are  several  other  important  considerations 


relating  to  the  determination  of  the  value  of  soaps. 
The  problem  to  be  solved  by  the  soap  boiler  is  the  pro- 
duction of  an  article  from  which  no  more  is  dissolved 
or  washed  away,  when  it  is  employed  as  a detergent, 
than  is  absolutely  necessary  for  cleansing  purposes. 
When  this  is  not  the  case,  much  soap  is  uselessly 
wasted.  If  the  soap  contains  too  much  water,  or 
its  consistence  be  rendered  too  loose  by  reason 
of  an  excess  of  lye  or  salt  disseminated  through  it, 
as  is  the  case  with  many  of  the  varieties  of  soap 
described,  the  waste  from  this  cause  will  be  propor- 
tionately great.  On  the  contrary,  if  the  soap  is  over 
dry,  much  laborious  exertions  will  be  required  to 
detach  a sufificient  quantity  for  the  purposes  required. 
Curd  soap  is  the  only  kind  which  maintains  the 
proper  mean  between  these  two  opposing  characters, 
and  this  is  due  to  the  quantity  of  water  which  it  con- 
tains, and  its  state  of  solidity.  Soap  that  has  become 
too  dry  is  improved  by  being  kept  in  a moist  place,  and 
an  opposite  treatment  improves  soap  that  contains 
too  much  water.  But,  of  course,  as  regards  the 
foreign  salts  they  contain,  no  alteration  or  improve- 
ment can  take  place.  Curd  soap  is  therefore  the 
proper  form  in  which  soap  should  be  sold;  no 
deception  need,  however,  be  practised,  when  soap 
contains  a large  amount  of  water,  as,  for  instance, 
cocoa-nut  oil  soap,  provided  a corresponding  re- 
duction be  made  in  the  price.  The  same  remark 
applies  to  soap  prepared  from  bones,  fuller’s  earth, 
silica,  &c.,  which,  if  they  cannot  positively  be  called 
adulterations,  are  very  much  calculated,  like  the 
former,  to  promote  dishonest  traffic.  The  produc- 
tion of  these  articles  will  find  very  little  encour- 
agement when  the  soap  boilers  understand  their 
own  interests  and  responsibilities.  These  remarks, 
of  course,  do  not  apply  to  soft  soaps,  which  are 
used  for  entirely  different  purposes. 

In  the  appended  table  the  great  discrepancies  in 
the  value  of  different  kinds  of  soap  are  pointed  out. 


Variety  of  Soap. 

Fatty  Acids. 

KiO. 

Na.^O. 

Water. 

Analyst. 

Castile  soap,  specific  gravity  1-0705 

76-5 

9-0 

14-5 

Ure. 

Castile  soap,  specific  gravity  0-96B9, 

752 

10-5 

14-3 

Fine  white  toilet  soap 

75-0 

u 

9-0 

16-0 

Ordinary  white  soap  from  Glasgow, 

60-0 

ft 

6-4 

33-6 

ti 

Mottled  tallow  soap  of  good  quality,  prepared  from  I 

R1  -95 

1 *77 

R'4.^ 

potash  after  having  been  kept  for  several  years,  j 

Brown  rosin  soap  from  Glasgow, 

70-0 

(( 

6-5 

23-5 

Ure. 

London  cocoa-nut  oil  soap — marine  soap, 

22-0 

ft 

4-5 

73-5 

ti 

Hard  poppy  oil  soap, 

76-0 

ft 

7-0 

17-0 

it 

French  white  soap, 

50-2 

ft 

4-6 

45-2 

Thdnard. 

Marseilles  marbled  soap, 

64-0 

ft 

6-0 

30-0 

D’Arcet. 

u u 

600 

ft 

60 

34-0 

ft 

White  Marseilles  soap, 

68-4 

ft 

10-24 

21-36 

Braconnot. 

White  Leipzig  tallow  soap, 

76-3 

8-8 

14-7 

Abendroth. 

u t( 

60-0 

9-4 

29-8 

Leipzig  marbled  soap, 

45-0 

9-8 

38-0 

ft 

Soft  soap 

44-0 

9-5 

it 

46-5 

Thdnard. 

London  soft  soap, 

45-0 

8-5 

it 

46-5 

Ure. 

Belgian  soft  or  green  soap, 

360 

7 0 

it 

57-0 

it 

Scotch  soft  soap, 

47  0 

8-0 

it 

45  0 

Good  green  soap, 

340 

9-0 

57-0 

ti 

Scotch  soft  rape  oil  soap, 

51-6 

10-0 

it 

38-33 

Scotch  soft  olive  oil  soa|i, 

480 

100 

it 

42-0 

ti 

Semi-hard  soap  for  fulling, 

62-0 

11-5 

ti 

26-5 

Verviers. 

Ordinary  soft  soap,  1st  sample, 

440 

9-5 

it 

46-5 

Chevreul. 

“ “ 2nd  sample, 

42  8 

91 

it 

48-0 

“ “ 3rd  sample, 

39-2 

9 8 

it 

52-0 

ti 

SODA. — SoDiCM  Carbonate;  Soda  Ash;  Soride, 
Carbonate  de  Sonde,  Sonde  Carhouatee,  French;  Soda, 
Kohlensaure  Natron,  German.  Symbol,  NajCOg. 

This  salt  exists  in  the  soda  lakes  of  Egypt  and 
Hungary,  and  in  many  mineral  waters,  though  not 
in  sufficient  quantity  to  pay  for  its  extraction.  In 
France,  Spain,  and  other  countries  where  common 
salt  is  scarce,  or  where  the  duty  on  it  is  so  high  as  to 
prevent  its  economic  conversion  into  carbonate  of 
soda,  plants  are  extensively  consumed  for  the  soda 
they  contain.  In  some  places  native  carbonate  of 
soda  is  found,  being  the  residue  of  the  evaporation 
of  mineral  waters. 

Soda  was  formerly  procured  almost  entirely  from 
marine  plants.  These  contain  soda  (according  to 
Dumas,  as  oxalate),  and  this  by  calcination  is  con- 
verted into  sodium  carbonate.  The  plants  were 
dried  in  the  air,  and  then  burnt  in  rude  furnaces, 
at  a temperature  just  sufficient  to  cause  the  ashes 
to  fuse  together  into  compact  cellular  masses.  The 
substance  thus  obtained  was  known  by  various 


names,  according  to  the  country  whence  it  was 
procured  and  the  kind  of  plant  consumed.  Among 
these  were  the  “ barilla  ” of  Spain,  “ kelp  ” of  Scot- 
land, “ varec  ” of  Normandy  and  Brittany,  &c. 

The  soluble  portion f of  these  ashes  consists  of 
sodium  carbonate,  sulphate,  thiosulphate,  sulphide, 
iodide,  bromide,  chloride,  ferrocyanide,  and  to  a 
small  extent  the  corresponding  potassium  salts. 
The  insoluble  matters  are  calcium  phosphate,  car- 
bonate, and  sulphate,  magnesia,  silica,  alumina,  ferric 
sulphide,  and  carbon. 

Of  the  several  varieties,  barilla  is  by  far  the  most 
valuable.  It  contains  from  14  to  20  per  cent,  of 
sodium  carbonate.  It  has  a greyish-blue  colour; 
and  when  exposed  to  the  air  for  some  time  efflor- 
esces at  the  surface.  It  is  difficult  to  pulverize,  and 
has  a pungent  alkaline  taste.  The  plant  yielding 
barilla  is  the  Sahola  soda ; it  is  carefully  cultivated 
on  the  coasts  of  Spain  for  the  purpose  of  this  manu- 
facture. The  following  table  shows  the  composition 
of  various  kinds  of  ash : — 


Constituent*. 

Alicante. 

Cherboiurg. 

Cherbourg. 

Unknown, 

Unknown. 

Spain. 

VUlette. 

Granville. 

Potassium  sulphate, 



22-19 

42-54 

18-80 

22-00 

15-85 

20-35 

13-50 

Potassium  chloride, 

— 

16-00 

19-64 

— 

— 

10-55 

10-53 

15-60 

Sodium  chloride, 

65-00 

45-78 

25-38 

73-20 

68-00 

68-35 

54-11 

65-68 

Sodium  carbonate, 

2-00 

9-53 

3-71 

6-00 

6-00 

traces. 

13-76 

-22 

Calcium  sulphate, 

— 

— 

— 

— 

— 

1-10 

— 

— 

Insoluble  matters, 

3-00 

1-50 

•73 

— 

— 

— 

— 

— 

Iodine  compounds 

— 

traces. 

traces. 

traces. 

traces. 

— 

traces. 

traces. 

Sodium  sulphate, 

30-00 

— 

— 

— 

— 

— 

— 

— 

Water, 

— 

5-00 

8-00 

2-00 

4-00 

4-00 

1-25 

5-00 

Loss, 

— 

— 

— 

— 

— 

•15 

— 

— 

100-00 

100-00 

100-00 

100-00 

100-00 

100-00 

100-00 

100-00 

Kelp  is  the  residue  of  various  species  of  fuci. 
Two  specimens  gave  the  following  results : — 


Heisker. 

Rona. 

Sodium  sulphate, 

8-0 

19-0 

Sodium  carbonate  and  sulphide, 

8-5 

5-5 

Sodium  and  potassium  cblotides, 

36-5 

37-5 

.53-0 

62-0 

Calcium  carbonate, 

24-0 

10-0 

8-0 



Alumina,  with  a little  ferric  oxide, 

9-0 

10-0 

Calcium  sulphate 

9-5 

Sulphur  and  loss, 

6-0 

8-5 

100-0 

100-0 

Sea  weeds  from  the  mouth  of  the  Clyde  yield — 


Potash, 

Sola, 

l.iine, 

Magnesia, 

Sodium  chloride,  . . , 

Sodium  iodide 

Calcium  phosphate. 

Ferric  oxide, 

Sulphuric  acid,...., 
Silica, 


Percentage  of  ash  in  weed 
dried  at  1U0°  0 


Fucus 

Fucus 

Fucus 

Digitatus. 

Nodes  us. 

Serrutus. 

22-40 

10-07 

4-51 

8 --29 

15-80 

21-15 

8-79 

10-98 

11-09 

7-44 

10-93 

11-66 

28-39 

20-16 

18  76 

3-62 

0-.54 

1-33 

5 63 

3-34 

9-67 

0-62 

0-29 

0-34 

13-26 

26-69 

21-06 

1-.56 

1-20 

0-43 

100-00 

100-00 

100-00 

20-40 

16-19 

15-63 

The  most  valuable  of  the  French  ashes  is  that 
known  as  salicor  or  Narbonne  soda,  which  is  the 
residue  of  the  combustion  of  the  Salicornia  annua. 
It  contains  from  14  to  15  per  cent,  of  the  alkaline 
carbonate.  Another  kind,  also  valuable,  is  blanquette 
or  Aiguemorte  soda,  extracted  from  the  Salicornia 
evropsea,  the  Salsola  tragus,  the  A triplex  portulacoides, 
the  Salsola  kali,  and  the  Statice  limoncum.  The  first- 
named  of  these  yields  the  most  soda,  and  all  contain 
abundance  of  common  salt.  The  amount  of  car- 
bonate of  soda  in  blanquette  varies  from  3 to  8 per 
cent.  Varec  is  the  ash  of  plants  belonging  to  the 
species  fuci.  This  is  the  least  valuable  of  the  French 
native  sodas;  but  it  contains  much  sulphate  of 
soda  and  potash,  chloride  of  sodium  and  potassium, 
and  a little  iodide  of  sodium.  It  is  principally  ex- 
tracted for  the  sake  of  its  potassium  salts,  and  is 
used  in  the  manufacture  of  saltpetre.  It  is  also 
valuable  as  a source  of  iodine.  The  commercial 
demands  for  soda  are  now  supplied  almost  exclu- 
sively by  an  artificial  method  of  production.  Barilla 
and  kelp  are  used  to  a small  extent  in  the  soap 
manufacture  as  a substitute  for  chloride  of  sodium, 
and  in  Scotland  sea  weeds  are  still  consumed  as  a 
source  of  potash  and  of  iodine  (see  Iodine  and 
Potassium). 

History. — Soda  ash  is  now  manufactured  from 
sodium  chloride  on  an  immense  scale.  It  has  already 
been  mentioned  that  barilla  is  by  far  the  most  valu- 
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able  native  ash.  On  the  coasts  of  Spain  this  ash  was 
formerly  produced  so  abundantly  as  to  supply,  not 
only  the  native  demand  for  soda,  but  also  that  of 
Other  countries. 

Great  Britain  produced  large  quantities  of  native 
soda  under  the  form  of  lelp,  the  manufacture  of 
which  was  carried  on  at  a very  early  period  on  the 
North  and  West  coasts  of  Ireland,  and  later  on  the 
Western  shores  and  islands  of  Scotland.  This  trade 
was  especially  brisk  at  the  commencement  of  the 
present  century,  when,  to  meet  the  exigencies  of  the 
war,  high  duties  were  imposed  upon  the  Spanish 
barilla.  The  annual  rental  of  the  kelp  shores  of  the 
island  of  North  Uist  alone  amounted  at  this  time  to 
£7000;  and  at  one  period  the  entire  quantity  of 
kelp  produced  in  Scotland  and  its  adjacent  islands 
was  estimated  at  more  than  25,000  tons  annually. 
Still,  even  this  quantity  of  native  soda  was  not  suffi- 
cient to  supply  the  national  needs. 

France  was  especially  dependent  on  Spain  for 
soda;  and  when  at  the  time  of  the  French  revolu- 
tion of  1789  the  importation  of  b^^rilla  was  suspended, 
the  National  Convention  made,  in  a special  pro- 
clamation, an  appeal  to  the  chemists  of  France 
to  devise  a process  by  which  common  salt  might 
be  rendered  available  as  a source  of  soda.  To 
the  appeal  of  the  Convention  due  response  was 
made,  and  numerous  plans  were  proposed;  but 
of  all  the  processes  communicated  to  the  committee 
intrusted  with  the  examination  and  execution  of  the 
various  proposals,  the  only  one  deemed  likely  to  be 
successful  was  that  of  Leblanc.  The  first  estab- 
lishment for  prosecuting  the  manufacture  on  a large 
scale  was  erected  in  1804  at  St.  Denis  by  Leblanc, 
and  was  carried  out  by  him  and  his  partners,  Diz& 
and  Shee.  Leblanc,  after  having  spent  all  his 
means  in  perfecting  his  plan,  was  neglected  by  the 
government  of  his  own  country,  and  though  hand- 
somely rewarded  by  the  British  government,  at  last 
died  in  an  hospital.  In  Greece  and  at  Eome  statues 
have  since  been  erected  to  his  memory. 

The  principle  of  this  process  was  foreshadowed  in 
England  by  Dr.  Brian  Higgins  as  early  as  1781.  His 
paper  shows  that  he  started  with  common  salt,  which 
he  decomposed  into  sulphate  of  soda  and  hydro- 
chloric acid  by  oil  of  vitroil.  The  dry  sulphate  or 
salt  cake  obtained  was  put  into  a reverberatory 
furnace,  with  one-eighth  of  its  weight  of  coal,  and 
heated  till  the  ingredients  were  melted,  and  the  sul- 
phate reduced  to  the  state  of  sulphide.  At  this 
stage  twice  its  weight  of  lead  was  introduced,  and 
when  the  metal  was  melted,  the  whole  was  stirred 
with  an  iron  rod  until  the  sulphur  united  with  the 
lead,  and  the  fused  caustic  soda  floated  in  a distinct 
layer  over  the  surface  of  the  sulphide  of  lead.  The 
furnace  was  then  tapped  to  allow  the  alkali  to  flow 
out. 

The  great  expense  attending  this  plan,  arising 
from  the  high  price  of  lead,  rendered  it  valueless 
as  a commercial  process ; but  in  the  same  patent 
Higgins  states  that  iron  introduced  into  the  furnace, 
or  other  metallic  oxides,  may  he  used  equally  well.  Here, 
therefore,  is  clearly  developed  the  principle  of  Le- 


blanc’s process.  Leblanc,  however,  had  the  sagacity 
to  replace  the  expensive  oxide  of  iron  by  oxide  of 
calcium,  and  the  process  practised  in  Great  Britain 
at  the  present  day  is  substantially  that  devised  by  him. 

The  first  step  in  the  manufacture  is  the  production 
of  salt  cake  (sodium  sulphate)  by  the  action  of  oil  of 
vitriol  on  common  salt. 

Sodium  Sulphate.  — Glauber’s  Salt,  Salt-cake ; 
Sulfate  de  Soude,  French ; Schwefelsaures  Natron, 
German.  Symbol,  Na2SO^.  This  compound  of 
sodium  was  discovered  by  Glauber  in  1658.  It  is 
found  copiously  in  nature  as  a constituent  of  min- 
eral waters,  and  to  a small  extent  in  the  mineral 
form  as  mirabilite. 

Sulphate  of  soda  in  the  form  of  mirabilite  is 
found  in  Austria,  in  Bohemia,  in  the  Tyrol,  and 
in  several  places  in  Spain  and  Hungary,  as  well  as 
in  Switzerland ; on  lavas,  and  as  an  efilorescence  on 
the  Siberian  and  Caspian  steppes.  A mixture  of  the 
crystallized  salt  with  gypsum — Glauberitc — was  dis- 
covered by  Gijibernat  in  the  canton  of  Argovie  in 
Switzerland ; the  same  compound  has  been  found 
in  crystals  and  reniform  masses,  embedded  in  rock- 
salt,  at  Villarubia  in  Spain,  at  Vic  in  Lorraine, 
Berchtolsgaden  in  Bavaria,  and  at  Atacama  in  ChUi. 

Sodium  sul^ihate  is  a by-product  in  the  prepara- 
tion of  nitric  acid,  of  sal  ammoniac,  of  carbonate  of 
magnesia,  in  the  amalgamation  of  silver  ores  ; and  it 
may  also  be  obtained  from  many  glass  slags,  if  native 
or  artificial  soda  has  been  used  in  the  preparation  of 
the  glass. 

Pure  sodium  sulphate  is  prepared  by  addition  of 
sulphuric  acid  to  sodium  chloride;  hydrochloric  acid 
is  set  free  and  sodium  sulphate  produced.  When 
effervescence  has  partially  subsided  heat  is  applied, 
and  continued  till  the  whole  of  the  hydrochloric 
acid  is  expelled. 

The  dry  mass  usually  contains  a little  sulphuric 
acid  ; this  is  removed,  after  solution  in  water,  by  the 
addition  of  a sufficient  quantity  of  carbonate  of  lime, 
or  the  excess  of  acid  may  be  neutralized  by  the  addi- 
tion of  carbonate  of  soda.  The  solution  is  then 
filtered,  evaporated,  and  set  aside  to  crystallize. 

Crystals  of  sodium  sulphate  have  the  composi- 
tion Na2SO^  -h  IOII2O ; their  form  is  the  oblique 
rhombic  prism.  The  anhydrous  salt  is  obtained 
by  heating  the  hydrated  sulphate  to  redness  or, 
according  to  Faraday,  by  evaporating  an  aqueous 
solution  at  a temperature  considerably  below  100° 
C.  The  crystals  belong  to  the  right  prismatic 
system.  This  latter,  which  is  transparent,  when 
exposed  to  the  air  becomes  opaque  on  the  sur- 
face, owing  to  absorption  of  water.  The  taste 
of  the  crystallized  salt  is  cooling  and  bitterish 
saline.  By  exposure  to  the  air  it  effloresces,  with 
the  loss  of  all  its  water.  The  perfectly  effloresced 
salt  intumesces  in  very  moist  air  to  three  times  its 
bulk,  and  then  becomes  a crystalline  mass  of  ordin- 
ary Glauber’s  salt,  with  a slight  excess  of  water. 
When  the  crystallized  salt  is  heated,  it  fuses, 
gives  off  its  water,  and  thereby  becomes  a white 
solid  ; but  at  a red  heat  this  again  becomes  liquid: 
1 part  of  the  crystals  dissolves  in  3 parts  of  water 
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at  15°  C. ; at  100°  C.  water  dissolves  its  own  weight 
of  the  salt.  It  is  insoluble  in  alcohol.  A crystallized 
sulphate  of  soda  is  also  known,  containing  8 equiva- 
lents of  water,  and  having  the  formula  Na2S0^8Il20. 

Sulphate  of  soda  is  a mild  but  efficient  cooling 
laxative  or  purgative  SiUt.  It  was  formerly  the  most 
favourite  saline  cathartic  in  this  and  other  European 
countries,  but  since  the  beginning  of  the  present 
century  has  gradually  been  displaced  by  the  sulphate 
of  magnesia. 

Manufacture  of  Commercial  Sulphate  of  Soda 
(^Salt-cake). — By  far  the  largest  quantity  of  this 
article  is  manufactured  for  tlie  purpose  of  serving 
as  a material  in  the  manufacture  of  soda  ash ; and 
this  is  nearly  always  done  in  the  alkali  works  them- 
selves, one  of  whose  principal  branches  it  forms. 
Only  exceptionally  sulphate  of  soda  is  made  as  a 
by-product  from  the  manufacture  of  muriatic  acid, 
the  relation  between  them  in  alkali  works  being 
always  the  other  way  ; in  the  former  instance  it  is 
made  in  cylindrical  cast-iron  retorts,  very  similar 
to  those  used  for  nitric-acid  making,  and  the  acid  is 
condensed  in  a series  of  stoneware  IVoolfe’s  bottles. 
This  product  is  known  as  “ cylinder  cake,”  and 
frequently  contains  a good  deal  of  undecomposed 
salt.  On  the  other  hand,  in  some  cases,  but  rarely 
in  this  country,  sulphate  of  soda  is  made  purposely 
for  glass  making ; and  as  in  this  case  (except  for 
common  glass)  it  must  be  as  free  from  iron  as 
possible,  it  is  made  in  leaden  pans.  The  great  bulk 
of  sulphate  of  soda  is  made  in  the  large  cast-iron 
pans  or  pots  first  introduced  by  Gamble  or  Lee 
(it  is  not  quite  certain  by  which  of  these  in  the  first 
instance),  or  by  the  recently  introduced  process  of 
Hargreaves  and  Robinson,  which  will  be  afterwards 
described ; but  it  is  very  probable  that  the  mechani- 
cal furnace  introduced  by  William  Jones,  of 
Middlesborough,  which  will  be  described  below,  will 
cause  an  important  revolution  in  this  manufacture. 

The  raw  materials  for  sulphate  of  soda  making 
are  sulphuric  acid  and  common  salt  (sodium  chloride). 
Both  of  these  are  treated  of  in  their  respective 
places ; and  it  need  only  be  mentioned  here,  that 
the  sulphuric  acid  need  not  be  pure,  nor  any  more 
concentrated  than  as  it  is  furnished  by  Glover’s 
towers,  or  even  by  the  first  acid  chamber  ; it  is  only 
when  sulphate  nearly  free  from  iron  (for  glass- 
making) is  required,  that  attention  has  to  be  paid  to 
this  point  in  the  acid.  Tlie  common  salt  used  in  this 
country  is  always  that  from  Ciieshire,  which  is  not 
only  cheap,  but  also  remarkably  pure.  The  salt 
used  abroad  often  contains  very  many  impurities 
(especially  calcium  sulphate),  which  greatly  injure 
the  quality  of  the  salt-cake,  and  subsequently  that 
of  the  soda  ash  made  from  it. 

These  two  materials,  in  acting  upon  each  other, 
ultimately  produce  the  following  result ; — 

2NaCl  + HjSO*  = Na^SOj  + 2HC1. 

This  decomposition  does  not  bike  place  quite 
smoothly  and  all  at  once,  but  gradually,  since  the 
sulphuric  acid  always  inclines  to  form  acid  salts 
(hydrosulphates).  For  this  reason  the  hydrochloric 


acid  is  only  partially  driven  off  at  a moderate  tem- 
perature, and  the  remainder  requires  a very  much 
higher  temperature  for  its  elimination.  The  first 
stage  (at  a moderate  heat)  takes  place  thus — 

2NaCl  + H2SO4  = NaHS04  + HCl  + NaCI. 

The  second  stage  (at  a stronger  heat) — 

NaHS04  + NaCl  = Nai,S04  + HOI. 

The  second  stage,  however,  always  partly  sets  in 
during  the  first  period.  Anyway  there  are  always 
(except  in  Jones’  machine)  two  stages  in  the  manu- 
facturing operation  as  well — viz.,  first,  moderate 
heating  in  a metal  vessel  (pan) ; and  secondly,  strong 
heating  (ignition)  in  a furnace.  The  hydrochloric 
acid  evolved  in  the  first  stage,  from  the  pans,  is 
both  more  concentrated  and  pure  than  that  from 
the  second  stage,  the  furnacing,  where  a little  sul- 
phuric acid  always  accompanies  the  escaping  gases. 

The  usual  process  of  salt-cake  making  in  decom- 
posing pans  is  always  carried  out  in  these  two 
successive  stages — viz.,  first,  in  the  pan  itself,  where 
the  decomposition  is  not  carried  right  through ; and 
secondly,  in  the  furnace  (“roaster”  or  “drier”), 
where  it  is  completed.  The  process  in  the  pans 
themselves  is  essentially  the  same  everywhere, 
although  there  are  not  unimportant  modifications 
in  detail  in  the  shape  and  in  the  mode  of  setting  and 
firing  the  pans.  But  a much  larger  difference  exists 
in  the  furnaces,  which  may  be  either  “ close 
roasters” — that  is,  muffle  furnaces,  where  the 
flame  does  not  come  into  direct  contact  with  the 
batch  ; or  “ open  furnaces  ” — that  is,  reverberatory 
furnaces,  where  the  flame  plays  direct  upon  the 
batch.  The  former  construction  is  more  usual  in 
Lancashire,  Scotland,  &c. ; the  latter  is  the  only 
one  found  on  the  Tyne.  Each  kind  of  furnace  has 
its  advantages  and  its  disadvantages,  as  will  be  seen 
hereafter.  A third  kind,  where  the  flame  first  travels 
underneath  the  bed,  and  then  directly  over  the 
charge,  has  been  tried  with  gaseous  fuel,  but  does 
not  seem  to  have  met  with  much  approval. 

Decomposing  Pan. — This  vessel  is  cast  of  par- 
ticularly tough  metal  (the  mixture  of  different  brands 
most  suitable  for  this  purpose  is  considered  a trade 
secret  by  the  comparatively  few  iron-founders  who 
cast  these  pans),  forming  a segment  of  a globe,  as 
seen  from  the  diagrams.  They  are  usually  from  2 
to  3 inches  thick  near  the  top  and  from  5 to  7 inches 
thick  in  the  centre ; but  a few  manufacturers  prefer 
to  have  them  made  thickest  about  half-way  up. 
The  weight  of  a pan,  of  about  9^  feet  diameter  and 
2 feet  depth,  is  about  6 tons.  In  the  majority  of 
cases  their  upper  margin  is  either  plain  or  provided 
with  a horizontal  flange,  and  in  this  case  they  are 
covered  over  by  an  arch,  which  leaves  the  sides  of  the 
, pan  quite  clear,  and  allows  it  to  be  withdrawn  and 
j replaced  without  disturbing  the  brickwork.  This  is  a 
certain  advantage,  though  more  in  time  than  in  money ; 
but  for  all  this  the  construction  shown  in  Plate  I.  is 
preferable,  where  the  pan  is  provided  with  an  up- 
standing rim  in  addition  to  the  flange,  and  the 
^ covering  arch  is  sprung  from  this  rim  itself  in  the 
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form  of  a cupola  of  half  a brick’s  thickness.  In 
the  latter  case  it  is  impossible  that  the  arch  should 
be  damaged  by  the  boiling  over  in  the  pan  without 
its  being  noticed,  and  in  no  case  is  it  possible  that 
any  gaseous  hydrochloric  acid  can  find  its  way  un- 
perceived into  the  fire  flues,  and  thus  escape  reach- 
ing the  condensers.  To  be  sure,  the  arch  must  be 
renewed  every  time  a new  pan  has  to  be  put  in;  but 
this  can  be  done  in  a few  hours’  time,  during  winch 
time  the  furnace  may  be  heating  up  again.  Plate 
L also  shows  an  excellent  way  of  arranging  the 
fire  underneath  the  pan,  about  which  there  are  many 
opinions.  Very  much  depends  upon  this  arrange- 
ment, both  for  the  amount  of  work  to  be  got  out  of 
the  pan,  and  for  the  time  it  will  last.  The  setting 
as  shown  will  allow  of  the  greatest  possible  produc- 
tion of  salt  cake  by  the  pan,  without  preventing  it 
from  being  worked  at  a slower  rate,  if  necessary. 

Sometimes  the  decomposing  pan  is  heated  by  the 
waste  heat  from  the  muffle  furnace ; but  this  arrange- 
ment is  quite  erroneous  when  anything  like  a large 
and  regular  production  is  required.  In  a few 
cases,  again,  the  fire  is  carried,  not  only  under, 
but  also  over  the  decomposing  pan.  If  divided 
from  it  by  an  arch,  it  is  intended  to  prevent  a 
condensation  of  hydrochloric  acid,  which,  however, 
in  any  case  does  not  take  place  in  or  near  the  pan.  If 
the  fire  is  directed  over  the  pan  itself,  as  is  done  in 
a few  cases  by  means  of  the  flame  of  an  adjoining 
“ open  drier,”  it  hastens  the  work,  but  dilutes  the 
acid  gas  so  much  that  the  condensers  do  not  yield 
anything  but  weak  acid.  Neither  arrangement  is 
adopted  in  any  large  number  of  works. 

In  every  case  there  is  a working  or  charging  hole 
provided  in  front  of  the  pan,  generally  shut  during 
the  operations  by  a leaden  door,  with  a round  opening 
for  the  handle  of  a rake  to  pass  through;  through 
this  door  the  salt  is  thrown  in  and  the  charge 
worked.  Another  opening  leads  out  of  the  pan  into 
the  furnace,  known  as  the  “shoving  hole”  or  the 
“ gangway.”  This  is  either  opposite  the  charging 
door,  in  which  case  the  charge  is  pushed  through  by 
means  of  a rake,  and  the  pan  then  forms  a continua- 
tion of  the  length  of  the  furnace ; this  is  called 
“ shoving.  ” Or  the  second  opening  is  placed  at 
right  angles  to  the  charging  door ; the  pan  is  then 
called  a “casting”  pan,  and  the  charge  is  removed 
by  means  of  a large  shovel  (“casting  shovel”)  with 
a long  iron  handle,  worked  through  the  charging 
door.  In  this  case  the  pan  is  fixed  at  one  side  of 
the  furnace.  Local  convenience  must  decide  which 
arrangement  is  to  be  preferred ; the  engravings  show 
the  former.  In  any  case  the  shoving  hole  is  pro- 
vided with  a cast-iron  damper,  which  is  only  lifted 
during  the  time  of  shoving  or  casting ; and  as  these 
dampers  are  soon  acted  upon  by  the  acid  and  do 
not  then  shut  tight,  it  is  a great  improvement  to 
use  a double  damper  — one  modification  of  which 
is  shown  in  Plate  I. — the  space  between  the 
dampers  being  filled  with  salt.  Salt  is  also  heaped 
round  the  top  of  the  damper,  and  in  front  of  the 
working  door,  to  keep  the  gas  in.  Each  pan  has 
further  an  exit  pipe  for  the  hydrochloric  acid  gas. 


from  12  to  18  inches  in  diameter;  these  pipes  rise 
perpendicularly  to  such  a height  that  from  thence 
there  is  a continuous  fall  towards  the  first  condensing 
cistern,  or  towards  the  condenser  itself,  if  there  are 
no  such  cisterns  provided.  The  pipes  are  made  of 
very  carefully-prepared  fire  clay  and  are  well  boiled 
in  tar ; latterly  they  have  been  also  made  of  glass. 
Lastly,  there  is  beside  each  pan  a gauging  cistern 
for  the  sulphuric  acid.  This  is  usually  of  cast 
iron  lined  with  lead,  is  heated  from  underneath 
by  the  waste  heat  of  the  pan  flue,  or  otherwise, 
and  is  provided  with  a gauge  float  or  other  means 
of  accurately  measuring  the  acid ; and  with  a self- 
acting syphon,  which  discharges  itself  into  a cast- 
iron  pipe  leading  through  the  pan  arch  into  its 
interior,  not  quite  on  its  margin,  but  a little  way  in, 
so  that  the  acid  runs  on  to  the  salt,  not  on  to  the 
metal,  which  would  very  soon  wear  away  in  this 
place.  These  cast-iron  pipes  wear  out  very  soon, 
and  must  be  replaced  from  time  to  time. 

The  calcining  furnace  itself,  as  mentioned  above, 
maybe  either  an  “open  drier”  or  a “close  roaster.” 
An  excellent  form  of  open  drier,  such  as  used  on  the 
Tyne,  is  shown  in  the  diagrams  on  Plate  I.,  which 
render  any  further  explanation  almost  superfluous. 
The  fire-places,  the  connection  with  the  pan,  the 
working-doors,  which  likewise  serve  for  discharging 
(“  drawing”)  the  sulphate,  the  escape  flue  for  the 
gas,  &c.,  are  clearly  visible.  These  furnaces  go  a 
long  time  without  any  essential  repairs,  provided 
that  they  are  lined  with  very  hard,  well-burned  fire- 
bricks, capable  of  resisting  the  acid,  which  is  of  far 
greater  importance  in  this  case  than  mere  resistance 
against  heat.  The  whole  arrangement  shown  on  the 
plate  (pan  and  drier  together)  represents  essentially 
the  plans  used  in  all  Tyneside  works,  although  of 
course  there  are  differences  in  unimportant  details 
in  every  factory. 

The  “ close  roaster”  is  shown  in  Plate  II. ; the 
arrangements  of  the  pans  and  flues  explain  them- 
selves. These  furnaces  are  subject  to  more  repairs 
than  open  driers ; they  must  be  built  with  extraordi- 
nary care  to  begin  with,  since  otherwise  the  acid 
gas  soon  finds  its  way  through  cracks  in  the  arch 
and  in  the  beds,  and  what  is  almost  worse,  the 
melted  sulphate  itself  runs  through  any  chinks  in  the 
bed  and  stops  up  the  flues  underneath.  Such  cracks 
are  often  only  discovered  after  the  gas  has  escaped 
through  them  into  the  fire-flue  for  some  considerable 
time;  and  in  the  opinion  of  the  Tyneside  ash  makers 
it  is  far  more  difficult  to  insure  a complete  conden- 
sation of  the  muriatic  acid  when  using  close  roasters 
than  with  open  driers,  where  such  escapes  are  im- 
possible, as  the  acid  gas  goes  into  the  condensers  at 
the  same  time  with  the  fire  gas.  The  great  advantage 
of  close  roasters  is  the  greater  concentration  of  the 
acid  gas,  which  certainly  not  only  allows  it  to  be 
condensed  more  easily,  that  is,  with  smaller  con- 
densers, but  also  to  make  more  highly  concentrated 
muriatic  acid  from  them ; and  formerly  it  was 
assumed  that  this  would  insure  a more  complete 
condensation  than  with  open  roasters,  but  the 
above-mentioned  difficulty  of  keeping  the  real  muffle 
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part  of  the  furnace  tight,  practically  turns  the  scale 
the  other  way,  since  those  who  use  open  roasters 
have  learned  to  attain  equally  complete  condensation 
by  employing  long  cooling  shafts  or  pipes  (pre- 
ferably of  cast  iron)  and  condensers  of  large  size. 
Still  they  cannot  get  their  condensed  acid  as  strong 
as  that  from  close  roasters,  and  if  they  use  coal  for 
firing,  the  acid  is  too  weak  for  anything  but  bicarbon- 
ate making;  though  by  using  coke  as  fuel  it  can  be  ob- 


tained about  18  to  20°  Tw.  (especially  by  using  stone 
cisterns  for  a preliminary  condensation,  in  which 
the  gas  meets  the  acid  fiowing  from  the  condensers), 
and  by  mLxing  with  the  acid  from  the  pan-condensers 
a sufficiently  strong  acid  for  chlorine  making  is  ob- 
tained. The  safety  in  respect  to  the  escape  of  acid 
gas  is  not  the  only  reason  in  favour  of  open  driers ; 
they  certainly  yield  a considerably  higher  out- 
put and  stronger  sulphate  than  close  roasters  on 


Fig.  a. 


Fig.  4. 


Fig.  2. 


Fig.  3. 


account  of  the  greater  heat,  and  their  wear  aud 
tear  is  very  much  less.  Where  it  is  not  of  im- 
portance to  obtain  practically  the  whole  of  the 
muriatic  acid  in  a strong  form,  open  driers  seem 
to  deserve  the  preference. 

It  has  been  mentioned  above  that  Siemens’  gas 
generator  has  been  proposed  for  heating  decomposing 
furnaces,  and  furnaces  thus  construeted  have  been 
worked  for  some  years  at  Runcorn.  In  these  the  gas 
is  inflamed  in  front  of  the  furnace  and  first  travels 
underneath  its  bed,  and  then  returns  over  the  same, 
but  is  not  separated  from  the  charge  by  an  arch. 
Thus  the  risk  of  any  gas  escaping  into  the  fire-flue  is 
avoided,  aud  it  was  assumed  that  it  would  be  possible 
to  burn  the  gas  with  a smokeless  flame,  and  condense 
the  acid  from  it  as  easily  as  from  close  roasters.  This 
is,  however,  not  the  case,  aud  the  drawback  of  sul- 
phate fluxing  through  the  bed  into  the  flues  exists  in 


full  force.  More  fuel  and 
labour  is  required  for  this  plan 
than  for  direct  firing,  and 
it  has  not  made  its  way 
among  the  trade  to  any  ex- 
tent. Quite  lately  another 
style  of  gas  furnace  has  been 
made  known,  constructed  by 
Gamble.  It  is  a real  close 
roaster,  fired  by  gas  instead 
of  by  an  ordinary  coal  fire.  The  air  is  heated  before 
being  admitted  to  the  gas,  and  a certain  pressure  is 
maintained  in  the  gas  generator,  so  that  no  acid 
gas  from  the  interior  of  the  muffle  can  escape  outside. 
If  this  plan  is  carried  out  with  sufficient  care  it  will 
no  doubt  work  well;  but  only  in  that  case.  This 
furnace  is  shown  in  Figs.  1 to  5. 

An  arrangement  found  frequently  in  Belgium  is 
this — that  the  discharging  of  the  furnace  takes  place 
through  openings  in  the  bed  in  front  of  the  working 
doors,  an  arch  being  built  underneath  to  receive  the 
sulphate ; the  gas  evolved  during  its  cooling  thus 
goes  through  the  furnace  and  into  the  condenser. 
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This  arrangement  entails  more  labour  in  discharging 
a furnace,  as  each  batch  has  to  be  lifted  twice  ; but 
it  prevents  to  a certain  extent  the  nuisance  of  the 
gas  arising  from  freshly  drawn  sulphate. 

The  work  in  the  pan  or  furnace  is  as  follows : — 
Supposing  the  pan  has  just  been  heated  up,  or  else 
the  previous  charge  has  just  been  “ shoved,”  the  salt 
belonging  to  the  new  charge  is  shovelled  in  as  quickly 
as  possible  through  the  charging  door;  and  when 
about  half  of  it  is  in,  the  acid  syphon  is  let  down  so 
that  the  sulphuric  acid  begins  to  run  in  as  well. 
The  quantity  of  salt  for  one  charge  varies  very 
much.  In  working  with  open  driers  it  is  almost 
universally  the  custom  to  work  one  batch  each  hoar 
— these  batches  varying  from  6 cwts.  of  salt  up  to  10 
cwts.  With  close  roasters  the  charges  are  mostly 
larger,  beingfrom  12to  ISoreven  18  cwts.  of  salt;  but 
then  only  from  8 to  12  batches  are  made  in  twenty- 
four  hours.  In  any  case  the  quantity  of  sulphuric 
acid  must  be  exactly  measured,  though  the  bulk  of 
acid  for  a certain  quantity  of  salt  will,  of  course,  vary 
very  much  according  to  the  strength  of  the  acid  and 
to  its  temperature.  As  far  as  the  strength  is  con- 
cerned, the  stronger  the  acid  is,  the  better,  up  to 
144°  Tw. — a strength  which  is  frequently  reached 
at  the  present  time  when  Glover’s  towers  allow  of 
the  concentration  of  all  the  acid  made  in  most  alkali 
works.  On  the  other  hand,  where  there  is  no  con- 
venience for  concentrating  the  acid,  it  is  sometimes 
used  as  low  as  120°  Tw. ; but  the  weaker  the  acid, 
the  more  time  and  coal  does  it  take  to  do  the  work, 
the  more  difficult  is  the  condensation,  owing  to  the 
large  amount  of  steam,  and  the  more  quickly  are  the 
pans  worn  out.  As,  however,  in  no  case  does  the 
acid  run  with  exactly  equal  strength,  its  specific 
gravity  must  constantly  be  tested  with  the  hydro- 
meter, and  more  or  less  run  into  the  pan  according 
to  its  indications. 

If  the  acid  comes  hot  enough  from  the  towers 
or  pans,  it  is  not  necessary  to  heat  it  in  the  gauge 
cistern;  but  if  cold,  the  latter  ought  to  be  heated 
so  that  the  temperature  of  the  acid  may  at  least 
reach  120°  Fahr.,  otherwise  it  cools  the  pan  (which 
is  already  greatly  cooled  by  the  salt)  far  too  much, 
and  may  even  cause  it  to  crack.  The  absolute 
quantity  of  the  acid  to  be  used  depends  very  much 
upon  the  quality  of  the  sulphate  desired;  if  strong 
sulphate  has  to  be  made,  as  is  usual  in  open  driers,  the 
proportion  of  acid  of  144°  Tw.  to  Cheshire  salt  of 
average  moisture  will  be  about  as  95  : 100.  When 
the  salt  is  either  drier  or  wetter  than  usual,  a cor- 
responding allowance  of  acid  must  be  made.  The 
result  of  the  testing  of  the  furnaced  sulphate  of  soda 
furnishes,  however,  a daily  control  whether  the  pro- 
per quantity  of  sulphuric  acid  has  been  used  or  not. 

When  all  the  acid  has  been  run  in,  and  all  the 
salt  is  charged,  the  whole  is  well  mixed  by  means  of 
a light  iron  rake.  At  this  stage  the  mass  is  very  liable 
to  froth  and  even  to  boil  over,  which  very  soon 
destroys  the  pan  arch;  and  it  is  therefore  usual  to 
throw  a few  ounces  of  tallow  or  other  grease  into 
the  pan,  in  order  to  keep  down  the  froth.  The  door 
is  then  put  on  and  made  tight  with  salt,  but  the 


■rake  is  left  in  and  occasionally  worked  about;  the 
salt  serving  as  a kind  of  stuffing  box  for  the  gas. 
After  about  half  an  hour  the  salt  will  be  dissolved 
in  the  acid  (for  large  batches  it  takes  more  time); 
the  open  coarsely-crystallized  form  of  the  Cheshire 
“common  salt”  greatly  facilitates  the  dissolving, 
whilst  the  finely  - crystallized  “ butter  salt  ” of 
Cheshire,  or  finely-ground  rock-salt,  are  much  more 
difficult  to  treat,  because  they  do  not  allow  the  acid 
to  penetrate  very  easily  through  their  whole  mass. 
Rock  - salt  must  be  somewhat  coarsely  ground. 
After  the  salt  is  all  dissolved,  the  fire  is  urged 
more  strongly,  in  order  to  “boil  down”  the  batch, 
and  this  is  continued  until  the  mass  becomes  so 
stiff  that  the  workman  feels  considerable  resist- 
ance to  the  working  of  the  rake  in  it.  He  then 
slackens  the  fire,  pulls  up  the  damper,  and  removes 
his  charge  into  the  furnace,  which  by  that  time 
must  have  been  emptied  of  its  own  charge.  The 
removal  is  effected,  in  case  of  “shoving,”  by  means 
of  an  iron  rake  whose  head  is  bent  in  a slight  curve, 
and  follows  the  sweep  of  the  pan;  in  case  of  “cast- 
ing,” by  means  of  a large,  slightly  hollowed  shovel 
with  iron  handle.  The  gangway  is  a little  higher 
than  the  furnace  beds,  which  facilitates  the  pushing 
over.  The  pan  is  then  at  once  charged  as  before. 
In  one  work  a second  charge  is  put  in  the  pan  before 
the  first  is  removed,  and  only  half  is  shoved  over; 
this  is  said  to  save  the  pans  greatly  from  breakage, 
as  they  never  go  empty. 

In  the  furnace  the  batch  is  at  once  spread  out  in 
an  even,  thin  layer,  and  exposed  to  the  heat  of  the 
fire.  During  the  operation  it  is  several  times  turned 
over  by  means  of  a “paddle,”  similar  to  the  ball 
furnace  paddles  to  be  described  afterwards;  the 
lumps  are  crushed  down,  and  the  whole  is  now 
and  then  raked  through  with  a tooth-rake.  Great 
care  is  requisite  to  mix  up  all  parts  of  the  batch, 
otherwise  there  will  be  portions  of  it  very  poor, 
that  is,  containing  undecomposed  sodium  chloride ; 
and  others  over  strong,  coutaiuing  sodium  bisul- 
phate. It  is  evident  that  this  careful  working  is 
very  much  easier  in  a reverberatory  furnace,  both 
because  it  is  lighted  up  by  the  fire,  and  because  the 
heat  is  so  much  greater  than  in  a muffle  furnace, 
which  is  at  first  quite  dark,  and  only  towards  the 
end  of  the  operation  becomes  a little  lighter  as  the 
gas  passes  away  and  the  furnace  gets  hotter.  Thus 
not  only  does  the  operation  in  the  blind  furnace  last 
very  much  longer  (say,  twice  as  long),  but  it  does 
not  on  an  average  yield  as  thoroughly  decomposed 
sulphate  of  soda  as  that  in  open  driers.  In  the  lat- 
ter the  operation  is  only  finished  when  the  mass  has 
become  red  hot  all  through,  and  when  very  little  gas 
comes  off  it.  The  salt  cake  must  not  be  allowed 
to  flux,  since  this  would  spoil  the  quality  of  the 
sulphate  for  ball  making. 

The  yield  of  furnaced  salt-cake  from  salt  of 
average  moisture  (say  5 per  cent.)  is  generally 
assumed  at  112  parts  for  100  parts  of  salt.  The 
output  of  each  pan  and  furnace,  with  open  driers, 
is  rarely  below  11  tons  per  twenty-four  hours 
(counting  in  the  nitre  cake  from  the  sulphuric  acid 
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works,  which  is  usually  put  into  the  pan  along  with  are  worked  in  twenty-four  hours,  of  about  4 tons 
the  salt),  .and  rises  up  to  14  tons.  From  blind  of  salt  each  for  a 14-feet  pan ; but  it  is  intended  to 
furnaces  it  rarely  exceeds  8 or  9 tons. 

The  decomposition  of  the  salt  takes  place  mostly 
in  the  pan.  About  two-thirds  of  the  hydrochloric 
acid  is  evolved  in  the  pan,  and  that  principally 
during  the  first  stage  (the  “dissolving”), 
and  only  one-third  or  thereabouts  in 
the  furnace.  In  the  pan  a great  deal  of 
sodium  bisulphate  (hydro-sodicsulphate, 

NallSO^)  is  formed,  which  in  the  fur- 
nace reacts  on  the  unde- 
composed sodium  chlo- 
ride, thus — 


NaHSO.  + NaCl  = Na.SO. 
+ HCl. 


Fig.  7. 

a S 6 7 fl  rCET 


The  decomposition  is 
never  quite  complete ; 
even  weak  sulphate  con- 
tains a little  bisulphate  (com- 
monly styled  “free acid”),  along 
with  undecomposed  sodium 
chloride,  and  in  strong  sulphate 
the  proportion  of  it  may  amount 
to  1 or  1^  per  cent,  of  SOg  in 
the  state  of  NallSO^  on  the 
sulphate.  Salt-cake  containing 
more  than  this  is  considered 
faulty.  Strong  sulphate  ought 
not  to  contain  more  than  ^ to 
f per  cent,  of  sodium  chloride. 

Jones'  mechanical  furnace  is 
shown  in  Figs.  6,  7,  and  8.  Fig. 

6 is  a section  on  line  a-b  Fig.  7 ; 

Fig.  7,  a plan  on  line  C-D  Fig.  6 ; 
and  Fig.  8,  section  on  line  e-f 
Figs.  6 and  7.  This  furnace 
combines  the  work  hitherto 
done  in  the  decomposing  pan 
and  the  drying  or  roasting  fur- 
nace, and  works  with  a large 
saving  of  labour  and  fuel.  It 
consists  essentially  of  a circular 
flat  pan,  14  to  16  feet  in  diameter,  heated  by  a coke 
fire  from  above.  In  this  pan  a vertical  shaft  is  set 
in  motion  by  overhead  gear,  from  which  four  arms 
proceed  horizontally ; and  to  the  latter  a kind  of 
knives  or  ploughs  are  attached,  at  varying  distances 
from  the  centre,  so  that  during  the  revolution  of 
the  shaft  every  portion  of  the  contents  of  the  pan 
is  kept  stirred  up.  The  action  is  continued  till 
practically  all  the  hydrochloric  acid  is  driven  off, 
and  the  contents  of  tl^  pan  are  then  discharged  in 
the  state  of  excellent  finished  sulphate  of  soda.  A 
great  advantage  of  this  process  is  this — that  if  the 
charge  be  either  too  strong  or  too  weak,  it  can  be 
made  quite  right  at  any  moment  by  adding  more 
aciil  or  more  salt,  as  the  case  may  be.  In  practice, 
generally  an  excess  of  acid  is  run  in  at  first ; and 
when  it  has  been  thoroughly  mixed,  it  is  determined 
by  analysis  how  much  salt  is  required  to  make  the 
sulphate  just  right.  At  present  only  three  charges 
VOL.  II. 


Fig.  8. 


fill  and  discharge  the  pan  automatically  in  future, 
which  will  make  it  possible  to  work  a charge  every 
six  hours,  of  5 tons  for  a 16-feet  pan,  or  20  tons 
100 
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of  salt  per  twenty-four  hours.  This  will  only  re- 
quire the  attendance  of  one  man  at  a time,  against 
two  panmen  and  two  or  even  four  driers  on  the 
usual  system.  The  consumption  of  coke  is  only  1;^ 
cwt.  per  hour,  or  about  one  quarter  of  the  fuel  in 
ordinary  working ; no  breakages  of  pans  are  to  be 
apprehended,  and  no  skilled  labour  is  required. 
The  condensation  of  the  hydrochloric  acid  is  quite 
as  easy  as  in  the  old  method,  in  spite  of  its  dilution 
with  the  fire-gases,  owing  to  its  more  steady  and 
regular  evolution.  There  is  no  more  condensing 
space  tlian  usual  for  a drier  alone,  and  yet  the 
strength  of  the  acid  condensed  is  30°  Twaddle.  This 
system  will  probably  be  very  e.xtensively  adopted  by 
alkali  makers.  It  will,  however,  have  to  be  modi- 
fied in  some  details,  as  several  alkali  works  using 
it  have  met  with  important  drawbacks  to  its  use. 
Other  mechanical  furnaces  are  those  invented  by 
Cammack  and  Walker,  by  Black  and  Hill,  &c. 

The  sulphate  of  soda  (called  “ salt-cake  ” in  Lan- 
cashire and  Ireland),  as  drawn  from  the  furnace, 
ought  to  show  a bright  yellow,  lemon  to  orange, 
colour,  which  remains  till  it  is  quite  cold.  It  ought  to 
be  loose  and  of  tolerably  fine  grain,  with  few  lumps, 
or  only  quite  friable  ones.  Undecomposed  salt 
appears  mostly  in  hard  lumps,  which  break  up  with 
difficulty,  and  show  a honey-combed  grey  interior. 
When  the  sulphate  shows  a red  colour  (from  ferric 
oxide),  it  is  called  “ burned.”  This  hardly  ever 
occurs,  except  in  the  case  of  weak  sulphate.  Some 
alkali  makers  like  it  in  that  state ; the  majority  pre- 
fer it  in  the  above-described  state,  and  maintain 
that  “ burned  ” sulphate  makes  bad  balls — probably 
because  it  is  more  difficult  to  decompose  in  the  ball 
furnace. 

Testing  o f Sulphate  of  Soda  for  Commercial  Purposes. 
— For  the  interior  economy  of  alkali  works,  the 
only  points  of  importance  are  the  “ free  acid  ” 
(really  the  hydro-sodic  sulphate)  and  the  undecom- 
posed sodium  chloride.  The  former  is  usually 
expressed  in  per  cents,  of  SOg.  The  testing  can  be 
done  in  a few  minutes  with  sufficient  accuracy  for  that 
purpose,  by  adding  to  a dissolved  sample  of  sulphate 
standard  soda  solution  from  a burette,  till  a change 
of  colour  into  brown  and  a slight  precipitation  of 
ferric  oxide  show  that  all  free  acid  has  been  neutra- 
lized. The  sample  is  then  tested  with  silver  nitrate 
for  chlorides,  after  adding  some  potassium  chi’omate. 
For  calcium  and  iron  sulphate,  per  cent,  are 
generally  assumed.  This  is,  of  course,  not  done  for 
more  accurate  purposes,  when  the  ordinary  analyti- 
cal methods  must  be  followed. 


ANALYSES  OP  SULPHATE  OP  SODA  (SALT-CAKE)  BY 
G.  E.  DAVIS. 


A. 

B. 

c. 

Insoluble  in  water, 

Free  sulphuric  acid, 

0-112 

0-073 

0-042 

0-9.55 

1-8-20 

0-022 

Calcium  sulphate, 

1-139 

1-148 

1-046 

Iron  persulphate, 

0-682 

0-588 

0-322 

Sodium  chloride, 

Sodium  sulphate, 

2-632 

0-234 

0-744 

94-393 

96-137 

97-824 

Moisture, 

0-987 

— 

— 

100-000 

100-000 

100-000 

A is  from  a “ blind  roaster  ” (muffle  furnace)  ; B, 
from  an  “open  roaster”  (reverberatory  furnace); 
C,  was  made  by  Hargreaves’  patent  process.  The 
following  are — 

OLDER  ANALYSES. 


Chandelon. 


Sodium  sulphate,  .... 
Calcium  sulphate,  . .. 
Magnesium  sulphate, 
Aluminium  sulphate, 

Ferric  sulphate, 

Lead  sulphate, 

Sodium  chloride, . . . . 
Sulphuric  acid  (SOd, 

Moisture, 

Insoluble  (sand), . . . . 


EugUsh.  Belgian. 

lleUU  Fans.  , 

Brown. 

(English.) 

93-15 

94-10 

95-29 

96-22 

1-21 

0-84 

0-86 

0-97 

— 

0-35 

0-77 

0-29 

0-15 

0-16 

0-41 



0-75 

0-97 

0-14 

0-23 

— 

— 

0-05 



1-66 

0-14 

0-37 

1-09 

1-44 

2-52 

1-30 

0-88 

1-28 

0-48 

0-29 



0-26 

0-42 

0-51 

0-31 

99-90 

99-98 

99-99 

99-99 

The  following  perfectly  authentic  calculation  of 
cost  of  sulphate  of  soda  in  1874,  from  one  of  the 
largest  French  chemical  works,  will  present  some 
interest : — 


Franca. 

Labour, 6'17 

Sulphuric  acid, 51 '39 

Grey  salt, 18'91 

Kitre  cake, 3‘62 

Coal  (6  cwts.), 5'42 

Articles  in  pottery 0'68 

Sundries, 0'43 

Lighting, 0‘12 

Residues, 0'06 

Repairs  of  buildings, 0'38 

“ apparatus, 9' 16 

General  charges  at  works 2'84 

“ “ Paris,' 0-28 


Pension  fund  (for  men  of  thirty  ) 
years’  employment, J 

100-01  = 

Deduct  value  of  1^  ton  hydrochloric  I 

acid,  at  32J  to  34|  per  cent.,  j 

Nett  cost  of  salt-cake, 69*81 


£4  0 0 
14  0 


2 16  0 


Each  pan  and  furnace  makes  2 tons  per  day. 

Hargreaves'  and  Robinson’s  Process. — The  sulphate 
of  soda  is  produced  by  the  direct  action  of  sulphur- 
ous acid,  oxygen  (from  air),  and  steam  upon  sodium 
chloride.  The  gaseous  products  consist  of  hydro- 
chloric acid,  together  with  nitrogen  and  excess  of 
steam.  The  reaction  commences  at  750°  Fahr.,  and 
increases  in  intensity  as  the  temperature  rises.  When 
the  supply  of  sulphurous  acid  is  deficient,  the  hydro- 
chloric acid  in  the  presence  of  oxygen  is  split  up 
into  water  and  chlorine.  The  reaction  occurring 
when  the  proper  proportions  are  observed  may  be 
represented  as  follpws : — 

SOj  -t-  0 2NaCl  -1-  HjO  = Na2S04  + 2HC1. 

Salt,  either  in  the  form  of  roek  or  crystal,  may  be 
used ; but  the  best  results  are  obtained  when  finely 
divided  salt  is  moistened  by  exhaust  steam,  which 
raises  its  temperature  to  220°  Fahr.;  spread  by 
revolving  arms  on  iron  plates,  and  dried  into  hard 
flat  cakes,  and  then  cut  into  pieces  about  inches 
diameter.  The  iron  plates  travel  slowly  through 
an  oven  like  those  used  by  biscuit  bakers. 
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The  prepared  salt  is  placed  in  iron  cylinders, 
where  it  is  subjected  to  the  action  of  the  gas.  The 
cylinders,  not  less  than  eight  in  number,  are  arranged 
in  a series,  so  that  each  in  its  turn  becomes  first, 
intermediate,  and  last.  The  salt  lies  upon  movable 
grids  which  are  supported  on  tripods;  these  being 
knocked  away  at  the  end  of  the  operation,  the  salt 
cake  falls  and  is  readily  withdrawn.  The  sulphurous 
acid  is  first  admitted  into  the  cylinder  whose  con- 
tents are  most  nearly  converted  into  sulphate,  and 
the  spent  gases  pass  out  from  that  which  was  last 
charged  with  salt,  after  passing  through  a succession 
of  cylinders  containing  less  and  less  sulphate. 

The  cylinders  are  arranged  in  two  rows,  and  the 
ground  space  between  them  is  filled  by  an  arch 
covered  with  ashes ; the  flues  from  the  burners  are 
protected  from  loss  of  heat  by  the  arch  and  the 
bulk  of  ashes. 

Sulphurous  acid  direct  from  the  pyrites  kiln  is 
found  to  be  too  concientrated  to  be  allowed  to  pass 
direct  into  the  cylinders  containing  raw  salt,  since 
the  action  is  then  so  violent  as  to  fuse  it  into  a hard 
mass.  This  is  the  reason  that  the  nearly  spent  gas 
is  made  to  play  upon  the  pure  sodium  chloride  and 
cover  it  with  a coating  of  sulphate  ; as  the  cylinder 
is  brought  nearer  to  the  beginning  of  the  series  this 
coating  increases  in  thickness,  whilst  at  the  same 
time  the  reaction  proceeds  evenly  and  regularly. 

The  cylinders  are  heated  by  a small  furnace.  The 
hot  gases  pass  through  a horizontal  flue  and  ascend 
narrow  vertical  flues ; these  flues  are  only  5 square 
inches  in  section,  the  object  being  to  reduce  the 
heat-absorbing  surface.  They  are,  however,  amply 
large  enough  to  carry  away  all  the  products  of  com- 
bustion. After  leaving  the  vertical  flues  the  smoke 
circulates  round  the  cylinder  and  charging  holes,  and 
passes  away  to  the  chimney. 

As  the  heat  generated  in  the  process  is  more  than 
enough  to  keep  up  the  operation,  and  the  losses  of 
heat  are  due  to  radiation  and  convection  from  the 
bounding  surfaces  of  the  apparatus,  it  is  evident  that 
as  the  apparatus  is  enlarged  so  as  to  reduce  the 
relative  proportion  of  bounding  surface  to  cubical 
capacity,  the  proportion  of  fuel  per  ton  of  sulphate 
must  decrease  also,  and  it  is  only  a question  of 
carrying  the  principle  far  enough,  to  do  altogether 
without  fuel  for  keeping  up  the  temperature  of  the 
cylinders.  This  has  been  proved  by  experience ; an 
early  form  of  apparatus  required  2 tons  of  fuel  per 
ton  of  sulphate,  whereas  3 cwts.  of  fuel  suffice  with 
enlarged  cylinders. 

The  pyrites  burners  are  much  like  those  used  in 
vitriol  making;  they  are  placed  back  to  back,  and 
exposure  of  iron  to  the  direct  heating  effect  of  the 
burning  pyrites  is  avoided  as  much  as  possible.  The 
outside  walls  are  18  inches  thick,  preferably  using 
6-inch  fire  brick  lining  and  common  bricks  for  the 
outer  wall.  The  rate  of  conduction  of  common 
bricks  being  less  than  that  of  fire  bricks,  a saving  of 
heat  as  well  as  cost  in  erection  is  effected.  The 
back  of  the  arch  is  thrown  lower  than  the  front  and 
the  gas  flue  placed  in  the  depression,  a wall  is  raised 
over  the  burner  fronts,  and  the  entire  space  over  the 


burner  covered  with  ashes  to  a depth  of  2 feet  or 
more  to  prevent  conduction  of  heat.  The  door  is 
protected  from  the  heat  radiated  from  the  pyrites  by 
a non-conducting  lining. 

The  steam,  before  allowing  it  to  mix  with  the  gas 
from  the  burners,  is  superheated  to  650°  Fahr.  by 
the  products  of  combustion  leaving  the  cylinders, 
which  are  at  a temperature  of  about  800"  to  850° 
Fahr. 

The  hydrochloric  acid  and  excess  of  other  gases 
are  drawn  from  the  apparatus  by  an  aspirating  ap- 
paratus. 

Glauber's  Salts — Crystallized  Sodium  Sulphate — 
N'a2SO^  + IOH2O. — A great  deal  of  Glauber’s  salts 
is  produced  by  the  systematical  treatment  of  sea 
water,  according  to  the  plans  proposed  by  Balard 
and  Merle,  and  carried  out  to  some  extent  in  the 
south  of  France.  At  a low  temperature  mag- 
nesium sulphate  and  sodium  chloride  in  solution 
form  sodimn  sulphate,  which  crystallizes  out,  and 
magnesium  chloride,  which  remains  in  solution. 
Another  large  quantity  of  Glauber’s  salts  is  got 
by  working  up  the  “pan  scales”  of  salt  works, 
which  consist  mainly  of  sodium  and  calcium  sulphate ; 
by  extracting  with  warm  water  the  gypsum  is  left 
behind,  to  be  sold  for  agricultural  purposes,  whilst 
sodium  sulphate  is  dissolved.  The  lyes  are  obtained 
more  concentrated  by  systematical  ILxiviation,  and 
attain  25°  to  26°  Beaumd  At  that  strength  they  will 
yield  a good  crop  of  Glauber’s  salts  in  winter ; but 
in  summer  they  must  be  concentrated  to  some 
extent  before  they  are  run  into  the  crystallizing 
coolers.  Before  doing  so  the  liquor  is  purified  by 
settling  and  filtering  through  canvas  bags.  The 
coolers  are  long,  shallow  troughs  of  wood  lined  with 
sheet  lead,  say  20  feet  by  6 feet ; the  liquor  only 
stands  3 inches  deep  in  them,  as  otherwise  the 
crystals  become  too  large,  which  is  considered  a 
drawback.  As  soon  as  the  crystallization  sets  in, 
a wooden  spade  is  drawn  once  from  one  end  of  the 
cooler  to  the  other ; this  slight  motion  causes  single 
crystals  to  be  secreted,  which  afterwards,  when  quiet 
is  restored,  grow  principally  in  their  longitudinal 
axis,  and  thus  acquire  that  acicular  exterior  which  is 
expected  by  the  buyers  of  that  article.  The  liquid 
must  not  be  moved  or  stirred  about  too  much; 
otherwise  only  very  fine  crystal  “flour”  would  be 
obtained.  On  the  other  hand,  if  the  liquid  is  not 
disturbed  at  all,  the  salt  is  principally  formed  on 
the  sides  and  the  bottom  in  the  shape  of  large 
crystallized  masses,  which  must  be  chiselled  off  with 
a great  deal  of  trouble.  When  the  liquid  is  quite 
cool  the  mother  liquor  is  syphoned  off,  and  a little 
cold  water  is  poured  on  the  salt  with  a watering 
can,  in  order  to  wash  off  the  mother  liquor.  The 
salt  itself  is  then  taken  out  and  dried  in  the  air  (in 
winter  in  gently-warmed  rooms)  on  wicker-work 
trays.  This  drying  process  must  be  interrupted  the 
moment  any  efflorescence  shows  that  it  has  gone  far 
enough. 

A good  deal  of  Glauber’s  salt  is  made  by  dissolv- 
ing commercial  sulphate  of  soda  (made  on  purpose  or 
brought  from  alkali  works)  in  water  of  about  30°  C. ; 
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and  the  solution  is  at  once  made  strong  enough  to 
give  a large  crop  of  crystals  on  cooling. 

Before  proceeding  to  consider  the  manufacture 
of  soda  from  sodium  sulphate,  the  other  product  of 
the  action  of  sulphuric  acid  on  salt  will  be  noticed 
thus,  is : — 

HYDROCHLORIC  ACID  — Clorhjdric  Acid, 
Muriatic  Acid,  Spirit  oj  Salt.  Symbol  HCl.  Acid 
Hydrochlorique,  French;  Salzsaure,  German. 

Cl,  35-5  97-26 

H,  1-0  2-74 

36-5  100-00 

Nearly  all  the  hydrochloric  acid  now  produced 
in  England  is  obtained  from  the  decomposition  of 
common  salt,  so  extensively  used  in  alkali  works, 
where  the  acid  is  chiefly  employed  for  the  produc- 
tion of  chlorine,  bleaching  powder,  or  chlorate  of 
potash.  To  give  some  idea  as  to  the  enormous 
extent  to  which  hydrochloric  acid  is  now  produced, 
the  writer  may  mention,  that  on  the  river  Tyne 
alone  there  is  produced  about  300,000  tons  annually, 
and  in  tlie  United  Kingdom  probably  altogether  not 
far  short  of  a million  tons  annually.  It  may  be 
interesting  to  glance  back  for  some  years  to  notice 
how  this  important  branch  of  manufacture  has  de- 
veloped from  a very  small  beginning.  As  recently 
even  as  one  hundred  years  ago  chlorine  was  not 
used  in  the  arts,  and  our  British-made  linens  and 
calicoes,  &c.,  after  they  were  boiled  in  lyes  made 
from  Scotch  kelp,  were  then  saturated  with  sour 
milk,  and  were  simply  exposed  for  a long  time  to 
the  action  of  the  sun  aud  air  to  bleach  them.  But 
on  account  of  the  uncertain  climate  of  this  country 
it  was  found  to  be  necessary  to  send  the  best  cloths 
to  Holland,  and  after  a summer’s  absence  and  ex- 
posure to  a brighter  sun,  they  were  returned  to 
England  for  consumption.  White  paper  suitable  to 
write  upon  could  only  at  that  time  be  produced 
from  the  whitest  rags,  as  no  chemical  methods  for 
bleaching  inlerior  materials  were  then  in  practice. 
Long  before  hydrochloric  acid  was  made  by  the 
present  methods,  there  is  evidence  to  show  that 
it  was  occasionally  produced  by  heating  clay  and 
salt  together  in  a metal  retort,  when  a small  part  of 
the  salt  was  decomposed  with  escape  of  hydro- 
chloric acid,  or,  as  it  was  then  called,  “marine  acid.” 
A nearly  similar  process  was  pursued  in  mixing 
sulphate  of  iron  (or  copperas)  and  salt,  and  subject- 
ing the  mixture  to  heat  in  a retort,  when  the  “marine 
acid”  was  also  produced  (R.  C.  Clapham). 

It  was  not  till  about  1789  that  this  acid  began  to 
be  produced  by  the  decomposition  of  salt  with  sul- 
phuric acid,  on  a tolerably  large  scale,  and  this  was 
first  done  in  France  during  the  French  Revolution; 
but  it  was  not  for  many  years  afterwards  that  hydro- 
chloric acid  began  to  be  made  in  a large  way  in  Eng- 
land. In  1823  the  heavy  excise  duty  on  salt,  which 
had  varied  in  amount  from  £10  to  £36  per  ton  of 
salt,  was  repealed  by  the  Government,  and  this  at 
once  gave  a stimulus  to  the  establishment  of  alkali 
works,  both  on  the  river  Tyne,  in  Lancashire,  and  in 
Glasgow  and  elsewhere.  For  several  years  after  the 


above  date  there  was  no  extensive  use  found  for 
hydrochloric  acid,  and  all  the  fumes  from  the  de- 
composition of  salt  were  allowed  to  escape  into  the 
air  from  the  short  chimneys  then  in  use,  and  were 
found  to  do  much  injury  to  surrounding  vegetation. 
At  this  time,  however,  the  works  were  compara- 
tively small,  and  it  was  not  considered  necessary  to 
make  any  attempts  to  condense  the  gas;  but  from 
the  continued  increase  of  demand  for  alkalies  and 
for  bleaching  powder  the  question  of  condensation 
became  very  important  and  pressing  on  manufac- 
turers. Various  methods  were  attempted  at  first. 
The  early  experiments  in  this  direction  on  the  Tyne 
were  made  at  Walker  Alkali  Works  in  1827;  large 
wooden  chambers  or  boxes  were  erected,  through 
which  the  gas  was  made  to  pass,  and  in  some  cases 
underground  cellars  or  tanks  were  substituted,  and 
in  both  jets  of  water  were  forced  in  amongst  the 
gas.  In  1835  W.  S.  Losii,  at  the  same  works,  put 
down  long  underground  flues,  into  which  water  was 
forced  by  means  of  an  engine.  The  next  thing  was 
the  erection  of  towers  constructed  of  stone  and  filled 
with  glass  or  flints,  through  which  the  hydrochloric 
(in  alkali  works  always  termed  muriatic)  acid 
gas  ascended,  at  the  same  time  meeting  a stream  of 
water;  but  still  for  the  most  part  all  these  attempts 
were  failures,  or  at  least  were  imperfect,  and  to  get 
over  the  difficulty  high  chimneys  were  erected,  which 
are  to  this  day  a peculiar  characteristic  of  chemical 
works,  the  chief  object  at  that  time  being  to  spread 
this'  injurious  gas  over  a large  surface.  It  was  in 
these  difficulties  that  the  late  Willia.m  Gossage,  of 
Liverpool,  took  out  a patent  in  1836  for  the  con- 
struction of  condensers  packed  with  coke,  through 
which  the  gas  pa.ssed,  being  at  the  same  time  subject 
to  a spray  or  shower  of  cold  water.  His  method 
was  generally  approved  by  manufacturers,  and  under 
all  ordinary  circumstances  these  condensers  are  cap- 
able of  effecting  almost  a complete  condensation  of 
the  hydrochloric  acid  gas  that  is  now  produced  so 
extensively  in  chemical  works.  But  it  was  not  till 
1843  that  good  condensation  was  carried  out,  and  it 
took  some  years  after  this  date  to  bring  about  the 
perfect  system  which  is  now  adopted  in  nearly  all 
chemical  works.  The  escape  of  small  quantities  of 
gas,  both  from  the  condensers  and  the  internal 
arrangements  of  the  works,  still,  however,  continued, 
and  caused  considerable  damage  to  the  surrounding 
fields,  trees,  and  gardens. 

In  1863  an  Act  of  Parliament  was  passed,  called 
the  “ Alkali  Act,”  whicli  fixed  the  maximum  escape 
of  gas  from  any  work  at  5 per  cent.,  and  at  the  same 
time  appointed  inspectors  under  the  Board  of  Trade. 
This  Act  remained  in  force  till  1874,  when  a new 
Act  was  passed,  containing  more  stringent  clauses 
as  to  the  escape,  and  fixing  the  maximum  quantity 
at  0-2  grains  per  cubic  foot  of  “ air,  smoke,  or  chim- 
ney gases  escaping  from  the  works  into  the  atmos- 
phere.” These  Acts  have  now  been  on  trial  ever 
since  that  time,  and  no  difference  of  opinion  exists 
as  to  the  advantages  which  have  been  derived 
both  by  the  manufacturer  and  the  general  public 
by  their  enactment.  Much  useful  information 
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on  condensation  has  been  collected  in  the  able 
annual  reports  of  the  inspectors,  and  the  escape  of 
gas  ha.s  in  each  year  in  all  the  districts  been  greatly 
mitigated. 

In  1863  R.  C.  Clapham,  of  Walker, 
entered  into  a number  of  experi- 
ments to  prove  the  actual  quantity 
of  hydrochloric  acid  which  could  be 
obtained  by  condensation.  The  daily 
production  was  ascertained  in  gauged 
stone  cisterns  prepared  for  the  pur- 
pose, and  the  strength  and  depth, 
&c.,  was  carefully  noted  several  times 
a day.  The  salt  which  was  used  was 
tested  daily  for  moisture  and  general 

Fig.  9. 


impurities,  and  the  former 
averaged  6 per  cent,  and 
the  latter  1-5  per  cent  over 
six  months.  This  left  an 
average  of  92'5  per  cent, 
of  chloride  of  sodium  in 
the  salt,  or  equal  to  57‘7 
HCl  in  100  parts  of  salt 
The  sulphate  of  soda  produced  during  the  experi- 
ment was  also  tested  daily,  and  contained  an  average 
of  2-45  per  cent,  left  undecomposed  of  common  salt 
(NaCl),  or  equal  to  1-52  HCl  per  cent,  which  is 
deducted  from  the  results  given  below  : — 


densers,  of  which  Fig.  9 is  an  illustration; — This 
apparatus  consists  of  an  ordinary  Bunsen  water 
pump  and  a wet  meter.  To  get  rid  of  working  the 
meter  under  the  high  pressure  necessary  to  suck 
the  gases  through  the  absorbing  tubes,  the  meter 
measures  the  gases  after  they  have  passed  through 
absorbing  tubes  and  pump,  exhausting  from  the 
meter  into  the  air.  The  pressure  on  the  meter  is 
never  above  a fraction  of  an  inch  of  water,  a is  the 
Bunsen’s  vacuum  pump ; b,  water  pipe  to  pump ; c, 
discharge  pipe  from  pump ; d,  pipe  to  absorbing 
apparatus ; e,  trap  to  collect  gases  passing  through 
pump ; F,  overflow  pipe  for  water  from  pump ; G, 
pipe  for  conveying  gases  to  meter;  h,  ordinary  wet 
gas  meter ; i,  absorbing  tube  ; J,  glass  pipe  into  flue ; 
K,  flue  from  chambers;  L,  escape  pipe  from  meter 
into  the  atmosphere. 

CONTINUOUS  TESTS  FOR  HVDROOHI.OK1C  ACID  BY  MACTEAR’S 
PROCESS. 


Data. 

Grains  HCl  per  Cubic  Foot. 

Begular  Test, 
Nine  a.m., 
HCl  per  Foot 

Day. 

Night 

1876. 

Dec.  18, 



•035 

•052 

“ 19, 

-064 

•022 

•055 

“ 20, 

-058 

•016 

— 

“ 21, 

-039 

•090 

•055 

“ 22, 

-063 

•037 

•090 

23, 

-074 

— 

•061 

1877. 

Jany.  3, 

-089 

•062 

•064 

“ 4, 

-075 

•060 

•084 

“ 6, 

•097 

•125 

•129 

“ 6, 

•112 

— 

•054 

•129 

Average,  .... 

•075 

•049 

•077 

WEEKLY  AVERAGES  FOE  SIX  MONTHS. 


January,  100  parts  of  salt  gave  (average). 

58-8 

February,  “ 

(( 

53-0 

March,  “ 

(( 

54-2 

April,  “ 

(t 

57-4 

May,  “ 

II 

58-4 

June,  “ 

II 

53-9 

Average  production  of  HCl, 55'95 

HCl  left  iu  sulphate  of  soda, 1‘52 

57-47 

Loss  or  escape  of  gas, 0‘23 


Total  HCl  in  salt  used, 57-70 

The  above  careful  experiment,  covering  six  months 
of  full  work,  equals  an  average  of  only  0-398  of 
HCl  in  100  parts  of  hydrochloric  acid  in  the  salt 
J.  Mactear,  of  Glasgow,  has  given  much  attention 
to  the  question  of  condensation,  and  has  suggested 
a continuous  method  of  testing  the  escape  from  con- 


)  Date. 

Grains  HCl  per  Cubic  Foot 

Average. 

Day. 

Night 

-(  1876. 

J Dec.  23, 

•059 

•029 

•044 

1877. 

Jany.  6, 

•093 

•051 

•088 

» 13, 

•179 

•081 

•079 

“ 20, 

•103 

•054 

•080 

“ 27, 

•097 

•087 

•093 

Feby.  3, 

•082 

•049 

•067 

Average  escape. 

— 

— 

•075 

Week 

Ending, 

Percentage  of 
Acid  Condensed. 

Week  Ending. 

Percentage  of 
Acid  Condensed. 

May 

14,.... 

97-6 

Sept.  6 

97-5 

<1 

21 

96-0 

“ 13, 

96-3 

• < 

28 

96  6 

“ 20,.... 

96-4 

June 

4 

96-6 

“ 27,.... 

90-4 

II 

11,.... 

96-2 

Oct.  1,.... 

96-2 

II 

18 

96-5 

“ 8 

96-7 

II 

25 

96-5 

“ 15,..., 

96-1 

July 

2,.... 

97-0 

“ 22, 

96  2 

9 

96-3 

“ 29,.... 

96-4 

l« 

16,.... 

98-3 

Nov.  5, . . . . 

97-2 

II 

23 

94-8 

“ 12,.... 

97-8 

II 

30,.... 

96-6 

“ 19 

95-8 

Aug. 

6 

96-6 

“ 26 

95-6 

41 

13,.... 

96-4 

Dec.  3t.aaa 

95-4 

l« 

20 

96-3 

“ 10,.... 

96-6 

II 

27,.... 

95-8 

The  above  table  shows  the  exact  amount  of  liquid 
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acid  obtained  in  one  of  the  largest  works  in  Lancashire 
from  actual  trial.  After  allowing  for  1*6  per  cent. 
HCl  left  in  sulphates,  the  average  escape  is  1'8  per 
cent.,  and  the  average  acid  condensed  is  96'6  per 
cent. 

A certain  escape  of  gas  always  takes  place  in 
charging  and  discharging  the  furnaces,  which  has 
been  found  by  the  writer  to  vary,  according  to  the 
care  taken,  from  0*4  to  0‘72  per  cent.  It  is  very 
necessary  that  all  condensers  should  be  provided 
with  a supply  of  water  from  at  least  two  separate 
sources,  so  that  in  case  of  accident  in  the  one  case, 
the  other  can  at  once  be  applied. 

The  size  of  condensers  must  always  bear  a relative 
proportion  to  the  weight  of  salt  used  daily ; and  as 
a rule,  it  is  better  to  have  more  condenser  space 
than  practice  actually  requires.  The  plan  nearly 
always  adopted  in  the  decomposition  of  salt  on  the 


large  scale  is  to  charge  the  “ pan  ” or  pot,  which  is 
a metal  vessel  about  9 feet  diameter  and  2 feet  6 
inches  deep  in  centre,  with  about  9 cwts.  to  10  cwts. 
of  salt  per  hour,  and  with  rather  more  than  its 
equivalent  of  sulphuric  acid,  which,  if  possible, 
should  be  run  into  the  pan  quite  warm,  and  stand- 
ing about  130°  to  140°  Fahr.  The  charge  remains 
in  the  pot  nearly  an  hour,  during  which  time  about 
two-thirds  of  the  hydrochloric  acid  passes  off  to  the 
“ pan  condenser.”  The  charge  is  then  pushed  for- 
ward into  the  furnace,  which  is  kept  at  a red  heat, 
and  where  the  remainder  of  the  gas  (about  one- 
third)  is  driven  off  to  the  “ drier  condenser.”  The 
gases  given  off  from  the  furnaces,  and  which  passed 
away  to  the  flue  at  a high  heat,  were  the  chief  diffi- 
culty to  contend  with,  and  were  the  cause  of  nearly 
all  the  claims  for  damages  made  by  farmers  on  the 
manufacturers  in  former  years.  This  difficulty  has 


been  almost  entirely  overcome  by  the  adoption  of 
cooling  flues  or  cooling  shafts,  by  which  means  the 
gases  are  considerably  reduced  in  heat  before  enter- 
ing the  condensers,  and  a more  perfect  condensation 
is  obtained.  In  some  works  the  heat  of  the  gases 
as  they  leave  the  pan  and  drier  are  as  under : — 

Pan  gas, 175°  Fahr. 

Drier  gas, 1200°  “ 

By  the  adoption  of  a proper  system  of  cooling, 
the  pan  gas  may  be  reduced  to  120°  Fahr.  and  the 
furnace  gas  to  under  200°  Fahr.  before  they  enter 
the  condensers.  During  the  best  conden.sation,  even 
when  cold  water  is  used,  there  is  a certain  amount 
of  heat  always  generated  in  addition  to  the  heat  as 
it  enters,  and  the  escaping  steam  and  gases  at  the 
exit  pipe  seldom  stand  much  less  than  about  one- 
half  of  the  heat  as  it  enters. 


A new  decomposing  furnace,  which  is  worked  by 
machinery  instead  of  hand  labour,  has  recently 
been  introduced  by  Jones  and  Walsh  (see  ante.). 
The  escaping  gases  from  this  furnace  are  generally 
about  one-half  the  degrees  of  heat  as  the  ordinary 
drying  furnace,  and  the  condensation  is  therefore 
more  easily  accomplished,  and  is  more  perfect. 
The  usual  size  of  a condenser  is  about  50  to  70 
feet  high  by  6 to  7 feet  square,  but  these  pro- 
portions vary  in  different  works.  They  are  con- 
structed of  stone  flags,  which  are  cemented  and 
bolted  together ; and  the  condensers  are  packed  with 
either  bricks  or  coke,  through  which  the  gas  travels, 
and  is  met  by  a continuous  stream  of  water,  regulated 
at  the  top  of  the  condensers  to  suit  the  strength 
of  acid  required  and  the  proper  condensation  of  the 
gases.  In  some  cases  fine  spray  is  thrown  in  at 
the  foot  of  the  condenser,  or  in  a cistern,  from  a 
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“Newall  jet,”  connected  to  a water  supply  at  a liigh 
pre.ssure,  and  which  not  only  assists  the  condensa- 
tion, but  also  improves  the  draught.  Fig.  10  shows 
the  arrangement  of  condensers  where  great  care  was 
taken  to  prevent  escape,  and  where  the  weak  acid  from 
the  last  towers,  which  stood  about  5°  or  6°  Fahr., 
was  pumped  up  to  the  top  of  the  other  condensers, 
and  used  in  the  place  of  water.  In  this  way  all  the 
acid  produced  was  utilized,  and  no  acid  was  allowed 
to  run  into  the  neighbouring  stream  or  river,  fre- 
quently causing  nuisance  and  damage. 

Fig.  11  also  shows  condensers,  which  can  be  used 
either  for  the  gas  passing  from  the  pan  or  from  the 
furnace,  and  where  the  usual  application  of  water  is 
in  operation. 

Fig.  11. 


condenser,  a,  is  connected  with  the  pan,  and  has  a 
cooling  pipe  in  all  about  1.50  feet  long,  and  is  packed 


Fig.  12. 


Fig.  12  gives  condensers  suitable  for  a p.an  and  fur- 
nace working  about  8 cwts.  of  salt  per  hour.  The 


with  hard  burnt  coke.  B is  con- 
nected with  the  furnace  or  drier, 
and  is  packed  with  bricks,  and  is 
worked  with  an  open  furnace  ; the 
cooling  flue  (not  shown  in  plan)  is 
about  100  feet  long. 

It  may  now  be  interesting  to 
compare  the  condensing  apparatus 
generally  adopted  in  France.  In 
the  flrst  place,  the  weight  of  salt  for 
the  daily  charges  is  much  smaller 
than  in  this  country,  and  it  is 
worked  off  very  slowly,  with  the  object  of  securing 
a complete  condensation  of  the  hydrochloric  acid. 


mmm 
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The  gas  is  made  to  traverse  an  extensive  series  of 
Woulfe’s  fire-clay  bottles,  which  are  used  instead 
of  the  English  condenser.  The  number  of  these 
condensing  vessels  varies  in  each  work  according  to 
the  salt  decomposed,  and  with  a furnace  turning  out 
only  tons  daily  it  requires  about  100.  In  the 
French  chemical  works  mnch  attention  is  given  to 
the  details,  and  although  the  acid  produced  from 
these  vessels  is  run  off  at  about  30°  to  32°  Tw. 


(specific  gravity  Id 50),  a mere  trace  of  gas  is  found 
to  escape  at  the  chimney.  On  the  whole,  it  would 
appear  that  the  cost  of  condensing  plant  in  France 
is  less  than  the  condensers  in  England,  and  the 
practical  results  of  condensation  are  favourably 
shown  by  the  healthy  vegetation  in  farm  crops  and 
trees  frequently  found  growing  close  up  to  the 
French  chemical  works.  Figs.  13,  14,  and  15  will 
give  an  idea  of  the  apparatus  in  use. 


Fig.  15. 


Flue. 


A is  the  decomposing  pan,  B is  a lead  pan  for 
sulphuric  acid,  C,  C are  the  working  doors  for  fur- 
nace, D the  fire-place,  and  G the  gas  pipe. 

Properties. — Hydrochloric  acid  in  solution  is  a colour- 
less fluid.  When  first  formed  it  is  of  a pale  yellow 
colour,  but  becomes  quite  colourless  on  exposure  to 
light,  a proof  that  the  colour  is  not  essential  to  it, 
and  may  be  caused  by  organic  matter,  &c.  The  gas 
itself  is  also  colourless,  fumes  in  moist  air  and  has 
a peculiar  and  suffocating  odour,  and  causes  inflam- 
mation and  itching  of  the  skin.  It  reddens  litmus 


strongly.  It  is  incombustible  in  air,  and  extinguishes 
a burning  paper. 

When  equal  volumes  of  hydrogen  and  chlorine  are 
mixed  and  exposed  to  light,  they  slowly  combine  and 
produce  hydrochloric  acid  gas ; and  if  the  mixture  be 
exposed  to  the  direct  rays  of  the  sun,  detonation 
frequently  occurs.  It  also  explodes  when  exposed  to 
the  intense  light  of  the  voltaic  discharge  passing 
between  charcoal  points ; and  if  the  experiment 
is  made  in  a tube  over  water,  a peculiar  vibratory 
motion  of  the  surface  of  tlie  wiiter  is  generally 
noticed  before  the  explosion  takes  place  (Gay-Lus- 
SAC).  The  agency  of  light  on  hydrogen  and  chlorine 
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may  be  beautifully  shown  by  filling  a tube,  about 
half  an  inch  in  diameter  and  12  inches  long,  with  the 
mixed  gases,  and  alternately  shading  it  with  an 
opaque  cover  and  exposing  it  to  the  sun’s  rays ; and 
the  moment  the  tube  is  exposed  even  to  the  diffused 
light  of  day,  a cloudiness  appears  within  it,  and  the 
water  aseends  more  or  less  rapidly  according  to  the 
amount  of  light  (Henry). 

Davy  found  that  the  heat  evolved  during  the  com- 
bination of  a mixture  of  chlorine  and  hydrogen 
exceeded  that  produced  by  a mixture  of  oxygen  and 
hydrogen,  and  that  the  former  was  inflamed  at  a 
lower  temperature.  Oxygen  and  hydrogen  ceased  to 
explode  when  rarefied  18  times,  but  chlorine  and 
hydrogen  retain  their  combustibility  when  rarefied 
24  times.  Hydrochloric  acid  gas  may  be  decomposed 
by  the  action  of  several  of  the  metals — potassium, 
for  instance,  absorbs  chlorine  and  the  hydrogen  is 
evolved.  This  experiment  is  best  made  in  a small 
retort,  which  is  exl  austed  of  air,  and  filled  with 
hydrochloric  acid  gas  fi'om  a jar  over  mercury. 
When  cooled  it  will  be  found  that  the  residuary  gas 
is  hydrogen,  equal  to  half  the  original  bulk  of  hydro- 
chloric acid.  Tin  and  lead  heated  in  the  gas  also 
effect  its  decomposition,  and  evolve  exactly  half  its 
bulk  of  hydrogen.  The  greater  part  of  the  metallic 
oxides  when  heated  in  gaseous  hydrochloric  acid 
decompose  it,  and  metallic  chlorides  are  formed,  and 
the  oxygen  of  the  oxide,  combining  with  the  hydro- 
gen of  the  acid,  forms  water.  Solution  of  hydrochloric 
acid  was  first  made  known  by  Glauber  as  far  back  as 
the  middle  of  the  seventeenth  century;  but  hydro- 
chloric acid  gas  was  first  isolated  by  Priestley,  in 
1772.  It  was  procured  by  acting  on  common  salt  with 
sulphuric  acid.  The  specific  gravity  is  1'262,  and  as 
it  consists  of  equal  volumes  of  hydrogen  and  chlorine 
combined  without  change  of  volume,  100  cubic  inches 
must  weigh  39 '36  grains  (Brande).  According  to  ! 
Thompson,  100  cubic  inches  at  0°C2  weigh  42-126  j 
grains.  Faraday  liquefied  this  gas  by  generating  it  in 
a sealed  tube,  so  as  to  expose  it  to  a pressure  of  about 
40  atmospheres  at  10°  C.;  it  was  colourless,  and  pos- 
sessed a refractive  power  inferior  to  that  of  water, 
but  he  could  not  succeed  in  solidifying  it. 

Hydrochloric  acid  has  a strong  attraction  for 
water;  and  when  it  escapes  into  the  air,  it  forms 
strong  dense  fumes,  from  its  absorption  of  water  I 
from  the  atmosphere  (Brande). 

Water  takes  up  480  or  500  times  its  bulk  of 
hydrochloric  acid  gas,  and  has  its  siiecific  gravity 
increased  from  1 to  1-210  (II.  Davy). 

Hydrochloric  acid  gas  is  rapidly  absorbed  by 
water:  100  cubic  inches  of  water  will  absorb  no  less 
than  48,000  cubic  inches  of  this  gas,  whereby  the 
liquid  acquires  a specific  gravity  of  1-210,  and  a 
volume  of  142  cubic  inches,  d’liis  great  condensa- 
tion is  accompanied  with  a considerable  production 
of  heat.  In  general  muriatic  acid  of  commerce  has 
a specific  gravity  of  1-15  to  1-20,  and  contains  for 
tl  e most  part  less  than  40  parts  by  weight  of  acid 
in  the  hundred.  In  general  a very  good  approxi- 
mation may  be  found  to  the  percentage  of  real 
muriatic  acid  in  any  liquid  sample  by  multiplying 
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the  decimal  figures  of  the  specific  gravity  by  200 — • 
thus,  for  example,  at  1-162,  we  shall  have  by  this 
rule,  0-162  X 200  = 32-4  for  the  quantity  of  gas  in 
100  parts  of  the  liquid  (Dr.  Ure). 

Uncombined  hydrochloric  acid  exists  in  small 
quantity  in  the  human  gastric  juice.  It  is  not  found 
in  nature  except  occasionally  as  a volcanic  product. 
The  principal  uses  of  this  acid  are  in  medicine,  in 
the  production  of  chlorine,  and  in  some  of  the  arts, 
where  it  is  chiefly  used  as  a solvent  for  metals.  It 
is  extremely  injurious  to  vegetation ; and  mixed 
with  20,000  times  its  volume  of  air,  it  proves  fatal 
to  plants,  shrivelling  and  killing  all  the  leaves  in 
twenty-four  hours  (Christison). 

W’hen  metallic  zinc  is  put  into  strong  liquid 
hydrochloric  acid,  the  latter  is  rapidly  decomposed, 
and  the  hydrogen  copiously  evolved  may  be  burned 
as  it  escapes.  Dioxide  of  lead  added  to  hydrochloric 
acid  immediately  disengages  chlorine,  which  may  be 
shown  by  its  bleaching  power  upon  a piece  of  paper 
dipped  into  indigo  blue.  These  experiments  illus- 
trate the  separation^of  two  elements  in  the  acid. 

Hydrochloric  acid  may  be  produced  in  the  labora- 
tory in  a glass  retort,  from  a cold  mixture  of  8 parts 
of  common  salt,  and  13  parts  of  oil  of  vitriol,  and  3 
parts  of  water;  The  retort  is  connected  with  a 
system  of  Woulfe’s  bottles,  which  are  kept  cool  by 
being  placed  in  water,  and  covered  on  the  top  with 
damp  cloth  or  by  bibulous  paper.  In  the  first  bottle 
is  placed  a very  small  quantity  of  w-ater ; in  the 
second,  as  much  distilled  water  as  is  equal  in  weight 
to  the  salt  used,  and  the  third  bottle  somewhat  less. 
The  retort  may  be  gradually  heated  on  a sand  bath 
nearly  to  redness  ; and  the  solution  of  acid  which 
collects  in  the  first  bottle  is  generally  weak,  and 
contains  most  of  the  impurities — such  as  chlorides 
of  arsenic,  iron,  &c.  The  8 parts  of  water  in  the 
second  bottle  are  converted  into  13  parts  of  hydro- 
chloric acid  of  specific  gravity  1-145.  If  the  sul- 
phuric acid  contains  any  nitric  acid,  the  hydrochloric 
acid  may  contain  free  chlorine.  The  water  in  the 
third  bottle  absorbs  the  last  traces  of  the  gas,  and 
forms  a w'eak  solution,  which  may  be  again  used  in 
the  next  operation  (Gmelin). 

Commercial  hydrochloric  acid  is  made  on  the 
large  scale  for  employment  in  the  arts ; and  when 
a high  strength  of  acid  is  required,  in  an  apparatus 
very  similar  to  that  described  under  Nitric  Acid. 
The  salt  is  decomposed  by  sulphuric  acid  in  a metal 
retort,  about  6 feet  long  by  20  inches  in  diameter ; 
and  the  hydrochloric  acid  which  is  generated  is 
absorbed  in  a series  of  earthenware  bottles,  produc- 
ing a commercial  acid  of  about  32°  Tw.,  or  116 
specific  gravity.  The  chief  impurities  in  this  acid 
are  chlorides  of  arsenic  (got  from  the  sulphuric 
acid  used),  and  of  iron  (from  the  action  of  the  acids 
on  the  metal  retort).  These  impurities  are  mostly 
arrested  in  the  first  bottle,  and  the  second  bottle 
generally  contains  a hydrocliloric  acid  nearly  pure, 
ami  which  can  be  used  in  medicine  and  for  other 
purposes  where  a cliemically  pure  acid  is  necessary 
(H.  0.  Clarham). 

The  acid  made  by  tliis  process  is  chiefly  manu- 
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factured  in  Glasgow,  London,  and  Manchester,  and 
as  before  stated,  forms  but  a comparatively  small 
part  of  the  total  acid  produced  from  all  sources. 
The  solid  salt  left  in  the  retorts  is  called  “ salt 
cake,”  and  is  generally  sold  to  alkali-makers,  to  be 
converted  into  carbonate  of  soda.  The  following  are 
analyses  of  this  substance  taken  from  a large  number 
of  samples : — 


1. 

2. 

3. 

4. 

Chloride  of  sodium, 

11 -uo 

6-3-2 

1-48 

12-50 

Sulphate  of  suda, 

68-19 

80-47 

79-72 

64-41 

Free  sulphuric  acid, 

4-98 

7-24 

10-88 

10-71 

Silica,  &c 

1-80 

0-80 

2-00 

2-10 

Oxide  of  iron,  &c., 

0-30 

0-10 



0-25 

Water, 

13-01 

4-76 

5-92 

9-52 

Sulphates  of  lime  and) 
magnesia, J 

0-70 

0-30 

— 

0-51 

99-88 

99-99 

100-00 

100-00 

(R.  C.  Clapham). 


TABLE  OF  HYDROCHLORIC  ACID,  BY  DR.  URE. 


Acid  by  120 
iu  lOO  pails. 

Specific 

Gravity. 

In  100  parts 
Chlorine. 

Tn  100  parts 
Muriatic  Acid. 

100 

1-2000 

39-675 

40-777 

99 

1-1982 

39-278 

40-369 

98 

1-1964 

38-862 

39-961 

97 

1-1946 

38-485 

39-554 

96 

1-1928 

38-089 

39-146 

95 

1-1910 

37-692 

38-738 

94 

1-1893 

37-296 

38-330 

93 

1-1875 

36-900 

37-9-23 

92 

1-1857 

36’50d 

37-516 

91 

1-1846 

36-107 

37-108 

90 

1-18-22 

35-707 

36-700 

89 

1-1802 

35-310 

36-292 

88 

1-1782 

34-913 

35-884 

87 

1-1762 

34-517 

35-476 

86 

1-1741 

34-121 

35-068 

85 

1-1721 

33-7-24 

34-660 

84 

1-1701 

33-328 

34-252 

83 

1-1681 

32-931 

33-845 

82 

1-1661 

32-535 

33-437 

81 

1-1641 

32-136 

33-0-29 

80 

1-16-20 

31-746 

32-621 

79 

1-1599 

31-343 

3-2-213 

78 

1-1578 

30-946 

31  -805 

77 

1-1557 

30-550 

31-398 

76 

1-1536 

30-153 

30-990 

75 

1-1515 

29-757 

30-58-2 

74 

1-1494 

29-361 

30-174 

73 

1-1473 

28-964 

29-767 

72 

1-1452 

28-567 

29-359 

71 

1-1431 

28-171 

28-951 

70 

1-1410 

27-772 

28-544 

69 

1-1389 

27-376 

28-136 

68 

1-1369 

26-976 

27-728 

67 

1-1349 

26-583 

27-321 

66 

1-1328 

26-186 

26-913 

65 

1-1308 

25-789 

26-505 

64 

1-1287 

25-392 

26-098 

63 

1-1267 

24-996 

25-690 

62 

1-1247 

24-599 

25-282 

61 

1-1226 

24-202 

24-874 

60 

1-1-206 

23-805 

24-466 

59 

1-1185 

23-408 

24-058 

58 

1-1164 

23-012 

23-050 

57 

1-1143 

22-615 

•23-242 

56 

1-1123 

22-218 

22-834 

55 

1-1102 

21-8-22 

22-4-26 

54 

1-1082 

21-425 

2-2-019 

53 

1-1061 

21-028 

21611 

52 

1-1041 

20-632 

20-203 

51 

1-1020 

20-235 

-20-796 

TABLE  OF  HYDROCHLORIC  ACID,  BY  DR.  URE. — (Continued). 


Acid  by  120 
in  100  parts. 

Specific 

Gravity. 

In  100  parts 
Chlorine. 

In  100  jMirta 
Muriatic  Acid. 

50 

1-1000 

19-837 

20-388 

49 

1-0980 

19-440 

19-980 

48 

1-0J60 

19-044 

19-572 

47 

1-0939 

18-647 

19-165 

46 

1-0919 

18--250 

18-757 

45 

1-0899 

18-254 

18-349 

44 

1-0879 

17-457 

17-941 

43 

1-0859 

17-060 

17-534 

42 

1 -0838 

16*664 

17-1-26 

41 

1-0818 

16-267 

16-718 

40 

1 -0798 

15-870 

16-310 

39 

1-0778 

15-474 

15-902 

38 

1-0758 

15-077 

15-494 

37 

1 -0738 

14-680 

15-087 

36 

1-0718 

14-284 

14-679 

35 

1-0697 

13-887 

14-271 

34 

1-0677 

13-490 

13-863 

33 

1-0637 

13-095 

13-456 

32 

1-0657 

12-697 

13-049 

31 

1-0617 

12-300 

12-641 

30 

1-0597 

11-903 

12-233 

29 

1-0557 

11-506 

11-8-25 

28 

1-0577 

11-409 

11-418 

27 

l-05.i7 

10-712 

11-010 

26 

1-0517 

10-316 

10-602 

25 

1-0497 

9-919 

10-194 

24 

1-0477 

9-5-22 

9-786 

23 

1 -0457 

8-7-26 

8-979 

22 

1-0437 

8-7-29 

8-971 

21 

1-0417 

8-332 

8-563 

20 

1-0397 

7-935 

8-155 

19 

1-0377 

7-538 

7-747 

18 

1-0357 

6-345 

6 •5-24 

17 

1-0337 

6-745 

5-932 

16 

1-0318 

6-348 

6-524 

15 

1 -0-298 

5-951 

6-116 

14 

1-0-279 

5-554 

5-709 

13 

1-0259 

5-158 

5-301 

12 

1 -0-239 

4-762 

4-893 

11 

1 0-2-20 

4-365 

4-486 

10 

1-0-200 

3-968 

4-078 

9 

1-0180 

3-571 

3-670 

8 

1-0160 

3-174 

3"262 

7 

1-0140 

2-779 

2-854 

6 

1-01-20 

2-381 

2-417 

5 

1-0100 

1-984 

2-019 

4 

1 -0080 

1-588 

1-631 

3 

1 -0060 

1-191 

1-224 

2 

1-0040 

0-777 

0-816 

1 

1-00--0 

0-397 

0-408 

The  variation  in  the  boiling  point,  with  the 
density  of  hydrochloric  acid,  is  shown  in  the  fol- 
lowing table  by  Dalton: — 


Specific  Gravity. 

Boiling  Point. 

Specific  Gravity. 

Boiling  Point. 

1-166 

Degrees  Fahr. 

170 

1-075 

Degrees  Fahr. 
228 

1-154 

190 

1-064 

225 

1-144 

21-2 

1-047 

222 

1-136 

217 

1-035 

219 

1-1-27 

222 

1-018 

216 

1-121 

228 

1-009 

214 

1-094 

232 

Black  Ash  Process. — The  alkali  maker  having  pro- 
duced the  necessary  supply  of  salt  cake  proceeds  to  the 
first  stage  in  Leblanc’s  process,  whieh  is  the  making 
of  black  ash  (ball  soda).  The  materials  for  this  pro- 
cess are  calcined  sulphate  of  soda  (salt  cake),  calcium 
carbonate,  either  as  ehalk  or  as  limestone,  and  small 
coal  (slack).  These  three  substances  have  to  be 
fluxed  together  up  to,  but  not  exceeding  a certain 
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point,  the  exact  attainment  of  which  is  the  goal  of 
the  alkali-maker.  The  raw  materials  will  be  first 
noticed,  then  the  construction  of  the  furnace,  and, 
lastly,  the  way  in  which  the  process  is  conducted. 

'J'he  foremost  of  the  three  raw  materials  in  this 
process,  sulphate  of  soda,  has  been  treated  of  at 
length  before.  It  need  only  be  said  in  this  place 
that  the  sulphate  which  is  most  adapted  for  the 
balling  process  contains  no  more  than  1 per  cent, 
undecomposed  sodium  chloride,  and  generally  from 
^ to  1 per  cent.,  or  even  more,  of  free  acid  (the 
acid  is  not  really  free,  but  exists  as  sodium  bisul- 
phate). Although  it  would  seem  at  first  blush  as  if 
it  were  more  rational  to  use  thoroughly  calcined 
sulphate,  which  is  entirely  free  from  acids,  all 
practical  men  agree  that  such  sulphate,  which  can 
easily  be  recognized  by  its  red  or  “foxy”  colour, 
from  the  complete  oxidation  of  its  iron  salts,  does 
not  generally  make  strong  soda  ash.  The  reason  of 
it  is  probably  that,  being  too  much  calcined,  it  forms 
hard  lumps  which  are  not  so  easily  acted  upon  in  the 
fluxing  process.  A small  proportion  of  ferric  oxide 
is  not  of  much  consequence,  provided  the  subsequent 
operations  are  properly  carried  out ; but  any  larger 
proportion  of  calcium  suliihate  (which  may  be 
brought  into  the  salt  cake  by  the  rock-salt,  if  such 
be  used  in  its  manufacture)  is  extremely  prejudicial, 
because  a portion  of  it  enters  undecomposed  into 
the  black  ash,  and  during  the  lixiviation  reduces 
its  equivalent  of  sodium  carbonate  again  to  the  state 
of  sulphate.  It  is  most  absurd  to  say  (as  is  done 
in  some  books)  that  it  is  useful  to  leave  some  per 
cents,  of  sodium  chloride  undecomposed.  An  alkali 
manufacturer  will  always  make  his  sulphate  as 
“strong”  (that  is,  free  from  sodium  chloride)  as 
possible,  since  he  can  easily  reduce  his  soda  after- 
wards, if  he  likes,  instead  of  carrying  the  sodium 
chloride  through  all  his  processes. 

The  calcium  carbonate  is  introduced  into  the 
process  in  the  shape  of  limestone  (as  in  Lancashire) 
or  chalk  (the  universal  material  on  Tyneside).  The 
former  is  always  used  in  the  crushed  state,  the  latter 
in  most  factories  is  also  preferred  in  that  state  ; and 
it  is  certain  that  stronger  ash  can  be  made,  and  less 
chalk  will  be  used  where  it  is  employed,  not  roughly 
broken,  but  crushed  under  edge-runners  or  between 
fluted  rolls.  The  purer  the  limestone  or  chalk  the 
better  they  are.  Buxton  or  Welsh  limestone  is  for 
this  reason  preferred  in  Lancashire,  and  “ London  ” 
chalk  on  the  Tyne.  By  the  latter  expression  is  under- 
stood the  chalk  from  Greenhithe,  Northfleet,  and 
other  places  in  the  lower  reaches  of  the  Thames ; 
the  chalk  from  near  the  Medway,  from  Dover,  &c., 
contains  too  much  silica  .and  .alumina,  and  m.akes  bad 
ash.  The  ch.alk  as  received  from  the  ships  (which 
always  bring  it  as  ballast  at  very  low  rates)  is  fre- 
quently very  wet,  and  is  not  easy  to  grind  in  that 
state,  ns  the  edge-runners  convert  it  soon  into  a thick, 
tough,  pasty  m.ass,  without  reducing  it  to  a fine 
state  of  division.  It  is  therefore  usual  to  dry  a 
portion  of  the  chalk,  either  by  the  waaste  heat  of 
some  furnace  or  in  8ei>ar.ate  furnaces  heated  by 
refuse  coal,  and  to  mix  as  ir.uch  of  this  dried  ch.alk 


among  the  undried  as  enables  the  mill  to  work  pro- 
perly. A proportion  of  one-quarter  to  one-seventh 
of  dry  chalk  is  generally  used  with  the  damp  chalk 
in  this  manner.  The  organic  substances  frequently 
occurring  in  limestone,  and  colouring  it  black  or 
blue,  are  of  no  consequence,  as  they  act  similarly  to 
the  coal ; magnesia  in  anything  like  large  quantities 
makes  any  limestone  unfit  for  balling,  but  a slight 
proportion  of  it  does  no  great  harm.  Oxide  of  iron, 
silica,  and  alumina  are  very  deleterious.  They  act 
like  the  same  substances  in  the  coal  ashes,  by  forming 
insoluble  double  silicates  of  soda  and  earthy  bases, 
and  troublesome  soluble  sodium  silicate  and  alum- 
inate.  Richardson  gives  the  following  analysis  of 
London  chalk  as  used  in  the  Tyne  (evidently  dried). 


Lime, .'>5  "20 

Magnesia, trace. 

Carbon  dioxide 42 'SO 

bulphuric  anhydride, 0'29 

irodinm  chloriile, trace. 

Alumina  and  iron, O’liS 

Sand, 2-08 

Water, 0'30 


100-8.5 

CLAPHAM  (analysis  OP  U.VDRIEI)  CHALK). 

Cari)onate  of  lime, 78'000 

Sulphate  of  lime, 0 244 

Silicate  of  lime, ...  0-325 

Phosphate  of  lime, O’llO 

Chloride  ol  sodium, 0‘163 

Magnesia, trace 

Alumina 0"220 

O.xide  of  iron 0-200 

Oxide  ot  manganese, 0-150 

Silica, 0-600 

Water, 20  600 


100-621 


Limestones,  used  in  Lancashire,  analyzed  by  G. 
E.  Davies: — 


Buxton. 

Min  era. 

Kuthin. 

Organic  matter, 

traces. 

traces. 

traces. 

Silica, 

0-106 

0-442 

0-398 

Alumina 

0-123 

0-145 

0-135 

Ferrous  carbonate, 

0-187 

0-348 

0-252 

Calcium  carbonate, 

99-372 

98-298 

98-370 

Magnesium  carbonate, 

0-116 

0-756 

0-756 

Manganese  carbonate, 

0-013 

0-0-22 

0-026 

Calcium  phosphate, 

trace. 

trace. 

trace. 

99-917 

100.011 

99-937 

This  is,  however,  only  the  composition  of  pure 
lumps  of  the  above  ; the  crushed  limestone,  as  used 
in  the  works,  contains  more  clay,  sand,  and  other 
foreign  matters. 

The  quality  of  the  coal  (slack)  used  for  the  soda 
mixture  is  of  very  great  importance.  Manufac- 
turers like  to  use  always  the  same  kind  of  coal 
which  they  have  proved  by  experience  to  m.ake  good 
ash,  and  to  which  they  and  their  men  are  accus- 
tomed. Whenever  they  have  to  try  a new  kind  of 
mixing  coal  it  happens  only  too  often  th.at  some- 
thing will  go  wrong,  and  that  bad  balls,  bad  liquors, 
and  low  strength  ash  w'ill  be  the  result.  The  very 
first  r<‘quirement  in  a mixing  coal  is  th.at  it  should 
be  as  fr  e from  uninflammable  substances  (ash)  as 
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possible.  The  more  ash,  the  more  silica,  alumina, 
iron,  &c.,  will  be  introduced  into  the  black  ash,  all 
of  which  in  the  lixiviation  cause  a loss  of  soda  ash. 
Experience  has  shown  that  a good  mixing  coal  ought 
not  to  contain  beyond  7 to  10  per  cent,  of  incom- 
bustible substances,  certainly  not  exceeding  12  per 
cent.  Some  collieries  produce  coal  better  fitted  for 
soda  making  than  others,  with  no  more  ash ; and 
it  appears  on  the  whole  that  a coal  is  the  better 
fitted  for  mixing  the  more  bituminous  substances 
it  contains.  “Gas  coals”  are  therefore  preferred 
for  this  purpose.  Bituminous  mixing  coal  becomes 
semi-fused,  and  greatly  assists  the  furnace  operations ; 
but  some  alkali-makers  believe  that  more  per  cent, 
is  used  of  this  kind  of  coal  .than  of  coals  containing 
a larger  amount  of  “ fixed  ” carbon. 

Leblanc  prescribed  wood  - charcoal,  but  this 
is  nowhere  used  now ; and  Kolb  has  shown  by 
trials  on  a large  scale  that  any  substance  rich  in 
carbon  may  be  substituted  for  it,  such  as  coke,  saw- 
dust, tar,  and  peat,  all  of  which  simply  act  in  the 
proportion  of  their  carbon,  or  rather  of  their  re- 
ducing properties,  as  shown  by  Berthier’s  methods, 
carbon  and  hydrogen,  both  acting  in  the  black -ash 
process  exactly  in  the  same  proportion  as  in  reducing 
litharge  to  metallic  lead.  It  is  therefore  quite 
right  to  use  the  cheapest  source  of  carbon,  that  is 
coal,  but  as  free  as  possible  from  iron  pyrites  and 
incombustible  matter. 

Richardson  gives  the  following  analysis  of  mix- 
ing coal  used  on  the  Tyne  : — 


Carbon, 74-34 

Hydrogen, 4 96 

Nitrogen, 1-42 

Oxygen, 10-16 


Sulphur, 1-39 

Ash, 7-73 


100-00 


G.  E.  Davies  gives  the  following  full  analysis  of 
small  coal  (slack)  used  for  ball  mixtures  in  Lanca- 
shire : — 


Sulphur,.. 

Ash, 

Carbon,  . 
Nitrogen,. 


Per  Cent. 
1-432 
10-000 
70-122 
0-286 


Combustible  matter, . 
Volatile  sulphur,  . . . , 

Silica, 

Alumina, 

Iron  peroxide, 

Lime, 

Magnesia, 

Sulphuric  anhydride. 
Phosphoric  do., 


88 -,690 

1- 387 
4-936 

2- 575 
1-511 
0-700 
0-0.52 
0-243 
0-U06 


100-000 

Slack  is,  however,  generally  only  examined  for 
ash,  sulphur,  and  moisture  : — 


Ash. 

Sulphur. 

Moisture. 

1. 

4-46 

0-724 

2-41 

2. 

5-77 

0-986 

1-00 

3. 

7-41 

0-937 

10-14 

4. 

10-84 

1-116 

4-72 

5. 

10-96 

1-736 

5-11 

6. 

13-42 

0-543 

2-98 

7. 

16  76 

0-431 

1 -22 

8. 

28-96 

1-774 

.3-44 

The  nitrogen,  which  hardly  ever  fails  to  occur  in 
the  mixing  coal,  is  always  more  or  less  injurious  in 
its  effects.  So  far  as  it  escapes  in  the  form  of  am- 
monia during  the  balling  process,  and  during  the 
cooling  of  the  balls,  it  is  harmless;  but  another  por- 
tion forms  sulphocyanides  and  cyanides,  the  latter 
being  transformed  during  lixiviation  into  ferro- 
cyanides. 

It  is  not  usual  to  go  to  any  great  trouble  in  mixing 
the  three  ingredients  of  black  ash.  In  most  works 
they  are  tipped  one  after  the  other  in  front  of  the 
ball  furnace,  and  only  mixed  to  a slight  extent  in 
shovelling  them  in  ; or  else  into  the  hopper  on  the 
top  of  the  furnace,  whence  they  fall  down  into  the 
back-bed.  In  some  works  a little  more  is  done,  by 
passing  the  mixture  between  fluted  rolls  before  it 
is  charged  into  the  furnaces.  In  no  case  should  the 
mixture  be  finely  ground,  but  the  fragments  ought 
to  remain  somewhat  coarse,  so  as  to  keep  the  balls 
more  “ open  ” or  porous. 

The  proportion  in  which  the  three  ingredients  of 
the  ball  furnace  are  used  cannot  be  laid  down  in  a 
completely  fixed  formula,  since  very  much  depends 
upon  the  quality  of  the  materials.  On  the  Tyne  it 
is  usual  (except  in  one  or  two  works,  where  larger 
charges  are  made)  to  use  for  each  charge  of  a “ hand  ” 
furnace  (“  revolvers  ” will  be  treated  of  later  on) 
3 cwts.  of  sulphate  of  soda ; and  this  is  also  the  case 
in  the  majority  of  Lancashire  works,  only  a few 
works  making  smaller  balls  (from  2^  or  2f  cwts.  of 
sulphate).  The  charge  of  chalk  required  for  3 
cwts.  of  sulphate  varies  from  3j  to  3J  cwts.,  accord- 
ing to  the  more  or  less  damp  state  of  the  chalk; 
that  of  limestone  (which  is  practically  dry  to  begin 
with)  varies  only  from  3 to  35  cwts.*  For  reasons 
afterwards  given,  it  is  requisite  to  confine  the  pro- 
portion of  carbonate  of  lime  to  the  lowest  limit 
which  allows  the  workman  to  work  his  ball  properly 
without  burning  it,  and  a practised  eye  can  easily 
tell  by  the  colour  of  the  ball  whether  to  use  any  less 
chalk  in  the  next  charge  or  not.  The  same  observation 
applies  to  the  coal,  but  in  this  case  it  is  not  the 
object  of  the  alkali-maker  to  reduce  the  quantity ; 
but,  on  the  contrary,  to  use  as  much  as  can  be 
thoroughly  incorporated  with  the  fluxing  mixture; 
for  only  thus  an  approximately  complete  decom- 
position of  the  sulphate  can  be  brought  about,  and 
the  ball  be  kept  porous.  When  too  much  coal  has 
been  used  in  the  mixture,  the  workman  soon  finds 
it  out  by  the  fact  that  his  ball  works  too  “ stiff,”  or 
“dry,”  or  “ fiery,”  and  does  not  “ clear  ;”  whilst  the 
foreman  or  manager  perceives  it  by  the  unconsumed 
lumps  dispersed,  through  the  substance  of  the  ball 
on  breaking  up  the  latter.  Different  kinds  of  coal  re- 
quire different  proportions;  and  whilst  in  some  cases 
the  proportion  is  as  low  as  cwt.  to  3 of  sulphate, 
in  others  it  is  as  high  as  2 cwts.  to  3 of  sulphate.  On 
the  Tyne,  with  moderately  good  mixing  coal,  it 
does  not  vary  much — about  cwt.  The  coal  is 
never  crushed,  but  always  used  in  the  state  called 
“ small  coal  ” in  the  East,  or  “ slack  ” in  Lancashire 

* The  larcer  proportion  is  mostly  used  when  the  black  ash 
is  intended  for  the  manufacture  of  caustic  soda. 
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— tl.at  is  to  say,  as  a coarse  powder,  not  generally 
containing  any  pieces  above  the  size  of  a walnut. 
A few  manufacturers  work  with  “ duff  ” — that  is, 
the  fine  dust  screened  off  even  of  the  “ smalls,”  but 
this  is  generally  considered  too  impure  for  use  as 
mixing  coal. 

With  these  figures  (given  from  the  writer’s  practi- 
cal experience)  should  be  compared  the  statements 
of  different  authors.  It  will  be  found  that  the  pro- 
portions given  by  Leblanc  himself — viz.,  1000  parts 
eacli  of  dry  sulphate  of  soda  and  of  carbonate  of 
lime,  along  with  500  parts  of  charcoal — agree  very 
nearly  with  what  has  been  stated  above  as  the  mix- 
ture generally  used  in  this  country,  and  the  following 
are  some  of  the  mixtures  recommended  by  several 
more  modern  authors; — Pa  yen  (see  below)  gives 
a proportion  of  100  : 105  : 51 ; Scheurer-Kestner 
(Rep.  (It  Chim.  AppL,  1862,  p.  231)  gives  the  mixture 
of  ten  works,  where  the  carbonate  of  lime  (upon 
100  sulphate)  varies  from  90'2  to  121,  and  the  coal 
from  35  to  73.  In  three  German  works  mentioned 
by  B.  Kerl  the  proportions  were  100  : 115  : 30 
to  35,  100  : 121  : 46-6,  and  100  : 115  : 68.  All 
these  differences  testify  more  to  a difference  in  the 
raw  materials  than  to  anything  else.  Two  figures 
mentioned  by  Knapp  as  the  proportions  of  some 
German  works — viz.,  100  ; 108  : 183,  and  100  : 
104'7  : 170'8 — seem  to  contain  some  mistake  in  the 
figure  for  coals. 


If  the  furnacemen  had  their  own  way,  they  would 
use  as  much  limestone  or  chalk  as  possible,  as  they 
could  then  fire  the  balls  much  more  without  making 
them  “ red,”  and  thus  be  saved  the  labour  of  working 
them  thoroughly ; but  it  is  the  manager’s  business 
to  cut  the  limestone  or  chalk  down  to  the  lowest 
possible  limit,  as  he  w'ill  undoubtedly  get  a larger 
yield  by  doing  so,  and  have  less  caustic  liquors  as 
well.  On  the  other  hand,  the  men  dislike  to  use 
much  coal,  because  they  cannot  “clear”  their 
balls  so  easily ; whilst  the  manager  wants  them  to 
use  as  much  coal  as  can  be  fairly  incorporated  in 
the  ball,  so  as  to  insure  a complete  decomposition 
of  the  sulphate  of  soda. 

The  experiments  of  Kolb  (1866)  are  among  the 
most  important  ones  in  this  respect.  According  to 
the  equation, 

Na2S04  + CaC03  + 2C  = Na2C03  + CaS  + 2CO2, 
the  proportions  of  pure  sodium  sulphate  : calcium 
carbonate  : carbon  ought  to  be  as  100  : 70-4  ; 16’9 
(yielding  in  theory,  74’6  Na2COg),  whilst  in  practice 
a large  excess  of  the  two  latter  ingredients  is  em- 
ployed— roughly  speaking,  Leblanc’s  proportions 
(100  : 100  ; 50)  are  still  in  use.  Kolb  made  a 
large  number  of  comparative  experiments  on  a 
large  scale,  at  Kuhlmann’s  works  at  Amiens,  with 
different  proportions,  and  treated  the  black  ash 
obtained  exactly  in  the  same  way.  The  following 
table  shows  the  results : — 


1. 


2. 


3. 


4. 


5. 


Mixture  Employed, 


NajS04  + CaCOa  + 2C— 

Sulphate,  106  parts  = 100  Na2S04 
Chalk,..  84  “ 704  CaCUj 

Coal,..  . 20  “ 17  C 

Na2S04  + CaCOa  + 4C— 

Sulphate,  106  parts  = 100  Na2S04 
Chalk,..  84  “ 704  CaCOa 

Coal 38-4  “ 33-8  C 

NajSO.  -p  IJ  CaCOa  -t-  4C — 

Sulphate,  106  parts  = 100  Na2S04 
Chalk,  ..  101  “ 94  CaCOa 

Coal,....  38-4  “ 33-8  0 

Na2S04  + IJ  CaCOa  + 

sulphate,  1U6  parts  = loO  Na2S04 
Chalk,  ..  101  “ 94  CaCOa 

Coal,....  53  “ 44  C 

Na.2''04  + IJ  CaCOa  + 6C— 

Sul|ihate,  106  parts  r=  100  Na2S04 
Chalk,..  116  “ 103  CaCOj 

Coal,....  73  “ 50  C 


} 


Obtained. 


Na*2C03.  Na*20. 

Na-2S. 

Na.2S04. 

38-20  3-10 

= 43-.5Na2COa 

•55 

48-51 

.59-51  3-39 

= 65^Na2COa 

2-16 

6-71 

63-50  3-80 

= 70^a2COa 

1-20 

6-40 

64--20  4-72 

= 72-3Na2C03 

1-12 

2-06 

52-60  8-45 

= 67-(TNa2C03 

-15 

•93 

It  will  be  seen  that  of  mixture  No.  1 nearly  half 
the  sulphate  remains  undecomposed,  whilst  tlie 
yield  of  available  soda  is  correspondingly  small. 
The  latter  is  increased  in  Nos.  2,  3,  and  4,  but  falls 
again  a little  in  No.  5,  where  in  consequence  of  the 
excess  of  chalk  the  caustic  soda  increases.  No.  4 
seems  to  be  the  most  advantageous  mixture  ; but 
the  difference,  both  in  materials  and  in  the  style 
of  work,  will  cause  deviations  from  it  in  different 
factories.  The  excess  both  of  chalk  and  coal  jiro- 
duces  an  increased  yield  of  soda,  because  thus  the 
points  of  contact  with  the  sodium  sulphate  are 
increased,  and  a more  complete  decomposition  of 
the  latter  is  insured. 


Working. — The  sulphate  of  soda,  carbonate  of  lime, 
and  coal  are  always  brought  together  in  reva-heratory 
furiiace.^  called  ball  furnaces  or  black-ash  furnaces;  but 
there  is  a great  difference  on  this  point,  whether  the 
operation  takes  place  by  manual  labour,  as  in  the  old 
furnaces,  or  by  mechanical  assistance,  as  in  the  “re- 
volvers.” We  shall  first  describe  the  old  furnaces, 
which  even  now  are  used  in  all  small  works  and  are 
not  quite  extinguished  even  in  large  works,  although 
their  disuse  is  only  a question  of  time,  as  w'ill  be 
seen  later  on  when  the  advantages  and  drawbacks 
of  both  kinds  of  furnaces  are  weighed  together.  But 
it  is  almost  equally  sure  that  in  the  smaller  alkali 
works  (and  nearly  all  continental  works  belong  to 
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this  class),  the  hand  furnaces  will  continue  to  hold 
their  ground. 

The  diagrams  on  Plate  III.  represent  working 
drawings  of  a hand  hall  furnace  of  the  very  best 
construction  as  used  on  the  Tyne.  There  are,  of 
course,  minor  deviations  in  details  in  every  factory, 
but  the  principle  is  always  the  same.  At  one  end  is 
seen  the  fire-place,  which  is  generally  from  2^  to  3 
feet  wide,  and  from  5 to  6 feet  long.  The  fire-bars 
are  plain  wrought-iron  bars,  2 or  even  3 inches 
square,  resting  loosely  on  three  horizontal  bearers, 
which  are  either  formed  by  strong  bars  laid  on  one 
edge,  or  by  strong  railway  plates.  Another  hori- 
zontal bar  is  often  inserted  lower  down,  to  form  a 
rest  for  the  poker  during  the  laborious  operation  of 
“scarring”  the  fire  at  the  end  of  the  shift. 

The  above  simple  and  somewhat  rough  arrange- 
ment is  preierred  to  any  complicated  system  of  fire- 
bars and  fire-places;  because  the  latter  are  found  to 
give  way  very  soon  in  actual  work,  through  the 
“scars”  or  “clinkers”  of  the  coals  adhering  to  the 
bars.  In  the  above  arrangement  of  loose  bars  the 
“scars”  can  be  removed  from  time  to  time  by 
shifting  the  bars  and  working  the  large  pieces  down 
into  the  ash-pit  by  means  of  large  pokers  and  scar- 
hooks.  This  operation  is  greatly  facilitated  by  the 
“cave”  under  the  fire-place  shown  in  the  diagram. 
This  is  not  used  in  all  factories,  but  only  in  a 
portion  of  them  ; but  the  writer  can  testify  to  the 
great  advantage  of  using  it,  not  only  in  the  above 
respect,  but  in  several  others.  There  is  always  a 
water-tap  near  the  cave  to  quench  the  ashes  and 
“scars,”  and  to  keep  the  grates  comparatively  cool; 
and  the  cave  allows  the  water  to  stand  regularly  in 
the  bottom  of  the  fire-place.  The  back  of  the  fire- 
place is  frequently  stepped  back,  as  shown  in  the 
plate,  so  that  the  flame  can  travel  along  the 
whole  length  of  the  fire-bridge.  The  latter  is  a very 
important  part  of  the  furnace;  it  must  be  very  strong 
in  order  to  resist  the  burning  coal  on  the  one  side, 
and  the  fluxing  ball-mixture  on  the  other  side.  The 
latter  penetrates  deeply  into  the  furnace  beds,  and 
would  soon  flux  away  into  the  fire-place  and  stop  up 
the  latter,  if  no  precaution  were  taken  against  this. 
The  precaution  consists  in  building  a strong  cast-iron 
plate  (1^  to  2 inches  thick)  in  the  fire-bridge,  which 
dams  back  the  fluxings,  and  does  not  allow  them  to 
pass;  and  as  the  “bridge-plate,”  as  it  is  called,  would 
soon  be  melted  or  burnt  in  its  own  turn,  if  it  were 
simply  put  in  a solid  wall,  it  is  protected  by  an  air- 
course  on  the  side  next  to  the  fire-place.  The  great 
heat  within  the  bridge  continually  causes  a flow  of 
cold  air  to  rush  into  the  air-course,  and  thus  pre- 
serves the  plate  for  a very  long  time.  Many 
attempts  have  been  made  to  utilize  this  heated  air, 
by  conducting  it  into  the  inside  of  the  furnace  or  the 
fire-place,  and  in  theory  this  is  no  doubt  an  excellent 
thing,  as  the  heated  air  will  give  a much  hotter 
flame  than  the  cold  air  entering  through  the  grate 
bars ; but  unfortunately  all  such  attempts  have  failed, 
because  the  openings,  through  which  the  heated  air 
is  to  escape,  are  soon  fluxed  up  or  blocked  up  by 
dust. 


The  real  working  part  of  the  furnace  is  generally 
' divided  into  two  beds,  as  in  the  Plate,  rarely  into 
three.  It  is  formed  by  building  a 9-inch  wall  of  the 
very  best  fire-brick  from  a depth  of  12  inches 
below  the  first  or  working  bed,  to  a height  of  15  or 
18  inches  above  the  same  ; this  wall  goes  all  round 
the  inside  of  the  furnace,  and  follows  the  eurved 
lines  shown  in  the  horizontal  section.  Its  left  side 
forms  part  of  the  fire-bridge,  its  back  the  lining  of 
the  furnace  back,  and  its  front  is  pierced  for  the 
' two  working  doors.  Within  this  wall  is  put  a layer 
of  ground  fire-clay  or  of  dried  and  ground  chalk,  3 
inches  deep,  leaving  9 inches  to  the  top  of  the  bed. 
These  9 inches  are  taken  up  by  a course  of  the 
hardest  fire-bricks  on  end,  wedged  closely  together 
without  any  mortar,  and  only  grouted  in  at  the  top 
with  fire-clay.  This  9-inch  course  forms  the  working 
bed  proper ; it  is  always  sloped  a few  inches  from  the 
back  towards  the  working  door.  The  back  bed,  or 
“shelf,”  is  a few  inches  higher  than  the  working  bed, 
and  is  sometimes  only  formed  of  bricks  on  edge, 
5 inches  thick.  The  corners  of  the  furnace,  and 
more  particularly  its  front  part  altogether,  are 
bevelled  off,  so  that  the  men  can  reach  every  part  of 
the  bed  with  their  tools.  The  doors  (both  of  the 
fire-place  and  of  the  beds)  are  sometimes  only 
closed  by  loose  iron  plates;  but  it  is  much  better  to 
provide  them  with  fire-clay  lumps,  inclosed  by  an  iron 
frame  and  hung  from  pulleys  with  balance  weights. 
The  arch  of  the  furnace  is  generally  more  or  less 
sloped  towards  the  end  of  the  furnace.  The  furnace 
is,  of  course,  strongly  bound  with  uprights  (mostly 
formed  by  double-headed  railway  rails)  and  cross- 
rods ; the  upright  binders  are  sometimes  let  a 
certain  depth  into  the  ground ; sometimes,  however, 
they  are  connected  at  the  bottom  by  cross-rods  as 
well  as  at  the  top,  and  channels  are  left  in  the  brick- 
work for  that  purpose.  In  some  cases  the  cross-rods 
pass  through  the  upright  binders ; they  are  then 
screwed  at  their  ends  and  fixed  with  nuts ; in  other 
cases  they  are  formed  into  loops,  and  driven  on  tight 
by  means  of  iron  wedges.  In  a few  cases  strength 
is  sacrificed  to  ornament,  by  making  the  uprights  no 
higher  than  the  furnace  walls,  and  bending  the  rods 
along  the  crown  of  the  arch.  The  construction 
which  is  shown  in  Plate  III.  is  much  stronger 
and  also  more  usual. 

On  the  Tyne  it  is  usual  to  case  the  whole  furnace, 
back,  front,  and  end,  with  1 inch  metal  plates,  whilst 
in  Lancashire  only  small  strips  of  iron  (5  inches  X 

inch),  are  placed  behind  the  binders.  The  former 
plan  is  of  course  much  stronger;  and  although  more 
costly  in  the  first  instance,  it  is  cheaper  in  the  end, 
as  the  plates  last  nearly  for  ever,  and  the  furnaces 
stand  much  longer. 

In  Plate  III.  a hopper  is  shown  over  the 
working  bed,  through  which  the  ball-mixture  is 
introduced  into  the  furnace.  This  presupposes  an 
arrangement  of  over-head  tramways  for  charging 
the  furnaces;  where  such  an  arrangement  does  not 
exist,  the  ball-mixture  is  charged  by  shovelling  it 
in  through  the  door  of  the  back-bed.  This  causes 
more  labour,  takes  more  time,  and  cools  the  furnace 
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more  than  charging  by  hopper,  wliich  is  always 
decidedly  preferable  where  it  can  be  applied. 

The  size  of  bed  shown  in  Plate  III.  is  that  most 
usual  on  the  Tyne  ; in  Lancashire  the  bed  is  gen- 
erally much  larger,  and  is  especially  deeper  from  back 
to  front.  It  is  also  often  preferred  in  Lancashire  to 
build  two  small  fire-places  at  the  end  of  the  furnace, 
their  bars  running  jtarallel  with  its  longest  dimension, 
instead  of  the  one  large  fire-place  with  bars  running 
across,  as  shown  in  the  diagrams.  In  that  case  there 
is  often  a metal  plate  put  in  across  the  fire-end  of 
the  furnace,  2 feet  deep,  having  a number  of  per- 
forations 3 inches  in  diameter,  with  a corresponding 
number  of  holes  (“  pigeon  holes”)  in  the  inner  fire- 
brick casing.  These  holes  serve  to  admit  a further 
quantity  of  air  to  the  burning  fuel,  apart  from  what 
enters  through  the  grate-bars;  and  this  arrangement 
is  found  to  cause  a very  sharp  and  steady  heat 
just  over  the  fire-bridge,  besides  saving  a good  deal 
in  wear  and  tear  of  the  fire-bars. 

It  is  hardly  necessary  to  say  that  all  parts  of  the 
furnace  which  come  into  contact  with  the  fire  or 
ball-mixture  must  be  made  of  very  good  fire-bricks. 
It  is  usual  to  make  this  fire-brick  lining  9 inches  thick 
all  over ; even  with  this  thickness  it  does  not  last  many 
months  in  the  more  exposed  places,  such  as  the  fire- 
hearth,  the  fire-bridge,  and  the  working  bed.  It  is 
not  only  the  heat,  but  the  action  of  the  alkali,  and, 
in  the  case  of  the  bed,  that  of  the  tools,  which 
destroys  the  fire-bricks.  They  ought,  therefore,  to 
be  as  hard  and  well  burnt  as  possible ; porous  bricks 
are  more  easily  penetrated  and  dissolved  by  the 
alkali  (at  the  same  time  making  the  latter  impure), 
and  worn  away  by  the  tools.  The  less  sand  tliey 
contain  the  better,  as  it  is  more  liable  to  be  acted 
upon  by  the  fused  alkali  than  the  aluminium  silicate. 

The  ball-furnace  requires  for  its  proper  work  a 
degree  of  heat  approximating  (although  not  quite 
reaching)  white  heat,  and  naturally  a vast  amount  of 
it  escapes  unused  through  the  “ snore-hole,”  or  over 
the  end  bridge,  behind  the  back  bed.  This  waste 
heat  is  utilized  in  boiling  down  the  solution  of  soda 
obtained  in  the  process  of  lixiviating  the  black-ash  ; 
but  not  always  in  the  same  manner.  In  all  factories 
on  the  Tyne,  and  in  some  of  those  in  Lancashire,  the 
liquors  are  contained  in  “open”  pans,  where  the  fire 
is  carried  along  the  surface  of  the  liquid,  and  the  eva- 
poration consequently  is  increased  by  the  draught 
carrying  away  the  vapour ; whilst  the  salt,  as  it  crystal- 
lizes out  of  the  more  and  more  concentrated  solution, 
falls  to  the  bottom  and  accumulates  till  it  reaches  to 
the  top,  and  the  whole  is  converted  into  a inortar- 
hke  mass,  which  is  pulled  bodily  out  of  the  pan  and 
allowed  to  drain  in  an  iron  drainer  furnished  with  a 
perforated  false  bottom,  as  shown  in  Plate  III.  The 
pans  are  made  of  three-eighth  inch  iron,  of  about  the 
same  width  as  the  furnace,  from  10  to  20  feet  long  and 
from  1 foot  6 inches  to  2 feet  6 inches  high ; some- 
times they  are  made  to  slope  towards  the  front.  They 
are  supplied  with  two  or  three  drawing  doors,  the 
form  of  which  can  be  seen  from  the  diagrams.  The 
dooi-s  themselves  are  pressed  against  the  angle-iron 
rim,  which  runs  all  round  the  opening  of  the  pan. 
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' by  means  of  a strong  screw  or  by  wedges,  after  a 
layer  of  good  clay,  or  sometimes  of  lime,  has  been 
put  in  between.  This  is  sufficient  to  make  the  joint 
tight,  and  a slight  leakage  is  not  of  very  much  con- 
sequence, as  the  necks  of  the  drawing  openings  reach 
over  into  the  drainer,  so  that  any  escaping  liquid  is 
saved  there.  The  angle-iron  must  not  stand  up  in 
the  opening  at  all,  as  it  would  otherwise  be  impos- 
sible to  drain  all  the  contents  of  the  pan.  The 
plates  are  put  together  in  such  a manner  that  the 
joints  all  run  at  right  angles  to  the  doors  (across 
the  width  of  the  pan),  and  they  are  overlapped 
on  each  side  towards  the  doors;  the  object  being 
that  the  men’s  tools  when  raking  out  the  pan  shall 
not  be  stopped  by  any  joints.  For  the  same  pur- 
pose it  has  been  sometimes  thought  necessary  to 
countersink  the  rivets ; but  this  is  rarely  done  now. 
An  angle-iron  runs  round  the  top  of  the  pan, 
which  not  only  stiffens  the  same,  but  also  serves 
as  a hold  for  the  arch  covering  the  pan,  between 
which  and  the  liquor  the  flame  has  to  travel.  The 
arch  is  often  only  5 inches  thick ; but  it  is  much 
better  to  make  it  9 inches,  as  in  the  Plate,  al- 
though this  involves  some  extra  plates  along  the 
sides  of  the  pan  to  strengthen  the  “spring”  of 
the  arch.  A 9-inch  arch  is  both  stronger  and  keeps 
the  heat  much  better  together  than  a 5-inch  one. 
The  pan  is  not  set  immediately  at  the  end  of  the 
ball-furnace — it  would  in  that  case  very  soon  burn 
down  at  that  side ; but  an  air  course  is  left  along  its 
ends,  and  fire-clay  lumps  are  laid  over  this,  projecting 
several  inches  into  the  inside  of  the  pan,  so  that  the 
fire  shall  not  destroy  the  top  of  the  plates  where  they 
are  bare  of  liquor.  The  pans  ought  always  to  be 
set  on  pillars  in  such  a manner  that  the  space  under- 
neath is  accessible.  In  that  case  any  leakage  can  be 
detected  before  much  harm  is  done,  and  there  is 
much  greater  accessibility  for  repairs  when  these 
have  become  inevitable. 

This,  then,  is  the  system  of  open  pans.  The  fire 
is  more  efficient  in  them ; they  do  more  work  and 
last  longer  than  pans  heated  from  below ; but  the 
salt  in  them  is  necessarily  contaminated  by  the 
products  of  combustion,  and  it  does  not  pay  to 
work  them  except  by  boding  down  the  whole  con- 
tents to  a pasty  mass.  In  several  Lancashire  pans 
this  is  avoided  by  allowing  the  furnace  gas  to  heat 
pans  from  below.  These  are  now  generally  made  of 
the  shape  called  “ boat  pans,”  from  the  fact  of  their 
transverse  section  having  some  similarity  to  that  of 
a boat  with  sloping  sides,  as  will  be  seen  from  Figs 
16  to  22.  Fig.  16  is  a section  of  Wrong’s  iron  boat 
pan ; Fig.  17  a front  elevation  of  the  same;  Fig.  18 


Fig.  '16. 


a plan  of  the  same ; Fig.  19  is  a section  of  a cast- 
iron  boat  pan ; Fig.  20  is  a side  section  of  the  same ; 
Fig.  21  a plan  of  the  same ; Fig.  22  tl.e  mode  of  set- 


i 
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ting  boat  pans.  The  bottom  is  purposely  set  on  a 
brick-wall,  and  not  touched  by  the  fires,  so  that  the 


Fig.  17, 


salt  may  quickly  accumulate  in  it  and  be  “fished”  out. 
The  fished  salt  is  much  purer  than  the  “ drainer 


Fig.  18. 


salt”  of  open  pans,  as  will  be  seen  hereafter,  and  the 
residue  is  worked  up  either  into  caustic  soda  or  into 
“ caustic  ash.” 

Fig.  19. 


Sometimes  the  ball-furnace  fire  first  travels  over 
an  open  pan  and  then  under  a boat  pan  ; or,  more 
frequently,  under  two  boat  pans  in  succession. 
Those  boat  pans  used  in  connection  with  ball-fur- 
naces are  sometimes  made  of  cast  iron,  sometimes  of 
wrought  iron.  The  pan  furthest  from  the  furnace 

Fig  20. 


is  placed  about  6 inches  higher  than  that  nearer  the 
furnace,  and  the  bottom  of  the  latter  corresponds  in 
height  with  the  summit  of  the  black-ash  furnace  arch. 
One  continuous  14-inch  wall,  on  which  the  bottom 
of  the  pan  rests,  sustains  the  principal  portion  of 
the  weight  of  the  latter;  while  two  other  14-inch 
walls  at  the  front  and  back  (forming  continuations 
of  the  former  wall),  budt  up  to  the  flanged  tops  of 
the  pans,  support  their  two  sides.  These  three 


longitudinal  walls  form  between  them  two  flues 
through  which  the  black-ash  furnace  fire  passes. 
In  order  to  force  the  fire  nearer  to  the  pans  several 

Fig.  21. 


bridges  are  built  up  within  8 or  12  inches  of  the 
sides  of  the  pans,  following  their  sweep,  the  space 
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between  the  bridges  being  fitted  up  with  brickbats, 
clinkers,  or  the  like. 

In  the  majority  of  works  the  fire  gases,  after 
having  been  used  under  or  over  the  boiling-down 
pans,  are  carried  away,  as  in  Plate  III.,  into  a flue 
leading  to  the  chimney,  and  provided  with  a damper 
for  the  regulation  of  the  draught;  but  as  they 
pos.sess  a considerable  degree  of  heat,  it  is  most 
advisable,  where  there  is  space,  to  utilize  them  still 
further.  This  can  be  done  in  various  ways;  one 
which  commends  itself  very  much  is  to  conduct  the 
esca[)ing  gas  over  the  settlers  for  “ tank- liquor,” 
which  must  for  this  pur[)ose  be  long  (say  old  steam- 
boilers  cut  in  two)  and  covered  over  by  an  arch ; 
in  tliat  case  they  not  only  communicate  to  the  set- 
tled tank  liquor  a preparatory  heat  before  it  is  run 
into  the  pans,  but  they  will  leave  behind  with  it  a 
great  portion  of  the  mechanically  carried  away  par- 
ticles of  liquor  and  salts  from  the  pans.  This  does  not 
amount  to  very  much,  but  it  mounts  up  in  the  long 
run  to  something  worth  saving.  As  the  settlers  for 
tank  liquor  are  in  any  case  placed  in  such  an  eleva- 
tion as  to  be  able  to  run  into  the  pans  therefrom, 
there  should  be  no  great  difficulty  about  it,  especially 
where  the  chimney  stands  on  a bank  at  a higher  ele- 
vation, which  is  very  usual  on  the  Tyne.  The 
escaping  heat  may  also  be  used  for  warming  the 
water  used  for  lixiviating  the  tanks. 

In  all  cases,  even  where  the  fire  only  heats  one 
boiling -down  pan,  ball -furnaces  require  a good 
draught  to  work  properly,  and  they  are  therefore 
mostly  connected  with  tall  chimneys,  from  100  feet 
upwards.  The  writer  succeeded  in  increasing  the 
output  of  several  ball-furnaces  by  50  per  cent,  by 
abolishing  their  chimneys  of  40  feet  height,  one  for 
each  furnace,  and  substituting  for  them  one  common 
chimney  of  130  feet  height. 

The  balling  operation  in  the  furnace  described 
above  is  carried  on  in  the  following  manner ; — AVhen 
the  furnace  has  been  heated  up  sufficiently  (which 
takes  at  the  week-end,  after  a “ damp-up,”  only  five 
or  six  hours ; but  in  the  case  of  a “ cold  heat-up,” 
perhaps  twenty-four  hours) — viz.,  to  a bright  red 
heat — the  charge  of  sulphate  of  soda,  carbonate  of 
lime,  and  coals  is  put  into  the  back  bed,  either 
through  the  working  door,  or  preferably  by  dropping 
it  in  from  the  top  through  a hopper.  In  the  regular 
course  of  work  this  charging  is  done  when  the  ball 
on  the  working  bed  is  about  half  finislied ; and 
whilst  it  is  entirely  finished,  the  new  charge  on  the 
back  bed  obtains  a j)reparatory  heating.  After  the 
ball  on  the  working  bed  has  been  drawn  into  the 
“ bogie,”  the  furnace  is  allowed  to  go  empty  for 
five  minutes,  or  even  longer,  to  heat  the  front  bed 
thoroughly ; and  only  then  the  new  charge  is 
transferred  from  the  back  bed  to  the  working  bed, 
principally  by  means  of  an  oar-shaped  tool,  called 
“ slice  ” in  Lancashire,  or  “ paddle  ” on  the  Tyne. 
The  paddle  head  is  in  this  case  preferably  of  cast 
iron,  about  24  inches  long,  5 inches  wide,  and  five- 
eighths  of  an  inch  thick.  On  the  Tyne  it  is  very  usual 
to  “ split  ” the  ball — that  is,  to  move  in  the  first 
instance  only  about  two-thirds  of  the  ball-mixture 
VOI-  II. 


from  the  back  bed  to  the  front  bed,  in  order  to  get 
more  heating  surface  and  easier  work  whilst  the 
mixture  is  still  rough.  The  portion  brought  on  to 
the  working  bed  is  well  spread  out  upon  it,  and 
moved  towards  the  fire-bridge,  where  the  heat  is 
greatest.  It  must  be  well  turned  over,  so  as  to 
expose  every  part  of  it  to  the  action  of  the  flame, 
and  the  “ paddle  ” or  “slice  ” plays  here  the  greatest 
part  still ; the  parts  softened  by  the  action  of  the 
fire  are  turned  down,  and  fresh  surfaces  are  turned 
up.  This  turning  over  has  to  be  repeated  about 
twice ; and  as  soon  as  the  charge  begins  to  soften, 
the  remainder  of  the  mixture  is  worked  down  into 
it  from  the  back  bed.  In  between  the  turnings- 
over  the  working  door  is  let  down,  and  the  furnace 
fire  is  allowed  free  action  on  the  charge  for  several 
minutes.  After  the  whole  has  been  thoroughly 
softened,  the  workman  must  keep  uninterruptedly 
at  the  work,  because  the  critical  time  has  come.  He 
must  therefore  continue  turning  the  mass  over  and 
over  with  the  paddle.  It  becomes  in  this  stage 
almost  liquid  all  over,  but  it  would  be  very  wrong 
to  draw  it  just  yet;  the  “paddling”  must  be  con- 
tinued, and  after  a few  minutes  the  mass  becomes 
much  stiffer.  The  coal  contained  in  it  is  now 
mostly  consumed.  It  is  now  time  to  “ rake  ” the 
ball.  The  workman,  without  any  interruption,  takes 
down  his  rake  (with  cast-iron  head),  and  thoroughly 
works  up  the  mass,  mixing  it  up  as  equally  as 
possible,  and  working  it  all  the  time  towards  the 
door.  His  tools,  which  weigh  about  half  a cwt. 
each,  are  supported  by  the  horizontal  bars  shown 
in  Plate  III.  in  front  of  the  doors.  Before  using 
the  rake,  these  bars  and  the  rake-shank  are  all 
greased  with  cart  grease.  There  is  besides  a chain 
with  a hook  at  its  end  hanging  down  from  the 
rafters  in  front  of  the  furnace,  which  enables  the 
furnaceman  to  rest  the  fore-end  of  his  tool  as  well, 
and  materially  lightens  his  actual  exertion.  Every- 
thing now  depends  upon  the  judgment  of  the 
furnaceman.  As  soon  as  he  thinks  that  the  ball  is 
quite  stiff  enough,  and  before  it  has  had  time  to  go 
further  and  to  be  “ burnt,”  he  pulls  it,  by  means  of 
his  rake,  out  into  the  “ bogie  ” or  “ pot,”  which  has 
been  beforehand  placed  in  front  of  the  working 
door.  Only  just  before  the  raking  out,  jets  of 
flame,  caused  by  carbonic  oxide,  and  burning  with  a 
yellow  sodium  flame,  appear  in  the  mass ; these  are 
called  “ candles  ” in  Lancashire,  “ pipes  ” on  the 
Tyne,  and  they  should  burst  out  equally  all  over 
the  ball  while  it  is  being  and  after  it  has  been 
drawn,  and  a practised  eye  judges  from  their 
regular  appearance  whether  the  ball  has  been  well 
made.  The  latter  is  well  stirred  up  and  mixed  in 
the  bogie  itself,  and  ought  to  swell  up  and  rise  in 
the  same ; the  action  seems  indeed  to  go  on  even 
then,  and  to  continue  till  the  ball  is  cooled  down. 
It  is  allowed  to  cool  and  solidify  till  just  before  the 
next  ball  is  ready  for  the  final  raking,  when  the  old 
ball  is  wheeled  away,  tilted  out  of  the  bogie,  and 
the  latter  wheeled  back  to  the  furnace  to  receive 
the  new  ball. 

There  is  very  little  difference  in  the  appearances 
102 


810  SODA. — Black-ash  B.alls. 


which  the  ball  presents  in  the  furnace,  whether  the 
carbonate  of  lime  has  been  introduced  as  chalk  or 
as  limestone ; it  takes  about  equal  time  and  labour 
to  make  a good  ball  in  either  case,  but  there  is  a 
decided  difference  in  heat.  The  furnace  must  be 
kept  much  hotter  for  chalk  than  for  limestone.  Men 
who  are  used  to  chalk  are  apt  to  “ burn  ” balls  when 
they  have  to  use  limestone,  whilst  in  the  opposite 
case,  those  used  to  limestone  make  “soft”  balls 
when  they  come  to  use  chalk — both,  of  course, 
only  till  they  have  accustomed  themselves  to  the 
new  style  of  work. 

Sometimes  an  arrangement  is  used  by  which  the 
fire-damper  goes  down  whenever  the  working-door 
is  raised  ; this  is  to  prevent  a mechanical  carrying 
away  of  sulphate  by  the  draught  during  charging, 
but  such  refinement  is  only  rarely  practised. 

The  importance  of  working  the  ball-mixture  well 
with  the  paddle  and  the  rake  is  well  illustrated  by 
some  comparative  trials  made  by  Kol3  on  the  large 
scale  with  a mixture  of  106  sulphate,  101  chalk,  and 
53  coal.  The  analysis  of  two  balls,  one  of  which 
(A)  was  well  turned  over  and  worked  through, 
whilst  the  other  (B)  was  badly  worked,  showed  the 
following  result: — 


A. 

B. 

Sodium  carbonate, 

02-20 

51-20 

Sodium  hydrate, 

4-72 

7-15 

Sodium  sulidiide, 

112 

4-58 

Sodium  sulphate, 

2-06 

7-48 

Together  corresponding  to  sodium) 

72-2 

63-3 

carbonate, j 

The  amount  of  work  which  is  taken  out  of  a 
furnace  varies  according  to  the  time  the  men  work. 
If  they  work  in  two  shifts  during  the  twenty-four 
hours,  it  is  usual  to  make  only  12  balls  in  each  shift, 
or  24  in  the  twenty-four  hours ; but  if  (as  is  now 
usual  oil  the  Tyne)  they  work  in  three  shifts  of 
eight  hours  each,  they  get  9 balls  per  shift,  or  27 
balls  in  twenty-four  hours.  A greater  number  of 
balls  can  be  made,  but  scarcely  of  the  best  quality. 

The  amount  of  fuel  used  varies  according  to  the 
quality  of  coals.  The  writer  has  made  prolonged 
trials  with  several  descriptions  of  Durham  “manu- 
facturing small,”  and  found  the  average  consumption 
to  vary  from  25  to  27  cwts.  for  each  ball-furnace 
(producing  the  full  work  of  27  balls)  during  24  hours. 

The  weight  of  a well- worked  ball  should  be  about 
4 cwts.  3 qrs.,  but  it  varies  to  some  extent  round  that 
figure. 

A practical  man  can  easily  tell  from  the  appearance 
of  a ball  whether  it  is  good  or  bad ; whether  it  has  been 
too  long  or  too  short  a time  in  the  furnace ; whether 
it  has  had  enough  work  or  not ; whether  it  is  short 
of  limestone  (chalk)  or  coals,  or  has  too  much  of 
either.  A single  glance  tells  him  much  more  in  all 
these  respects  than  a chemist  could  make  out  by  a 
complete  analysis,  which  would  only  refer,  moreover, 
to  a small  portion  of  the  ball,  and  take  a very  long 
time  indeed.  It  is  hardly  possible  to  convey  an 
idea  of  what  a ball  ought  to  be  like  by  mere 
description,  but  a few  words  may  not  be  out  of  place 


upon  this  subject.  A ball  ought  to  be  of  a blackish- 
brown  colour  before  it  is  broken  ; more  particularly 
should  that  brown  colour  (of  a lighter  shade)  appear 
' as  a skin  on  the  surface  which  has  been  the  upper 
one  in  the  “ pot.”  If  a ball  is  too  black,  it  has  either 
too  much  coals  or,  which  is  more  often  the  case,  it 
has  not  been  fired  long  enough.  When  broken,  it 
should  appear  honeycombed  like  pumice,  not  dense, 
and  of  as  uniform  a texture  throughout  as  possible  ; 
the  colour  should  be  slate-grey,  showing  small  bits 
of  coal  in  some  places,  not  pinkish.  If  it  appears 
dense,  and  not  sufficiently  honeycombed,  it  has  not 
been  long  enough  in  the  furnace,  and  has  not  got 
beyond  the  stage  described  above  where  the  mass  is 
nearly  liquid ; it  is  then  called  a “ soft  ” ball,  and  such 
black-ash  is  not  only  badly  decomposed,  but  difficult 
to  lixiviate,  aud  sure  to  give  a low  yield.  A whitish 
colour,  generally  seen  already  on  the  outside,  shows 
excess  of  carbonate  of  lime ; many  large  pieces  of 
coal,  excess  of  the  same.  A pinkish  colour  testifies 
of  slovenly  work  ; equally  so  does  a rough  structure, 
showing  streaks  of  chalk,  of  coals,  &c.,  running 
alongside  one  another.  Sometimes  a ball,  on  breaking 
up,  is  found  to  be  of  a brick-red  colour ; oftener,  at 
least  parts  of  a ball  are  of  that  colour  (spotted). 
These  balls  have  been  “burned,”  that  is,  they  have 
been  too  long  in  the  fire,  either  from  sheer  neglect 
of  the  workman,  or  because  he  wanted  to  make  up 
by  greater  heat  for  deficient  work  in  “ paddling.” 
It  is  usual  not  to  pay  the  man  for  such  “ red  ” balls, 
as  they  contain  a very  large  proportion  of  caustic 
and  sulphide  of  sodium,  and  yield  very  inferior  ash. 
If  a ball  were  made  according  to  the  description 
given  by  M.  Payen,  and  in  many  other  books — that 
is,  if  it  were  only  drawn  when  the  jets  of  flame  begin 
to  disappear,  instead  of  raking  it  when  they  begin 
to  appear — it  would  most  certainly  be  a “ red  ” one, 
and  would  be  condemned.  It  is  also  a mistake  to 
assume  that  a ball  becomes  less  soluble  the  more  it 
is  fired ; on  the  contrary,  the  balls  which  are  most 
difficult  to  lixiviate  are  those  which  have  not  been 
long  enough  fired  (the  “soft”  ones).  This  may  be 
either  sheer  neglect  of  the  workman,  or  it  may  arise 
from  bad  draughts  or  other  impediments  to  the 
furnace  becoming  properly  heated.  Of  course,  if 
a ball  were  left  in  a long  time  after  it  was  really 
finished,  it  might  again  become  less  soluble;  but  it 
would  be  so  utterly  spoiled  in  that  case,  that  the 
difficulty  of  dissolving  it  would  be  one  of  its 
minor  faults.  It  seems,  however,  certain  that  the 
longer  the  ball  is  left  in  the  fire,  the  more  does 
the  sodium  pass  into  the  state  of  compounds  abso- 
lutely insoluble  in  water,  and  totally  irrecoverable 
by  the  manufacturer. 

The  eye  of  an  experienced  foreman  or  manager  is 
by  far  the  best  judge  of  the  quality  of  black-ash, 
and  really  much  more  reliable  than  the  analysis  in 
the  laboratory,  for  the  simple  reason  that  it  can  take 
in  the  quality  of  the  ball  as  a whole,  while  the 
chemist  can  only  test  a .small  sample ; and  it  is 
extremely  difficult  to  obtain  a sample  represent- 
ing the  real  average  composition  of  the  black-ash 
even  from  a single  ball,  let  alone  from  the  hundreds 
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made  daily  in  any  larj^e  works.  It  is  usual  in  most 
works  to  test  the  balls  in  some  way  or  other,  never- 
theless— say  a s imple  from  each  man’s  work  daily. 
In  some  cases  these  samples  <are  tested  for  tlieir 
alkalimetrical  percentage,  for  sulphides,  and  sul- 
phates. This  involves  a great  deal  of  labour,  and 
gives  after  all  only  very  uncertain  indications, 
owing  to  the  difficulty  of  obtaining  a really  repre- 
sentative sample.  A much  simpler  mode  of  testing 
can,  however,  be  resorted  to.  Whilst  the  eye 
readily  detects  any  excess  in  sulphides,  it  is  more 
difficult  to  detect  whether  any  sulphate  has  been 
left  undecomposed.  It  is  therefore  useful  to  weigh 
10  grams,  of  the  sample  into  a bottle  marked  for  203 
c.c.  (of  which  3 c.c.  correspond  to  the  volume  of  the 
insoluble  residue),  and  to  shake  it  up  for  half  an 
hour  with  lukewarm  water,  which  can  be  done  with 
many  samples  at  a time.  The  solutions  are  allowed 
to  subside,  and  10  c.c.  of  the  clear  liquid  are  taken 
out  of  each,  supersaturated  witli  pure  hydrochloric 
acid,  a little  barium  chloride  added,  and  the  whole 
diluted  to  20  c.c.  If  the  liquid  then  appears  quite 


clear  the  ball  will  be  pronounced  “ good ; ” if  it  be 
slightly  opalescent,  it  is  only  “indifferent;”  and  if 
there  be  a copious  precipitate,  it  is  “bad.”  This 
rough  test  serves  as  a supplementary  aid  to  the 
ocular  inspection  of  the  balls. 

All  the  above  descriptions  refer  to  the  ordinary 
English  hand- worked  ball-furnace,  which  is  sub- 
stantially the  same  on  the  Tyne,  in  Lancashire,  in 
Scotland,  and  in  the  few  other  localities  in  England 
where  alkali  works  exist.  The  hand-worked  furnace 
has  also  lately  been  introduced  into  Germany,  where 
it  is  now  more  common  than  the  “ French  furnace.” 
The  latter  exists  in  many  French  alkali  works.  Its 
principal  difference  from  the  English  furnace  is  its 
much  larger  size.  It  appears  that  in  France  the 
size  of  ball  furnaces  has  been  more  and  more  en- 
larged. Payen  (“Precis  de  Chimie  Industrielle”) 
gives  the  following  table  showing  this  gradual  in- 
crease in  size,  at  the  same  time  the  weight  and 
number  of  batches,  the  total  work,  and  the  alkali- 
metrical  titre  (1  m.  = 3'28  feet ; 1 kil.  = 2’2  lbs. 
avoirdupois). 


Chai-ge. 

Number  of 
batches  iu 
*J4  hours. 

Weight 
worked  in 
24  hum's. 

Length  of 
the  bed. 

Width  of 
the  bed. 

Surface  of 
tlie  bed. 

For  1 metre 
Superficial. 

ToUl. 

Alkalimetnual 

titre. 

Original  furnace  of  Leblanc  and  Diz6 

Payen ’s  furnace, 

M 

2-00 

M. 

1-40 

M. 

2-80 

Kilos. 

130 

Kilos. 

3(54 

5 

Kilos. 

1820 

26  to  30 

3-00 

2-00 

5-00 

125 

725 

6 

4340* 

32  to  35 

Darcet’s  furnace, 

3-25 

2-66 

7-00 

65 

455 

12 

5244* 

33  to  36 

Clement’s  furnace, 

6-00 

2-00 

11 -00 

136 

14% 

6 

8076  ) 

35  to  40 

“ furnace,  

9-00 

3-00 

2400 

136 

3264 

6 

19584  f 

* <S'ic;  the  calculation  gives  4350  and  5460. 


In  connection  with  these  figures  it  will  be  useful 
to  remember  that  the  English  ball  charge  of  say 
3 cwts.  sulphate  of  soda,  3^  cwts.  of  limestone,  and 
1^  cwt.  of  cotils  is  equal  to  393  kilos.  That  is  little 
more  than  the  charge  in  the  smallest  French  furnace ; 
but  the  large  number  of  twenty -seven  charges 
represents  a total  weight  of  10,611  kilos.,  or  more 
than  Clement’s  first  furnace.  The  French  furnaces 
have  only  a working  bed,  no  “back-bed”  or  “shelf 
and  they  have  far  more  working  doors  than  the 
English  ones — three  or  four  in  the  side,  one  in  the 
end  (the  “ snore  holes  ” running  at  each  side  of  it), 
sometimes  even  two  at  the  opposite  side  of  the 
furnace. 

Payen  states  as  the  average  size  of  the  charges: — 
93.5  kilos,  sulphate  of  soda,  986  of  carbonate  of  lime, 
480  small  coals,  and  145  mother  salts  (residual  from 
the  refining  process).  Of  such  charges  six  are 
made  in  twenty-four  hours,  representing  a total  of 
5610  kilos,  sulphate  of  soda  (about  equal  to  5 tons 
10  cwts.,  or  not  quite  37  English  balls),  with  an 
expenditure  of  2800  kilos,  coals  = 2 tons  15  cwts. 
The  work  is  done  by  six  furnacemen  and  six 
assistants,  in  three  shifts,  relieving  each  other  every 
eight  hours.  Ihe  average  time  in  minutes  for  each 
sfiige  of  the  operation  is  as  follows : — 30  to  charge 
and  spread  the  butch  ; 30,  35,  and  20  for  the  1st, 
2nd,  and  3rd  working  through  ; 20  for  the  last 
working  and  drawing ; 105  for  the  intervals  of  rest 
between  the  workings  — jiltogether  240  minutes. 


Each  batch  gives  1525  black-ash  (this  seems  ex- 
tremely short  weight),  and  shows  38°  by  the  alkali- 
meter.  The  raw  materials  are  generally  ground 
altogether,  and  the  balls,  being  much  denser  than 
English  ones,  are  also  crushed  to  small  pieces. 

It  does  not  appear  that  the  large  French  furnace 
has  any  advantage  over  the  small  English  furnace. 
It  is  very  difficult,  indeed,  to  heat  the  large  bed  of 
the  French  furnace  quite  equally,  and  to  work  the 
mass  in  the  same  into  a completely  homogeneous 
batch ; there  seems  also  to  be  great  danger  both  of 
“ burning  ” the  ball,  at  least  partly,  and  of  causing 
a loss  of  insoluble  soda.  On  the  Continent  the 
supervision  of  the  operation  is  generally  very  strict, 
both  by  the  foremen  and  the  chemists,  and  the 
defect  of  the  process  may  be  partly  counterbalanced 
by  greater  care ; and  there  seems  to  be  besides  the 
less  reason  for  English  alkali-makers  adopting  the 
French  furnace,  inasmuch  as  it  undoubtedly  requires 
much  more  manual  labour  than  the  English  one.  The 
consumption  of  coal  (the  figure  given  by  Payen 
can  hardly  be  relied  upon  as  decisive)  can  hardly  be 
less  in  the  French  than  in  the  English  process.  It 
should  be  stated  that  the  English  form  of  ball- 
furnace  is  now  found  in  many  French  alkali  works. 

Revoldng  BaU-furnoce. — The  introduction  of  this 
apparatus  into  alkali  works  marks  an  important  epoch. 
The  furnace  was  the  invention  of  Elliott  and  Rus- 
sell, who  patented  it  in  1853.  Owing  partly  to  their 
incomplete  mechanical  arrangements,  and  partly  to 


812  SODA. — Black-ash.  Revolving  Furnace. 


tlie  almost  insuperable  dilBculties  which  their  balls 
offered  to  lixiviation,  their  invention  remained  use- 
less, till  Messrs.  Stevenson  and  Williamson,  of 
the  Jareow  Chemical  Works,  South  Shields,  made 
very  considerable  improvements  both  in  the  me- 
chanical and  in  the  working  details,  which  were 
ultimately  crowned  with  perfect  success.  This  was, 
however,  a question  of  time,  and  up  to  a few  years 
ago  it  might  be  truly  said  that,  although  the  revolv- 
ing ball-furnaces  were  undoubtedly  a success,  their 
advantages  over  the  ordinary  hand-worked  furnace 
did  not  seem  so  apparent  as  to  warrant  their  very 
much  higher  expense.  For  the  last  few  years, 
however,  the  advantages  of  the  “ revolvers  ” over 
the  hand-furnaces  have  been  preponderating,  and 
they  have  been  made  still  more  apparent  by  in- 
creasing the  size  and  strengthening  the  working 
parts;  the  expense  both  of  working  and  of  re- 
pairing the  revolvers  has  also  been  materially 
reduced.  Three  of  the  largest  works  on  the  Tyne, 
and  several  in  Lancashire,  have  entirely  abolished 
hand-furnaces  and  replaced  them  by  revolvers;  and 
many  others  both  on  the  Tyne  and  in  Lancashire 
are  doing  part  of  their  work  with  them.  It  seems 
that  in  a few  years  in  all  but  the  smallest  alkali 
works  there  will  be  no  ball-furnaces  found  except 
revolving  ones.  The  advantages  claimed  by  the 
patentees,  as  follows,  seem  to  be  borne  out  by  the 
facts,  viz.: — 

1.  The  whole  of  the  contents  of  the  furnace  are 
heated  with  such  uniformity  that  no  portion  ever 
becomes  hot  enough  to  cause  a serious  loss  of  soda 
by  volatilization. 

2.  The  atmosphere  inside  the  furnace  is  always 
deoxidising,  as  the  furnace  never  requires  to  be 
opened  during  the  mixing  and  fluxing. 

3.  As  one  revolving  ball-furnace  does  the  work  of 
several  (at  first  three,  now  four  or  five)  hand- 
furnaces,  less  skilled  labour  is  required  to  turn  out 
the  same  quantity  of  work,  and  a more  complete 
decomposition  of  the  sulphate  of  soda  is  effected 
by  the  more  perfect  mixing  of  the  materials. 

4.  There  is  less  absorption  of  soda  into  the  brick- 
work than  in  the  beds  of  the  ordinary  furnaces, 
and  less  wear  and  tear,  as  no  coals  are  used  in  the 
process. 

After  many  years’  practical  work  it  is  possible 
to  make  more  positive  statements  from  experience, 
and  to  summarize  the  advantages  of  the  revolvers 
over  the  hand-furnaces,  thus : less  labour  (skilled 
and  otherwise),  less  fuel,  stronger  ash  (because 
of  the  better  decomposition  of  the  sulphate), 
fewer  repairs.  The  one  drawback  urged  up  to  the 
latest  time  against  the  revolvers,  viz.,  smaller  yield  of 
ash,  has  now  been  overcome  so  far  that  it  can  be  said 
with  certainty  that  their  yield  of  available  sodium 
carbonate  (and  nothing  else  is  paid  for  by  the  cus- 
tomers) is  considerably  larger  than  that  of  hand- 
furnaces. 

The  early  plan  of  revolving  furnaces  has  been  com- 
pletely superseded  in  everything  except  the  leading 
fact,  that  the  working  part  of  the  furnace  consists 
of  a brick-lined  cylinder  of  iron  plates.  The  dia- 


grams given  in  Plate  IV.  represent  a furnace 
and  pans  embodying  the  latest  improvements,  as 
constructed  by  Messrs.  Garrick  and  Wardale,  of 
Gateshead-on-Tyne,  and  erected  in  several  alkali 
works.  The  revolving  furnace  proper  consists  of  a 
cylinder  of  boiler-plate,  half  an  inch  thick,  lined  with 
fire-bricks.  The  wrought-iron  shell  is  15  feet  6 inches 
long,  and  has  an  inside  diameter  of  10  feet  2 inches, 
properly  fitted  with  strips,  gussets,  and  stays.  All 
the  seams  are  broken-jointed,  butted,  lapped  at  both 
sides,  and  double-rivetted.  In  each  end  there 
is  a hole  (“eye”),  4 feet  in  diameter,  protected 
with  strong  angle  irons;  and  in  the  circular  part 
of  the  shell  there  is  a charging  hole  of  18  inches 
diameter,  with  a door.  This  shell  is  strengthened  by 
two  very  strong  cast-iron  rings,  rivetted  firmly  to 
it,  and  hooped  wuth  solid  cast-steel  tyres,  6 inches 
by  2 inches  in  section.  These  steel  tyres  are  accu- 
rately turned  and  shrunk  hot  on  to  the  cast-iron 
rings,  and  firmly  secured  by  a sufficient  number  of 
turned  tapered  bolts.  These  tyres  are  afterwards 
turned  to  work  in  Garrick  and  Wardale’s  patent 
“ V’d  ” rollers  in  the  furnaces  erected  by  them. 
The  steel  tyres  ai'e  always  in  one  piece ; but  the 
cast-iron  hoops  are  sometimes  made  in  several 
pieces,  whose  joints  run  obliquely  across  the  section 
of  the  hoop,  the  object  being  to  allow  of  some 
expansion  and  contraction  without  a breakage  of  the 
hoop.  A large  spur  wheel,  7^  inches  broad,  runs 
round  the  circumference  of  the  cylinder,  and  is 
securely  bolted  to  a carrying  ring,  and  rivetted  to 
the  shells.  The  revolver  runs  upon  four  strong 
carrying  wheels  or  rollers,  3 feet  diameter,  which 
are  provided  with  cast-steel  tyres,  or  even  made 
entirely  of  cast  steel.  These  are  accurately  bored 
to  receive  short  shafts,  which  are  keyed  into  them, 
and  work  in  carriages,  fitted  with  the  proper  means 
of  adjusting  the  cylinder  in  a perfectly  level  and 
true  position.  Those  made  by  Garrick  and  War- 
dale  are  of  cast  steel  or  of 
drilled  cast  iron,  and  called  23. 

“V’d”  rollers,  from  the  shape 
of  their  periphery,  which  re- 
sembles a very  flat  V (Fig. 

23).  The  object  of  this  de- 
pression (a  quarter  of  an  inch 
deep),  which  is  ground  per- 
fectly true  with  emery,  and 
to  which  the  steel  tyres  are 
perfectly  fitted,  is  to  keeji  the 
furnace  running  truly  without  any  side  motion. 
Previous  to  this,  the  plain  or  coned  ordinary  railway 
wheel  tire  was  used,  which  had  the  disadvantage 
that  the  furnace  • ran  from  side  to  side  until  it  was 
brought  up  by  either  flange. 

The  revolver  is  driven  by  a vertical  steam  engine, 
with  inverted  cylinder  12;^  inches  diameter  and  14 
inches  stroke,  and  so  arranged  that  the  speed  of  the 
revolver  can  be  varied  from  about  five  turns  per 
minute  to  one  turn  in  five  minutes.  The  engine 
is  fitted  with  link  motion,  so  that  it  can  be  quickly 
stopped  or  reversed  by  levers  within  easy  reach  of 
the  platform.  It  drives  directly  a spur  pinion  on  a 
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shaft  of  5^  inches  diameter,  which  gives  the  quick 
motion ; the  slow  motion  is  produced  indirectly 
hy  a lower  gearing.  It  is  steadied  by  a fly  whele 
of  siillicient  weight.  The  whole  is  fixed  on  a set  of 
bed  plates,  of  box-girder  form,  all  bolted  together 
and  bolted  down  upon  a solid  stone  or  concrete 
foundiition,  so  as  to  form  one  entire  and  complete 
bed. 

On  one  side  of  this  cylinder  is  the  fire-place ; on 
the  other  side,  the  dust  chamber  and  the  pans.  The 
fire-place  is  sometimes  not  provided  with  grate  bars, 
and  serves  only  to  produce  a flame  from  generator 
gas ; but  in  the  great  majority  of  cases  direct  firing  is 
preferred.  In  that  case  the  fire-place  is  about  6 feet 
to  6 feet  6 inches  long  (in  the  same  direction  as  the 
axis  of  the  cylinder)  and  about  4 feet  6 inches  wide — 
both  inside  measurements.  The  bars  run  across,  from 
the  front  to  the  back,  and  two  stoke  holes  in  the 
front  serve  for  charging  the  coals.  There  is  no  fire- 
bridge in  the  usual  sense,  but  only  a hole  exactly 
corresponding  to  the  “ eye  ” in  the  cylinder.  There 
is  a space  of  about  12  inches  between  them,  which 
is  partly  filled  by  an  iron  ring  lined  with  fire-brick, 
and  suspended  from  above ; but  the  air  has  free 
access  round  this  ring,  so  that  a constant  indraft 
into  the  furnace  takes  place  through  the  eye,  and 
assists  the  complete  combustion  of  the  gas  within 
the  revolver.  The  eye  on  the  other  side  of  the 
cylinder  is  so  arranged  that  the  man  in  charge  can 
look  into  its  interior,  and  observe  the  state  of  the 
charge  constantly.  From  that  side  the  flame  passes 
first  into  a capacious  smoke  chamber  for  the  reten- 
tion of  flue-dust,  and  is  then  divided  in  two  parts, 
in  order  to  heat  two  boiling-down  pans  running 
parallel  to  each  other.  These  are  about  28  feet  long 
and  8 feet  broad  each,  with  four  or  five  drawing 
doors  and  drainers  running  along  their  fronts,  like 
those  described  above  in  connection  with  the  ordi- 
nary ball  furnace.  Frequently  the  pans,  as  well  as 
the  drainers,  have  a partition  running  across  them, 
and  dividing  them  into  a larger  and  a smaller  section. 
The  red  liquor  is  then  pumped  back  exclusively  into 
the  smaller  section,  and  the  salt  drawn  out  of  it 
gives  weak  and  coloured  ash,  whilst  that  from  the 
larger  section,  which  is  kept  quite  free  from  red 
liquors,  is  of  very  great  strength  (55  to  5G  per  cent.) 
and  purity.  As  the  quantity  of  red  liquor  is,  of 
course,  very  large,  it  is  usual  to  provide  a special 
steam  pump  for  the  same.  Sometimes  the  settling 
piins  are  fixed  on  the  arches  of  the  boiling-down 
pans  proper,  in  order  to  receive  some  preliminary 
warming.  The  flue  to  the  chimney  is,  as  usual,  pro- 
vided with  a damper,  and  it  being  necessary  to  have 
very  strong  draught  at  command,  as  a rule  no  other 
flues  are  allowed  to  go  into  the  same  chimney. 

The  lining  of  the  revolver  proper  is  barrel-shaped 
— viz.,  9 inches  thick  at  the  ends  and  4^  inches  in 
the  centre.  Two  horizontal  rows  of  fire-clay  lumps 
(“  breakers  ”)  project  over  it,  to  the  extent  of  9 
inches  near  the  ends  and  14  inches  at  the  centre. 
These  serve  for  mixing  the  charge  thoroughly,  and 
turning  it  over  iluring  the  revolution.  They  act 
like  cascades  when  the  stuff  has  been  liquefied. 

It  may  be  of  interest  for  some  readers  to  see 
what  the  cost  of  such  an  apparatus  is ; an  estimate 
from  the  above-mentioned  firm  runs  as  follows : — 

Eevolving  furnace,  engine,  and  gearing,")  £jj20 

erected  complete, } 

Cement  concrete  foundations  for  same, 60 

Boiling-down  pans, 140 

Drainers, 75 

Drainer,  pump,  and  pipes, 65 

Plates,  binders,  and  bolts, 160 

Mason  work,  including  cement  concrete ) 220 

flooring, J 

Twelve  ball  bogies, 54 

Three  chalk  waggons, 43 

£1937 

To  this  must  be  added  the  cost  of  the  overhead 
railway,  of  the  elevator  for  the  materials,  and  of 
sulphate  crushers,  where  the  latter  are  used. 

Much  larger  revolvers,  built  in  a barrel  shape,  are 
now  being  erected  at  Glasgow. 

Each  revolver  must  necessarily  have  its  own 
driving  steam-engine,  as  it  is  imperative  to  have 
it  entirely  under  control,  so  as  to  drive  it  slow  or 
fast,  stop  it  and  reverse  it  at  a moment’s  notice, 
without  being  hampered  by  any  other  work  attached 
to  the  engine.  One  single  engine,  however,  suffices 
for  the  purpose  of  crushing  the  sulphate  for  several 
revolvers  (which  is  in  some  works  avoided  by 
merely  screening  it),  and  for  elevating  the  materials 
to  the  railway  running  over  the  revolvers.  Gene- 
rally, the  sulphate,  chalk,  and  coals  are  each  filled 
into  conical  waggons  holding  a full  charge,  about 
5 feet  X 4 feet  X 4 feet  6 inches;  these  are  constructed 
so  as  to  empty  their  contents  at  once  through  a 
hopper  into  the  charging  hole  of  the  revolver  by 
drawing  a bolt  which  holds  up  their  bottoms.  The 
charges  are  not  the  same  in  every  works,  as  the  size  of 
the  furnace  and  the  nature  of  the  material  varies. 

For  the  size  of  furnace  described,  and  when  using 
chalk,  the  charge  is  as  follows : — 30  cwts.  of  sul- 
phate, 33  to  35  cwts.  of  clialk,  and  17  to  19  cwts.  of 
coals,  according  to  quality.  The  sulphate  must 
either  be  crushed,  or,  which  is  the  cheaper  course, 
it  is  thrown  through  a screen  with  half-inch  meshes, 
and  only  the  lumps  are  broken.  The  chalk  is  used 
without  crushing  or  drying,  this  being  unnecessary,  as, 
when  the  damp  chalk  is  tipped  into  the  bright  red- 
hot  revolver,  the  moisture  is  almost  instantaneously 
converted  into  steam,  and  causes  the  lumps  of  chalk 
to  fly  into  fine  powder  with  the  force  of  a small 
explosion.  The  coal  is  divided:  two -thirds  are 
charged  with  the  chalk  and  one-third  subsequently 
with  the  sulphate.  The  mixture  of  a Lancashire 
work  is  stated:  30  sulphate,  27  limestone,  17  coal. 

First  of  all,  the  chalk  is  tipped  into  the  revolver 
(whose  charging  hole  has,  of  course,  been  brought 
straight  under  the  hopper),  and  two-thirds  of 
the  coal,  as  before  mentioned.  The  engine  is  then 
started,  and  the  slow  motion  is  used,  say  one  turn  in 
five  minutes.  After  an  hour  and  ten  or  fifteen 
minutes  the  stage  of  “liming”  is  reached;  that  is,  a 
certain  portion  of  the  chalk  has  now  been  causticized. 
The  exact  appreciation  of  this  moment  is  the  princi- 
pal object  of  the  revolver- man,  who  sits  opposite 
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to  the  chimney-end  of  the  revolver,  and  observes 
through  the  “eye.”  A bluish  flame  round  the  same 
is  one  of  the  marks  of  that  stage  being  reached. 
The  object  of  “liming”  (which  formed  one  of 
the  principal  impiovem(.nts  introduced  by  Messrs. 
Stevenson  and  Williamson)  is  this : to  cause  the 
revolver-balls,  which  are  extremely  dense  and  diffi- 
cult to  lixiviate,  to  burst  in  the  tank  by  the  slaking 
of  the  caustic  lime,  and  thus  to  open  them  sufficiently 
for  a thorough  lixiviation. 

James  Mactear,  of  St.  Rollox,  Glasgow,  has  in- 
troduced an  improvement  which  is  to  do  away  with 
the  tedious  operation  of  liming.  It  consists  in 
dropping  in  the  total  mixture  of  sulphate  of  soda, 
limestone,  and  coal  at  one  time,  the  quantities 
of  the  latter  being  smaller  than  usual  in  ordinary 
revolvers;  then,  after  the  decomposition  is  com- 
plete, adding  a small  quantity  of  caustie  lime  (say 
5 per  cent,  of  the  sulphate),  and  quickly  mixing  it  up 
with  the  charge  by  rapid  revolutions  of  the  cylinder; 
the  charge  is  then  at  once  drawn.  The  advantages 
of  Mactear’s  process  consist  in  a saving  of  lime 
(in  both  forms),  in  a large  increase  of  production 
from  a given  size  of  plant,  and  less  caustic  soda  in 
the  liquors,  whilst  the  balls  dissolve  precisely  as  well 
as  any  other  balls,  and  have  quite  as  little  soda  in 
the  waste  (as  low  as  T3  per  cent.  Na20).  As  the 
total  amount  of  “ waste  ” is  smaller  than  in  ordinary 
works,  the  absolute  loss  of  soda  in  it  is  also  cor- 
respondingly less.  This  process,  which  seems  to  be 
a very  great  improvement,  has  been  recently  carried 
out  quite  successfully. 

In  most  works  the  usual  way  is  still  to  “ lime  ” the 
balls  as  above  described.  When  the  “ liming  ” has 
taken  place  the  revolver  is  stopped,  the  sulphate  and 
the  remaining  third  of  the  coal  are  tipped  in,  and  the 
engine  is  started  again  with  the  slow  motion.  It 
will  be  observed  that  the  proportion  of  mixing  coals 
is  larger  than  in  the  hand-furnaces ; this  excess  of 
niixiug  coal  serves  partly  for  a more  complete 
decomposition  of  the  sulphate,  and  partly  to  make 
the  balls  more  porous.  During  the  charging  of  the 
sulphate  the  damper  is  let  down  to  avoid  any  stuff 
being  carried  away  by  the  draught ; but  it  is  raised 
again  after  ten  minutes.  About  twenty  minutes 
afterwards  the  appearance  of  a bright  yellow  flame 
round  the  working  hole  shows  that  the  sulphate  is 
now  melted,  and  the  slow  motion  is  now  changed 
for  the  quick  one,  say  two  revolutions  per  minute. 
The  revolution  is  then  continued  till  the  workman 
judges  from  the  appearance  of  the  charge  that  it  is 
time  to  finish.  The  consistency  and  colour  of  the 
charges,  and  the  bright  yellow  flames  (“pipes”) 
darting  especially  from  those  parts  adhering  to  the 
“ breakers,”  offer  the  necessary  data  for  his  judg- 
ment. This  last  stage  takes  about  half  an  hour. 
The  engine  is  now  allowed  to  run  at  full  speed  for 
two  or  three  revolutions,  so  as  to  gather  up  the 
ball ; the  charging  door  is  hooked  on  to  a pulley 
and  chain  and  taken  off,  and  on  turning  round 
slowly  the  liquid  ball  runs  into  the  bogies,  of  which 
a sufficient  number  (ten  or  twelve),  connected  by  a 
bar  of  iron,  have  been  ranged  underneath  on  a 

tramway,  and  which  are  slowly  drawn  away,  by 
means  of  a winch,  as  they  fill.  The  bogies  are  4 
feet  by  3 feet  wide  at  the  top,  somewhat  narrower  at 
the  bottom,  and  10  inches  deep,  and  their  projecting 
tops  nearly  touch  one  another  as  they  stand  in  the 
row.  Nine  of  them  are  generally  filled  at  once,  and 
by  quickly  turning  the  revolver  round  enough  is 
gathered  to  fill  another  two  or  three  bogies. 

Including  the  necessary  pauses  for  stoppages,  the 
average  time  for  finishing  a revolver  charge  is  not 
quite  two  and  a half  hours  (in  Mactear’s  process 
much  less).  Generally  ten  charges  are  finished  in 
twenty-four  hours,  equal  to  15  tons  sulphate  of  soda, 
or  90  tons  per  week  of  six  days.  Some  state  that 
they  work  as  much  as  115  tons  ]>er  week;  but  the 
above  statement  is  authentic.  Two  men  by  day, 
and  as  many  by  night,  do  all  the  work  about  the 
furnace,  one  of  whom  is  only  a common  labourer. 
The  saving  in  wages  against  ordinary  furnaces  thus 
amounts  to  Is.  to  Is.  3rf.  per  ton  sulphate.  There 
is  undoubtedly  an  advantage  in  requiring  only  one- 
fourth  of  the  skilled  labour  usual  with  hand-furnaces, 
and  in  dispensing  altogether  with  the  gross  manual 
labour  of  working  the  balls  by  hand  tools. 

The  fire-brick  lining  of  the  revolver  lasts  about 
four  months,  and  takes  a week  for  its  renewal. 

The  consumption  of  fuel  is  always  stated  to  be 
less  in  revolvers  than  in  hand  furnaces  for  the  same 
quantity  of  sulphate  balled  ; the  saving  is  differently 
stated  from  a quarter  to  a third  of  the  total. 

The  appearance  of  revolver  balls  is  very  different 
from  that  of  hand-made  balls.  They  show,  directly 
after  drawing,  the  “candles”  or  “pipes”  equally 
well ; but  instead  of  a swelling  porous  mass,  they 
are  dense,  and  become  very  hard  on  cooling.  If  it 
were  not  for  the  “ liming  ” they  would  not  be 
dissolved  at  all,  and  even  as  it  is,  they  require  much 
more  energetic  treatment  (especially  steaming)  than 
hand-balls.  Until  recently  it  was  assumed  that  the 
yield  of  ash  from  a given  quantity  of  sulphate  was 
less  in  revolvers  than  in  hand  furnaces ; but  manu- 
facturers have  learned  the  manipulations  better,  and 
nowadays  the  yield  from  revolvers,  even  if  it  be 
slightly  less  in  the  gross,  exceeds  that  from  hand 
furnaces  decisively  when  the  available  alkali  in  the 
soda  ash  is  considered. 

For  the  reasons  stated — saving  in  labour,  saving 
in  coals,  and  superior  strength  of  the  soda  ash- — the 
preference  is  now  given  to  revolving  ball  furnaces 
in  all  alkali  works  large  enough  to  use  the  same,  in 
spite  of  the  considerable  first  cost  of  the  revolvers 
in  comparison  to  the  hand  furnaces. 

Theory  of  the  Reactions  in  the  Ball  Furnace. — 
The  action  which  takes  place  when  a mixture  of 
sodium  sulphate,  calcium  carbonate,  and  coal  is 
exposed  to  heat,  as  well  as  the  reactions  ensuing 
when  the  resulting  “ black-ash  ” is  trejited  with 
water,  are  evidently  of  a complicated  character,  and 
have  been  very  differently  interpreted  by  different 
chemists.  Dumas  supposed  that,  in  the  first  place, 
the  sodium  sulphate  and  calcium  carbonate  react 
upon  each  other,  producing  sodium  carbonate  and 
calcium  sulphate : — 
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NajSO^  + CaCOs  = Na3C03  + CaS04 ; 


2Na.3S04  + SCaCOj  + 9C  = 2NajC03  + CaO,2CaS  + lOCO. 

The  proportions  of  material  corresponding  to  this 
equation  are,  theoretically — 


Sodium  sulphate, 100 

Calcium  carbonate, 105‘6 

Carbon, 38 


Considering,  in  the  first  place,  the  impurity  of  the 
commercial  articles  used  in  actual  work,  and 
secondly,  the  fact  that  a portion  of  the  coal  is  sure 
to  be  burnt  before  having  done  its  work,  these 
proportions  very  fairly  agree  with  the  mixtures 
actually  in  use  in  alkali  works. 

This  theory  seems  simple  enough,  and  it  was 
adopted  by  Brown  and  by  Unger  in  its  essential 
features,  although  they  differed  in  some  particulars 
from  Dumas’  opinions.  But  the  whole  theory  was 
combated  by  Kviiaston  (on  the  strength  of  researches 
made  in  Dr.  Muspratt’s  laboratory),  by  Gossage, 
and  by  Scheurer  - Kestner,  on  the  following 
grounds: — Bure  calcium  protosulphide,  made  by 
igniting  gypsum  with  charcoal  protected  against 
access  of  air,  is  in  itself  insoluble  in  water,  and  is 
also  very  little  acted  upon  by  a solution  of  sodium 
carbonate.  Furthermore,  it  is  a well-known  fact 
that  the  solution  of  black-ash  always  contains  a 
certain  quantity  of  caustic  soda.  It  is  certain  that 
no  caustic  soda  exists  pre-formed  in  the  black-ash, 
for  the  latter  would  yield  it  on  treatment  wdth 
alcohol,  which,  however,  dissolves  little  or  no  caustic 
soda  from  it.  It  is  therefore  generally  admitted  that 
the  caustic  soda  is  only  formed  during  the  lixiviation, 
by  the  action  of  the  sodium  carbonate  upon  the 
insoluble  part  of  the  black-ash  (“tank  waste”). 

If  this  were  essentially  CaO,2CaS,  it  must  be 
expected  that  the  action  of  sodium  carbonate  would 
produce  sodium  sulphide  in  the  following  propor- 
tions of  two  equivalents  to  one  of  sodium  hydrate — 

3Na.4C03  + CaO,2CaS  + II3O  = 2NaOII  + 2Na.jS  + 3CaC03. 

It  is,  how’ever,  not  the  case  that  anything  like  this 
proportion  of  Na.^S  is  formed  in  the  tank  liquor,  and 
the  above  named  chemists  therefore  assume  that 
Dumas’  calcium  oxysulphide  does  not  exist,  but  that 


it  must  be  considered  as  a mixture  of  calcium  sulphide 
and  oxide,  the  latter  causing  the  formation  of  a 
certain  quantity  of  sodium  hydrate  (caustic  soda)  by 
its  action  on  the  sodium  carbonate.  Gossage  has, 
furthermore,  adduced  this  very  forcible  argument 
against  Dumas’  views : — That  these  views  require,  of 
necessity,  the  presence  of  three  equivalents  of  calcium 
carbonate  for  two  of  sodium  sulphate  in  the  ball- 
mixture,  but  that  he,  as  well  as  two  other  practical 
alkali-makers,  have  worked,  both  on  the  small  and 
on  the  large  scale,  with  equal  equivalents  of  each, 
and  have  obtained  real  black-ash.  He  does  not  deny 
that  the  extra  chalk  is  useful,  or  even  necessary  for 
proper  work,  but  only  because  it  affords  a larger 
amount  of  surface  for  reaction  ; and  thus  expedites 
the  fluxing  reaction,  and  thereby  prevents  the 
formation  of  calcium  polysulphide.  The  opinion  of 
Gossage  has  been  entirely  borne  out  by  the  suc- 
cess of  Mactear’s  mode  of  working  revolving  ball- 
furnaces,  since  in  this  only  the  real  equivalents  of 
calcium  carbonate  is  used. 

The  calcium  oxysulphide  found  a new  advocate  in 
E.  Kopp,  who  based  his  views  on  many  analyses  of 
soda  waste,  in  which  the  proportion  between  CaO 
and  CaS  had  always  been  nearly  that  required  by 
Dumas’  formula.  The  constancy  of  this  proportion 
was  contradicted  by  Scheurer-Kestner,  but  Kopp 
urged  again  that  the  soda  waste  does  not  form  with 
a solution  of  sodium  carbonate  either  as  much  sodium 
hydrate  or  sulphate  as  if  CaO  and  CaS  occurred  free 
in  it ; that  the  soda  waste  does  not,  like  free  lime, 
precipitate  MUO2H2  from  a solution  of  MnCl2 ; and 
that  an  artificial  mixture  of  2CaS  and  iCaO  forms  a 
mass  which  does  not  react  either  on  sodium  car- 
bonate or  on  manganese  chloride,  thus  behaving  like 
real  soda  waste. 

The  question  was  further  inquired  into  (1864-66) 
by  Scheurer-Kestner,  J.  Kolb,  Pelouze,  Th. 
Petersen,  and  Dubrunfaut,  all  of  whom  declared 
against  Dumas’  theory.  Their  researches  established 
the  following  facts  beyond  any  doubt; — 1.  Calcium 
protosulphide  is  very  slightly  soluble  in  water  (1000 
parts  of  water  dissolve  at  the  ordinary  temperature 
only  0'08  CaS,  according  to  Scheurer-Kestner; 
0-23  according  to  Kolb  ; 1 to  1‘5  according  to 
Pelouze),  <and  it  is  extremely  slowly  decomposed 
by  a solution  of  sodium  carbonate.  2.  There  is 
certainly  neither  Na20  nor  NallO  in  black-ash,  for 
alcohol  extracts  nothing,  even  after  the  mass  has 
been  moistened  with  water.  3.  When  black-ash 
is  gradually  lixiviated,  the  percentage  of  the  solution 
in  sodium  sulphate  does  not  increase  pai'i  passu  with 
that  of  sodium  hydrate ; but  at  a very  much  slower 
rate.  4.  If  equal  quantities  of  black-ash  are  treated, 
a with  milk-warm  water,  b with  boiling  water,  there 
are  in  both  solutions  equal  quantities  of  sodium 
hydrate,  but  in  the  latter  also  a large  quantity  of 
sodium  sulphide  and  less  sodiunt  carbonate  (Pel- 
ouze). 5.  If  soda  waste  after  lixiviation  is  treated 
with  a strong  acid,  the  ex[)elled  quantity  of  II2S  and 
CO,  is  sufficient  to  saturate  the  calcium  completely  ; 
but  this  would  be  impossible  if  there  existed  in  it  a 
large  quantity  of  CaO,2CaS,  and  if  the  caustic  soda 


that  the  Ccalcium  sulphate  is  reduced  by  the  coal  to 
calcium  sulphide,  with  the  evolution  of  carbonic 
oxide ; and  that  the  calcium  sulphide  joins  with 
calcium  oxide  to  form  a compound  insoluble  in 
water,  of  the  formula  CaO,2CaS.  This  theory,  at 
least  the  latter  part  of  it,  is  based  on  the  assumption 
that  CaS  is  soluble  in  water,  and  that,  if  it  existed 
as  such  in  black  ash,  it  would,  during  the  lixiviation, 
decompose  the  sodium  carbonate,  thus — 

CaS  + NajCOa  = Na^S  + CaCOy 

This  assumption  seems,  however,  never  to  have 
been  verified  experimentally  by  Dumas  or  any  one 
else.  Dumas  expresses  the  final  results  of  the  fusion 
in  the  ball  furnace  thus  (converted  into  the  new 
notation) — 
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could  only  be  formed  by  a small  excess  of  caustic 
lime  existing  alongside  of  it. 

Kolb  tested  the  question  in  a different  manner, 
viz. — on  a large  scale.  He  composed  two  mixtures, 
one  corresponding  to  Dumas’  equation,  but  with 
the  excess  of  coal  necessary  in  practical  furnace 
work,  thus: — 

I.  2NajS04  + SCaCOa  + 120  = 2Na2C03  + CaO,2CaS 

+ lOCO  + 30. 

The  other  corresponding  to  a formula  proposed  by 
Dubrunfaut,  and  supposing  only  CaS,  viz. : — 

II.  3Na.,S04  + 3CaC03  + 120  = 3Na2C03  + 3 CaS 

+ 1200. 

If,  however,  the  reaction  does  not  consist  in  the 
formation  of  CaS  but  of  CaO,2CaS,  according  to 
Dumas,  Kolb’s  second  mixture  could  only  give  the 
following  results,  as  Landolt  has  shown  : — 

II. a.  3'Sa..2^0^  + SOaOOa  + 120  = 2Na3003  + Na^S 

+ Ca020aS  + 1200  + OOj. 

That  is  to  say,  only  two-thirds  of  the  sodium  sul- 
phate employed  are  converted  into  carbonate,  and 
one-third  into  sulphide.  The  two  mixtures  were 
furnaced  in  a ball-furnace  under  exactly  equal  con- 
ditions, and  lixiviated  in  the  same  manner.  The 
analysis  of  the  liquors  showed  that  the  following 
products  had  been  formed  from  100  parts  of  sodium 
sulphate : — 


Mixture. 

I, 

2Na2S04  + 3CaC03. 

II. 

3NaaSo4  -f  3CaCo3. 

52-60 1 

= 67-0 

59-511 

= 65-3 

NagO, 

8-45 ; 

Na2C-03- 

3-39j 

NagCOg. 

KagS, 

NagS04, 

0-15 

0-93 

2-16 

6-71 

This  shows  that  the  quantity  of  sodium  carbonate 
formed  was  equal  in  both  cases;  there  was  in  the 
second  case  only  2'16  NagS  formed  against  18'3 
required  by  equation  Il.a.,  and  the  decomposition 
must,  therefore,  have  taken  place  according  to  equa- 
tion II.  The  mixture  L yields  a surplus  of  free 
lime,  which  explains  the  larger  percentage  of  NsgO 
in  the  liquors. 

Kolb’s  experiments,  w’hich,  it  will  be  observed, 
agree  with  Gossage’s  statements,  have  never  been 
refuted,  and  since  that  time  (1866)  it  has  been 
generally  assumed  that  black-ash  does  not  contain  a 
calcium  oxysulphide  ; but  that  it  must  be  considered 
as  essentially  a mixture  of  sodium  carbonate,  calcium 
sulphide,  and  free  lime. 

Dumas’  view  of  the  process  which  takes  place  in 
the  furnace  itself  has  also  been  opposed.  Dumas’ 
very  simple  equations  quoted  above  were  soon  re- 
cognized as  untenable,  the  process  being  decidedly 
more  complicated ; but  Unger,  Brown,  Gossage, 
and  Dubrunfaut,  who  each  suggested  a different 
formula,  agreed  with  Dumas  in  assuming  that  the 
coal  is  converted  entirely  into  CO.  Scheurer-Kest- 
NF.R  found  (1864)  that  NagS  and  CaCOg  ignited 
together  entirely  decompose  each  other ; he  also 
found  (like  Unger)  that  on  heating  sodium  sulphate 


and  coal  in  a retort  no  CO,  but  merely  COg,  is 
evolved,  whichever  of  the  two  ingredients  may  be 
in  excess.  On  the  other  hand,  when  chalk  and  coal 
were  ignited  together  CO  was  largely  formed  (88 
per  cent.  CO  against  12  per  cent.  COj) ; but  the 
decomposition  requires  a much  higher  temperature 
than  the  reduction  of  sodium  sulphate.  On  this 
Scheurer-Kestner  bases  the  following  statement 
of  the  process  in  the  ball- furnace,  in  which  the  three 
equations  a b c are  supposed  to  occur  consecutively, 
and  d to  express  the  sum  total  of  all : — 

o..  5Na3S04  + IOC  = a Na.2S  + IOCO2. 

b.  + 5CaC03  = .'iNa.^CO,,  + f;CaS. 

c.  2CaC03  -F  2C  = 2CaU  + 4CO. 

d.  5Xa.2b04  -F  TCaCOj  -F  12C  = 5Na.3C03  + 5CaS 
■F  2CaO  -F  IOCO2  -F  4C0. 

This  theory  assumes  that  all  the  COg  required  for 
the  formation  of  sodium  carbonate  is  furnished  by 
the  chalk. 

Kolb  based  his  view,  different  from  the  above, 
on  the  following  experiments  (1866)  : — Two  retorts, 
one  containing  a mixture  of  sodium  sulphate  and 
coal,  the  other  chalk  and  coal,  were  exposed  in  the 
same  furnace  to  a gradually  increasing  temperature. 
At  a low  red  heat  there  was  given  off,  almost  exactly 
at  the  same  time,  COg  from  the  first  and  CO  from 
the  second  retort.  Pure  chalk,  contained  in  a third 
retort,  gave  off  COg  when  bright  red  heat  had  been 
reached.  When  a mixture  of  + CaCOg  + 

3C  was  heated,  a mixture  of  COg  and  CO  was 
evolved,  showing  that  the  coal  acted  contemporane- 
ously on  both  bodies.  If  therefore  the  chalk  loses  its 
COg  at  the  same  time  whilst  the  sulphate  is  being  re- 
duced to  sulphide,  the  reaction,  NagS  + CaCOg  = 
NagCOg  + CaS,  becomes  impossible,  and  it  must  be 
indifferent  whether  calcium  carbonate,  quick  lime, 
or  hydrated  lime  is  used  for  the  soda  mixture. 
Kolb  tested  this  on  a large  scale,  and  found  it 
entirely  borne  out  by  the  facts.  He  concluded  that 
the  COg  of  the  Na,COg  must  be  furnished  either  by 
the  reduction  of  NugSO^  with  C,  or  by  the  gases  of 
the  fire.  He  tried  to  decide  between  these  two,  by 
igniting  a normal  soda  mixture  in  covered  crucibles, 
and  he  found  that  this  did  not  yield  a good  black 
ash ; he  therefore  concluded  that  the  COg  of  the 
fire  gas  is  absolutely  necessary  for  the  formation  of 
good  black  ash,  and  thus  explained  the  importance 
of  thorough  “ paddling  ” and  “ raking  ” in  the 
furnace.  His  theory  is  embodied  in  the  following 
equations : — ■ 

a.  Na2S04  -F  2C  = Na^S  -F  2CO2. 

b.  CaCOg  -F  0 = CaO  -F  2CO. 

e.  NajS  -F  CaO  + COg  = NagCOg  -F  CaS. 

In  c the  COg  is  supposed  to  be  furnished  by  the 
fire  gas. 

This  theory  was  opposed  by  Sciieurer-Kestner 
(1867),  who,  like  Kynaston  and  even  Leblanc 
himself,  found  that  altogether  normal  black  ash  can 
be  obtained  by  heating  the  mixture  in  closed  cruci- 
bles. He  also  found  that  this  reaction  took  place 
before  a mixture  of  chalk  and  coal  or  pure  chalk 
were  decomposed  under  exactly  similar  conditions. 
The  COg  must  therefore  be  furnished  by  the  chalk. 
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or,  when  caustic  lime  is  use<l,  by  the  reduction  of 
with  C.  Scheorer-Kestner’s  explanation 
of  the  reaction  in  the  ball-fumace,  which  is  the 
latest,  but  will  hardly  be  the  last,  is  as  follows : — 
Tlie  materials  in  the  ball-furnace  are  always  form- 
ing a mass  of  a certain  depth  on  the  bed.  The 
reduction  begins  in  the  upper  layers  which  are 
mostly  heated ; NajS  and  some  CaO  are  formed. 
By  turning  over  the  mass,  the  mass  is  again  car- 
bonated by  the  COg  arising  from  the  reaction  of 
NagSO^  in  the  lower  layers.  As  the  NagS  fuses,  it 
penetrates  the  calcium  carbonate,  and  sodium  car- 
bonate and  calcium  sulphide  are  formed.  When 
the  reduction  of  the  sulphate  has  been  finished,  and 
the  evolution  of  COg  ceases,  the  temperature  of  the 
mass  rises,  and  then  only  the  chalk  present  in  excess 
is  reduced  by  the  coal,  and  CO  is  formed.  The 
arising  of  flames  of  that  gas  is  a sign  of  the  end  of 
the  reaction. 

Composition  of  Black  Ash. — The  following  table 
of  analyses  made  by  different  chemists  gives  a good 
idea  of  how  little  use  a complete  analysis  of  black 
ash  is  for  practical  manufacturing  purposes.  This 
product  is  not  only  of  a most  complex  character, 
but  its  analysis  is  exceedingly  difficult;  and  the 
result,  even  of  the  same  black  ash  and  in  the  hands 
of  the  same  chemist,  will  vary  very  much  indeed,  ac- 


cording to  whether  he  has  used  quite  fresh  black  ash, 
or  the  same  exposed  to  air ; whether  he  has  washed 
it  with  cold,  lukewarm,  or  boiling  water ; whether 
the  solution  has  been  allowed  to  stand  for  some 
time  over  the  residue  or  not,  &c.  Some  of  the 
analyses  seem  particularly  suspicious  — such  as 
Unger’s  No.  2 and  Richardson’s — on  account  of 
the  large  quantity  of  sodium  hydrate,  whose  presence 
is  denied  by  the  best  observers;  Danson  quotes 
similarly  sodium  oxide ; and  not  one  of  the  analyses 
of  black  ash  found  in  text  books  gives  any  statement 
of  that  portion  of  the  soda  which  is  known  to  exist 
in  every  black  ash  in  a form  insoluble  in  water, 
whether  it  be  as  sodic-ferric  sulphide,  or  as  sodic- 
calcic-aluminic  silicates,  or  in  any  other.  This 
makes  the  close  approximation  of  most  analyses  to 
lOO'OO  quite  futile,  and  proves  it  to  be  merely 
apparent.  Stohmann,  for  instance,  whose  analyses 
add  up  to  100'93,  100-00,  and  100-26  respectively, 
and  who  does  not  in  them  mention  soda  in  any  other 
form  but  that  of  sulphate,  chloride,  carbonate,  and 
(once)  of  hydrate — all  of  which  certainly  are  soluble 
in  water — yet  states  further  on  that  of  100  parts 
sodium  sulphate,  3-2  to  5-42  are  only  recovered  in 
that  portion  of  the  black  ash  insoluble  in  water; 
but  in  what  shape  his  analyses  do  not  show,  and 
they  cannot  therefore  be  considered  as  reliable. 


ANALYSES  OP  BLACK  ASH. 


By  Unger,  from 
BiugkuhL 

By  Brown, 
from 

Newcastle. 

By  Richard- 
son, from 
Newcastle. 

By  Murphy 
(Lanca- 
shire). 

By  Kynas- 
ton  (Liver- 
pool). 

By  Danson, 
Muspratt's 
Works. 

By  Stohmann,  from  Jarrow. 

Ordinary  Fui*nace8. 

Revolver. 

1. 

2. 

L 

2. 

— 

1-99 

1-160 

3-64 

-748 

-395 

-8 

1-54 

1-54 

1-06 





1-130 



— 



-4 







•4 

2-54 

1-913 

-60 

1-308 

2-528 

3-1 

1-42 

1-75 

1-48 

37-8 

23-57 

35-640 

9-89 

41-489 

36-879 

28-9 

44-41 

38-45 

43-27 





— 

— 

1-162 

1-182 

— 



— 



— 

11-12 

— 

25-64 

— 

— 

— 



3-17 



1-6 



-609 



— 

— 

8-2 







— 

— 

2-350 

— 

-392 

-689 

— 

— 

— 

— 

— 

1-2-90 

— 

15-67 

-857 

3-315 

14-2 

3-20 

— 

7-52 

40-0 

34-76 

29-172 

35-57 

— 

— 

— 

38-98 

36-91 

25-48 





— 





2-178 



















1-152 









— 

— 

— 

— 

33-193 

28-681 

25-8 

— 

— 

9-38 





— 





-435 









8-5 

— 

6-301 

— 

9-320 

9-270 

/ 0-33 

-61 

— 

•8 

— 

— 

— 

— 

•254 

\ 0-10 

-51 

-19 





3-744 



— 













4-74 



-88 













1-2 

— 

— 

— 

1-020 

1-132 

) 

( 0-79 



-72 

— 

2-10 

-700 

2-17 

— 

-219 

V 6-2 

“S  — 

6-71 

— 

— 

— 

— 

— 

3 020 

2-6.58 

r 

( 1-75 

2-40 

1-48 

1-2 

2-45 

4-917 

1-22 

— 

-371 

— 

— 

— 

5-0 

— 

— 

— 

— 

— 

2-0 

0-89 

1-36 

1-74 

— 

2-02 

4-285 

-44 

2-2.59 

-901 



2-20 

1-16 

2-66 

2-6 

1-59 

7-998 

4-28 

4-724 

7-007 

— 

5-32 

5-43 

5-28 

— 

— 

-295 

— 

— 

-959 

— 

— 

— 

— 

99-1 

99-78 

100-214 

100-00 

99-492 

100-205 

89-8 

100-93 

100-00 

100-26 

Calc 


Sodium  sulphate, 

sulphide, 

chloride, 

carbouate, .... 

silicate, 

hydrate, 

oxide, 

aluminate,  . . . 
cium  carbonate, . . . 

’ oxysulphide,  CaO,3CaS 

sulphite, 

hyposulphite, 

sulphide 

bisulphide, 

Lime, 

Magnesia, 

Magnesium  sulphate, 

“ silicate, 

Alumina, 

Water, 

Iron  peroxide,  

“ sulphide, 

Silica, 

Sand, 

Carbon, 

Ultramarine, 


Black  ash  may  be  considered  as  essentially  a 
mixture  of  sodium  carbonate,  calcium  sulphide, 
oxide,  and  carbonate ; all  other  matters  being  un- 
essential, although  to  some  extent  unavoidable  ad- 
mixtures, carried  into  the  mixture  partly  by  the 
impurities  of  the  raw  materials,  partly  by  the  wear 
and  tear  of  the  furnaces  and  tools.  Apart  from 
those  matters  mentioned  in  the  above  analyses, 
black-ash  generally  conbiins  very  small  proportions 
VOL.  II. 


of  ammoniacal  and  of  cyanogen  compounds  (al- 
though most  probably  not  as  ferrocyanides),  and 
sometimes  rarer  elements,  of  which  Unger  has 
found  the  following  — titanium,  copper,  molyb- 
denum, phosphorus,  tantalium,  fluorine,  barium, 
nickel,  cobalt,  manganese,  lead.  Rammelsberg  has 
found  vanadium. 

The  following  analyses  by  G.  E.  Davies  are  all 
free  from  the  above-mentioned  faults,  and  account 
103 
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for  the  insoluble  soda,  which  he  assumes  to  be  all 
in  the  state  of  a double  silicate  of  sodium  and 
aluminium.  The  black  ash  was  made  with  Buxton 
limestone.  A and  B are  good  samples,  C was  a 
“ red  ” or  “ burnt  ” ball. 


A. 

B. 

c. 

Sodium  carbonate, 

28-144 

31-807 

28-236] 

“ oxide 

5-860 

5-614 

3-844 

“ chloride, 

2-808 

2-.571 

3-101 

“ sulphate 

0-19-2 

0-190 

3-037 

“ sulphite, 

0-151 

0-072 

none. 

0) 

“ hyposulphite, 

0-189 

0-8.53 

0-126 

“ sulphide, 

0-3.58 

0-163 

6-645 

o 

CQ 

“ aluminate, 

0-344 

0-752 

0-923 

“ silicate, 

1-0-26 

0-914 

0-758 

“ cyanide, 

0-186 

0-043 

0-4-22 

“ sulphocyanide 

0-074 

0-021 

0-077 

Calcium  sulphide, 

29-504 

28-744 

33-245] 

“ carbonate, 

12-657 

9-272 

6-087 

“ oxide, 

10-048 

9-488 

3-465 

Iron  sulphide, 

0-.5.54 

0-774 

1-355 

Alumina, 

0-172 

1-042 

0-6-24 

3 

Silica, 

1 -095 

0-923 

0-973 

r 9 

Magnesia, 

0-266 

0-322 

0-146 

a 

Soda, 

0-344 

0-.546 

0-577 

Carbon, 

4-263 

4-483 

4-958 

band,  

1-237 

0-875 

0-842 

Soluble  iron  sulphide, 

99-472 

99-472 

99-641 

0-105 

Tlie  analyses  given  in  the  above  tables  represent 
the  silica  as  combined  with  one  or  two  of  the  bases 
only  ; this  is,  however,  merely  an  assumption  on  the 
part  of  the  chemists  who  made  the  analyses.  It  is 
well  known  that  at  least  a portion  of  the  silica  exists 
as  a compound  with  aluminium,  calcium,  magnesium, 
and  sodium,  which  is  insoluble  in  water,  but  soluble 
in  acids.  The  totally  unavoidable  formation  of  this 
compound  is  just  the  cause  of  the  loss  of  soda  in  the 
“ tank-waste.”  Another  portion  of  the  silica  exists 
as  soluble  sodium  silicate,  which  forms  a constituent 
of  every  soda  ash. 

Black-ash  is  only  very  slowly  changed  by  lying  in 
dry  air  at  ordinary  temperature.  Kolb  allowed  a 
sample  made  with  special  care  to  cool,  protected 
from  the  air,  and  lixiviated  one  part  of  it  at  once, 
the  other  after  having  exposed  it  for  the  space  of 
two  months  to  air  free  from  moisture  and  carbonic 
acid.  Of  the  latter  one  portion  was  left  thus  at  the 
ordinary  temperature,  the  other  at  100°  C.,  and  both 
were  ultimately  treated  just  like  the  first  sample. 
The  result  was  that  the  two  last  samj^les  showed  a 
little  more  caustic ; but  on  the  whole  about  as  much 
available  alkali  as  the  first.  Dry  air  at  100°  C.  only 
causes  a slight  increase  of  weight,  but  no  injurious 
decomposition.  If,  however,  the  heat  is  increased 
to  200°  or  3U0°  C.,  and  still  more,  up  to  a red  heat, 
the  colour  of  the  black-ash  changes  to  brown  red, 
and  its  percentage  of  available  alkali  decreases 
quickly;  indeed,  it  may  be  reduced  to  one-half  in 
a very  short  time.  The  conclusion  is  that  the 
cooling  of  the  black-asli  after  coming  out  of  the 
furnace  ought  to  be  hastened  as  much  as  possible ; 
and  that,  if  possible,  it  ought  to  take  place  in  closed 
boxes,  as  the  cause  of  the  loss  is  practically  the 
oxidation  of  the  calcium  sulphide  to  sulphate,  which 


on  lixiviation  decomposes  an  equivalent  quantity  of 
sodium  carbonate  and  reconverts  it  into  sulphate. 
In  practice  nothing  more  is  done  than  to  allow  one 
ball  to  cool  in  the  “pot”  till  it  is  about  time  to 
draw  the  next  one,  say  three-quarters  of  an  hour; 
it  is  then  tipped,  but  not  broken  up  till  it  is  cool. 

The  above  experiments  only  referred  to  air  free 
from  moisture  and  carbonic  acid.  In  the  ordmary 
air  containing  both  these  the  matter  is  different.  In 
the  first  instance  the  caustic  lime  attracts  moisture, 
and  in  being  slaked  to  hydrate  increases  its  volume, 
which  makes  the  balls  burst  and  fall  to  powder. 
The  calcium  hydrate  gradually  changes  into  car- 
bonate, the  sodium  sulphide  into  hyposulphite. 
Neither  of  these  changes  would  be  injurious,  but 
the  moist  air  acts  at  the  same  time  upon  the  calcium 
sulphide,  and  converts  it  to  a certain  extent  into 
soluble  polysulphides,  hyposulphite,  sulphite,  and 
ultimately  sulphate. ' On  lixiviation  all  these  react 
upon  the  sodium  carbonate  and  destroy  it,  so  that 
the  alkalimetiHcal  test  of  black-ash,  even  allowing 
for  the  increase  of  weight,  goes  back  continually  by 
exposure  to  the  weather.  Erdmann  found  in  a 
sample  of  black-ash,  originally  containing  29  per 
cent,  of  sodium  carbonate,  only  traces  of  that  salt 
after  twenty-seven  years’  lying  in  the  air.  The 
conclusion  is  that  the  proper  way  of  treating  black- 
ash  is  this — to  submit  it  to  lixiviation  as  soon  as  it 
has  sufficiently  cooled,  for  which  forty-eight  hours  is 
quite  sufficient.  Thus  the  heat  retained  by  the  balls 
is  also  utilized  in  the  lixiviating  process,  and  it  is 
practically  found  of  great  advantage  to  work  up  the 
balls  after  no  longer  exposure  than  two  or  three  days. 

Lixiviation  of  the  Black-ash. — The  object  of  the 
alkali  manufacturer  is  to  obtain  as  much  and  as  pure 
sodium  carbonate  as  possible  from  his  raw  materials, 
and  consequently  from  the  black-ash.  The  only 
available  means  for  doing  this  is  to  submit  the  black 
ash  to  lixiviation,  that  is,  to  separate  the  soluble 
from  the  insoluble  portion;  the  former  being  further 
worked  up  for  soda  ash, ‘the  latter  being,  removed 
from  the  factory  as  “tank  waste”  (in  some  cases 
after  first  submitting  it  to  a process  for  recovering 
a portion  of  the  sulphur  from  it).  The  product  of 
the  lixiviation  varies  very  much,  indeed,  quite  apart 
from  any  variation  in  the  quality  of  the  balls,  ac- 
cording to  the  way  in  which  the  process  is  carried 
on.  Three  objects  have  always  to  be  kept  steadily 
in  view,  viz. : — 1st,  To  obtain  all  sodium  compounds 
from  the  black-ash  as  completely  as  possible ; 2nd, 
To  obtain  them  as  much  as  possible  in  the  form  of 
sodium  carbonate ; 3rd,  To  obtain  a solution  as 
much  concentrated  as  practicable. 

The  success  of  these  operations  depends  very 
much,  indeed,  upon  the  manner  in  which  the  lixivi- 
ation is  carried  on  ; but  it  will  be  better  understood 
if  it  is  first  explained  in  what  manner  water  acts 
upon  black-ash.  It  has  been  mentioned  before  that 
black-ash  in  itself  does  not  contain  any  sodium 
hydrate  or  sulphide,  except  in  very  minute  quanti- 
ties, since  alcohol,  v/hich  would  dissolve  them,  prac- 
tically does  not  act  upon  black-ash  at  all.  On  the 
other  hand,  it  is  quite  impossible  to  make  a solution 
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of  black  ash  free  from  either  sodium  hydrate  or  sul- 
phide. It  is  thus  clear  that  both  these  compounds 
are  formed  by  the  treatment  with  water,  and  it  is 
well  known  that  they  are  formed  in  very  varying 
proportions,  according  to  the  variation  in  the  con- 
ditions of  the  water  treatment.  It  may  be  taken  as 
a genenal  thing  that  the  alkali  manufacturer  wants 


to  avoid  the  operation  of  both  sodium  hydrate  and 
sulphide  during  the  lixiviation  as  much  as  possible, 
and  it  thus  becomes  of  great  importance  to  fix  the 
conditions  under  which  their  formation  is  either 
favoured  or  impeded.  The  most  exhaustive  experi- 
ments upon  this  matter  have  been  made  by  Kolb, 
and  the  following  table  summarizes  his  results : — 


100  Oraros.  Biack-ash  treated 
with:  C.C. 

Water. 

6 Hours  at 

24  Hours  at 

1 Week  at 

Yielded— 

16“  0. 

40®  0. 

60“  C. 

15°  C. 

40®  C. 

60“  C. 

15“  C, 

40®  0, 

60®  0. 

Qrama 

Ka]C03, 

350 

34-7 

31-4 

31-5 

31 -5 

25-8 

20-4 

NajO, 

— 

— 

— 

5-7 

7-8 

7-S 

7-6 

9-5 

7-2 

KsjS, 

— 

— 

— 

trace. 

•2 

•3 

trace. 

2-2 

3-7 

Nr2C03, 

500 

38-5 

37-4 

31-5 

38-6 

35-4 

26-8 

370 

34  2 

25-5 

NajO, 

3-3 

3-9 

6-8 

3-3 

5-1 

6-7 

4-2 

5-7 

6-6 

NajS, 

•2 

•3 

•7 

■3 

•4 

4-7 

•3 

■4 

5-9 

Na.,C03, 

1000 

40-2 

35-9 

34-2 

38-6 

34-2 

3M 

35-2 

31-4 

23-2 

Na.jO, 

2-3 

4-4 

5-4 

3-3 

6 0 

6-6 

5-0 

6-3 

60 

NajS, 

•3 

•5 

•8 

•3 

•8 

2 0 

•3 

•8 

7-8 

Na2C03, 

2000 

38-2 

36-t 

37  9 

37-6 

34-7 

331 

34  o 

31-5 

19-5 

NajO 

3-3 

4-7 

3 3 

3 8 

5-9 

6-2 

5-3 

6-3 

6 3 

Na^S, 

•2 

•5 

•c 

•4 

•5 

1-0 

•5 

1-5 

10'2 

This  table  leads  to  the  following  conclusions : — 

1.  The  quantity  of  sodium  hydrate  formed  is  not 
influenced  very  much  by  the  quantity  of  water,  but 
it  increases  with  the  time  taken  up  and  the  tempera- 
ture employed.  The  difference  between  40°  and 
60°  C.  (104°  and  140°  Fahr.)  is,  however,  not  very 
essential.  2.  Soilium  sulphide  is  hardly  more  influ- 
enced by  the  quantity  of  water , it  also  increases 
with  the  time  and  the  temperature,  but  very  little  so 
up  to  40°  C.,  whilst  there  is  a very  large  increase 
between  40°  and  60°  Fahr.  3.  No  fixed  proportion 
can  be  found  between  the  quantities  of  sodium 
hydrate  and  sulphide  formed.  4.  The  decrease  of 
the  sodium  carbonate  is  evidently  dependent  as 
much  on  the  formation  of  the  sulphide  as  on  that 
of  the  hydrate , that  is,  the  sulphide  is  formed  at 
the  direct  expense  of  the  carbonate,  not  that  of  the 
caustic.  5.  No  more  available  soda  can  be  extracted 
by  1000  or  2000  than  by  500  c.c.  (indeed,  except  in 
the  six  hours’  trials,  rather  less) ; and  the  lower  the 
temperature  the  better.  The  worst  results  are  ob- 
tained when  an  excess  of  temperature,  of  time,  and 
of  water,  are  all  acting  together. 

Kolb’s  speciid  experiments  upon  the  solubility  of 
calcium  sulphide  also  merit  attention.  He  found 
the  following  results : — 

1.  CaS  is  very  little  indeed  decomposed  by  pure 
water ; the  presence  of  NaCl  slightly  decreases,  of 
NajSO^  slightly  increases  its  solubihty.  The  de- 
compo.sition,  as  far  as  it  goes,  takes  place  according 
to  this  equation  : — 

2CaS  + 2HjO  = CaHjSa  + CaHjOj 

And  1 litre  water  dissolves  by  forty-eight  hours’ 
digestion : — 

At  10°.  18°,  40°,  60°,  90°, 

•75,  -23,  -30,  -48,  -33  gram.  CaS. 

2.  A saturated  solution  of  sodium  carbonate 


scarcely  acts  at  all  on  calcium  sulphide;  but  the 
action  increases  rapidly  if  the  concentration  of  the 
solution  is  diminished,  and  the  temperature  and 
time  of  digestion  are  increased.  The  presence  of 
a slight  proportion  of  sodium  hydrate  retards  the 
decomposition  considerably.  Tlie  equation  is — 

CaS  + NagCOs  CaCOg  + Na,jS. 

3.  A dilute  solution  of  sodium  hydrate  (=  3'15 
gram.  Na20  per  litre)  decomposes  only  traces  of 
CaS,  either  in  the  cold  or  at  a boiling  heat.  More 
concentrated  solutions,  containing  from  16  to  79 
grams.  Na20  per  litre,  if  digested  for  forty-eight 
hours  and  heated  to  40°,  60°,  or  100°  C.,  cause  a 
gradual  decomposition,  which  increases  proportion- 
ately to  the  quantity  of  sodium  compounds  in  the 
liquid. 

The  practical  conclusions  from  Kolb’s  experi- 
ments are,  that  it  is  expedient  to  lixiviate  the  black 
ash — 1st,  as  quickly  as  possible ; 2nd,  with  as  little 
water  as  possible , 3rd,  at  the  lowest  possible  tem- 
perature. Unfortunately  these  conditions  cannot 
be  applied  to  operations  on  a large  scale,  and  it  will 
be  shown  afterwards  what  the  practice  on  that  scale 
has  shown  to  be  the  best  method. 

The  presence  of  sodium  sulphide  in  the  liquor  is 
particularly  injurious,  because  it  acts  upon  the  iron 
oxide  always  present,  and  causes  the  production  of 
a ferro- sodium  sulphide.  This  compound,  even 
when  present  in  extremely  minute  quantities,  colours 
the  liquors  green,  yellow,  or  brown,  and  may  simi- 
larly discolour  the  soda  ash  subsequently  obtained. 
More  will  be  said  on  this  further  on. 

We  shall  say  very  little  about  the  lixiviating 
apparatus  formerly  in  use,  as  the  only  one  wiiicli  is 
now  employed  in  works  conducted  on  modern  prin- 
ciples is  that  to  be  described  at  length  hereafter. 

The  oldest  apparatus  consisted  of  several  (usually 
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three)  tiers  of  iron  tanks,  one  raised  above  the  other 
in  the  manner  of  steps,  provided  each  witli  a cock  at 
a certain  height  over  the  bottom.  The  lye  from  the 
top  tier  was  run  on  to  the  middle  tier,  from  this  on  to 
the  bottom  tier,  and  was  then  ready  for  evaporation. 
On  the  other  hand,  the  black-ash  was  first  tipped 
into  the  bottom  tanks ; when  these  were  run  off  the 
residue  was  shovelled  up  into  the  middle  tanks,  and 
at  last  into  the  top  tanks,  where  fresh  water  was 
run  on  to  it,  and  from  whence  the  residue  was  taken 
out  to  be  removed  altogether.  The  only  heating  of 
the  water  or  lye  was  by  the  black-ash  itself. 

This  manipulation  was  not  only  very  laborious,  but 
it  rendered,  moreover,  the  mass  very  dense  and  com- 
pact, and  thus  seriously  impaired  its  permeability 
for  the  lixiviating  liquid.  The  solutions  thus  ob- 
tained rarely  exceeded  1'15  specific  gravity.  A 
considerable  improvement  was  effected  by  the  appa- 
ratus of  Clement-Desormes,  which,  indeed,  held  its 
ground  on  the  Continent  until  quite  a recent  period. 
Instead  of  throwing  the  black-asli  direct  into  the 
vats,  where  very  soon  a strong  solution  is  formed  at 
the  bottom,  and  very  little  further  action  goes  on, 
Clement  placed  it  in  perforated  baskets  of  sheet 
iron,  which,  with  their  contents,  w ere  immersed  in 
the  water  of  the  several  vats,  and  kept  suspended 
near  the  top  by  means  of  handles  and  cross-bars. 
The  vats  themselves  (generally  ten  or  twelve  in  one 
series)  were  placed  each  slightly  higher  than  the 
former,  and  were  connected  by  bent  pipes  in  such  a 
manner,  that  the  bottom  of  each  vat  communicated 
with  the  top  of  the  next  lower  one.  Water  was  run 
into  the  top  vat,  and  this,  after  acting  upon  the 
contents  of  the  basket,  flowed  over  from  the  bottom 
of  the  vat  to  the  next  lower  one,  and  so  forth,  till  it 
issued  at  the  bottom  as  a concentrated  solution  of 
ball-soda.  On  the  other  hand,  the  black-ash  travelled 
the  reverse  way ; each  basketful  was  put  in  fresh  at 
the  lowest  vat.  After  a time  the  top  one  was  taken 
out  and  emptied ; it  was  replaced  by  that  from  the 
second,  this  by  that  from  the  third  vat,  &c. ; the 
lowest  one,  which  thus  became  empty,  being  pro- 
vided with  a fresh  basket.  A travelling  crane  facili- 
tated the  removal  of  the  baskets.  A steam-pipe 
running  alongside  the  vats  served  to  heat  them, 
according  to  requirement.  Each  basket  held  from 
56  to  112  lbs.  of  black-ash  ; each  ton  required  there- 
fore the  use  of  from  forty  to  fifty  baskets. 

This  plan  gave  very  strong  solutions,  and  thoroughly 
exhausted  the  black-ash ; but  it  had  great  drawbacks. 
The  labour  of  continually  lifting  the  baskets  was  very 
considerable,  and  the  space  and  plant  required  for 
the  operation  in  large  works  would  be  very  large,  as 
it  goes  on  very  slowly ; but  worse  than  that,  the 
black-ash,  which  during  the  lifting  of  the  baskets  lost 
the  hydrostatic  support  of  the  liquids,  sunk  down 
into  a more  and  more  compact  mass,  and  thus  to  a 
great  extent  lost  one  of  the  most  valuable  properties 
of  black-ash,  viz.,  its  porosity.  Moreover,  a great 
deal  of  fine  stuff  passed  through  the  holes  of  the 
baskets,  and,  on  the  one  hand,  rapidly  plugged  them 
up,  on  the  other  hand,  made  the  liquors  muddy. 

Shanks'  Process. — Nobody  who  has  once  seen  the 


ordinary  lixiviating  tanks  now  in  universal  use  in  this 
country,  can  wonder  that  they  have  entirely  sup- 
planted Clement’s  apparatus  in  all  English  works, 
and  are  doing  so  more  and  more  on  the  Continent 
as  well.  The  “tanks  ” or  “ vats  ” now  used  are  vastly 
superior  to  any  previous  arrangement  by  their  cheap- 
ness, efficiency,  and  almost  grand  simplicity.  It 
seems  that  the  inventor  of  this  invaluable  help  to 
alkali-makers  was  the  late  James  Shanks  of  St. 
Helens.  Dr.  Muspuatt  states  it  to  be  a foreign 
invention,  introduced  by  Dunlop  into  the  St.  Eollox 
Works  at  Glasgow  about  1843 ; but  this  is  probably 
a mistake,  as  nobody  has  ever  claimed  for  himself  or 
any  one  else  the  honour  of  this  invention,  except 
Shanks,  who  has  been  rew'arded  for  it  by  the  greatest 
distinctions  of  International  Exhibitions.  Shanks’ 
vats,  by  applying  the  principle  of  leaving  the  ball- 
soda  at  rest  and  causing  the  liquor  to  travel  through 
it,  obviates  the  labour  of  removing  and  the  neces- 
sity of  destroying  the  porosity  of  the  black-ash. 
This  is  effected,  not  by  the  placing  of  the  vats  at 
different  levels,  but  by  producing  a flow  of  the  liquor 
through  them  entirely  by  utilizing  the  difference  in 
specific  gravity  between  w'ater  and  weaker  and 
stronger  lyes. 

The  ordinary  lixiviating  tanks  (sufficient  for  work- 
ing the  produce  of  four  or  even  five  ball  furnaces), 
are  showm  in  Fig.  24,  in  an  isometrical  drawing. 
They  consist  generally  of  a set  of  four,  made  by 
dividing  a long  tank  (40  feet  long  and  10  feet  wide 
by  6 feet  high),  into  four  compartments  of  10  feet 
square  each. 

Of  course  these  measurements  are  only  given 
here  as  very  common,  not  as  general  ones.  The 
tanks  are  made  of  |-inch  iron  plates,  strengthened 
by  angle-iron  at  the  top ; T -shaped  bars  are 
rivetted  at  a distance  of  6 inches  from  the  bottom,  as 
shown  in  the  engraving,  and  these  serve  as  supports 
for  the  perforated  false  bottom.  The  true  bottom 
is  made  sometimes  to  slope  towards  the  front, 
but  more  generally  it  is  left  level.  The  false  bottom 
has  very  frequently  to  be  taken  up  for  cleaning 
out  the  holes  and  the  space  underneath,  and 
it  must  therefore  consist  of  a number  of  plates, 
say  2 feet  square,  loosely  laid  side  by  side  on  the 
T -shaped  bars.  The  plates  are  sometimes  made  of 
cast  iron,  but  wrought  iron  (f-inch),  is  much  pre- 
ferable, as  the  cast-iron  plates  break  very  easily. 
The  holes  are  from  one-fourth  to  one-half  inch  wide, 
and  about  3 inches  from  centre  to  centre.  Each  tank 
has  an  outlet  cock  of  3 inches  bore,  which  must  be 
so  constructed  as  to  admit  of  easy  cleaning  out  by 
a red-hot  iron  when  it  is  stopped  up  by  crystals. 
Each  tank  has  also  two  “jugs,”  as  shown  in  the 
diagram.  One  set  of  these  serves  as  a means  of 
communication  between  the  vats ; the  other  for 
running  off  the  strong  liquor.  The  “jugs”  consist 
of  metal  pipes  3 inches  bore  in  the  lower,  and  4 
inches  in  the  upper  part,  with  a side  branch,  and 
with  a conical  valve  seat  about  midway  up.  A plug 
with  handle  accessible  from  the  top  fits  on  the  valve 
seat,  and  if  put  in,  closes  the  communication ; 
whilst,  when  it  is  off,  the  liquor  below  the  bottom 
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of  each  vat  can  flow  through  the  jug  and  its  side  cannot  of  course  communicate  direct  with  the  first 
branch  into  the  next  vat.  The  corres[ionding  jug  one ; but  it  does  so  by  means  of  the  horizontal  pipe 
in  the  last  vat  (that  to  the  right  in  the  diagram),  running  back  from  the  last  to  the  first  vat.  The 


plugs  are  sometimes  turned  in  the  lathe  to  fit  the 
bored  out  seat ; but  as  this  fit  is  easily  disturbed  by 
any  dirt  getting  between  the  faces,  it  is  better  to 
groove  the  sides  of  the  plug,  and  lap  them  with 
tarred  spun-yarn,  which  closes  the  valve  more  safely. 
The  second  set  of  jugs  are  all  in  the  front  of  the 
tanks;  they  have  somewhat  lower  branches  than  the 
other  jugs,  and  are  on  the  outside  either  connected 
with  taps  or,  as  in  the  diagram,  with  several  pipes, 
which  can  be  turned  up  or  down.  As  a rule  they 
are  turned  up,  and  only  in  that  tank  which  is 
running  strong  liquor  the  pipe  is  turned  down  into 
the  spout  carrying  the  lye  away  into  the  strong 
liquor  well.  Another  spout  runs  underneath  the 
outlet  cocks,  and  leads  into  the  weak  liquor  well. 
Plach  well  is  provided  with  a pump.  A cold  water- 
pipe  with  a cock  for  each  tank  runs  along  their  tops, 
and  the  delivery  pipe  of  the  weak  liquor  pump  is 
connected  with  this  water-pipe,  unless  a special 
range  of  pipes  is  laid  on  for  the  weak  liquor. 
Another  range  of  pipes  is  laid  on  for  hot  water,  or 
instead  of  this  (as  in  the  diagram),  a steam-pipe 
sending  a branch  (or  preferably  two  branches)  into 
each  vat.  The  tanks  sometimes  rest  upon  the  floor; 
it  is,  however,  preferable  to  mount  them  on  brick 
walls,  so  that  any  leakages  may  be  more  easily 
detected. 

It  will  be  seen  that  all  the  tanks  are  on  the  same 
level,  .and  the  principle  on  which  they  are  worked 
is  as  follows:  — The  ball-soda  is  placed  in  the 
tanks,  on  the  top  of  the  false  bottom ; and  once 
there  it  is  not  removed,  as  in  the  process  just  de- 
scribed, but  it  remains  in  the  same  fiink  till  it  is 
completely  exhausted.  Thus  it  rem.ains  porous  up 
to  tlie  very  last,  and  allows  the  liquid  to  circul.ate 
freely,  and  to  penetrate  into  every  part  of  the  mass. 
This  makes  such  a difference  that  four,  or  even 
three  treatments,  suffice  for  exh.au.sting  the  black- 
ash,  whilst  ten  or  twelve  treatments  are  required 
in  Clement’s  app.aratus.  The  black -ash  being 
stationary,  it  follows  as  a matter  of  course  that  the 
necessary  change  of  liquid  is  produced  entirely  by 


a removal  of  the  lye  from  one  tank  to  another.  It 
is  the  very  great  merit  of  Shanks’  tanks  that  the 
liquids  are  made  to  travel  from  one  vat  to  the  other, 
without  raising  the  vats  one  over  the  other,  but 
entirely  by  relying  on  the  hydrostatic  pressure  of  the 
liquids. 

As  the  lye  in  its  progress  through  the  tanks  is  more 
and  more  saturated  by  dissolving  soda  salts,  its 
specific  gravity  becomes  greater ; and  in  consequence 
of  this  tlie  level  of  the  liquid  in  the  “strong  tanks” 
is  below  that  in  the  “weak”  tanks.  It  has  been 
considered  by  some  that  the  “declivity”  from  the 
weak  to  the  strong  tanks  thus  produced  is  the  real 
moving  cause  for  the  liquid ; but  this  is  entirely 
erroneous,  as  each  tank  will  find  its  exact  level 
according  to  the  specific  gravity  of  the  lye  con- 
tained in  it,  and  the  shorter  columns  in  the  strong 
tanks  exercise  precisely  the  same  action  as  the  longer 
columns  in  the  weak  banks.  When  the  supply  of 
water  to  the  weak  tank  is  stopped,  the  strong  tank 
at  once  ceases  running,  although  its  level  is  much 
below  that  of  the  weak  tank.  The  real  moving 
cause  is  the  small  head  of  w.ater  produced  in  the 
we.ak  tank  by  the  influx  of  the  fresh  water  on  the 
one  side,  and  the  running  out  of  the  strong  liquor 
from  the  strong  tank  hdow  the  level  of  the  lye.  But 
the  immense  advantage  of  Shanks’  system  over  that 
of  Clement’s  is  this — that  the  whole  play  of  levels 
being  reduced  to  about  18  inches,  or  say  onc-fourth 
of  the  depth  of  the  tanks,  they  can  be,  and  always 
are,  arranged  so  that  each  tank  may  serve  as  a weak, 
an  intermediary,  or  a strong  tank,  as  will  be  seen 
directly. 

The  practical  operation  is  carried  out  as  follows: 
— The  balls,  which  should  be  cold  enough  to  be 
handled  (forty -eight  hours  is  a very  good  time 
for  them  to  lie  .after  being  drawn  out  of  the  fur- 
nace), but  which  ought  not  to  be  kept  longer 
than  necessary  over  and  above  that,  are  broken  into 
pieces  of  the  size  of  a man’s  head,  m.any  small  pieces, 
of  course,  being  produced  .as  well.  These  are  filled 
into  barrows  or  small  waggons,  and  tipped  into  the 
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tank  which  has  just  been  “ cast,”  that  is,  emptied  of 
its  contents  of  exhausted  balls.  The  tank  is  filled 
up  to  12  inches  below  its  top,  and  the  pieces  of 
balls  roughly  levelled  with  a hook.  Before  tipping 
any  balls  into  the  tanks,  the  perforated  plates  are 
taken  up  and  the  space  below  them  is  cleaned  out, 
as  any  waste  left  there  would  greatly  injure  the 
liquors.  The  false  bottom  is  replaced  and  a layer 
of  about  4 inches  of  furnace  cinders,  from  which 
the  fine  ashes  have  been  separated  by  a half-inch 
screen,  is  spread  upon  it  to  serve  as  a filter  and 
prevent  the  holes  from  being  too  quickly  filled  up 
with  tank  waste.  The  balls  are  then  tipped  in. 
V’hen  a set  of  vats  has  to  be  started  anew,  of 
course  at  least  three  of  them  have  to  be  filled  to 
begin  with.  Supposing  this  to  be  the  case,  warm 
water  (90°  to  100°  Fahr.  in  summer,  100°  to  115° 
Falir.  in  winter)  is  run  on  to  the  top  of  the  first  tank, 
say  that  on  the  left-hand  side  of  the  drawing.  The 
warm  water  in  percolating  through  the  balls  dis- 
solves a portion  of  their  soluble  contents,  and 
arrives  below  the  false  bottom  charged  with  them. 
The  “jug”  communicating  with  the  second  tank 
has  been  left  open,  and  the  ball  solution  will,  there- 
fore, rise  from  underneath  the  false  bottom  in  the 
jug ; and  as  soon  as  the  level  of  the  water  in  the 
tanks  is  high  enougli,  the  liquor  will  overflow  into 
the  second  tank,  running  there  over  the  balls  from 
the  top  or  “covering”  them.  In  doing  so  and 
percolating  through  the  porous  mass  it  becomes 
naturally  stronger,  and  indeed,  when  working  with 
/m’A  tanks,  will  probably  become  strong  enough 
to  be  run  out  from  the  jugs  of  No.  II.  tank  for 
evaporation.  In  the  ordinary  course,  however,  it 
will  again  rise  from  underneath  the  false  bottom 
in  the  jug  and  overflow  into  No.  III.  tank,  and 
thence  into  No.  IV.  tank.  In  any  case  it  will  be 
strong  enough  now,  and  the  overflow  jug  of  this 
tank  will,  therefore,  be  plugged,  whilst  the  running- 
off  jug  is  made  to  act  by  lifting  its  plug,  and  the 
liquor  runs  out  of  No.  IV.  tank  through  the  open 
spout  (shown  in  the  drawing)  into  the  strong  liquor 
well. 

Meanwhile  the  first  tank  has  received  four  dif- 
ferent waters,  or  rather  sufficient  water  to  fill  it 
four  times  over,  but  in  a continuous  flow.  It  will 
now  be  entirely  exhausted,  as  shown  by  the  fact 
that  the  liquor  rising  in  its  tank  jug  only  shows 
about  1°  Twaddle.  The  jug  is  now  plugged;  No. 
II.  tank  is  made  first  tank,  and  fresh  water  is  run 
upon  it.  No.  I.  tank  is  first  emptied  of  water  by 
opening  the  bottom  cock ; the  water,  which  still 
contains  a little  soda,  is  run  into  the  weak  liquor 
well  and  pumped  up  to  serve  as  first  water  on  No. 
II.  tank.  The  contents  of  No.  I.  tank,  which  are 
now  greatly  reduced  in  bulk,  form  what  is  called 
“tank  refuse”  or  “waste;”  they  are  at  once  shovelled 
out  of  it,  mostly  direct  into  waggons  which  carry 
it  away  to  its  destination.  The  cinders  are  cast 
out  along  with  the  waste,  the  plates  are  lifted,  the 
tank  is  washed  out,  the  plates  are  replaced  and 
covered  with  cinders,  and  the  tank  is  recharged  with 
fresh  balls. 


The  following  is  an  analysis,  by  G.  E.  Davies,  of 
weak  liquor  of  1°  Twaddle : — 


Sodium  hydrate, 2-640 

*•  carlioiiate, 1-060 

“ sulphide, 2-690 

“ hyposulphite, 0-554 

“ sulphate, 0-284 

“ chloride, 6-780 

“ silicate, O'lOO 

“ aluiniuate, 0-108 


Total  solids  per  litre, 14-216 


In  the  meantime  only  three  tanks  have  been  at 
work ; but  these  will  have  been  quite  sufficient.  It 
is  usual  to  run  the  liquor  away  for  evaporation  till 
it  comes  down  to  1-23  or  even  1-21  specific  gravity. 
The  average  specific  gravity  (after  mixing  up  all 
runnings)  of  a good  tank  liquor  should  not  vary 
much  above  1-29,  nor  below  1-26.  But  when  it 
has  come  down  to  1-23  (or  even  1-21,  according  to 
the  judgment  of  the  manufacturer),  the  running-off 
jug  is  stopped,  and  the  oveiflow  jug  of  No.  IV.  tank 
opened,  which  communicates  through  the  long  return 
pipe  with  No.  I.  tank.  The  intermediate  liquor  of 
No.  IV.  tank  will  now  “ cover  ” the  balls  in  No.  I., 
and  when  rising  from  below  its  false  bottom,  it  will, 
of  course,  become  fully  strong  enough  at  first  up  to 
1-30 ; it  is  therefore  at  once  run  off  from  this  tank 
for  evaporation.  All  the  while  No.  II.  has  been 
functionating  as  “ weak  ” tank,  and  it  continues  to 
do  so  until  it  is  exhausted ; then  the  water  is  diverted 
into  No.  II. ; the  weak  liquor  of  No.  II.  is  run  off, 
and  the  whole  operation  repeated  as  before  in  No.  I. 
It  will  thus  be  seen  that  each  tank  in  its  turn  be- 
comes the  first,  an  intermediate,  and  the  last  of  the 
series,  the  return  pipe  causing  the  set  to  act  as  if 
it  were  mounted  in  a circle.  It  should  be  noticed, 
that  the  liquors  always  become  stronger  as  they  flow 
downwards ; that  therefore  their  increase  in  specific 
gravity  does  not  cause  any  mixing  up  of  the  liquids, 
the  weaker  liquids  always  floating  on  the  top  of  the 
stronger  ones,  but  forcing  the  latter  by  their  hydro- 
static pressure  to  rise  in  the  jug  and  overflow  to 
either  in  order  to  be  run  off.  or  into  the  next  tank. 
The  side  branches  of  the  running-off  jugs  are  a few 
inches  lower  than  those  of  the  overflow -jugs,  which 
facilitates  the  locomotion  of  the  liquor  in  the  whole 
system.  Both  the  strong  and  the  weak  tank  are 
worked  according  to  their  own  requirements,  and 
independently  of  each  other ; the  intermediate  ones 
take  their  chance. 

One  very  important  matter  is  the  proper  regula- 
tion of  the  temperature.  It  has  been  mentioned 
that  the  water  (say  the  surface)  of  the  weak  tank 
ought  not  to  be  warmer  than  about  100°  Fahr., 
with  a downward  margin  of  10°  in  summer  and  an 
upward  one  of  15°  in  winter.  The  liquor  becomes 
hotter  as  it  gets  stronger,  partly  owing  to  the  heat 
of  the  balls,  partly  to  the  chemical  action  of  the 
water  on  the  anhydrous  oxides  and  salts  of  the 
black-ash.  The  temperature  of  the  strong  liquor 
ought  in  no  case  to  exceed  150°,  and  if  it  rises  above 
this  the  weak  tank  niust  at  once  be  made  colder. 
After  what  has  been  said  before  about  Kolb’s  ex- 
I periments,  it  is  unnecessary  to  enter  again  into  the 
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reasons  wliy  the  temperature  during  the  Hxiviation 
must  be  kept  as  low  as  is  consistent  with  a thorough 
exhaustion  of  the  balls.  But  it  is  well  known  to 
practical  men  that  a high  temperature  does  much 
more  harm  in  the  weak  fcink  than  in  the  strong  one ; 
that  is  to  say,  it  causes  much  more  sodium  sulphide 
and  caustic  to  be  formed  where  water  acts  upon 
nearly  exhausted  balls,  than  where  a strong  lye  acts 
upon  fresh  balls.  On  the  other  hand,  unless  there  is  a 
good  heat  (140°  to  150°)  in  the  strong  tank  the  balls 
never  dissolve  as  well  as  they  might,  and  are  not  so 
well  exhausted.  This  aim  can  be  attained  with  more 
certainty  by  substituting  steam  for  warm  water  in 
the  lixiviating  tanks,  and  in  the  case  of  revolver- 
balls  this  is  altogether  indispensable.  In  this  case, 
too,  steam-pipes  in  each  tank  just  dip  below  the 
liquids ; thus  they  are  not  in  the  way  in  cleaning 
out,  and  no  currents  are  caused  by  the  action  of  the 
steam.  The  water  is  run  to  the  weak  tank  almost 
or  quite  cold;  it  is  only  slightly  heated  (to  about 
110°Falir.)  in  the  intermediate  tanks;  but  in  the 
strong  tanks  it  is  kept  at  150°,  or  even  more,  without 
doing  any  harm. 

Another  important  precaution  to  observe  is  this, 
that  the  balls,  when  once  they  have  become  wetted, 
must  always  be  kept  submerged  below  the  surface 
of  the  liquid,  and  if  they  stand  out,  must  be  carefully 
pulled  under  with  a hook.  Unless  this  is  done  the 
moist  calcium  sulphide  is  speedily  oxidised  to  a great 
extent,  and  the  resulting  sulphate,  sulphide,  &c., 
destroy  an  equivalent  quantity  of  sodium  carbonate 
by  double  decomposition. 

Tank  Waste. — This  in  most  factories  is  a real 
leaste  product,  and  is  besides  a source  of  nuisance 
and  expense.  It  ought  to  be  of  fine  grain,  from 
the  size  of  a mustard  seed  up  to  that  of  a pea  ; any 
larger  lumps  or  clots  are  almost  sure  to  contain  too 
large  a proportion  of  undissolved  sodium  salts. 
From  the  appearance  of  the  waste  it  is  pretty  safe 
to  judge  upon  its  being  properly  lixiviated  ; but  it  is 
always  advisable  to  test  a sample  from  each  vat. 
This  can  be  done  thus : — 50  grams,  of  the  well- 
mixed  sample  are  shaken  up  for  some  time  with 
tepid  water,  and  diluted  to  1000  c.c.  Of  the  clear 
solution,  100  c.c  (=  5 grams,  waste)  are  evaporated 
to  dryness,  with  addition  of  a little  ammonium  car- 
bonate. This  is  done  in  order  to  decompose  any 
calcium  bisulphide  or  hyposulphite,  w’hich  would 
interfere  with  the  alkalimetrical  test.  The  dry 
residue  is  heated  to  expel  the  ammoniacal  salts, 
dissolved  in  water,  and  the  filtered  solution  tested 
for  soda  with  stendard  sulphuric  acid.  The  pro- 
portion of  soluble  soda  thus  found  ought  not  to 
exceed  one-tenth  of  a per  cent.  It  is  also  interest- 
ing now  and  then  to  test  for  the  total  soda,  in- 
cluding the  insoluble  portion,  which  is  of  course 
irrecoverable  from  the  waste,  but  whose  proportion, 
if  found  excessive,  affords  some  guidance  for  the 
carrying  on  of  the  balling  process.  The  total  soda 
can  be  ascertained  thus  : — 18'00  grams,  of  the  waste 
are  heated  in  a porcelain  or  even  iron  dish  with 
sulphuric  acid,  of  100°  Tw.,  till  it  is  thoroughly 
decomposed  and  converted  into  a paste.  The 
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excess  of  sulphuric  acid  is  driven  off  by  ignition, 
boiling  water  is  added,  and  the  contents  of  the  dish 
scraped  out  with  a wooden  spatula,  and  transferred 
to  a glass  cylinder  of  250  c.c.  capacity.  Here  a 
little  lime  cream  is  added,  which  neutralizes  any 
free  acid  remaining,  and  precipitates  all  magnesia. 
The  cylinder  is  filled  up  to  the  mark,  and  allowed  to 
stand  till  the  liquid  settles  ; 50  c.c.  of  the  clear  liquid 
are  taken  out,  10  c.c.  of  a concentrated  solution  of 
barium  hydrate  are  added,  filtered  through  a dry 
filter ; 50  c.c.  of  the  filtrate  taken  away,  and  a current 
of  carbonic  acid  passed  through.  The  liquid  is  then 
boiled,  filtered,  and  the  clear  filtrate  tested  with 
standard  acid.  Each  c.c.  standard  acid  will  corre- 
spond to  1 per  cent,  of  soda  in  the  waste,  from  all 
sodium  compounds,  soluble  and  insoluble.  If  no 
allowance  for  the  bulk  of  the  waste  itself  were  made, 
18‘60  grams,  would  have  to  be  employed ; 18‘00 
provides  for  the  above. 

In  most  factories  it  is  usual  to  remove  the 
tank  waste  as  soon  as  possible,  as  after  a short  time 
— sometimes  after  one  day’s  keeping,  sometimes  a 
little  later — a decomposition  sets  in  by  the  aid  of 
the  moisture  present  in  large  quantities,  and  of  the 
atmospheric  oxygen,  which  causes  the  formation 
of  soluble  calcium  hydrosulphide,  bisulphide,  and 
hyposulphite — not  to  mention  insoluble  and  in- 
nocuous products  of  the  action.  The  carbonic  acid 
of  the  air  acting  upon  these  compounds,  more 
especially  the  two  former,  causes  the  evolution  of 
hydrogen  sulphide,  which  of  course  amounts  to  a 
great  nuisance.  A sign  of  the  oxidation  is  this — 
that  the  mass  gets  heated;  after  a few  days  of 
e.xposure  in  the  loose  state,  it  may  even  become 
red-hot.  The  more  it  heats,  the  more  it  also 
generally  smells.  This  heatingandits  consequences — ■ 
viz.,  the  formation  of  soluble  calcium  sulphides — can 
be  avoided  to  a very  great  extent  if  the  tank  waste  is 
not  allowed  to  lie  in  loose  heaps,  or  mixed  with 
other  refuse  (ashes,  &c.),  which  keeps  it  in  a porous 
state  and  accessible  to  air.  If  it  is  laid  down  in 
an  unmixed  form,  and  beaten  down  with  shovels  so 
as  to  form  a level,  dense  surface,  this  is  soon  made 
almost  impervious  to  air  by  the  formation  of  calcium 
sulphite  and  sulphate  ; and  when  treated  in  this 
manner  the  tank  waste  is  in  itself  not  in  the  least 
offensive  — no  sulphuretted  hydrogen  is  given  off 
from  it,  and  in  most  chemical  works  many  of  the 
floors  of  tlie  working  sheds  are  formed  in  this  way. 
The  tank-waste  floors  do  not,  however,  stand  any 
other  but  foot  traffic,  as  they  are  cut  up  very  easily 
by  cart  or  even  by  barrow  wheels ; they  can  only 
be  used  for  barrow  traffic  by  bedding  in  iron  or 
wooden  runners  for  the  barrow-wheels.  The  same 
kind  of  floor  answers  very  well  for  the  drying  plates 
in  brick-works.  These  applications  dispose,  of 
course,  of  only  a very  small  quantity  of  the  tank 
waste ; and  the  further  proposal  which  has  been 
made — viz.,  to  fill  up  the  space  between  the  flooring 
joists  of  dwelling  houses  with  it,  in  order  to  pro- 
tect them  from  dry  rot — does  not  seem  to  have  had 
any  practical  success.  Formerly  the  bulk  of  the 
tank  waste  was  disposed  of  by  putting  it  in  heaps 
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on  waste  ground  in  the  neighbourhood  of  the  works; 
and  by  carefully  keeping  out  any  ashes  or  other 
refuse,  and  wo-king  the  heaps  into  the  shape  of 
embankments,  with  smooth  and  steep  walls,  any 
immediate  nuisance  can  be  prevented,  as  stated 
above.  One  thing  will,  however,  always  remain — 
viz.,  the  drainage.  Slowly  but  surely  the  sulphide 
becomes  soluble,  and  oozes  out  at  the  bottom  of  the 
heaps  as  a yellow  or  brown,  sometimes  almost  black, 
liquor,  which  smells  most  offensively,  and  even 
more  so  when  it  gets  into  the  ordinary  drains,  where 
there  is  always  abundance  of  carbonic  acid.  This 
nuisance  may  continue  for  a whole  generation. 

The  usual  plan  on  the  Tyne  is  to  send  the  tank 
waste  to  sea.  It  is,  however,  best  to  treat  it  for  the 
recovery  of  sulphur,  if  there  is  no  sufficient  outlet 
for  the  muriatic  acid. 

The  dark  grey  or  black  colour  of  fresh  tank  waste 
is  changed  into  light  yellow  or  nearly  white  after  it  has 
been  weathered,  in  consequence  of  the  iron  sulphide 
being  oxidised  into  iron  oxide  and  free  sulphur.  At 
the  same  time  the  sodium  sulphide  combined  with 


the  iron  sulphide  is  oxidised  as  well  as  the  calcium 
sulphide ; the  result  being  principally  hyposulphites. 
These  are  partly  acted  upon  by  the  carbonic  acid  of 
the  air;  carbonates  are  formed,  and  at  the  same  time 
bisulphides  and  sulphides ; later  on  calcium  sulphate 
or  gypsum.  The  latter  acts  as  a kind  of  cement, 
and  causes  old  tank  walls  to  be  very  hard.  This 
property  some  have  tried  to  utilize,  and  the  applica- 
tion of  tank  waste  after  calcining  it  with  clay  and 
washing  it  as  Portland  cement,  has  been  proposed  by 
Aspdin.  It  does  not  appear  that  this  application 
has  been  a success;  but  in  the  previous  stage  the 
tank  waste  forms  the  most  important  raw  material 
for  the  manufacture  of  sodium  hyposulphite,  which 
is  principally  made  on  the  Tyne  by  lixiviating  old 
tank  heaps  and  decomposing  the  calcium  hyposul- 
phite by  means  of  sodium  sulphate. 

The  following  table  shows  the  composition  of  tank 
waste  as  found  by  several  chemists.  It  must,  how- 
ever, be  observed  that  absolutely  fresh  tank  waste 
gives  a totally  different  result  from  such  as  has 
been  kept  even  a short  time  exposed  to  air; — 


Muspratt. 

Hofmann. 

Unger. 

A- 

B. 

Petersen. 

Brown. 

Kopp. 

Six  weeks  old. 

Fresh. 

Calcium  bisulphide, 



4-67 

5-97 

0-62 



3-58 



“ sulphide, 

3.O-00 

29-30 

25-79 

36-70 

8-44 

24-70 

31-60 

“ hydrate, 

13  75 

14  85 

6-59 

9-11 

— 

8-65 

12  35 

“ carbonate, 

21-54 

19  56 

41-20 

23-42 

36-88 

24-22 

16-10 

“ sulphate, 

— 

— 

2-53 

4-59 

3-73 

4-28 

— 

“ sulphite, 

— 

3-69 

— 

— 

19-63 

— 

— 

“ hyposulphite, 

— 

412 

— 

— 

1-53 

trace. 

— 

Sodium  sulphide, 

4-55 

1-78 

1-44 

2-87 

— 

— 

7-40 

“ carbonate, 

— 

0-57 

1-31 

— 

— 

— 

— 

Iron  oxide, 



3-70  1 

1-34 

5-72 

— 

“ sulphide, 

Alumina, 

4-22 

z 1 

8-91 

7-40 

— 

— 

— 

Phosphates  of  earths, 

— 

- J 

Magnesium  silicate, 

— 

6-91 

3-63 

1-78 

— 

5-99 

— 

Carbon, 

2-84 

2-60 





5-87 

12-71  1 

Sand, 

— 

3-15 

3 09 

— 

6-29 

5-74  / 

Water, 

3-82 

6-05 

3-86 

13-51 

10-26 

3-46 

19-10 

Tank  Liquor. — This  is  the  solution  of  black-ash  run- 
ning from  the  “ strong  ” tanks,  and  collected  in  the 
strong  liquor  well.  It  is  always  coloured  more  or  less 
yellow  or  brown,  sometimes  green ; but  the  latter 


colour  shows  that  it  has  been  overheated.  Alightstraw 
colour  is  the  best.  It  shows  from  1'26  to  1'29  specific 
gravity,  and  contains  about  a quarter  of  its  weight  of 
solid  constituents.  The  following  are  analyses  of  it ; — 


Brown. 

Davies. 

(Total  SoHds.) 

Mohr. 

(Per  Litre  Liquor. ) 

(Total  Solids.) 

A. 

B. 

A. 

B. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Gi*ams. 

Grams. 

Sodium  carbonate, 

68-91 

65-51 

71-25 

209-500 

204-326 

“ hydrate, 

14-43 

16-07 

24-50 

44-800 

52-740 

“ sulphide, 

1-31 

1-54 

0-23 

4-485 

3-822 

“ sulphite, 

2 23 

2-13 

0-10 

1-323 

0-979 

“ hyposulphite, 

trace. 

trace. 

0-37 

1-580 

1-774 

“ sulphate, 

7-02 

7-81 



12-707 

14-258 

“ chloride, 

3-97 

3-86 

1-85 

19-597 

23-412 

“ cyanide, 

— 

— 

0-09 

— 



“ ferrocyanide, 







0-133 

0-416 

“ sulphocyaiiide, 

— 

— 

— 

0-211 

0-196 

“ silicate, 

1-03 

•80 



5-961 

3-774 

“ aluminate, 

1-02 

1-23 



3-371 

4-218 

Alumina, 





1-51 





Silica, 





•17 





Iron  sulphide, 





trace. 

0-074 

0-042 

Insoluble  in  acids, 

-81 

•97 

— 

— 

— 

100-73 

99-92 

100-07 

303-742 

309-957 
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The  tank  liquor,  as  it  runs  off  from  the  strong 
tank,  never  goes  direct  to  the  evaporating  pans,  but 
always  first  to  settlers.  These  are  tanks  in  which  it  is 
allowed  to  stand  for  twelve  hours  or  more,  during 
which  time  not  only  any  mechanically  carried  away 
portions  of  tank  waste  subside  to  the  bottom,  but  a 
considerable  quantity  of  a sodio-aluminium  silicate 
crystallizes  out ; a further  quantity  of  this  separates 
as  hard  crusts  upon  the  concentrating  pans.  The 
following  are  analyses  by  G.  E.  Davies  of  (A)  the 
deposit  from  settlers ; (B)  the  crust  from  the  concen- 
trating pans : — 


A. 

B. 

Silica, 

23-GO 

39-572 

Alumina, 

18-44 

33 -.584 

Sodium  oxide, 

13-12 

20-776 

Water, 

— 

5-844 

Iron  sulphide 

5-84 

— 

Calcium  sulphiile, 

38-00 

— 

Total, 

99-00 

99-776 

Sometimes  large  store  tanks  for  holding  the  liquor 
are  built  underground;  but  as  these  cannot  very 
easily  be  controlled  as  to  their  leakages,  it  is  much 
better  to  make  the  strong  liquor  well  only  just  large 
enough  for  a pump  to  work  in  (in  this  case  it  is 
generally  made  of  cast  iron),  and  pump  the  liquor,  as 
it  is  made,  into  settling  tanks  placed  at  a higher  level, 
where  they  are  visible  and  accessible  from  below. 
In  this  case  it  is  possible  to  give  the  liquor  a pre- 
liminary heating  in  the  settling  tank  by  means  of 
the  waste  heat  of  some  furnace  (for  instance,  the 
carbonating  furnaces) ; if  applied  over  the  top,  the 
settling  itself  will  not  be  interfered  with  in  the  least. 
In  any  case  the  settlers  must  be  placed  high  enough 
to  feed  the  boiling  down  pans ; but  where  the  liquor 
is  first  oxidised  or  carbonated  in  towers,  they  must 
be  placed  correspondingly  higher. 

This  oxidising  or  carbonating  process  is  resorted  to 
for  several  pui'poses,  and  sometimes  one,  sometimes 
the  other,  sometimes  both  are  used.  The  process, 
as  first  proposed  by  Gossage  in  1853,  and  carried  out 
in  several  Lancashire  works,  consists  in  exposing  the 
tank  liquor,  whilst  it  trickles  down  in  an  iron  tower 
packed  with  cake,  to  the  action  of  a current  of  air. 
The  liquor,  when  arriving  at  the  bottom,  is  tested 
with  a solution  of  lead,  and  if  it  should  still  show  a 
reaction  upon  sulphides,  it  is  pumped  up  again  and 
subjected  to  the  same  process.  The  sodium  sulphide 
is  thus  oxidised,  and  the  iron  sulphide  combined  with  it 
is  precipitated  as  oxide  which  can  be  settled  out  again. 
In  some  works,  instead  of  a current  of  air,  the  gas 
from  a lime  kiln  (impure  carbonic  acid)  is  employed 
for  this  purpose,  and  evidently  with  much  greater 
effect,  at  the  same  time  converting  the  caustic  soda 
into  carbonate,  and  decomposing  the  sodium  alum- 
inates  with  precipitation  of  AI2O3  (which  sometimes 
causes  trouble  by  stopping  up  the  interstices  between 
the  pieces  of  coke).  The  best  plan  of  all  seems  to 
be  that  of  employing  the  gas  from  some  furnace 
containing  both  carbonic  acid  and  free  oxygen,  and 
in  this  case  the  evaporation  of  the  lye  will  be  begun 
very  effectively  in  the  oxidising  tower  itself. 

VOL.  II. 


Instead  of  Gossage’s  tower,  Hargreaves  has  intro- 
duced (186C)  a lower  cylinder,  fitted  with  a perfor- 
ated false  bottom,  below  which  he  injects  a current 
of  air  by  means  of  a steam  blast;  the  double  bottom 
divides  the  current  into  many  bubbles.  This  pro- 
cess is  very  much  in  use  in  factories  where  caustic 
soda  is  made,  and  where  it  is  not  intended  to  car- 
bonate but  only  to  oxidise  the  liquor.  It  consumes 
a great  deal  of  steam,  more  than  the  pumping  in 
Gossage’s  plan,  but  it  does  not  lead  to  the  same  loss 
of  soda  remaining  with  the  coke,  &c.,  as  the  latter. 
The  most  complete  means  for  this  purpose  would 
seem  to  be  Koerting’s  blower,  which  works  more 
economically  than  a pump,  and  which  can  be  used 
with  either  air  or  carbonic  acid  from  any  source. 
It  would  slightly  dilute  the  liquid,  whilst  running  it 
down  in  a coke  tower  concentrates  it;  but  that 
would  be  of  less  consequence  than  the  apparently 
inevitable  loss  (as  found  in  practice)  of  1 or  even  2 
per  cent,  of  soda  in  the  latter  case.  The  majority  of 
works,  although  irrationally,  use  none  of  these  pro- 
cesses ; but  either  carbonate  the  ash  later  on  by 
means  of  sawdust,  or  else  separate  the  product  into 
“fished”  ash,  which  requires  no  carbonating,  and 
“ caustic  ash,”  or  caustic  soda,  as  will  be  seen 
hereafter. 

One  of  the  constituents  of  tank  liquor  which 
occurs  in  such  small  quantities  that  it  is  generally 
omitted  in  its  analysis,  nevertheless  plays  an  im- 
portant part  further  on,  when  the  colour  of  the 
soda  ash  comes  to  be  considered.  This  is  sodium 
ferrocyanide.  It  is  extremely  difficult,  if  at  all 
possible,  to  destroy  this  compound.  Although  it  can 
be  done,  according  to  J.  C.  Stevenson,  by  heating 
the  liquor  under  pressure  to  150°  C.,  there  are 
practical  difficulties  in  the  way  of  carrying  this  out 
on  a large  scale,  apart  from  the  expense,  and  it  is 
nowhere  done.  In  consequence  of  this  all  the  iron 
can  never  be  removed  from  the  tank  liquors,  even 
by  completely  carbonating  it  and  destroying  the 
ferro-sodium  sulphide,  and  the  destruction  of  the 
sodium  ferrocyanide  during  the  ultimate  ignition  of 
the  ash  (in  the  finishing  or  carbonating  furnace) 
causes  the  ash  to  be  coloured  yellow  by  ferric  oxide. 
This  can  only  be  avoided  by  using  a mixing  coal 
quite  free  from  nitrogen.  A portion  of  the  cyanogen 
compounds  formed  in  the  ball-furnace  is  often  de- 
composed during  the  cooling  of  the  balls  by  the 
action  of  the  air,  as  evinced  by  the  ammoniacal 
smell  they  sometimes  show. 

Salting-down. — The  evaporation  itself  is  carried  on 
by  two  systems,  viz. — either  by  surface  evaporation 
or  by  bottom  heat.  The  first  system  is  that  univer- 
sally followed  on  the  Tyne,  and  in  use  in  many 
places  elsewhere;  the  second  .system  is  more  usual 
in  Lancashire  and  on  the  Continent.  The  pans 
generally  used  for  surface  evaporation  are  shown, 
both  in  connection  with  the  ordinary  and  with  the 
revolving  ball-furnaces,  upon  the  re.spective  Plates, 
as  they  are  always  heated  by  the  flame  escaping  from 
the  ball-furnaces.  They  have  been  described  in 
detail  in  connection  with  the  ball-furnace,  from 
which  they  are  inseparable,  and  it  only  remains  to 
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s;xj'  something  about  the  work  performed  in  them. 
Each  pan  is  supposed  to  do  all  the  work  necessary 
for  the  produce  of  its  own  furnace,  that  is,  to  eva- 
porate the  liquor  resulting  from  the  lixiviation  of  as 
many  balls  as  the  furnace  produces.  The  liquor  is 
run  in  from  the  settler,  and  kept  up  by  feeding  the 
pan  from  time  to  time  so  that  its  level  is  pretty  well 
kept  up.  The  supply  is  so  regulated  that  after  each 
twenty-four  hours  the  pan  is  ready  to  be  drawn, 
tliat  is  to  say,  the  salt  has  accumuLated  in  it  to  such 
an  extent  that  it  reaches  to  the  top  of  the  liquid, 
and  the  whole  forms,  in  fact,  a pasty  mass.  It  is 
necessary  during  the  evaporation  to  work  from  time 
to  time  with  a light  rake  in  the  pan,  beating  down 
any  crusts  formed  on  the  top  (which  would,  of 
course,  hinder  the  evaporation),  and  working  the 
salt  from  the  neighbourliood  of  the  furnace,  where, 
of  course,  it  forms  in  greatest  abundance,  towards 
the  back-end  of  the  pan.  When  it  is  ready  for 
drawing,  one  of  the  doors  (which  have  been  luted 
with  clay)  is  .slackened,  so  that  the  bulk  of  the 
liquid  runs  out  into  the  drainer  mounted  in  front 
of  the  pan,  and  into  which  its  discharging  doors 
project;  then  the  doors  are  taken  off  altogether, 
and  the  whole  of  the  contents  of  the  pan  are  raked 
out  as  quickly  as  possible.  The  drainer  is  supplied 
with  a perforated  false  bottom  similar  to  that  of  the 
lixiviating  tanks,  and  the  real  bottom  of  the  drainer 
is  either  sloped  off  at  one  end,  or  it  contains  at  least 
a depression  (or  well)  for  the  drainer  pump  to  stand 
in.  This  is  done  so  that  the  mother  liquor  (“red 
hquor”)  may  drain  off  as  completely  as  possible  and 
may  be  pumped  away.  In  many  works  it  is  always 
pumped  back  straight  into  the  pans  and  boiled  down 
along  with  the  next  charge;  in  some  cases  it  is,  how- 
ever, pumped  away  into  separate  cisterns  and  boiled 
down  by  itself.  This  is  especially  often  the  case  with 
revolver  pans,  which  (as  well  as  the  drainers)  are 
provided  with  a partition  for  this  purpose.  The 
front  part  of  the  pan  never  receives  any  red  liquor, 
and  therefore  yields  a soda  ash  testing  up  to  56 
per  cent,  available  soda ; the  back  part  of  the  pan 
receives  all  the  red  liquor  produced  in  the  drainer, 
and  only  yields  50  to  52  per  cent.  ash.  Where, 
as  is  usual  on  the  Tyne,  the  red  liquors  are  simply 
pumped  back  into  the  same  pans  from  which  they 
came,  the  strength  of  the  soda  ash  obtained  in  well- 
conducted  works  is  not  under  52  per  cent. ; but 
frequently  up  to  53  per  cent.,  and  with  revolvers  54 
per  cent.,  or  even  more.  This  system  is  very  cheap, 
simple,  and  effective,  and  causes  very  little  wear 
and  tear  of  the  pans  ; but  it  is  not  at  all  adapted  for 
works  where  the  red  liquors  are  required  for  caustic 
soda,  and  it  does  not  on  the  whole  yield  as  pure  an 
ash  as  the  “fishing”  process,  or  rather  it  does  not 
allow  of  such  an  easy  and  complete  separation  of 
the  products.  It  is  certainly  a mistake  to  say  (as  it 
is  sometimes  done)  that  in  this  kind  of  evaporation 
no  fuel  at  all  is  required,  for  every  practical  man 
knows  that  he  must  burn  more  coal  to  do  his  boil- 
ing down  than  when  he  has  only  balls  to  make,  and, 
moreover,  it  must  be  a good  bituminous  coal,  giving 
a long  and  hot  flame.  There  is  much  less  labour 


required  than  with  bottom  evaporation,  and  the 
salt  does  not  easily  burn  fast  to  the  sides  and 
bottom  of  the  pan.  Where  the  liquor  has  not  been 
oxidised  beforehand,  it  is  usual  to  put  sawdust  into 
the  pan  during  the  evaporation.  This  not  only  acts 
farther  on  in  the  carbonating  or  finishing  furnace 
by  means  of  its  carbon,  but  it  is  also  of  very  great 
importance  for  the  draining  process.  The  salt  from 
these  pans,  being  of  much  finer  grain  than  the 
“fished”  salts  from  boat  pans,  would  part  very  badly 
with  its  mother  liquor,  were  it  not  that  the  sawdust 
makes  it  porous  and  more  permeable.  In  some 
cases,  when  it  is  used  without  mother  liquor,  it  is 
even  washed  with  water  to  remove  the  latter  more 
completely,  and  drained  by  means  of  a centrifugal 
machine  (first  introduced  by  Gamble).  This,  how- 
ever, is  only  rarely  done.  In  most  works  on  the 
Tyne  the  salt  is  wheeled  from  the  pan-drainers  to 
the  “ stock-drainers,”  where  it  rests  one  or  two  days, 
and  is  more  completely  freed  from  red  liquor.  It 
distinctly  improves  by  that  operation. 

The  salt  thus  collected  on  the  drainers  (“  black 
salt”)  is  essentially  constituted  according  to  the 
formula  NagCOg  + HgO.  When  of  very  good 
quality  it  is  nearly  white  and  of  coarse  grain ; but 
when  impure  (from  ferro- sodium  sulphide)  it  is 
more  or  less  coloured  yellow  or  brown,  even  red, 
and  generally  some  of  the  red  crystals  of  one  of  the 
several  sulphides  can  be  observed  separately. 

The  action  in  the  black-salt  pan  has  been  studied 
by  Moorhouse,  who  gives  the  following  tables  of 
his  results ; — 


I. — PUOrORTlO.N  01>’  CAUSTIC  SODA  TO  TOTAL  AVAILABLE  SODA 
I'KESENT  IN  THE  LIQUOR,  IN  THE  BLACK  SALT  AND  IN  THE 
ASH  MADE  FROM  IT. 


Tank  liquor, 

19-6 

22-2 

19  0 

12-9 

20-4 

20-2 

Black  salt, 

13-3 

13-7 

14-3 

11-6 

17-6 

11-8 

Soda  ash, 

— 

6-0 

3-2 

3-5 

3-0 

4-4 

Salt  from  front  of  pan, 

12.1 

11-7 

Ll-T 

13-6 

6-8 

— 

Salt  from  back  of  pan, 

8-G 

12-2 

17-1 

8-0 

6-1 

— 

II. — TOTAL  SULPHUR  (IN  ALL  COMBINATIONS)  CONTAINED 

IN — 

Tank  liquor 

1-59 

2-24 

2T4 

2-08 

2-13 

2-0,5 

Black  salt, 

1-77 

— 

I ■79 

2-20 

2 14 

2-09 

Soda  ash, 

2-lG 

2-33 

2-25 

2-38 

2-34 

— 

Salt  from  front  of  pan, 

— 

— 

1-80 

g'-GO 

1-90 

2-42 

Salt  from  back  of  pan, 

— 

— 

1-71 

1-95 

2-19 

2-19 

From  No.  I.  it  will  be  seen  that,  through  the 
action  of  the  furnace  gas,  a large  proportion  of  the 
sodium  hydrate  is  converted  into  carbonate  in  the 
pan ; the  average  diminution  of  NagO  existing  as 
NaHO,  being  4-7  per  cent,  on  the  total  available 
(that  is,  that  which  is  shown  by  test  acid)  soda  pre- 
sent. In  carbonating  a further  average  decrease  of 
9'8  is  produced;  but  it  is  unfortunate  that  even 
the  best  of  the  six  samples  tested  by  Moorhouse 
was  quite  inferior  with  regard  to  this  to  the  ordi- 
nary soda  ash  found  in  trade,  and  that,  therefore, 
his  experiments  do  not  possess  quite  the  same  value 
as  if  his  furnace  processes  had  been  in  good  order  at 
that  time. 

The  salt  from  the  back  end  of  the  pan,  which  is 
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that  which  was  first  made  and  has  been  paddled 
there,  might  be  expected  to  be  less  caustic  than  that 
from  the  front  end,  which  is  made  later  on,  and  it  is 
so  mostly,  although  not  regularly. 

The  second  table  shows  that  all  the  sulphur  is 
carried  through  the  process  into  the  ash,  and  none 
of  it  volatilized,  as  has  been  stated  by  Muspkatt. 
On  the  contrary,  its  proportion  is  found  to  increase, 
undoubtedly  partly  from  mechanically  carried  over 
sodium  sulphate,  and  partly  from  the  action  of  the 
sulphurous  acid  contained  in  the  furnace  gas. 

A second  system  of  surface  evaporation  is  not 
practised  very  much  in  this  country,  but  more  so  in 
France.  It  is,  at  the  same  time,  the  oldest  system 
of  all,  and  consists  in  combining  evaporation  and 
calcination  in  the  same  furnace.  The  bed  of  the  fur- 
nace is  shaped  like  a disk,  and  walled  with  very  tight 
joints;  it  is  brought  to  a bright  red  heat  before  running 
in  any  liquor,  so  that  a crust  is  formed  at  once  which 
prevents  the  liquor  from  soaking  too  much  into  the 
brickwork ; the  evaporation  is  then  continued  with 
further  quantities  of  liquor,  and  when  a sufficient 
quantity  of  salt  is  collected,  it  is  at  once  furnaced 
off  and  made  into  finished  ash.  This  process  gives 
a good  quality  of  ash,  but  it  is  not  adapted  for  the 
large-scale  production  of  our  times. 

The  process  of  bottom  evaporation  is  also  carried 
out  in  two  different  ways,  viz.,  in  flat  pans  and  in 
boat  pans.  The  former,  which  are  the  common 
ones  in  Germany  and  France,  arc  built  to  some 
extent  like  salt  pans,  with  hoods  to  carry  away  the 
steam,  and  provided  with  a depression  along  the 
side  opposite  to  the  fire.  A common  dimension  is 
25  feet  long  by  8 feet  wide,  by  20  inches  deep.  The 
bottom  must  be  perfectly  level  and  the  rivets  must 
be  counter-sunk,  as  it  is  necess.ary  to  rake  the  salt 
continually  away  from  it  into  the  depression  just 
mentioned;  otherwise  it  would  burn  fast  to  the 
bottom,  and  the  latter  would  be  burnt  away  in  an 
extremely  short  time,  apart  from  the  waste  of  heat 
acting  through  the  iron  and  salt  together.  These 
pans  have  generally  separate  fires,  and  the  smoke  is 
burnt  as  much  as  possible;  frequently  the  flame 
escaping  from  them  serves  for  a preliminary  heating 
of  other  pans.  Each  pan  is  filled  up  twice  every 
twenty-four  hours,  and  the  salt  accumulating  in  the 
depression  is  taken  out,  with  a long,  bent,  perforated 
shovel,  four  times  during  that  time,  in  order  to  be 
drained  in  a kind  of  hojiper,  from  which  the  mothers 
run  back  into  the  pan.  The  latter  tlius  accumulate 
more  and  more,  and  after  eight  or  ten  days  (only 
with  very  good  liquors  after  iwenty-one  to  tw'enty- 
four  days)  the  oj)eration  must  be  interrupted,  because 
the  fished  soda  ash  becomes  too  weak.  The  remain- 
ing liquid  is  then  evaporated  till  it  shows  (hot)  1’41 
to  1-44  spec.  grav. ; the  salt  then  separated  on  cool- 
ing mostly  consists  of  sodium  suli)hatc,and  is  worked 
up  again  in  the  ball-furnaces.  This  plan  seems  to 
involve  much  labour,  expenditure  for  fuel,  and  wear 
and  tear  of  the  pans,  and  is  not  at  all  favoured  by 
British  alkali-makers. 

The  only  system  of  bottom  evaporation  in  exten-  ^ 
sive  use  in  this  country  is  that  in  the  “ boat  pans,”  j 


first  introduced  by  Gamble.  These  are  sometimes 
made  of  cast  iron,  12  feet  long,  8 feet  wide,  and  3 
feet  deep  ; sometimes  of  wrought  iron,  from  20  to 
30  feet  long,  from  7 to  10  feet  wide,  and  from  2^ 
to  3 feet  deep  in  the  centre.  Their  shape  (shown  in 
the  wood-cuts  given  previously)  resembles  to  some 
extent  that  of  a boat,  and  they  are  set  in  such  a 
manner  that  the  centre  or  deepest  part  of  the  bottom 
is  not  at  all  touched  by  the  flames,  as  it  either  rests 
on  an  arch  or  on  a solid  pillar,  as  explained  above 
in  describing  the  ball -furnace.  The  fire  only  touches 
the  slanting  part  of  the  sides,  not  quite  up  to  the 
point  where  they  curve  upwards,  so  that  there  re- 
mains enough  room  for  the  brickwork  to  support 
the  pan,  and  at  the  same  time  enough  room  inside 
for  a margin  during  the  boiling  down,  as  the  surface 
of  the  liquor  should  of  course  never  be  lower  than 
the  highest  part  of  the  fire  flues.  In  these  pans  the 
salt  separating  during  the  evaporation  naturally  and 
witliout  any  labour  collects  in  the  central  depression, 
which  is  not  touched  by  the  fire,  and  is  thus  protected 
both  against  burning  of  the  plates  and  against  a 
disturbance  of  the  settling  by  the  ebullition  of  the 
liquid — the  centre  being  just  the  quietest  part  of 
the  pan.  It  is  also  very  easy  to  “ fish  ” out  the  salt 
from  this  central  depression  ; and  this  kind  of  pans 
is  indeed  quite  specially  adapted  for  the  Lancashire 
process,  in  which  it  is  purposely  avoided  to  carbonate 
the  liquor  even  partially  by  means  of  the  furnace 
gases,  as  it  is  the  intention  to  separate  the  products 
into  fished  ash  (of  55  to  57  per  cent.),  on  the  one 
hand,  and  “ caustic  ash  ” or  caustic  soda,  on  the 
other  hand.  “ Caustic  ” ash  is  the  product  obtained 
by  boiling  down  the  mother  liquor  from  the  fished 
ash  to  dryness ; the  preparation  of  caustic  soda  will 
be  described  separately.  The  “caustic  ash”  sus- 
tains from  5 to  8 per  cent,  of  sodium  hydrate  ; and 
although  its  colour  is  very  inferior,  it  is  in  good 
demand  by  paper-makers,  soap-makers,  and  others, 
to  whom  its  causticity  is  quite  welcome.  Its  alkali- 
metrical  test  is  46  to  50  per  cent. 

Another  kind  of  evaporating  pan  was  pro- 
posed by  Gossage  in  1853.  It  is  a double  pan, 
consisting  of  two  compartments  connected  by  a 
large  tube,  one  of  which  only  is  heated,  whilst  the 
other  one  serves  for  receiving  the  salts.  The  liquors 
are  pumped  continually  from  the  cold  pan  into  the 
hot  one,  and  consequently  overflow  from  the  latter 
back  into  the  former,  whei-e  the  salt  crystallizes  out, 
and  the  mothers  are  pumped  back  again.  This 
system  seems  to  be  arranged  in  a most  rational 
manner ; but  there  must  have  been  practical  diffi- 
culties ill  the  way,  as  it  has  not  made  its  way  among 
alkali-makers. 

A modification,  which  refers  less  to  the  construc- 
tion than  to  the  working  of  the  pans,  has  been 
introduced  by  Kuiil.mann.  It  consists  in  fishing 
out  the  salts  during  evaporation  of  a fixed  quantity 
of  liquor,  until  the  volume  of  the  latter  has  been 
reduced  to  a certain  point.  By  varying  the  relative 
volumes,  salts  of  different  degrees  of  strength  can 
be  obtained  by  fishing.  Thus,  when  ordinary  tank 
liquor  of  L286  specific  gravity  is  boiled  down  to 
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seven-twelfths  of  its  volume,  and  the  salt  precipitat- 
ing in  the  meantime  is  fished  out,  a product  testing 
57  per  cent,  real  soda  is  obtained.  If  the  remaining 
liquor  be  boiled  down  to  three-sevenths  of  its  volume 
(=  one-quarter  of  the  original  one),  the  product 
fished  during  this  time  will  yield  50  per  cent.  ash. 
The  residual  liquor,  dried  in  the  furnace,  yields  a 
highly  caustic  ash.  Kumi.mann  for  this  purpose 
marks  the  sides  of  his  pan  correspondingly.  Kolb 
has  made  special  experiments  on  this  subject,  which 
do  not  quite  harmonize  with  Kuhlmann’s  statements. 
According  to  Kolb,  when  a liquor  containing  sodium 
sulphate,  carbonate,  chloride,  and  caustic,  is  boiled 
down,  the  sulphate  is  generally  separated  first- — all 
the  more  quickly  the  more  caustic  the  liquor  is.  At 
the  same  time  the  precipitation  of  carbonate  com- 
mences; this,  however,  is  influenced  by  the  presence 
of  sodium  chloride.  If  none  of  the  latter  salt  is 
present,  the  first  precipitates  are  poorer  than  the 
subsequent  ones,  because  they  contain  more  sul- 
phate. If,  however,  much  sodium  chloride  be 
present,  the  behaviour  is  an  opposite  one.  The 
first  precipitates  are  richest  in  soda,  and  later  on 
more  and  more  chloride  is  mixed  with  them.  If  the 
liquor  contains,  at  the  same  time,  a great  deal  of 
sulphate  and  chloride,  the  percentage  of  the  pre- 
cipitates in  carbonate  first  increases,  then  it  becomes 
stationary,  and  at  last  it  decreases  again.  The 
caustic  soda,  which  favours  the  precipitation  of  all 
three  salts,  remains  in  the  mother  liquor  up  to  the 
last. 

Carbonating  or  Finishing. — This  operation  com- 
pletes the  manufacture  of  ordinary  soda  ash.  It 
would  seem  to  those  not  acquainted  with  prac- 
tical alkali  making,  as  if  both  the  furnace  and  the 
mode  of  operation  in  converting  the  drained  “black- 
ash”  must  be  of  the  simplest  character.  This  is. 


however,  only  the  case  with  very  pure  “ fished  ” .salts. 
These  have  merely  to  be  dried  by  moderate  heat 
to  expel  the  water  of  crystallization,  and  the  prin- 
cipal matter  to  be  observed  is  this,  that  the  heat 
must  be  kept  sufficiently  low  not  to  melt  the  sodium 
carbemte ; but  this  is  easily  avoided,  as  sulphide 
and  caustic  are  practically  absent.  The  matter  is 
very  different  when  the  “ black  salt  ” from  open 
pans  (that  is,  those  with  surface  evaporation)  has  to 
be  treated,  since  it  contains  a considerable  propor- 
tion of  sodium  hydrate  and  sulphide,  and  at  the 
same  time  the  sawdust,  which  is  intended  to  supply 
the  carbon  for  carbonating  them ; and  a great  deal 
of  care  has  to  be  bestowed  upon  carrying  out  these 
operations  successfully,  so  as  to  obtain  ultimately 
a good  ash. 

A carbonating  furnace  of  very  good  construction 
is  shown  in  Figs.  25  to  28.  Fig.  25  is  a section 
througli  E — F,  Fig.  26  ; Fig.  26  is  a horizontal  section 
through  A — B,  Fig.  27  ; Fig.  27  is  a section  through 

Fig.  25. 


C — D,  Fig.  26 ; Fig.  28.  front  elevation.  It  will  be  seen 
that  the  fire-bridge  in  this  furnace  is  unusually  high, 
and  indeed  only  leaves  a crescent-shaped  slit  for  tlie 
fire  to  go  through.  Sometimes  only  one  bed  is  used. 


but  more  frequently  two,  as  shown  in  the  drawings. 
I'he  black  salt,  where  the  levels  allow  it,  is  not 
charged  through  the  door,  but  through  a hopper, 
not  indicated  in  the  drawings,  ovi  r the  centre  of  the 
back  bed.  It  is  not  necessary  to  bind  tliese  furnaces 
quite  so  strongly,  or  to  provide  them  with  hollow 
bridges  and  bridge  plates,  as  the  heat  in  them  is 


nothing  like  that  of  ball-furnaces.  When  a single 
bed  is  used,  it  should  be  about  12  feet  long  by  8 feet 
wide ; when  two  beds  are  used,  they  are  about  8 feet 
square  each.  In  a few  cases  the  furnace  bed  is  made 
of  thick  cast-iron  plates;  in  the  majority  of  works, 
however,  it  is  made  of  fire-bricks  on  edge,  closely 
wedged  together.  The  waste  heat  from  this  furnace 
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can  be  either  used  for  drj’ing  ctialk,  or  for  a preli- 
minary heating  of  tank  liquor,  or,  of  course,  for  any 
other  purpose. 


7 8 TEcr  Fig.  27. 


The  carbonating  operation  is  carried  on  as  fol- 
lows : — The  black  salt  is  first  charged  upon  the  back 
bed,  where  it  is  not  disturbed,  and  where  the  mois- 


ture is  expelled  to  a great  extent.  The  work  only 
begins  properly  after  it  has  been  shifted  to  the  work- 
ing bed.  Each  charge  weighs  about  16  cwts.  after 
furnacing.  The  second  bed  is  charged  when  the 
first  charge  is  about  half  worked,  and  the  damper  is 
then  raised,  becaiise  at  that  moment  more  fire  is 
needed,  and  the  salt  on  the  back  bed  impedes  the 
draught ; but  when  the  latter,  after  drawing  the 
charge  from  the  front  bed,  has  been  shifted  to  it, 
the  damper  is  let  down  again,  and  the  first  stage  of 
the  work,  the  drying,”  begins.  The  heat  at  this 
stage  does  not  very  much  exceed  the  melting  point 
of  lead ; the  fire  is  kept  “ green,”  that  is,  light  and 
smoky,  and  the  stuff  is  turned  over  now  and  then. 
The  moisture  is  seen  to  escape  in  copious  fumes ; if 
there  were  too  much  heat  in  this  stage  the  salts  would 
be  locally  dried  and  fluxed,  and  would  be  found  to 
be  full  of  sulphide  and  caustic.  This  stage  takes 
about  two  hours.  When  all  steim  is  off  and  the 
stuff  appears  loose  and  pure  a little  more  heat  is 
applied,  and  the  stuff  is  turned  over  very  assidu- 
ously, as  this  is  the  proper  “carbonating”  stage; 
that  is,  now  the  sulphide  is  partly  oxidised  to  sul- 
phate, partly  converted  into  carbonate,  the  saw- 
dust is  burnt,  and  the  resulting  carbonic  acid, 
along  with  that  of  the  fire,  converts  the  caustic  soda 
into  carbonate.  At  this  stage  the  furnace  must  be 
filled  as  much  as  possible  with  carbonic  acid,  and  a 
good  result  can  only  be  attained  by  great  care  and 
industry  on  the  part  of  the  furnace-man.  Gradu- 
ally the  fire  is  increased,  and  the  last  shise  is  that  of 
“firing”  the  mass,  when  it  has  to  be  brought  to  a 
good  red  heat,  constantly'  turning  it  over  and  com- 
pletely burning  out  the  siiwdust.  This  succeeds  better 


with  sawdust  from  pine  wood  than  with  that  from 
hardwood.  The  furnace-man  shifts  the  stuff  por- 
tion by  portion  to  the  fire-bridge,  and  allows  it  to 
get  just  hot  enough  to  burn  out  the  sawdust,  but 
removes  it  promptly  before  it  ean  even  begin  to  flux, 
and  shifts  another  portion  into  the  same  place;  he 
opens  his  working  door  more  or  less,  or  lets  it  down 
altogether  for  a while,  just  as  the  state  of  his  furnace 
requires  it.  The  less  caustic  there  is  in  the  stuff  the 
more  it  will  “ stand  the  fire  ;”  if  it  is  too  caustic  it 
is  “soft  ” and  liable  to  fluxing,  and  cannot  be  heated 
as  it  ought,  viz.,  ultimately  with  a clear  fire,  coming 
out  red  hot  right  through.  The  whole  operation 
should  not  be  done  in  less  than  five  hours,  to  do  it 
properly.  It  can  hardly  be  described  in  words  as 
it  has  to  be  done  in  practice,  very  careful  manipula- 
tion being  necessary  throughout.  The  same  black 
salt  will,  in  the  hands  of  a good  workman,  yield  an 
ash  of  52  per  cent,  soda  and  only  1 per  cent,  caustic, 
which  in  the  hands  of  another  only  yields  51  or  even 
50  per  cent.,  and  2 to  2^  per  cent,  caustic.  In  any 
well-carbonated  ash  there  ought  to  be  no  more  than 
1 per  cent,  sulphite,  and  no  sulphide  whatever,  or 
only  the  merest  trace. 

The  action  in  the  carbonating  furnace  has  been 
studied  by  Moorhouse,  who  unfortunately  did  so 
when  he  had  some  abnormally  sulphuretted  salt  to 
deal  with,  yielding  abnormally  caustic  ash  ; never- 
theless, his  results  are  very  interesting.  The  fur- 
nace was  charged  at  5'30  p.m.,  and  samples  were 
taken  from  it  at  seven,  eight,  and  nine  o’clock,  and 
ultimately  of  the  ash  drawn  out  at  10T5  p.m.  The 
results  of  the  testings  are  embodied  in  the  following 
table : — 
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Black 

Salt 

Used. 

Seven 
0 clock. 

Eight 
u clock. 

Nijie 
0 clock. 

Soda 

Ash. 

Carbon, 

1-11 

0-32 

0-38 

0-10 

nil. 

Insoluble  matter, 

0-9o 

0-93 

1-00 

0-97 

0-97 

Sodium  carbonate, 

78-30 

79-04 

80-05 

81-07 

81-86 

“ hydrate, 

7-59 

6-30 

5-42 

4-40 

3-97 

“ sulphate, 

7-71 

9-02 

10-27 

10-85 

11-06 

“ sulphite, 

0-82 

1-77 

0-83 

0-38 

0-21 

“ hyposulphite,  . . 

1-05 

trace. 

nil. 

nil. 

nil. 

“ sulphide, 

0-33 

trace. 

trace. 

trace. 

trace. 

I’er  cent,  undissolved  | 

sulphur  on  total  sul- 

31 

17 

8-3 

3-6 

2-0 

phur, ) 

Percent. Na.20  in  state  I 

of  NaHO  on  total  v 

11-4 

9-5 

8-2 

6-9 

6-0 

available  NajO,....) 

It  will  be  seen  that  the  proportion  both  of  iinoxi- 
dised  S and  of  Na20  existing  as  NaHO  is  reduced  in 
a regular  progression  in  the  hourly  stages,  but  the 
former  much  more  rapidly  than  the  latter.  The 
sulphide  and  hyposulphite  are  oxidised  with  com- 
parative ease,  but  the  sulphite  remains,  although  in 
diminished  quantity,  up  to  the  last;  and  this  is 
indeed  the  case  not  only  with  Mookhouse’s  very 
bad  salt,  but  with  the  very  best  carbonated  salts 
made  in  the  usual  way,  without  separating  red 
liquors,  &c. 

A mechanical  carbonating  furnace,  built  in  the 
form  of  a staircase,  has  been  devised  for  Stevenson 
by  James  Napier;  but  although  it  dried  and  car- 
bonated the  salt,  it  could  not  be  brought  to  the  heat 
necessary  for  finishing  it,  and  it  had  to  be  given  up 
again.  Probably  Jones’  machine  (described  in  tlje 
article  Sulphate  of  Soda)  would  do  for  carbonating 
also  ; but  as  it  has  only  just  been  brought  out, 
no  experience  exists  on  this  point.  Another  me- 
chanical furnace,  however,  patented  lately  by  Mac- 
tear,  of  St.  Rollox,  seems  to  have  really  overcome 
all  practical  difficulties  in  the  way  of  carbonating 
soda  ash  without  manual  labour.  Its  principle  is 
that  of  a revolving  circular  hearth,  with  scrapers  or 
ploughs,  similar  to  some  extent  to  the  mechanical 
furnace  for  the  calcining  of  cupreous  pyrites  cinders, 
devised  by  Gibb  and  Gelstharpe. 

When  the  soda  ash  has  been  obtained,  either 
after  carbonating  the  tank  liquor  by  gas  in  Gossage’s 
towers,  or  by  “ fishing  ” the  salt  and  leaving  the 
mothers  to  be  dealt  with  in  some  other  way,  it  is 
generally  both  very  strong  and  also  very  white. 
That,  however,  which  has  been  obtained  by  surface 
evaporation,  without  separating  the  red  liquors,  is 
never  quite  white,  but  always  yellowish,  and  some- 
times reddish  or  brown  ; it  is  therefore  often  known 
as  “ yellow  carbonate.”  A yellowish  ash  is,  indeed, 
often  found  better  carbonated  than  one  of  much 
whiter  colour,  and  naturally  so ; for  in  the  latter 
the  iron  salts  have  not  been  properly  decomposed, 
and  their  very  slight  colour  does  not  influence  that 
of  the  bulk,  whilst  in  the  better  fired  sample  all  iron 
salts  are  converted  into  ferric  oxide,  whose  red 
colour  spoils  the  whiteness  of  the  ash.  A well- 
carbonated  soda  ash  ought  to  be  of  yellowish,  or 
even  better,  of  slightly  bluish  colour  (either  from  a 
trace  of  ultramarine,  or  from  one  of  sodium  manga- 
nate),  but  not  grey,  which  speaks  of  bad  carbonat- 


ing, as  well  as  any  remains  of  charred  sawdust, 
which  ought  to  be  altogether  absent.  After  grind- 
ing, it  ought  not  to  show  too  many  black  or  other- 
wise coloured  specks  (owing  to  charcoal,  brick-dust, 
&c.).  The  residue  insoluble  in  water  ought  not  to 
exceed  1-5  per  cent.;  sulphide  ought  to  be  entirely 
absent ; sulphite,  not  exceeding  T5  per  cent ; 
caustic,  2 per  cent,  (in  ash  made  for  dissolving  for 
the  manufacture  of  soda  crystals,  it  is  often  brought 
down  to  1 per  cent.)  ; chloride,  2 per  cent,  to  3 per 
cent. ; the  sulphate  will  vary  from  5 to  10  per  cent., 
according  to  the  strength  of  the  ash.  All  this  refers 
to  ordinary  soda  ash  (yellow  carbonate) — say  up  to 
52  or  53  per  cent,  of  available  soda.  The  fished 
ash,  made  up  to  56  per  cent,  or  more,  contains  of 
course  much  smaller  quantities  of  any  of  the  above 
impurities.  It  would  seem  useless  to  repeat  any  of 
tlie  published  analyses  of  soda  ash,  as  the  propor- 
tions of  the  impurities  vary  very  much,  and  the 
above  maximum  values  for  good  merchantable  ash 
are  more  valuable  than  any  chance  analysis  published 
by  some  author. 

The  soda  ash  is  rarely  brought  into  the  market  as  it 
comes  from  the  furnaces,  but  is  nearly  always  ground 
to  powder ; this  is  really  much  more  economical,  as 
the  grinding  does  not  cost  very  much  more  than  the 
packing  by  hands,  and  there  is  a very  considerable 
saving  of  casks.  An  ordinary  alkali  “tierce,”  made 
from  40-inch  staves,  holds  only  8 to  9 cwts.  of  un- 
grouud  ash,  but  12  to  14  cwts.  ground  ash,  according 
to  the  way  in  which  it  is  packed.  The  packing  is 
often  assisted  by  mechanical  contrivances  for  shak- 
ing the  casks  and  pressing  the  ash  in  during  the 
grinding;  in  nearly  every  case  the  mills  are  made  to 
deliver  directly  into  the  casks.  This  applies  to  grind- 
ing in  horizontid  mills,  similar  to  flour  mills, 
which  are  now  generally  preferred  to  the  formerly 
used  edge-runners,  because  they  work  much  more 
cheaply  owing  to  the  large  amount  of  work  they  do, 
and  allow  sifting  apparatus  to  be  dispensed  with. 
The  stones  of  these  mills  are  not  the  French  “burrs” 
used  in  corn  grinding,  but  blue  lava  stones,  mostly 
from  the  Lower  Rhine,  which  resist  the  action  of 
the  hot  ash  without  injury.  A pair  of  edge-runners 
is,  however,  very  useful  for  crushing  the  hard  flux- 
iugs  from  the  furnaces,  which  cause  great  wear  and 
tear  of  the  millstoueG.  In  Lancashire  the  ash  is 
often  packed  in  hard-wood  sugar  hogsheads,  which 
hold  up  to  22  cwts.  As  customers  frequently 
require  ash  of  lower  strength  than  that  produced  in 
the  works,  the  strength  is  reduced  accordingly  by 
means  of  common  salt  (previously  dried  in  a fur- 
nace), immediately  before  grinding.  Where  kelp  salt 
is  cheap  enough  it  is  used  instead  of  common  salt, 
as  its  percentage  of  soda  (8  to  12  per  cent.),  is  made 
available,  and  the  sodium  chloride  in  it  costs  little 
or  nothing. 

Strength  oj  Ash. — Soda  ash  is  always  sold  according 
to  its  strength,  as  shown  by  test  acid,  and  it  is  mostly 
only  tested  in  this  way;  only  exceptionally,  moisture, 
caustic,  insoluble,  &c.,  are  estimated  as  well.  The 
test  acid  (usually  standard  sulphuric  acid)  saturates 
not  only  sodium  carbonate,  but  also  hydrate,  silicate. 
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and  aluminate;  but  all  these  together  are  classified 
as  “available  soda,”  and  properly  so,  as  for  most  pur- 
poses they  are  just  as  good  as  sodium  carbonate. 
The  test  is  expressed  professedly  in  percentages  of 
sodium  oxide  (Na20),  and  accordingly  chemically 
pure  sodium  carbonate  ought  to  test  = 58‘49,  or, 
say,  58^  degrees.  It  is,  however,  not  usual  in  this 
country  to  certify  the  strength  of  soda  ash  according 
to  its  real  equivalent  of  23  for  Na,  or  106  for 
Na^COj;  but  according  to  an  assumed  equivalent  of 
24  for  Na,  or  108  for  NagCOg,  called  the  “old” 
equivalent.  The  figures  in  Pattinson’s  table  (given 
below),  called  “English  degrees,”  are  calculated  on 
this  basis,  according  to  which  pure  sodium  carbonate 
tests  59'26  per  cent.  The  tests  made  in  Newcastle, 
London,  and  Glasgow  agree  with  this;  but  the 
“Liverpool”  test,  which  does  not  seem  to  follow 
certain  rules,  shows  about  1 per  cent  more.  Another 


source  of  error  is  frequently  imported  by  not  filter- 
ing the  solution  of  soda  ash  before  testing  it.  The 
calcium  carbonate  and  ferric  oxide  thus  count  equally 
with  the  available  soda,  and  makes  it  appear  a half 
per  cent,  and  often  more  than  that,  too  high;  this 
custom  is,  however,  not  an  acknowledged  one,  and 
certainly  seems  very  reprehensible.  In  Germany 
soda  ash  is  sold  by  its  percentage  of  sodium  car- 
bonate (all  “available  soda”  being  calculated  as 
such),  and  in  France  by  Decroizilles’  degrees.  The 
latter  are  supposed  to  show  how  much  sulphuric  mono- 
hydrate (H2S0^,  equivalent  98)  corresponds  to  the 
percentage  of  Na2COg  (equivalent  106) ; pure  sodium 
carbonate  accordingly  tests  92‘45°  Decroizilles. 
The  following  table,  composed  by  John  Pattinson, 
will  be  found  very  useful  for  a comparison  of  the 
different  degrees  used  by  English,  German,  and 
French  chemists,  with  the  real  percentages  of  soda; — 
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Percentage 
of  Soda. 

Carbonate 
of  Soda. 

English 

De^jrees. 

Decroizilles' 

Degrees. 

Percentage 
of  Soda. 

Carbonate 
of  Soda. 

English 

Degrees. 

Decroizilles’ 

Degrees. 

Percentage 
of  Soda. 

Carbonate 
of  Soda. 

English 

Degrees. 

Decroizilles’ 

Degrees. 

30-0 

51-29 

30-39 

47-42 

46-0 

78-66 

46-60 

72-71 

62  0 

106-01 

62-82 

98-00 

30-5 

52  14 

30-90 

48-21 

46-5 

79-51 

47-11 

73-50 

62-5 

106-86 

63  32 

98  79 

31  0 

53-00 

31-41 

49-00 

47-0 

80-37 

47-62 

74-29 

63-0 

107-72 

63-83 

99-58 

31-5 

.53-85 

31-91 

49-79 

47-5 

81-22 

48-12 

75-08 

63-5 

108-57 

64-33 

100-37 

32-0 

54-71 

32-42 

50-58 

48-0 

82-07 

48-63 

75-87 

64-0 

109-43 

64-84 

101-16 

32  5 

.55-56 

32-02 

51-37 

48-5 

82-93 

49-14 

76-66 

64-5 

110-28 

65-35 

101-95 

33-0 

.56-42 

33-43 

52-16 

49-0 

83-78 

49-64 

77-45 

65-0 

111-14 

65-85 

102-74 

33-5 

bl-n 

33-94 

52  95 

49-5 

84-64 

.50-15 

78-24 

65-5 

111-99 

66-36 

103-.53 

340 

.58-13 

34-44 

53-74 

50-0 

85-48 

50-66 

79-03 

66-0 

112-85 

66-87 

104-32 

34-5 

58-98 

34-95 

54-53 

50-5 

86-34 

51-16 

79-82 

66-5 

113-70 

67-37 

105-11 

3.50 

59-84 

35-46 

55-32 

51-0 

87-19 

51-67 

80  61 

67-0 

114-.56 

67-88 

105-90 

35-5 

60-69 

35-96 

56-11 

51-5 

88-05 

52-18 

81-40 

67-5 

115-41 

68-39 

106-69 

3G  0 

61 -.55 

36-47 

56-90 

52-0 

88-90 

52-68 

82-19 

68-0 

116  27 

68-89 

107-48 

36-, 

62-40 

36-98 

57-69 

52-5 

89-76 

53-19 

82-98 

68-5 

117  12 

69-40 

108-27 

37-0 

63*26 

37-48 

.58-48 

53-0 

90-61 

.53-70 

83-77 

69-0 

117-98 

69-91 

109-06 

37-5 

64-n 

37-99 

59-27 

53-5 

91-47 

54-20 

84 -.56 

69-5 

118-83 

70-41 

109-85 

380 

64-97 

38-50 

60-06 

54  0 

92-32 

.54-71 

85-35 

70-0 

119-69 

70-92 

110-64 

38-5 

65-82 

39-00 

60-85 

54-5 

93-18 

55-22 

86-14 

70-5 

120-53 

71-43 

111-43 

30-0 

66-68 

30-51 

61-64 

55-0 

94-03 

55-72 

86-93 

71-0 

121-39 

71-93 

112-23 

39-5 

67-53 

40  02 

62-43 

55-5 

94-89 

56-23 

87-72 

71-5 

122-24 

7-2-44 

113-02 

400 

68-39 

40  .52 

63-22 

56-0 

95-74 

56-74 

88-52 

72-0 

123-10 

72-95 

113  81 

40-5 

69-24 

41-03 

64-01 

56-5 

96-60 

57-24 

89-31 

72-5 

123-95 

73-45 

114-60 

41-0 

70-10 

41-54 

64-81 

57-0 

97-45 

57-75 

90-10 

73-0 

124  81 

73-96 

115-39 

41-5 

70-95 

42-04 

65-60 

57-5 

98-31 

58-26 

90-89 

73-5 

125-66 

74-47 

116-18 

42  0 

71-81 

42-55 

66-39 

58  0 

99-16 

58  76 

91-68 

74-0 

126-52 

74-97 

116-97 

42-5 

72-66 

43-06 

67-18 

58-5 

100-02 

.59-27 

92-47 

74-5 

127-37 

75-48 

117-76 

430 

73-52 

43-57 

67-97 

590 

100-87 

59-77 

93-26 

75-0 

1-28  23 

75-99 

118-55 

43-5 

74-37 

44-07 

68-76 

59-5 

101-73 

60-28 

94-05 

75-5 

129-08 

76-49 

119-34 

44-0 

75-23 

44-58 

69, 55 

60-0 

102-58 

60-79 

94-84 

76-0 

129-94 

77-00 

1-20-13 

44-5 

76-08 

45-08 

70-34 

60-5 

103-44 

61-30 

95-63 

76-5 

130-79 

77-51 

1-20  92 

4b0 

76-95 

45-59 

71  13 

61  0 

104-30 

61-80 

96-42 

77-0 

131-65 

78-01 

121-71 

45-5 

77-80 

46-10 

71-92 

61-5 

105-15 

62-31 

97  21 

77-5 

132-50 

78-52 

122-50 

The  first  column  contains  percentages  of  soda,  calculated  on  the  correct  atomic  weight — 31.  These  also  represent  what 
are  known  in  France  as  Gay-Lussac’s  Degrees. 

The  second  column  contains  the  amounts  of  carbonate  of  soda  corresponding  to  the  soda  in  the  first  column.  Soda  ash 
is  sold  in  Germany,  llussia,  &c.,  by  the  percentage  of  carbonate  of  soda  it  contains. 

Tlie  third  column  gives  the  corresponding  percentages  of  soda  according  to  the  English  test,  which  is  based  on  the  old 
atomic  weight  of  soda,  32,  still  retained  as  a trade  custom  in  England. 

The  fourth  column  shows  the  corresponding  degrees  of  Decroizilles’  Alkalimeter.  These  degrees  represent  the  number 
of  parts  of  monohydratcd  sulphuric  acid  (oil  of  vitriol)  which  can  be  neutralized  by  100  parts  of  the  sample  under  examination. 
Decroizilles’  degrees  are  used  in  France  and  some  other  parts  of  the  Continent. 

Note.— In  the  commercial  testitig  of  samples  of  soda  ash  and  alkali,  all  the  soda  neutralized  by  test  acid  is  taken  into 
account,  and  reckoned  as  soda  in  the  mode  of  stating  the  results  shown  in  the  first  and  third  columns,  as  carbonate  of  soda, 
as  shown  in  the  second  column,  and  as  degrees,  as  shown  in  the  fourth  column. 


Loss  of  Soda  in  Leblanc's  Process. — This  constantly 
occurs  from  a variety  of  causes,  which  are  mainly 
the  following: — 1.  Incomplete  conversion  of  sodium 
chloride  into  sulphate.  2.  Incomplete  decomposition 
of  soilium  sulphate  in  the  ball-furnace,  and  re-forma- 
tion of  the  same  in  the  lixiviating  tanks,  &c.  3. 


Mechanical  carrying  away  of  sodium  salts  into  the 
! flues.  4.  Volatilization  of  sotiiitm  salts  as  such,  or 
j as  reduced  sodium  (this  source  of  loss  has  been 
proved  to  be  of  the  most  insignificant  character). 
5.  Formation  of  soilium  salts,  which  later  on  do 
not  form  the  “ available  ” soda,  such  as  sulphide. 
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cyanide,  sulphocyanide,  ferrocyanide.  6.  Formation 
of  insoluble  sodium  compounds,  partly  as  ferro- 
sodium  sulphide,  and  partly  as  composite  silicates  in 
combination  with  lime,  magnesia,  alumina,  &c.  7. 

Incomplete  lixiviation.  8.  Mechanical  losses  by 
leakages  of  liquors  and  scattering  of  salt  and  ash 
during  the  operations.  The  total  loss  from  all  these 
causes  amounts  to  14  to  20  per  cent,  of  the  total. 
It  is  considered  very  good  work  if  a yield  of  75 
parts  of  soda  ash,  calculated  as  48  per  cent.,  from 
100  parts  of  sulphate,  is  obtained ; this  corresponds 
to  69'23  per  cent,  of  52  per  cent,  ash,  or  to  60T5 
per  cent,  of  pure  Na2COg  on  96  per  cent,  sulphate  = 
62'66  on  pure  Na2SOg.  The  yield  in  German  works 
is  stated  = 64  per  cent,  pure  carbonate  from  100  pure 
sulphate,  instead  of  the  theoretical  74*6 — probably  a 
maximum  figure.  The  loss  under  the  head  No.  6 
(by  the  formation  of  insoluble  compounds)  has 
been  carefully  investigated  by  Scheurer-EIestner, 
who  has  shown  that  it  increases  with  the  quantity  of 
limestone  or  chalk  used  in  the  ball-mixture,  and  this 
is  a strong  reason  why  the  proportion  of  chalk  should 
be  kept  as  low  as  consistent  with  a complete  decom- 
position of  the  sulphate.  The  loss  from  this  source 
alone  may  amount  to  5 per  cent,  of  the  available 
soda. 

Refined  Alkali. — The  ordinary  soda  ash  (yellow 
carbonate)  is  sufficient  for  most  purposes  to  whicli 
sodium  carbonate  is  applied  in  the  arts.  In  most 
cases  it  has  to  be  dissolved  in  water  before  use, 
by  which  process  its  insoluble  impurities  at  any  rate 
are  removed ; but  this  is  not  the  case  where  the 
ash  is  used  without  dissolving,  as  in  glassmaking 
and  in  a few  other  cases.  There  is,  therefore,  a 
constant  demand  for  a purer  article  than  the  ordinary 
yellow  carbonate,  and  a certain  portion  of  the  latter 
is  consequently  further  refined.  The  usual  refining 
process  removes  the  insoluble  impurities,  as  well  as 
all  sulphur  compounds  below  sulphate,  and  all  iron ; 
but  it  does  not  diminish  the  proportion  of  chloride 
and  sulphate  in  the  ash.  Where  these  are  injurious 
(as  in  flint-glass  making),  a different  article  must  be 
used,  such  as  fished  ash,  or  calcined  crystals,  or  ash 
made  by  the  ammonia  process.  The  ordinary  re- 
fining process  for  50  or  52  per  cent,  alkali  is 
carried  out  as  follows : — Ordinary  soda  ash  (un- 
ground) is  dissolved  in  water  heated  by  steam,  gener- 
ally in  a cylindrical  vessel  8 to  10  feet  in  diameter, 
and  about  6 feet  high,  provided  with  a central  revolv- 
ing shaft  with  arms  for  agitating  the  liquid  (see  Figs. 
29,  30.  Wheu  the  ash  has  been  very  well  carbonated, 
nothing  further  is  needed;  but  in  the  contrary  case  a 
small  quantity  of  bleaching  powder  is  put  in  the 
dissolver  before  running  it  off,  and  the  boiling  is 
continued  for  a quarter  of  an  hour.  The  colour  of 
the  solution,  which  should  be  perfectly  bright  and 
as  clear  as  water,  generally  decides  upon  that  point. 
In  no  case  ought  more  than  6 or  8 lbs.  of  bleaching 
powder  per  ton  of  ash  be  used.  The  bleaching 
powder  (chloride  of  lime)  thoroughly  destroys  any 
remains  of  organic  substance  (ulmates) ; it  further 
oxidises  the  sulphite  and  the  sulphide  (if  any)  to 
sulphate,  and  the  iron  protosalts  to  persalts,  from 


which  the  iron  is  at  once  precipitated  as  ferric  oxide, 
and  carried  down  with  the  calcium  carbonate  formed 
by  the  action  of  the  chloride  of  lime  on  the  sodium 
carbonate.  The  clear  solution  now  contains  nothing 
but  sodium  carbonate,  chloride,  and  sulphate  and 
hydrate ; the  silicate  and  aluminate  generally  also  go 
unchanged  through  the  operation.  As  the  chloride 
of  lime  destroys  a corresponding  portion  of  sodium 
carbonate,  it  is  evident  that  no  more  of  it  must  be 
used  than  is  absolutely  necessary  for  the  purpose  in 
question.  Whenever  it  is  employed  the  resulting 
refined  alkali,  in  spite  of  its  containing  an  insoluble 
residue,  shows  a slightly  lower  alkalimetrical  test 


Fi(j.  29. 


than  the  soda  ash  from  which  it  has  been  made. 
The  solution  is  now  run  off.  along  wdth  all  precipi- 
tates, into  settling  tanks ; very  much  indeed  depends 
upon  the  settling  being  done  properly  and  com- 
pletely, and  it  is  best  not  to  trust  to  one  settling 
tank,  but  to  employ  two  or  even  three.  It  is  a good 
plan  to  make  them  very  long,  and  to  let  the  solution 
pass  in  at  one  end  and  out  at  the  other.  At  the 
same  time  the  liquor  must  not  be  allowed  to  remain 
so  long  in  the  settlers  that  it  can  crystallize;  the 
original  solution  should  not  be  made  stronger  than 
56°  Tw.  (=  1-28  specific  gravity),  to  provide  against 
this  contingency.  Fortunately,  as  is  well  known, 
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the  solubility  of  sodium  carbonate  (and  sulphate)  in 
water  does  not  increase  regularly  with  the  tempera- 
ture, but  is  highest  at  38°  C.,  so  that  no  crystalliza- 
tion can  take  place  whilst  the  boiling  hot  solution 
cools  down  to  this  temperature.  But  it  is  always 
best  to  surround  the  settlers  with  a bad  conductor 
for  heat  (bricks,  wood,  &c.)  The  completely  settled 
and  clear  solution  is  now  evaporated  in  an  open  pan, 
covered  by  an  arch,  by  surface  heat;  the  construction 
of  the  pan  itself  and  of  its  drainer  is  exactly  like 
that  of  the  common  open  black-salt  pan  as  shown  on 
the  Plates,  except  that  the  white-saltpans  are  generally 
onger  (up  to  30  feet),  and  provided  with  a fire-place 
at  each  end,  the  flame  escaping  through  a flue  built 
in  the  arch  in  the  centre  of  the  length  of  the  pan. 
The  reason  for  this  is  to  avoid  the  formation  of 
smoke  as  much  as  possible,  which,  experience  shows, 
cannot  be  avoided  with  a single  fire  at  one  end  even 
when  only  coke  is  used  as  fuel,  as  is  generally  the  case. 
The  liquor  is  boiled  down  to  a paste,  the  pans 
emptied  into  the  drainer,  and  the  drained  white  salt 
furnaced  in  a furnace  exactly  like  a carbonating 
furnace,  but  of  course  with  much  greater  ease  than 
in  the  ordinary  carbonating  operation.  It  is  not 
usual  (as  stilted  in  text-books)  to  employ  the  waste 
heat  of  the  finishing  furnace  (white  ash  furnace)  for 
evaporating  the  liquor ; it  is  nothing  like  sufficient 
for  this  purpose,  and  separate  fires  must  be  pro- 
vided, which  moreover  allows  the  use  of  coals  in 
the  furnace,  whilst  coke  is  used  for  boiling  down. 
Tiie  refining  operation  causes  a loss  of  about  5 per 
cent,  of  the  weight  of  soda  ash  originally  employed. 
The  refined  alkali  is  ground  and  packed  exactly  like 
ordinary  ash.  The  mud  remaining  in  the  settlers  is 
washed  with  hot  water;  the  washings  are  used  for 
dissolving  fresh  soda  ash,  and  the  residue  is  thrown 
away.  This  operation  is  rather  troublesome,  as  the 
mud  is  of  a slimy  character  and  difficult  to  wash  ; it 
is,  therefore,  sometimes  put  back- among  the  balls 
into  the  lixiviating  tanks.  In  large  works  it  might 
j puy  to  put  it  on  a bed  of  porous  bricks,  and  exhaust 
the  air  underneath  to  quicken  the  filtration,  similar 
to  the  operation  in  caustic  soda  making. 

Soda  Crystals. — For  some  purposes  even  purer 
sodium  earbonate  is  required  than  furnished  by  the 
refined  alkali  of  trade,  and  formerly  (before  the 
perfection  of  fishing  and  the  introduction  of  the 
ammonia  process)  the  only  available  method  for 
obtaining  this  on  a large  scale  was  by  the  manufac- 
ture of  crystallized  soda.  This  compound  (NagCOg 
+ lUlIgO)  contains  (13  per  cent,  water,  all  of  which 
has  to  pay  the  same  freight  as  the  37  per  cent, 
sodium  Carbonate,  and  indeed  much  more,  inasmuch 
as  soda  crystals  are  much  bulkier  than  soda  ash, 
and  the  freight  for  them  is  consequently  higher, 
weight  for  weight,  than  that  of  soda  ash.  It  would 
therefore  seem  to  be  quite  out  of  the  question  to 
m.anufacture  large  quantities  of  this  article,  as  its 
greater  purity  in  comparison  to  that  of  soda  ash  or 
refined  alkali  is  only  very  rarely  a sufficient  con- 
sideration for  the  extra  cost  and  freight.  And  yet, 
for  all  that,  soda  crystals  are  manufactured  on  a 
colossal  scale  both  in  this  country  and  abroad ; in- 
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deed,  many  factories  abroad  do  nothing  but  buy 
English  soda  ash  and  make  it  into  crystals.  The  ex- 
planation of  this  apparently  strange  fact  is  this — 
that  the  large  proportion  of  water  which  is  a 
drawback  for  most  commercial  applications,  is  of 
great  value  for  the  domestic  use  of  soda  in  washing 
and  other  household  operations.  The  large  bulk  of 
the  enormous  quantities  of  crystals  manufactured  is 
ultimately  used  for  such  purposes.  The  crystals  are 
more  easily  divided  in  small  portions  without  soiling 
cupboards,  &c.,  and  they  do  not  act  so  strongly  upon 
the  hands  of  the  washerwomen  and  cooks  who  use 
them  as  the  ordinary  calcined  alkali  would  do. 

The  manufacture  of  soda  crystals  seems  easy;  but 
it  is  nevertheless  an  operation  requiring  some  care, 
as  it  is  out  of  the  question  to  crystallize  more  than 
once,  and  the  crystals  must  be  both  of  good  colour 
and  shape  from  the  first.  To  begin  with,  the  soda 
ash  used  for  this  purpose  must  be  as  well  carbonated 
as  pojisible.  It  does  not  matter  in  the  least  how 
yellow  (from  ferric  oxide)  it  is,  so  long  as  it  is  free 
from  sulphides  and  moderately  so  from  caustic. 
Whilst  bleachers,  papermakers,  soapmakers,  &c., 
rather  like  some  percentage  of  caustic  in  the  ash, 
crystalmakers  insist  upon  getting  no  more  than  1 to 
IJ  per  cent,  of  caustic  in  their  ash.  Any  larger 
proportion  both  spoils  the  colour  of  the  crystals  (by 
its  action  on  ulmates  and  other  organic  com- 
pounds) and  causes  a loss  in  crystallizing,  since 
caustic  soda,  of  course,  does  not  crystallize,  but 
remains  in  the  mother  liquors.  The  operations  of 
dissolving  and  settling  are  exactly  like  those  in 
making  refined  alkali,  which  have  been  described 
above.  The  solution,  after  having  been  bleached 
(if  necessary)  and  comjiletely  settled,  is  run  into 
coolers,  generally  made  of  cast  iron,  and  known  in 
the  factories  as  “cones”  (from  their  original  shape), 
and  allowed  to  stand  for  a week  or  ten  days,  accord- 
ing to  the  season,  in  order  to  crystallize.  The  cones 
are  very  frequently  made  in  the  shape  of  circular 
pans,  about  9 feet  in  diameter  and  3 feet  deep  ; but 
a more  convenient  shape  is  shown  in  the  woodcut, 
viz.,  a rectangular  pan  with  rounded  corners  (Fig.  31), 

Fig.  31. 


with  the  bottom  sloping  to  one  side,  and  with  a plug- 
hole and  plug  at  this  low  end.  Whilst  in  the  ordi- 
nary circular  cones  the  mother  liquor  has  to  be 
partly  siphoned  and  partly  baled  off,  it  runs  away 
by  itself  from  the  cones  just  described  after  the  plug 
has  been  loosened,  and  the  crystals  drain  mor  ■ 
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completely  in  the  cone  than  in  the  old  system. 
There  is,  of  course,  a system  of  spouts  (mostly  cast- 
iron  ones)  arranged  over  the  cones,  of  which  some- 
times several  hundreds  are  placed  in  one  shed,  in 
order  to  feed  them  with  hot  liquor;  and  another 
system  of  spouts  is  laid  in  the  ground,  mostly  level 
with  it,  in  order  to  carry  away  the  mother  liquor. 
There  are  always  strips  of  hoop  iron  laid  over  the 
cones,  slightly  hanging  down  into  them,  so  that 
they  are  covered  by  the  liquor  in  filling  the  cones ; 
they  are  laid  crossways,  and  form  a support  for  the 
formation  of  a crust,  which  soon  covers  the  whole 
surface  of  the  cone,  and  ultimately  becomes  quite  a 
foot  thick.  This  crystal  is  generally  the  very  best 
and  whitest.  That  attached  to  the  sides  and  bottom 
is  also  broken  off  in  as  large  lumps  as  practicable, 
and  laid  on  a wooden  bench  to  dry  superficially  for 
twenty-four  hours.  It  is  then,  still  somewhat  wet, 
packed  into  the  casks,  the  interstices  between  the 
larger  lumps  being  skilfully  filled  up  with  the  smaller 
fragments  always  occurring.  It  is  sent  out  in  casks 
holding  from  2 to  8 cwts.,  and  the  custom  on  the 
Tyne  is  not  to  tare  the  casks  at  all,  but  to  invoice 
the  gross  weight  of  the  casks.  The  buyers,  of 
course,  are  aware  of  this,  and  generally  assume  that 
iier  cent,  of  the  weight  invoiced  is  not  soda,  but 
the  tare  of  the  casks.  Each  cone  of  the  former 
shape  yields  about  a ton,  and  those  of  the  rectangular 
shape  about  28  cwts.  of  soda  crystals. 

The  French  market  requires  a whiter  and  drier 
kind  of  crystal  than  the  English  one,  and  their  mode 
of  operation  is  rather  different  from  that  used  in 
this  country.  The  crystallizing  cones  are  very 
small — sometimes  round,  sometimes  square,  and 
tapering  to  the  bottom — about  18  inches  wide  and 
9 inches  deep.  They  are  mounted  on  wooden 
frames  in  three  or  four  tiers,  one  over  the  other. 
After  standing  forty-eight  hours  (in  summer  this 
operation  is  not  carried  out  at  all  in  France),  they 
are  lifted  off  the  stand,  which  can  be  done  by  one 
man  ; the  mother  liquor  is  poured  off,  and  the  cone 
is  placed  in  a pan  filled  with  boiling  water,  which, 
however,  does  not  run  into  the  cone  itself.  After 
a few  moments  the  small  cone  is  lifted  out  again ; 
and  as  that  portion  of  crystals  immediately  adhering 
to  its  sides  has  been  melted  by  the  heat,  the  whole 
of  the  crystallized  contents  can  be  tilted  out  as  one 
block.  These  blocks  are  placed  on  edge  on  wooden 
racks,  standing,  one  leaning  against  the  other;  and 
when  completely  drained,  are  transferred  to  a dry- 
ing chamber  heated  to  about  30°  C.,  where  they 
remain  till  they  are  quite  dry,  but  not  till  they 
begin  to  effloresce.  This  kind  of  work  requires 
more  labour  than  the  English  style,  but  the  result 
is  better. 

The  mother  liquors  from  the  crystallizing  cones 
are  concentrated  in  an  iron  pan  up  to  the  salting 
point,  and  furnaced  exactly  like  white  alkali.  They 
yield  a very  white  product,  called  mother  alkali, 
which  in  winter,  when  the  crystallization  is  very 
good,  only'  shows  30  per  cunt,  alkalimetrical  test ; 
but  in  summer  the  test  comes  up  to  40  and  some- 
times even  to  44  degrees,  which  of  course  means  a 


corresponding  loss  of  crystals.  The  low  strength 
of  this  mother  alkali  is  caused  by  its  large  per- 
centage of  sodium  sulphate,  which  almost  entirely 
remains  in  the  mother  liquors  ; and  it  is  therefore 
in  good  request  by  glass-makers,  who  only  pay  for 
the  alkalimetrical  test,  but  to  whom  the  sodium 
sulphate,  which  they  get  for  nothing,  is  almost 
equally  valuable. 

Sodium  Bicarbonate.  — Bicarbonate  of  Soda,  Hydro- 
gen and.  Sodium  carbonate,  Hydroxodic  carbonate,  Mono- 
sodic  carbonate.  Acid  sodium  carbonate — NallCOg. 
Tills  salt  may  be  obtained  by  passing  carbonic 
acid  through  a concentrated  solution  of  the  neufral 
carbonate,  or  by  placing  crystals  of  sodium  carbonate 
in  an  atmosphere  of  the  gas.  In  both  cases  bicar- 
bonate of  soda  separates  after  a time  in  minute  crys- 
talline grains. 

Schoffer’s  process  was  to  mix  1 part  of  commer- 
cial sesquicarbonate  of  ammonia  (chiefly  bicarbonate) 
with  3 to  4 parts  of  crystallized  sodium  carbonate. 
The  semi-fluid  mass  thus  obtained  on  being  heated 
gives  off  ammonia,  and  sodium  bicarbonate  remains. 

Sodium  bicarbonate  is  slightly  alkaline,  reddens 
litmus,  and  has  a feebly  alkaline  taste.  At  a mode- 
rate heat  it  loses  half  its  carbonic  acid  and  the  whole 
of  its  water,  ana  is  reduced  to  the  state  of  neutral 
carbonate.  When  the  solution  is  heated  to  70°  C. 
carbonic  acid  is  evolved. 

Water  at  10°  C.  dissolves  about  one-tenth  of  its 
weight  of  sodium  bicarbonate;  the  solution  evolves 
carbonic  acid,  if  the  temperature  is  increased  to  70° 
C.  the  gas  is  given  off  rapidly,  and  at  the  boiling 
point  the  salt  is  reduced  to  neutral  carbonate. 

The  process  commonly  followed  for  manufacturing 
bicarbonate  of  soda  was  suggested  by  Schoffer. 
As  the  utilization  of  all  the  muriatic  acid  is  very 
desirable,  this  salt  is  made  in  several  alkali  works 
where  soda  crystals  are  manufactured,  and  where, 
at  the  same  time,  there  is  a considerable  quantity 
of  weak  hydrochloric  acid  produced,  of  insufficient 
strength  to  serve  for  the  manufacture  of  bleaching 
powder.  The  acid  is  allowed  to  act  upon  limestone 
or  clialk  (of  which  the  poorest  kinds  are  available 
for  this  purpose)  in  large  stone  cisterns,  laid  in  clay 
and  well  bedded.  These  are  provided  with  a man- 
hole, with  an  inlet-pipe  for  the  acid,  which  reaches 
nearly  to  the  bottom  on  one  side  of  the  tank,  with 
an  overflow-pipe  for  the  calcium  chloride  solution, 
and  with  an  outlet-pipe  for  the  gas.  The  man-hole 
serves  for  introducing  the  limestone,  and  for  the  occa- 
sionally cleansing  of  the  cistern.  The  weak  hydro- 
chloric acid,  which  generally  comes  direct  from  the 
condensers,  enters  of  course  near  the  bottom  of  the 
cistern,  where  it  at  once  disengages  carbonic  acid; 
and  its  supply  is  so  regulated  that  it  is  completely 
saturated  whilst  rising  in  the  cistern,  as  it  is  dis- 
placed by  the  fresh  acid  flowing  in  underneath,  and 
thus  the  calcium  chloride  solution  overflowing  at 
the  top  is  almost  or  quite  neutral.  The  gas  as  it  is 
evolved  from  the  cisterns  is  often  washed  in  a con- 
venient apparatus,  and  then  conveyed  in  pipes  to 
the  boxes  containing  the  sola  crystals.  These  boxes 
are  mostly  made  of  iron,  and  in  various  shapes. 
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frequently  in  the  shape  of  a tent  or  a waggon  boiler. 
Sometimes  they  are  built  of  bricks.  In  any  case, 
they  are  provided  with  a false  bottom  of  laths  or 
shelves,  on  which  the  soda  crystals  are  piled  up  to 
the  roof  of  the  box,  in  lumps  of  about  a foot  square, 
and  of  such  thickness  as  they  come  out  of  the 
crystallizing  cones.  Only  the  inferior  crystal  is 
generally  u.sed  in  the  bicarbonate  chambers,  as  both 
its  chemical  impurity  and  its  slightly  yellowish 
colour  do  not  prevent  it  from  making  perfectly  pure 
bicarbonate.  The  carbonic  acid  is  very  quickly 
absorbed ; and  as  the  resulting  NallCO^  crystallizes 
without  any  water,  9 of  the  10  equivalents  of  the 
water  of  crystallization,  combined  with  sodium  car- 
bonate, become  disengaged,  and  water  collects  at  the 
bottom  below  the  shelves,  from  whence  it  is  gener- 
ally conveyed  away  by  an  U-shaped  tube,  whose 
bend  forms  a trap  for  the  gas.  This  liquor  has  in 
solution  a certain  amount  of  sodium  bicarbonate  or 
bicarbonate,  along  with  practically  all  the  foreign 
salts  (sodium  chloride  and  sulphate),  whose  propor- 
tion in  crystal  soda  is,  however,  only  slight,  and  which 
are  much  more  soluble  than  bicarbonate.  This 
mother  liquor  is  either  added  to  the  tank  liquor, 
which  it  helps  to  carbonate,  or  boiled  down  by 
itself,  and  made  into  weak  alkali  (of  about  36  per 
cent,  available  soda). 

The  time  requisite  for  completely  converting  the 
sodium  carbonate  into  sodium  bicarbonate  varies  very 
much,  according  to  the  size  of  the  chambers,  and  indeed 
in  the  same  chamber  it  is  not  equal ; as  a rule,  the 
operation  lasts  from  eight  to  ten  days.  Tne  bicar- 
bonate chambers  are  always  provided  with  a charging 
door  and  a vent  for  the  air ; they  are  also  generally 
connected  in  such  a way  that  the  gas  entering  into 
one  passes  through  asecond,  and  even  a third  chamber, 
to  be  fully  utilized.  Openings  are  provided,  gener- 
ally plugged  up,  through  which  the  workmen  try 
from  time  to  time  whether  the  operation  is  com- 
pleted by  thrusting  iron  rods  into  the  mass;  when 
they  can  do  so  without  feeling  the  resistance 
of  unconverted  soda  crystals,  the  process  is  con- 
sidered complete.  Other  marks  for  it  are  the  ceas- 
ing of  the  flow  of  liquor,  and  testing  of  a sample 
from  the  centre  of  the  lumps  with  mercuric  chloride, 
which  must  not  form  a yellow  precipitate,  but  only 
a white  cloud.  During  its  progress  considerable 
heat  is  evolved ; and  as  this  is  prejudicial  to  the 
formation  of  bicarbonate,  iron  chambers  are  pre- 
ferable to  those  made  of  brickwork.  The  bicar- 
bonate, when  the  door  is  opened,  still  shows  the 
shape  of  the  crystals  from  which  it  has  been  made ; 
but,  instead  of  being  transparent,  they  are  perfectly 
opaque,  and  have  the  colour  and  other  appear- 
ances of  snow.  As  the  salt  comes  out,  it  is  still  very 
damp ; and  it  requires  drying  at  a gentle  heat,  not 
exceeding  45°  C.  It  is  piled  up  in  large  stoves, 
sometimes  20  feet  square,  and  exposed  to  the  above- 
mentioned  temperature  for  eight  or  ten  days,  by 
means  of  iron  pipes  heated  by  a hot-air  apparatus, 
or  by  any  convenient  apparatus.  Lastly,  it  is  ground 
to  an  impalpable  powder  in  mills  entirely  resembling 
ordinaiy  flour  mills.  Great  care  is  required  in 


this  operation,  as  any  heating  of  the  stuff  in  the 
mill  would  injure  it  by  causing  a loss  of  carbonic 
acid.  After  grinding,  the  powder  is  sifted  through 
a cylinder  sieve  covered  with  brass-wire  gauze  of 
360  meshes  per  square  inch,  and  packed  in  small 
barrels  of  1 cwt.  each.  Attempts  have  been  made 
to  dry  it  at  ordinary  temperature,  by  piling  the 
damp  bicarbonate  on  a large  number  of  shelves  in 
very  thin  layers,  and  connecting  the  whole  system 
at  one  end  with  the  atmosphere,  at  the  other  end 
with  the  chimney.  This  process  is,  however,  too  slow. 

The  yield  of  bicarbonate  from  fresh  soda  crystals 
4s  about  50  per  cent.  When  the  crystals  are 
effloresced  it  is,  of  course,  larger.  Such  effloresced 
crystals  also  absorb  the  carbonic  acid  much  more 
rapidly  than  those  containing  the  full  amount  of 
water  of  crystallization.  Mohr  has  proposed  to 
avoid  the  formation  of  mother  liquor  completely, 
and  hasten  at  the  same  time  the  absorption  of  the 
gas,  by  mixing  1 part  of  crystallized  witli  3 of  cal- 
cined soda,  as  this  mixture  contains  just  enough 
water  to  supply  the  hydrogen  in  NallCOg ; but  tliis 
process  is  never  practised  now  on  a large  scale, 
because  the  calcined  soda  ash,  or  even  refine<l 
alkali,  is  too  impure  and  does  not  yield  sufficiently 
good  bicarbonate.  Moreover,  the  absorption  of  car- 
bonic acid  is  in  that  case  too  rapid,  and  the  heating 
caused  in  consequence  of  this  may  spoil  the  pro- 
duct. Other  sources  of  carbonic  acid  than  that 
above  described  have  also  been  proposed,  such  as 
that  escaping  in  nature  in  some  places  from  volcanic 
rocks,  that  evolved  in  alcoholic  fermentation,  and 
that  produced  in  lime  burning.  The  two  former 
can  only  have  quite  local  applications,  and  the  latter 
is  too  troublesome  to  purify  and  cool  sufficiently  for 
the  purpose. 

The  bicarbonate  of  commerce,  as  it  is  made  in 
alkali  works  and  principally  used  as  baking  powder, 
is  never  quite  free  from  sesquicarbonate ; but  it 
ought  not  to  be  more  than  2 per  cent,  short  of  the 
quantity  of  carbonic  acid  pure  bicarbonate  contains 
(52'38  per  cent.).  If  1-91  grams,  are  weighed  into 
the  carbonic  acid  apparatus,  each  -01  loss  of  weight 
shows  1 per  cent,  of  pure  NallCOg. 

Sodium  Hydrate. — Caustic  soda.  Hydrated  oxide 
of  sodium,  Sodium  hydroxide — NaHO.  This  body  is 
produced  by  adding  water  to  sodium  monoxide 
(NagO  + HgO  = 2NaHO),  or  by  decomposing  a 
solution  of  sodium  carbonate  by  calcium  hydroxide. 
The  clear  solution  is  decanted  from  the  precipitate 
and  evaporated  to  dryness.  This  latter  reaction  is 
adopted  in  manufacturing  caustic  soda  on  a large 
scale. 

Hydrate  of  sodium  is  a white,  opaque,  brittle  sub- 
stance, of  a fibrous  texture ; it  fuses  below  redness. 
In  properties  it  greatly  resembles  the  corresponding 
potassium  hydroxide,  but  is  less  volatile  at  a red 
heat.  Specific  gravity  2'00. 

When  exposed  to  the  air  it  rapidly  attracts  mois- 
ture, becomes  liquid,  but  soon  dries  up  again  by 
absorption  of  carbonic  acid,  the  mass  becoming  con- 
verted into  carbonate,  which  is  not  deliquescent. 

A solution  of  sodium  hydrate  dissolves  wood. 
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hair,  the  skin,  and  most  animal  substances,  sulphur,  up  to  that  time.  For  several  years  not  much  white 
and  some  metallic  sulphides,  silica,  alumina,  and  j caustic  was  made ; but  in  1872  Pauli  published  the 
some  metallic  oxides  which  are  quite  insoluble  in  \ process  which  is  now  the  only  one  in  practical  use, 
water.  and  which  will  be  described  hereafter.  Its  main 

The  oldest  method  of  making  caustic  soda  is  due  feature  was  to  heat  commercial  caustic  to  fusion  and 
to  SCHEELE  ; it  consists  in  the  decomposition  of  keep  it  at  that  temperature  through  the  night,  when, 
sodium  chloride  by  litharge.  This  method  was  em-  ; besides  the  oxide  of  iron,  the  alumina  is  separated 
ployed  in  England  for  producing,  besides  caustic  J as  a crystalline  silicate.  About  the  same  time 
soda,  the  fine  pigment  known  as  Patent  yellow.  The  j Deacon  patented  a process  for  producing  crystals  of 
operation  consisted  in  intimately  mixing  and  rubbing  caustic  soda,  by  evaporating  until  the  boiling  tcm- 
together  1 part  of  salt,  and  from  4 to  6 parts  of  lith-  perature  is  177°  C.,  cooling  down  to  70°,  and  running 
arge  with  a little  water.  1 off  into  cast-iron  cones  for  crystallization  ; a hydrate 

About  twenty-four  hours  are  required  to  complete  of  the  following  composition  crystallizes  out : — 
the  decomposition,  during  which  time  the  mixture  KnaUim  nvia.. 

must  be  constantly  agitated.  It  is  then  allowed  to  Sodium  hyposulphite, 0-5 

stand  a few  hours  to  settle,  and  the  caustic  soda  Sodium  chloride, 1'8 

solution  is  then  decanted,  and  the  residue  well  ’ 

washed  with  water.  The  decanted  solution  on  eva-  The  cones  must  be  kept  warm,  and  when  their  con- 
poratioii  yields  very  pure  sodium  hydrate,  and  the  lead  tents  have  cooled  down  to  50°,  the  mothers  are  run 
compound,  after  being  dried  and  fused,  becomes  of  off  through  a plug  hole  in  the  bottom ; the  cones 
a beautiful  yellow  colour.  are  then  heated  by  steam  outside,  which  melts  the 

'I’he  history  of  this  very  important  branch  of  crystals  inside  so  that  they  can  be  ladled  off  into 
alkali  manufacturing  is  a very  short  one,  as  far  the  drums.  This  process  has,  however,  never  been 
as  the  production  of  solid  caustic  is  concerned,  a commercial  success.  The  demand  for  caustic 
tiiough  this  is  now  practised  on  an  enormous  scale  becoming  stronger,  some  works,  principally  on  the 
in  Lancashire,  and  to  some  extent  also  on  the  Tyne.  Tyne,  actually  began  to  make  it  by  redissolving 
It  seems  to  have  occurred  to  Gossage  before  anybody  ordinary  soda  ash,  causticizing  it  by  lime,  and  eva- 
else  (in  1853)  to  adopt  an  operation  opposite  to  porating  the  lyes ; and  this  extremely  costly  and 
that  of  carbonating  the  caustic  in  tank  liquors,  viz.  — irrational  process  has  been  in  use  for  many  years, 
to  separate  the  carbonate  (along  with  other  sodium  and  may  be  so  yet  here  and  there.  The  great  bulk 
salts)  from  the  liquors  by  concentration  and  fishing  of  the  caustic  soda  found  in  commerce  is  made  at 
out,  and  to  leave  the  hydrate  in  solution  as  red  Widnes,  where  one  firm  turns  out  equivalent  to 
liquor,  from  which  by  further  concentration  solid  250  tons  of  60  per  cent,  caustic  per  week,  and 
caustic  could  be  produced.  The  first  article  thus  several  others  from  60  to  80  tons  each,  and  at  St. 
produced  was  of  a very  inferior  colour,  owing  to  the  Helens,  where  there  are  four  or  five  works  of  the 
presence  of  iron  sulphide  and  oxide  in  considerable  same  size.  Most  of  this  (not  all,  as  stated  by 
quantities ; but  very  soon  improvements  upon  this  Davies,  to  whose  paper  on  white  caustic  soda  the 
were  patented  by  Stott  (1855)  and  Gossage  (1857),  writer  is  indebted  for  most  of  the  above  historical 
whose  object  was  the  removal  of  the  sulphides.  In  data,  as  well  as  for  a great  portion  of  the  following 
1857  Bakewell  introduced  the  packing  of  caustic  description)  is  made  by  causticizing  vat  liquors  by 
in  iron  drums,  which  is  now  the  usual  way.  lime,  whilst  a small  portion  of  white  and  most  of 

About  this  time  manufacturers,  finding  the  de-  the  cream  caustic  is  made  from  the  red  liquors, 
inand  for  caustic  to  exceed  the  supply,  also  began  Wagner’s  statement  in  his  “Technology”  (English 
to  causticize  tank  liquor  direct  by  lime ; and  as  the  edition  of  1873),  that  “ the  use  of  lime  for  the  trans- 
great dilution  of  the  liquors  caused  the  expense  formation  of  sodium  carbonate  into  caustic  soda  has 
of  concentration  to  be  very  high.  Dale  (in  1859)  been  abandoned  long  since,”  is  therefore  quite 
])atented  the  process  of  concentrating  the  weak  erroneous. 

caustic  liquors  in  steam  boilers,  and  using  the  steam  Where  caustic  is  made,  the  mixture  for  the  balls 

for  various  purposes,  d'he  next  real  improvement  is  now  regularly  partly  compounded  with  the  lime 
was  made  in  1860  by  Ralston,  who  prescribed,  in  mud  from  the  causticizers,  and  with  the  fished  salts 
lieu  of  keeping  the  heat  as  low  as  it  had  been  separating  at  various  stages  of  the  concentration 
formerly  usual,  to  work  at  a greater  heat,  and  to  of  the  causticized  liquors.  The  following  are  ball 
continue  the  evaporation  till  tlie  iron  separates  as  mixtures  given  by  Davies  from  actual  experience: — 

ferric  oxide,  and  is  precipitated  at  the  bottom  of  the  Sulphate  of  soda, 2^  cwts. 

vessel;  the  clear  caustic  floating  over  it  to  be  Lime  mud, 2|  “ 

separated  from  the  bottoms.  I his  process  for  the  * it  “ 

first  time  allowed  of  the  manufacture  of  white  caustic,  Fi^h“d  i4  “ 

before  this  only  cream  caustic  could  be  produced;  

and  at  the  same  time  a stronger  article  (70  per  p 2J  cwts. 

cent.)  could  be  produced  in  the  place  of  60  per  cent.  Qoals  .’  li  “ 

caustic,  which  was  up  to  that  time  the  only  prac- 

ticable  strength.  This  was,  however,  only  possible  by  f a “ 

employing  much  stronger  melting  pots  than  were  used  Coals,.  ..’ “ 
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Tlie  two  last-nientioned  mixtures,  however,  are  quite 
exceptional,  and  ought  not  to  be  used,  but  rather 
the  first  compounded  mixture. 

There  is  no  difference  whatever  in  the  lixiviation 
from  that  practised  for  soda  ash  ; but  of  course  the 
carbonating  process  is  never  performed,  instead  of 
which  sometimes  the  oxidising  by  air,  mostly  by 
Hargreaves’  blower,  is  carried  out.  'I'liis  is,  how- 
ever, quite  unnecessary  as  a special  (>rocess,  since  it 
can  be  combined  with  the  causticizing,  as  will  be 
shown  presently.  The  tank  liquor  is,  therefore,  nearly 
always  j)umj>ed  or  run  direct  from  the  liquor  settlers 
into  the  causticizing  vessels  (operation  pans).  These 
are  always  of  iron  (cast,  or  mostly  wrought),  but  of 
no  definite  shape;  frequently  old  boilers  cut  in  halves 
are  employed  for  this  purpose.  When  the  agitation 
takes  place  by  a mechanical  stirrer,  circular  vessels 
are  often  preferred,  but  not  always  even  then.  In 
this  case  a small  bracket  engine  is  bolted  to  the  pan, 
which  is,  moreover,  provided  with  one  or  more 
steam-pipes  for  heating  the  charge,  a sludge  valve 
for  the  mud,  and  a drop  siphon  for  removing  the 
clear  liquor,  except  when  the  whole  of  the  charge  is 
run  out  at  once.  Small  causticizers  can  be  worked 
without  an  engine,  the  agitation  produced  by  the 
blowing  in  of  steam  being  sufficient ; but  the  best 
system  of  all  is  to  produce  the  agitation  of  the  mud 
and  liquor  by  means  of  a “ blower  ” worked  by  a 
steam  jet,  of  which  that  constructed  by  Koerting 
Brothers  is  the  most  economical  in  working.  This 
last  method  possesses  the  very  great  advantage  that 
the  mixture  of  air  and  steam,  which  serves  for  agi- 
tation, at  the  same  time  heats  the  liquor,  and  lastlj% 
oxidises  the  sulphides,  so  that  the  preliminary  oxida- 
tion can  be  dispensed  with,  as  above  mentioned. 

The  tank  liquor  (which  ought  to  be  well  settled 
for  making  white  caustic)  is  always  diluted  with  hot 
water,  but  not  always  to  the  same  degree.  The 
minimum  strength  found  in  practice  is  15°  Tw., 
the  maximum  20°  Tw.,  but  most  factories  work  at 
16°  to  18°  Tw.  Davies  has  proved  that  a liquor 
of  20°  Tw.  can  be  quite  as  thoroughly  causticized 
as  one  of  lower  strength  ; and  although  it  takes 
naturally  a little  more  time,  there  is  not  only  more 
work  done,  but  there  is  much  less  water  to  evapo- 
rate. When  the  total  has  been  brought  to  the  boil 
by  injection  of  steam,  quicklime  is  put  into  the  cage, 
and  the  steaming  and  agitation  is  carried  on  until 
the  contents  of  the  pan  are  thoroughly  causticized. 
An  experienced  workman  can  tell  pretty  nearly,  by 
the  kind  of  boiling,  the  colour,  and  other  indications, 
when  the  liquor  is  completely  causticized ; but  a 
test  is  always  made  by  taking  out  a sample,  settling 
or  filtering  it,  and  trying  the  clear  liquor  for  effer- 
vescence by  addition  of  a little  dilute  sulphuric  or 
hydrochloric  acid.  After  this  the  whole  is  some- 
times run  off  to  a separate  settling  pan  ; it  is,  how- 
ever, more  usual  to  allow  it  to  stand  for  half  an 
hour,  remove  the  clear  liquor  by  means  of  a swivel 
or  drop  siphon,  as  nearly  as  possible  into  the  caustic 
liquor  settlers,  and  to  run  a fresh  quantity  of  tank 
liquor  upon  the  lime  mud,  which  always  contains 
some  free  lime,  so  that  the  second  charge  does  not 


require  quite  so  much  lime  as  the  first.  When  this 
second  charge  in  its  turn  has  been  causticized,  set- 
tled, and  the  clear  liquor  run  off,  the  agitator  is 
started  again,  fresh  water  is  run  on  to  the  lime  mud 
in  the  pan  and  .steamed  up  with  it;  it  is  allowed  to 
settle  again,  and  the  clear  liquor  is  used  for  diluting 
the  tank  liquor  of  a further  batch.  The  mud  now 
remaining  is  stirred  up  with  a little  water  and  run 
on  to  the  filters,  where  it  is  allowed  to  drain,  either 
by  itself,  or  by  preference  with  the  aid  of  a vacuum 
pump.  The  filter  is  also  again  a half-boiler,  but 
when  made  on  purpose,  is  something  like  20  feet  long, 
10  feet  wide,  and  4 feet  deeji.  On  the  bottom  are 
placed  bricks  on  edge  2 inches  apart  from  each  other, 
and  leaving  a clear  channel  in  the  centre,  covered 
over  with  bricks  or  slabs.  The  whole  arrangement 
is  covered  with  8 or  9 inches  of  limestone,  or  better, 
of  coke,  in  pretty  large  pieces ; over  these  another 
layer  of  smaller,  and  over  this  a third  layer  of  still 
smaller  pieces.  Lastly,  a layer  of  clean  coarse  sand 
or  small  coals,  on  which  cast  or  wrought  iron  grids 
are  laid  to  afford  a smooth  shovelling  bottom.  A few' 
clean  riddled  cinders  from  one  of  the  furnaces  renders 
the  filter,  of  which  there  still  remains  18  to  24  inches 
of  clear  space,  available  for  use;  but  communicating 
with  the  bottom  channel  above  described  there  is  an 
iron  pipe  (2  or  3 inches  wide_)  connected  with  a small 
boiler  or  air-tight  tank  of  about  150  to  200  cubic 
feet  capacity,  erected  above  the  level  of  the  causti- 
cizing pan,  and  connected  in  its  turn  with  a vacuum 
pump.  The  top  of  this  boiler  is  provided  with  an 
air-cock,  and  its  bottom  with  a running-off  cock  for 
the  collected  water ; it  has  also  a water-gauge.  As 
soon  as  this  filter  has  received  a batch  of  mud  from 
the  causticizing  pans  the  vacuum  pump  is  set  in 
motion,  and  first  the  air  and  then,  as  rapidly  as  it 
collects,  the  filtrate  is  withdrawn  from  underneath 
the  bed.  Very  soon  cracks  appear  on  the  surface  of 
the  mud.  These  are  immediately  obliterated  with  a 
wooden  rake,  whilst  a supply  of  water  is  run  on  and 
worked  well  into  the  mud  to  remove  as  much  soda 
as  possible.  After  three  or  four  hours  the  magma 
has  become  very  firm  and  all  available  liquor  is  got 
from  it ; the  vacuum  pump  is  now  stopped,  the 
liquor  which  is  now  in  the  receiving-vessel  or  boiler 
is  run  into  the  causticizing  pan  to  assist  in  diluting  a 
fresh  portion  of  tank  liquor,  and  the  mud  is  shovelled 
out  of  the  filter  and  wdieeled  to  the  ball-furnaces, 
where  it  is  used  as  above  mentioned  (Morison). 
Its  composition  as  it  goes  into  the  ball-mixture  is 
stated  by  Davies  as  follows : 


A. 

B. 

( Calcium  hydrate 

2-825 

2-652 

Sodium  hvdrate, 

1-906 

1-663 

( Sodium  chloride  and  sulphate,.. . . 

0-244 

0-206 

talcium  carbonate, 

40-170 

42-031 

Calcium  hydrate, 

3-759 

3-072 

Silica 

0-673 

0-774 

Alumina 

0-255 

0-324 

I'erric  oxide, 

0-048 

0-708 

Magnesia, 

0-086 

0 095 

1-832 

1-600 

Water, 

47-986 

46-577 

Total, 

99-781 

99-702 
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The  first  three  items  bracketed  together  were 
soluble  when  5 grams,  of  the  mud  were  digested  in  | 
100  c.c.  of  water  at  100°  C.  No  other  use  than  that  i 
for  the  ball  mixture  has  been  found  practicable  for 
the  lime  mud,  except  where  green  glass  works  exist  in 
the  neighbourhood;  it  costs  far  too  much  to  recon- 
vert it  into  caustic  lime. 

As  will  be  seen  from  the  above  analyses,  the 
lime  mud  always  contains  a not  inconsiderable  ' 
quantity  of  soda,  both  in  the  soluble  or  insoluble 
state ; but  even  the  former  cannot  practically  be 
got  out  on  the  large  scale.  Assuming  it  to  amount 
to  Ij  per  cent,  of  available  soda  (Na,0),  the  loss 
will  be  as  follows: — For  each  ton  of  60  per  cent, 
caustic  soda,  about  11  cwts.  of  good  lime  are  re- 
quired; these  yield  about  36  cwts.  mud,  containing, 
at  the  rate  of  per  cent.,  60  lbs.  of  real  soda,  or 
equal  to  100  lbs.  of  60  per  cent,  caustic  per  2240 
lbs.  of  the  same  actually  obtained.  If  weak  lime  be 
used,  the  lo.  s is  proportionally  greater,  as  more  mud 
is  then  produced.  Whether  any  of  the  soda,  even 
of  its  soluble  portion,  is  actually  recovered  again  by 
using  the  lime  mud  for  the  ball  mixture,  appears  at 
present  still  a questionable  matter. 

The  following  are  analyses,  by  Davies,  of  diluted 
tank  liquor  before  causticizing  (A),  and  of  the  same 
liquor  after  causticizing  (B),  the  agitation  of  the 
operation  having  been  produced  by  means  of  injec- 
tion of  air : — 


A. 

B. 

Iron  sulphide, 

traces. 

none. 

Iron  oxide, 

none. 

traces. 

Sodium  sulphide, 

1-068 

none. 

“ sulphite 

0-151 

0-264 

“ hyposulphite, 

1-137 

1-864 

“ sulphate, 

5-423 

5-006 

“ chloride, 

8-576 

7-995 

“ silicate, 

0-852 

0-176 

“ aluminate, 

2-490 

1-438 

“ carbonate, 

53-167 

2 954 

“ hydrate, 

44-280 

74-000 

“ ferrocvanide, 

0-093 

0-086 

“ sulphocyanide, 

0-054 

0-050 

“ phosphate, 

traces. 

traces. 

Insoluble, 

0-849 

none. 

Total  solids  per  litre 

118-140 

93-833 

A had  a specific  gravity  of  20°  Tw.  at  56°  Fahr.,  and 
B 18°  Tw.  at  the  same  temperature.  It  will  be  seen 
that  the  sulphides  have  been  quite  removed,  and  the 
silicate  and  aluminate  greatly  reduced  in  quantity. 

The  following  is  the  composition  of  a liquor 
causticized  at  15°  Tw.,  the  agitation  being  performed 
mechanically;  the  finished  liquor  showed  13°  Tw.: — 


Iron  sulphide, traces. 

Sodium  sulphide, 1'092 

“ hyposulphite, 1’264 

“ sulphite, trace. 

“ sulphate, 3'264 

“ chloride, 4'212 

“ silicate, 0'15I 

“ aluminate, 0'584 

“ carbonate, 7 '844 

“ hydrate £0'400 

Other  constituents, 0‘200 


Total  solids  per  litre, 69'011 


It  will  be  seen  that  in  this  case  the  sodium  sul- 
phide still  exists  in  the  caustic.  By  blowing  long 
enough,  in  the  former  kind  of  operation,  all  the 
lower  compounds  of  sulphur  may  be  converted  into 
sulphate,  but  this  is  har,.,]y  ever  attained  in  practice. 
The  use  of  metallic  oxides,  of  which  many  have 
been  proposed  for  removing  the  sulpihide  from  the 
liquor,  is  now  made  quite  superfluous,  as  the  oxidis- 
ing is  both  much  cheaper  and  easy  of  execution. 
The  oxides  of  iron,  zinc,  and  manganese  have  been 
tried,  but  had  to  be  abandoned  from  practical 
reasons  (sliminess  of  the  metallic  sulphides).  Only 
lead  oxide  (litharge)  has  been  found  practicable ; 
but  its  use  seems  quite  unnecessary,  since  the  same 
object  can  be  attained  much  more  cheaply  by  using 
a blower  instead  of  a mechanical  agitator  in  the 
causticizing  or  “ operation  ” pans.  Certainly  when 
using  litharge  stronger  caustic  can  be  obtained  than 
by  any  other  method,  as  the  sulphide  is  converted 
into  caustic  instead  of  into  sulphate.  At  Dieuze  (in 
Lorraine)  lead  sulphate  is  used  for  the  same  purpose. 

The  caustic  liquor  is  allowed  to  settle  in  special 
tanks,  and  when  perfectly  “ bright  ” is  run  off  to 
the  concentrating  apparatus.  This  was  thought  at 
one  time  to  be  done  most  economically  by  Dale’s 
process,  in  steam  boilers,  which  thus  produce  the 
steam  for  causticizing  free  of  cost ; but  this  mode 
of  concentration  is  now  very  little  employed,  as  the 
boilers  suffer  very  much,  and  any  negligence  on  the 
part  of  the  workmen  might  produce  disastrous 
results.  It  would  appear  as  if  the  sodium  sul- 
phide acted  corrosively  upon  the  iron,  and  there- 
fore certainly  only  liquor  freed  from  it  by  blowing 
or  by  litharge  ought  to  be  used  in  this  case.  Any 
approach  to  the  salting  point  must  be  strictly 
avoided,  and  the  strength  of  the  liquor  in  the  boilers 
ought  never  to  be  allowed  to  exceed  30°  Tw.,  or 
1T50  specific  gravity,  although  J.  Hofmann  states 
that  the  liquids  can  be  concentrated  to  1'24  or 
1'25  “ without  the  slightest  inconvenience.”  The 
evaporation  of  caustic  liquors  is,  as  well  known, 
somewhat  troublesome,  in  consequence  of  their 
liability  to  froth  and  boil  over  all  at  once ; and  this 
inconvenience,  which  in  a steam  boiler  would  be 
a very  serious  one,  has  been  obviated  by  H.  Deacon 
by  placing  within  the  boiler  an  inverted  cast-iron 
funnel,  resting  against  the  sides  of  the  boiler  by  a 
few  points  only.  The  vapour,  as  it  forms,  causes  the 
liquid  to  froth  up,  and  forces  it  inside  the  funnel  to 
the  top,  where  it  pours  over  continually,  and  thus 
prevents  the  too  violent  ebullition  of  the  liquid 
outside  the  funnel. 

In  any  case,  whether  direct  from  the  caustic  settlers 
or  from  the  steam  boilers,  the  liquor  is  now  con- 
centrated in  boat  pans,  of  which  there  generally  are 
two,  placed  end  to  end,  so  as  to  form  a prolongation 
of  the  black-ash  furnace,  as  it  has  been  described  in 
connection  with  the  same.  In  some  works  a cast- 
iron  pan  is  placed  next  to  the  furnace,  and  a 
wrought-iron  one  at  the  end  of  this,  and  the  weak 
liquor  for  concentration  is  sometimes  run  into  the 
front  and  sometimes  (much  more  frequently)  into 
the  back  pan  first. 
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Other  works  use  two  wrought-iron,  or,  again,  two 
cast-iron  pans  ; and  no  fixed  opinion  seems  to  exist 
which  of  the  two  kinds  of  metal  is  preferable  for 
“ weak”  pans — that  is,  such  as  are  heated  by  waste 
furnace  gases.  The  “ strong  ” pans,  however,  which 
have  to  finish  the  boiling  previous  to  the  “ pots  ” 
themselves,  are  nearly  always  of  cast  iron. 

The  pans  for  strong  liquor  have  fires  of  their 
own — viz.,  two  fire-places,  about  4 feet  6 inches  by 
2 feet  3 inches,  arched  over,  and  built  in  front  of 
the  two  flues  which  have  been  described  previously 
as  running  underneath  the  pans,  so  that  each  flue 
has  a separate  fire.  At  the  back  of  the  pan  the  two 
unite  in  a common  drop;  but  often  the  fire  first  passes 
underneath  a second  or  even  a third  pan — at  least 
in  the  case  of  cast-iron  pans,  which  are  always  much 
shorter  than  wrought-iron  ones.  The  caustic  liquor 
in  the  back  pan  does  not  get  up  to  ebullition  com- 
pletely, and  only  reaches  about  28°  Tw.  In  the 
front  pan  it  gets  up  to  45°  or  50°  Tw.,  but  even  then 
no  salts  are  deposited,  and  it  is  then  run  into  the 
“ strong  ” pans. 

Some  manufacturers,  however,  attain  a greater 
strength  in  the  “ weak  ” pans,  and  consequently 
have  to  begin  “fishing”  the  salts  in  the  same. 
This  must  always  be  done  from  the  strong  pans, 
which  are  supplied  by  a constant  feed  from  the 
weak  ones;  and  when  a specific  gravity  of  60° 
Tw.  has  been  arrived  at,  in  some  works  the 
addition  of  nitre  is  commenced  with  a few  pounds. 
The  evaporation  is  continued  till  the  liquor  reaches 
70°  to  72°  Tw.,  if  for  60  per  cent,  caustic,  or  80°  to 
85°,  if  for  70°;  then  the  fires  are  allowed  to  burn 
down,  and  the  pans  to  cool  for  an  hour  or  two  ; 
the  clear  liquor  is  then  drawn  off  through  a swivel 
pipe  into  shallow  settlers,  and  the  salts  remaining 
on  the  pan-bottom  are  taken  out  and  placed  on  a 
small  drainer  by  means  of  a perforated  shovel,  from 
which,  after  thorough  draining,  they  are  removed 
for  use  in  the  black-ash  furnaces.  The  strong  pans 
are  run  off  about  once  in  twenty-four  to  thirty 
hours,  and  about  five  of  them  are  necessary  to  make 
up  one  10-ton  pot  of  finished  caustic  soda. 

In  the  settlers  which  feed  the  pots  a small  addi- 
tional quantity  of  “salts”  is  deposited,  but  ouly 
sufficient  to  necessitate  a weekly  or  fortnightly 
cleaning;  if  they  are  dispensed  with  altogether 
(which  should  not  be  done  when  absolute  immunity 
from  carbonates  is  desirable),  tlie  settling  time  in  the 
strong  pans  must  be  increased  to  six  or  eight  hours 
(Mokison). 

Davies  recommends  strongly,  instead  of  using 
the  hydrometer,  whose  indications  are  rather  un- 
reliable for  such  high  degrees  and  temperatures, 
to  use  the  thermometer  for  fixing  the  time  of  run- 
ning off  the  liquors,  since  the  boiling  point  rises 
continually  with  the  concentration,  and  in  this  case 
280°  Fahr.  give  the  limit  for  running  off  the  strong 
pans  when  60  per  cent,  caustic  is  to  be  made.  lie 
also  recommends  to  run  weak  liquor  on  to  the  salts, 
which  causes  them  to  be  more  easily  detached  for 
fishing. 

The  following  are  analyses  of  fished  salts: — 


Davies. 

Morison. 

A. 

B. 

Insoluble  matter  (chiefly  FeS), 

0-742 

1-004 



Sodium  sulphide 

0-116 

0-097 



“ hyposulphite, 

0-274 

0-718 



“ sulphite, 

3-7-23 

2-695 



“ chloride, 

7-024 

5-834 

0-50 

“ sulphate, 

22-773 

26-432 

29-00 

“ silicate, 

traces. 

traces. 



“ aluminate, 

traces. 

traces. 



“ carbonate, 

21-5.69 

24-218 

39-00 

“ hydrate, 

8-417 

10-116 

9-00 

Water  (by  diff.), 

35-372 

28-886 

17-00 

Total, 

100-000 

100-000 

— 

The  salts  deposited  in  the  settlers  after  running 
from  the  strong  pans,  and  before  running  into  the 
caustic  pots  (which  operation  is  not  always  per- 
formed), are  more  the  result  of  a real  crj'stallization 
by  cooling.  The  following  are  analyses  by  Davies 
of  these  salts : — 


Insoluble  (mostly  FeS), 

A. 

1-143 

B. 

0-867 

Sodium  sulphide, 

traces. 

0-077 

“ sulphite, 

“ hyposulphite, 

2-734 

1-013 

0-316 

0-146 

“ sulphate, 

“ chloride, 

9-768 

5-772 

33-674 

60-443 

“ silicate, 

“ aluminate 

traces. 

traces. 

traces. 

traces. 

“ carbonate, 

15-052 

5-683 

“ hydrate, 

13-440 

10-773 

Water, 

19-873 

15-226 

Total, 

100-000 

100-000 

These  salts  are  more  of  a “ sloppy  ” nature  than 
those  got  out  of  the  pan.  They  form  in  much 
smaller  quantity. 

It  has  been  mentioned  above  that  in  some  works 
sodium  nitrate  is  added  to  the  liquor  in  the  boat 
pans,  which  is  supposed  to  “throw  down”  the  salts  ; 
but  care  must  be  taken  to  add  less  than  necessary, 
as  if,  on  the  contrary,  more  than  necessary  be  used, 
the  excess  will  be  lost  by  separation  with  the  salts. 
If  the  liquors  have  been  thoroughly  oxidised  during 
the  operation  of  causticizing,  no  nitre  is  necessary  at 
this  stage.  According  to  Pauli,  as  long  as  the 
boiling  point  of  the  liquid  is  between  138°  and 
143°  C.  (280°  and  290°  Fahr.)  the  sulphide  is  quietly 
oxidised  to  sulphate,  with  the  formation  of  sodium 
nitrite  ; at  155°  C.  (311°  Fahr.)  ammonia  is  evolved 
with  violent  effervescence  and  in  large  quantities. 
Davies  doubts  the  correctness  of  this  statement,  as 
according  to  him,  below  280°  Fahr.  much  ammonia  is 
evolved  and  little  sulphite  is  formed.  His  researches 
have  led  him  to  believe  that  the  oxidation  of  sodium 
sulphide  progresses  through  the  gradual  stages  of 
hyposulphite,  sulphite,  and  sulphate,  the  reactions 
being : — 

(1)  2Na.^S  + NaNOg  + 3H.p  = NajS^Oa  -I-  3NaHO 

+ NHj. 

(2)  2Na2Sj03  + 3NaI10  -f-  NaNOs  = 4Na3S03  -f  NHj. 

(3)  SNa^SOs  -1-  2NaN03  + H.3C  = 5NajS04  + 2NaHO 

-I-  N.3. 
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The  first  reaction  takes  place  at  or  about  280° 
Fahr.,  and  the  hyposulphite  remains  mostly  in  the 
liquor;  the  second  commences  about  305°  Fahr., 
and  the  sodium  sulphite  then  formed  rises  and  floats 
on  the  top  of  the  pots  as  a white  scum.  The  limit 
of  the  third  reaction  cannot  be  so  clearly  indicated ; 
but,  at  any  rate,  the  evolution  of  ammonia  stops  at 
360°  Fahr.,  and  nitrogen  is  evolved  in  its  place.  All 
these  reactions  occur  only  with  an  excess  of  nitre, 
and  some  secondary  reactions  also  take  place. 

The  settled  liquor  from  the  strong  boat  pans  is  now 
further  concentrated  in  “ pots  ” (Figs.  32,  33).  These 
are  circular  pans,  constructed  to  hold  10  tons  of  fin- 


Fig.  32. 
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ished  soda ; they  are  9 feet  in  diameter  and  5 feet  6 
inches  in  depth,  and  weigh  about  tons  each.  There 
is  no  fixed  rule  for  setting  them,  but  the  common  aim 
is  always  to  divide  the  heat,  so  that  the  flame  may  play 
upon  the  pot  aU  round  ; otherwise  they  would  soon 
burn  through  in  particular  spots.  The  side  of  the 
pot  against  which  the  fire  is  built  is  nearly  always 
protected  from  the  direct  action  of  the  flame  by  a 
shield  of  brickwork,  against  which  the  flame  splits  in 
two  portions,  which  play  round  the  pot  and  unite 
again  at  its  other  side  to  pass  into  the  flue.  Generally 
the  pots  rest  on  a metal  plate,  and  are  stayed  in  an 
upright  position  with  brickwork.  The  chief  support 
is  given  by  the  circular  wall  surrounding  it,  and 
forming  the  side  flues,  into  which  three  lugs,  cast  on 
to  the  pot  in  equal  distances  about  a foot  from  the 
top,  project.  The  metal  plate  just  mentioned  facili- 
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tates  the  turning  of  the  pots,  wliicli  is  advisable  to 
prevent  them  wearing  too  much  in  particular  places, 
and  the  same  object  is  assisted  by  an  overhead 
travelling  crane,  which  also  greatly  facilitates  their 
putting  in  when  new  and  removal  when  worn  out. 
Sometimes  pots  are  cast  in  two  pieces,  viz. — a lower 
semi-circular  piece,  and  an  annular  piece  bolted  to 
the  upper  side  of  it;  the  latter  lasts  mueh  longer 
than  the  former.  Heating  the  pots  by  generator 
gas  has  been  tried,  but  has  been  found  to  be 
uneconomical. 

The  liquor  in  the  pots  is  kept  boiling  till  a tem- 
perature of  320°  Fahr.  is  reached.  Beginning  from 
290°  Fahr.  a scum  forms  on  the  top,  sometimes  of  a 
semi-transparent  straw  colour,  sometimes  red,  and 
even  black;  at  the  same  time  the  evolution  of 
ammonia  becomes  very  strong.  This  froth  is  some- 
times not  removed,  when  only  60  per  cent,  caustic 
is  to  be  made  ; but  when  70  per  cent,  has  to  be  made, 
its  removal  is  imperative.  It  is  then  taken  off  by 
means  of  a perforated  scoop.  Its  composition 
seems  to  be  the  same  whether  nitre  has  been  added 
in  the  boat  pans  or  not,  as  shown  by  the  following 
two  analyses  (by  Davies),  of  which  A refers  to 
scum  from  a liquor  boiled  to  320°  Fahr.,  oxiuised 
during  causticizing,  but  not  nitred  ; whilst  that  in  B 
had  been  nitred  in  the  boat  pans : — 


A. 

B. 

Iron  i)eroxide^ 

traces. 

traces. 

Iron  sulphide, 

0T39 

0-346 

Sodium  sulphite 

51-408 

57-120 

“ hvposul|)hite, 

none. 

traces. 

“ sulphate, 

6-831 

5-377 

“ chloride, 

5-265 

6 17-2 

“ silicate, 

0-225 

traces. 

“ alnniinate, 

traces. 

traces. 

“ lOiiate, 

15-408 

13-013 

‘‘  

20-800 

17-672 

Total, 

100-076 

99-700 

For  the  prepartion  of  70  per  cent,  caustic  there 
are  still  too  many  “salts”  in  the  liquor,  and  to 
reach  that  strength  with  certainty  it  is  best  to  allow 
the  pot,  after  reaching  320°  Fahr.,  to  cool  and  settle 
again. 

The  following  shows  the  composition  of  the 
settlings : — 


Iron  peroxide, 1 '054 

hodium  suljihite 3'603 

“ hyposulphite, 0‘442 

“ sulphate, 1'146 

“ chloride, 41'535 

“ silicate, 0'174 

“ aluminato, 0'344 

“ carbonate, 11 '488 

“ hydrate, 19 '840 

Water,  (by  did.) 20'174 


The  boihng  of  the  liquor  is  then  continued,  and 
when  the  temperature  has  reached  356°,  it  will  soli- 
dify well  on  cooling,  and  contain  53  per  cent,  of 
alkali.  At  this  stage  the  liquor  is  exceedingly  apt 
to  rise  in  the  pot  and  boil  over;  this  has  to  be  kept 
down  by  the  workmen  beating  down  the  scum,  or  by 
pouring  in  some  oil.  It  is  especially  risky  at  this 
stage  to  run  in  any  fresh  liquor.  When  the  temper- 
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ature  lias  risen  to  400°  Fahr.,  very  little  steam  seems 
to  be  evolved,  altliougli  the  contents  of  the  pot  still 
hold  20  per  cent,  water.  At  about  460°  Fahr.  the 
caustic  contains  as  nearlj’-  as  possible  60  per  cent, 
alkali;  at  470°  Fahr.,  about  61  per  cent.;  and  at  500° 
Fahr.,  about  64  per  cent.  About  this  time  there  is 
very  little  motion  in  the  pot,  and  its  temperature  soon 
rises  above  the  range  of  a mercurial  thermometer. 

At  this  stage  some  extremely  pungent  matter 
having  a strong  ammoniacal  odour  is  thrown  off, 
owing  to  tlie  action  of  the  caustic  soda  carried  aw'ay 
by  the  steam,  or  perhaps  by  its  action  on  the 
cyanides  jiresent. 

Tlie  cyanides  are  destroyed  with  the  formation 
of  graphite  (first  observed  by  Dr.  Pauli),  which 
covers  tlie  surface  of  the  pot. 

Any  boilin':  to  be  now  observable  is  confined  to 
a slight  effervescent  motion  round  the  edges  of  the 
pot,  and  it  soon  ceases  altogether.  The  pot  is 
now  covered  with  a sheet-iron  lid  provided  with 
an  opening  at  one  side,  and  the  fire  is  urged  as 
strongly  as  possible. 

The  lime  has  now  arrived  for  the  complete 
oxidation  of  the  sulphur  compounds.  This  can 
be  done  either  by  means  of  nitre,  or  by  blowing 
in  air.  In  the  former  case,  the  nitre  is  introduced 
(a  hand  scoopful  at  a time)  through  the  opening 
in  the  lid.  Its  action  is  at  first  very  energetic, 
often  causing  a deflagration.  As  the  contents  of 
the  pot  approach  “clearness,”  the  addition  of  nitre 
must  be  made  with  great  caution,  in  order  not  to 
overdo  it;  every  now  and  then  a small  sample  is 
taken  out,  solidified  on  a clean  shovel,  and  tried 
with  a few  drops  of  a solution  of  lead  acetate.  When 
this  causes  only  a very  faint  darkening  by  transmitted 
light,  the  further  addition  of  nitre  is  discontinued. 
From  40  to  45  lbs.  of  nitre  suffice  for  1 ton  caustic 
in  the  case  of  good  liquors. 

The  process  of  oxidation  by  means  of  a current 
of  air  was  invented  by  Ralston,  in  1860  and 
independently  in  1865  by  Peter  Hart  ; it  was 
again,  without  any  essential  modifications,  patented 
in  1870  by  IIelbig,  to  whom  in  some  German 
publications  all  the  credit  is  given.  The  current 
of  air  is  generated  by  an  ordinary  blowing  engine 
with  short  stroke  for  low  pressure.  There  must 
be  a receiver  with  a safety  valve  for  any  water 
carried  away  from  the  blowing  cylinders,  if  this,  as 
usual,  is  lubricated  by  water,  as  in  the  pot  it  would 
produce  an  explosion.  Tlie  engine  usually  adopted  in 
Lancashire  is  double-acting,  and  if  only  intended  for 
blowing  two  or  three  pots  at  a time,  it  has  a 12-inch 
air  cylinder  and  12-inch  stroke.  The  main  delivery 
pipe  has  2^  inches,  and  is  provided  with  a reducing 
tee  for  each  pot  and  with  a waste-cock.  AVheu  a 
pot  is  ready  for  blowing,  a strong  1^  inch  wrought- 
iron  pipe,  terminating  at  its  lower  end  in  a perforated 
ring  of  about  18  inches  in  diameter,  or  a tee  of  the 
same  length,  is  plunged  into  the  pot,  till  the  ring  or 
tee  rests  on  the  bottom  ; the  upper  end  is  joined  by 
an  india-rubber  pipe  and  coupling  screw  to  one  of 
the  branches  of  the  air  pipe.  On  starting  the  engine 
i!ic  waste-cock  must  be  left  open  for  a few  seconds, 
VOL.  11. 


to  remove  any  water.  The  fused  mass  is  soon  in 
violent  commotion,  and  after  two  or  three  hours 
becomes  red  hot.  If  the  liquor  has  been  good  and 
the  boat  pans  nitred,  three  to  four  hours  blowing 
suffices;  if  no  nitre  has  been  employed  in  the  pans, 
about  eight  hours.  For  inferior  liquor  much  more 
(even  thirty-six  hours’)  blowing  may  be  necessary. 
It  must  not  be  overdone  any  more  than  nitreing;  but 
the  caustic  should  become  green  by  the  formation  of 
sodium  manganate,  and  a trace  of  sulphide  is  there- 
fore purposely  left  in.  If  the  blowing  (or  nitreing)  has 
been  overdone,  it  is  remedied  by  throwing  in  a small 
pieeeof  sulphur  or  sodium  hyiiosulphite.  From  25,000 
to  30,000  cubic  feet  of  air  are  sufficient  per  ton  of 
caustic.  Nitreing  occupies  five  or  six  hours,  and 
about  10  per  cent,  less  pot  room  is  necessary  for  it 
than  for  the  blowing,  which  causes  a much  more 
violent  commotion.  The  reaction  in  this  stage 
seems  to  be: — 

SNajS  -f-  8NaNO.j=  5Na.2S04  -(-  INajO  -t-  8N. 

After  the  oxidation  a sample  is  withdrawn  (which 
is  always  coloured  brown  or  even  red)  and  tested 
for  its  amount  of  total  alkali.  If  intended  for  60 
per  cent,  caustic,  the  contents  of  the  pot  must  now 
be  reduced  with  common  salt.  It  may  turn  out  68 
to  70  per  cent. ; or  if  for  70  per  cent,  caustic,  to  70 
72  per  cent.  The  addition  of  the  salt  must  be  made 
very  cautiously,  as  it  decrepitates  on  throwing  it 
in,  and  causes  an  extremely  irritating  spray,  and 
cools  the  pots,  which  must  now  be  brought  up 
to  heat  again,  and  allowed  to  stand  for  eight  to 
twelve  hours.  The  ferric  oxide  settles  down  to 
the  bottom,  along  with  sodium  aluminate,  and  the 
fine  quality  of  the  caustic  entirely  depends  upon 
the  completeness  of  the  settling;  sometimes  pots 
refuse  to  settle  at  all,  especially  w'hen  over-oxidised. 
The  cause  of  the  ferric  oxide  only  settling  down 
after  the  mass  has  been  brought  to  igneous  fusion 
is  probably  this,  that  it  becomes  much  denser  and 
heavier  by  ignition,  as  known  to  every  tyro  in 
analysis.  The  clear  settled  caustic  is  now  baled  out 
into  the  well-known  circular  sheet -iron  drums, 
holding  about  6 cwts.  each,  which  are  placed  in  two 
or  more  rows  round  the  pot,  and  filled  by  a mov- 
able iron  shoot.  If  quite  perfect,  the  caustic  ought 
to  run  down  “ as  clear  as  gin.”  On  approaching 
the  lower  part  of  the  pot,  the  workman  proceeds 
very  cautiously ; and  as  soon  as  the  caustic  becomes 
doubtful  in  quality,  it  is  baled  over  into  the  next 
“ strong  ” pot,  till  the  workman  comes  to  the 
“ bottoms.”  These  are  either  baled  into  separate 
drums,  and  sold  as  bottoms,  or  else  into  iron  bogies, 
in  order  to  be  broken  up,  dissolved  by  help  of 
steam  to  48°  Tw.,  thoroughly  settled,  and  the  clear 
liquor  cansticized.  They  amount  to  9 to  11  per 
cent,  in  the  caustic  produced,  and  are  generally  sold 
as  54  per  cent,  strong ; if  stronger,  they  are  reduced 
to  this  point  by  fished  salts.  The  following  are 
analyses  of  bottoms  (by  Davies) — A,  from  a pot 
very  red  before  salting;  B,  from  a pot  whose  liquors 
had  been  well  oxidised  in  causticizing ; C,  from 
liquors  only  partially  oxidised  in  causticizing : — 
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A. 

B. 

c. 

Insoluble  matter, 

23-000 

1-948 

4-664 

Sodium  hydrate, 

58-888 

70-896 

71-866 

“ carbonate, 

trace. 

none. 

0-7-22 

“ chloride 

6-135 

14-040 

10-729 

“ sulphide, 

0-132 

0-0.=)4 

0-116 

“ sulphite, 

0-151 

0-063 

0-074 

“ sulphate, 

5-534 

3-526 

4-624 

“ silicate 

0-683 

trace. 

trace. 

“ aluminate, 

5-661 

9-556 

7-133 

Total, 

100-184 

100-083 

99-928 

The  following  is  the  composition  of  the  insoluble 
matter : — 


A. 

B. 

Graphite, 

. 2-146 

1-179 

Ferric  oxide, 

93-000 

94-006 

Calcium  oxide, 

4-332 

4-289 

Manganese  oxide  and  magnesium ") 
oxide, j 

0-522 

0-526 

ANALYSES  OF  WHITE  60  PER  CENT.  CAUSTIC. 


Sodium  hydrate, 

“ carbonate,... 
“ chloride,  .... 
“ sulphate, .... 
“ sulphite,.... 
“ sulphide, .... 

“ silicate, 

“ aluminate, . . . 

Davies. 

Morison. 

Gleudiu* 
ning,  Tyne 
Caustic. 

A. 

B. 

72-774 
1-419 
18-800 
6 46-2 
0-063 

0-304 

trace. 

75-246 

2-536 

17-400 

4-398 

0-027 

0 297 
trace. 

70-00 

6-00 

18-50 

5-50 

75-00 
1-50 
9-80 
10-38 
0 80 
0-30 
0-44 
0-31 

Total, 

99-822 

99-904 

100-00 

98-53 

WHITE  70  PER  CENT.  CAUSTIC. 

Sodium  hydrate, 

“ carbonate, 

“ chloride, 

“ sulphate, 

“ sulphite, 

“ silicate, 

“ aluminate, 

Total, 

Davies. 

Morison. 

A. 

B. 

83-840 
4 686 
6-522 
4-526 
0-025 
0-463 
trace. 

89-600 

2- 481 

3- 919 
3-419 
0-025 
0-304 

trace. 

82-00 

5- 00 
7-00 

6- 00 

100-062 

99-748 

100  00 

The  caustic  drums  must  be  packed  in  three  or 
four  instalments,  otherwise  a hollow  core  is  left  in 
the  centre,  causing  a loss  in  packing  space.  Glen- 
dinning  and  Edgar  maintain  that  samples  taken 
from  different  parts  of  a drum  may  show  different 
percentages  of  alkali,  but  this  is  denied  by  Morison. 

Caustic  Soda  from  Ited  Liquors. — These  (the  mother 
liquors  from  the  black-salt  boat  pans)  generally  stand 
at  62°  Tw. ; the  following  is  an  analysis  by  Davies  : — 


Iron  sulphide, 0'313 

Sodium  bisulphide, 0'195 

“ sulphide,  6“256 

“ sulphite, 16’0‘22 

“ hyposulphite, 7 '858 

“ sulphate. l-i‘848 

“ chloride, 65'.626 

“ silicate, 9‘677 

“ aluminate, 1'031 

“ carbonate, 79 '966 

“ hydrate, 194‘400 

“ sulphocyanide, 0’26t 

“ ferrocyanide, 0'423 

Grams,  per  litre,  396'776 


FROM  Red  Liquors. 


From  these  red  liquors  best  white  caustic  is 
sometimes  obtained,  but  as  a rule  this  is  not  done, 
and  only  the  article  called  “cream  caustic”  is  worked 
for.  Into  its  manufacture  enter  at  the  same  time 
the  dissolved  bottoms  spoken  of,  and  sometimes 
tank  liquor  causticized  in  the  usual  manner.  The 
red  liquor,  thoroughly  settled,  is  boiled  down  in  a 
self-fired  boat  pan  (say  30  feet  X 8 feet  X 2 feet  6 
inches),  until  it  reaches  70°  Tw.,  or  a boiling  point 
of  250°  Fahr.  The  pan  is  then  cooled  down  and 
thoroughly  fished.  It  is  then  re-heated  to  boiling, 
and  2^  to  3 cwts.  nitre  added ; and  when,  after  con- 
tinued boiling,  a specific  gravity  of  94°  Tw.,  or  a 
temperature  of  270°  Fahr.,  is  attained,  a little  more 
nitre  is  introduced  (if  requisite),  and  the  whole  after 
an  hour  or  two  allowed  to  cool  down.  The  clear 
liquor  is  run  mto  a settler ; the  salts  left  behind  are 
washed  with  a little  water  to  free  them  from  nitre, 
and  then  removed  and  drained  to  be  employed  for 
the  manufacture  of  common  “ caustic  a.sh.”  The 
thoroughly  settled  liquor  is  run  into  a caustic  pot. 
It  appears  then  of  a dark  straw  colour,  and  on  boil- 
ing gives  off  ammonia  copiously.  In  this  case  all  the 
nitre  ought  to  be  added  in  the  pans,  and  only  very 
little,  if  any,  should  be  put  into  the  pots  during  the 
finishing  operation.  The  pot  is  fired  carefully  till  a 
sample  tests  60  per  cent,  alkali,  which  is  the  usual 
strength  for  cream  caustic.  It  is  not  necessary  to  go 
further  and  bring  the  batch  to  igneous  fusion,  but  it 
is  baled  out  in  that  state,  and  without  leaving  any 
bottoms.  Occasionally,  however,  the  batch  turns 
red,  and  in  this  case  nothing  is  left  but  to  pack  it 
and  sell  it  for  inferior  caustic,  or  else  to  fire  it  to 
igneous  fusion  and  make  it  into  white  caustic.  The 
oxidation  by  means  of  a current  of  air,  instead  of 
the  nitre,  is  inadmissible  for  cream  caustic,  as  the 
finishing  temperature  is  too  low.  The  cream  colour 
is  due  to  the  presence  of  ferric  oxide,  which  is  held 
in  suspension  by  the  caustic  soda  at  its  comparatively 
low  finishing  temperature,  and  which  separates  on  dis- 
solving it  in  water.  When  cream  caustic  is  prepared 
from  uncausticized  red  liquor,  as  much  as  1 cwt.  of 
nitre  per  ton  of  it  is  required ; but  the  cost  of  evapora- 
tion is  much  less,  and  the  time  is  saved  altogether. 

In  the  manufacture  of  caustic  soda,  water  is  an 
item  of  considerable  importance,  as  for  every  ton  of 
70  per  cent,  caustic,  14^  tons  of  water  have  to  be 
evaporated.  In  well-conducted  works  100  tons  of 
“saltcake”  (sulphate  of  soda)  produce  64  to  57  tons 
of  60  per  cent,  caustic  soda,  of  which  9 to  11  per 
cent,  are  “bottoms.”  The  amount  of  salt  necessary 
for  reduction  to  60  per  cent,  is  generally  15  to  16 
per  cent,  of  the  caustic  soda  packed;  that  of  nitre  Ij 
to  2 per  cent.,  of  which  about  one-half  is  recovered 
in  the  form  of  caustic  alkali.  The  total  quantity  of 
fuel  used  for  all  purposes  should  not  exceed  6 to 
6^  tons,  divided  as  follows : — 

Tons.  Cwts. 


Ball-furnaces,  mixing, 1 0 

“ firing, 2 0 

Boat  pans, 2 0 

Caustic  pots, 1 0 

Boilers, 0 10 

Total, 6 10 
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The  wages  (including  repairs)  should  be  within 
40s.  per  ton,  and  the  following  general  calculation  is 
given  by  Morison,  to  whom  the  above  statements 
of  yield  and  costs  are  due  as  well : — 


Fuel 6J  tons  at  7 0 

Saltcake, 37  owls,  at  3 3 

l.imestoue, 22  “ 0 4 

Lime, 11  “ 1 0 

Salt 3 “ 0 8 

Nitre, 40  lbs.  at  0 IJ 

Wages, 

Water, 

Drums, 

Charges  and  shipment, 

Ulbce  expenses  and  management, 

Interest  on  capital,  depreciation,  and  stores,.. 


Total  cost  f.o.b.,  Liverpool, , 


2 .■) 
6 0 
0 7 
0 11 
0 2 
0 5 


2 0 0 
0 1 6 
0 16  0 
0 15  0 
0 5 0 
0 16  0 

14  4 7 


This  was  the  cost  of  GO  per  cent,  white  caustic  in 
1874 ; but  evidently  it  must  be  made  more  cheaply 
in  years  of  cheaper  coal,  &c.,  as  it  is  often  sold 
below  the  above  price 

Utilization  OF  Tank  Waste. — Only  those  attempts 
in  this  direction  which  have  been  crowned  with 
some  measure  of  success  wdl  be  mentioned  in  the 
following : — 

IIyposclphite  of  Soda  (or  Lime)  from  Tank 
Waste. — W.  S.  Losii  in  1852  patented  the  following 
process : — The  waste  is  exposed  to  the  air  for  some 
time  (a  week  will  do).  The  mass  is  then  lixiviated, 
and  the  solution  contains  jiartly  sodium,  partly 
calcium  hyposulphite.  By  adding  some  sodium 
carbonate  all  hyposulphite  is  converted  into  the 
sodium  salt  which  is  separated  from  the  precipitate 
of  calcium  carbonate,  and  the  solution  is  concen- 
trated by  evaporation.  The  crystals  of  sodium  hypo- 
sulphite are  purified  by  redissolving.  This  process 
has  ever  since  been  carried  out  successfully  at  the 
Walker  Alkali  Works,  near  Newcastle-on-Tyne. 

E.  Kopp  has  modified  the  process  by  mixing  the 
waste  with  10  to  15  per  cent,  sulphur  and  12  to  15 
times  its  weight  of  water,  and  boiling  it  for  an  hour. 
The  solution  of  calcium  polysulphide  thus  obtained 
is  put  into  a closed  vessel  furnished  with  agitating 
gear,  and  treated  with  sulphurous  acid,  drawn  off 
and  settled.  The  clear  liquor  is  now  a solution  of 
calcium  hyposulphite,  which  can  be  recovered  by 
slow  evaporation  and  crystallization.  Stevenson 
has  shown  that  this  process  can  be  carried  out  safely, 
without  decomposing  the  salt,  by  using  a vacuum 
boiler.  If  sodium  hyposulphite  is  wanted,  the 
calcium  salt  is  decomposed  by  sodium  sulphate,  the 
solution  separated  from  the  gypsum,  concentrated, 
and  allowed  to  crystiillize. 

It  must  be  borne  in  mind  that  the  demand  for 
hyposulphites  is  a very  limited  one,  and  that  even 
the  most  successful  process  for  their  manufacture 
can  only  apply  to  a comparatively  trifling  portion 
of  the  tank  waste  produced  in  alkali  works.  The 
methods  for  recovering  the  sulphur  from  the  whole 
of  the  waste  are,  therefore,  of  much  greater 
importance. 

Recovery  of  Sulphur  from  Tank  Waste. — Three 
processes  have  been  carried  out  in  the  large  practice 
for  this  object,  and  a combination  of  the  last  two  of 


them  is  now  frequently  employed.  In  order  of  time 
it  seems  as  if  Schaffner  had  found  out  his  method 
first,  followed  by  Mono  shortly  after,  and  quite 
independently ; Hofmann’s  process  was  invented 
last  of  all,  though  described  here  first. 

Process  of  P.  W.  Hofmann  (1866).  — The  tank 
waste  is  oxidised  in  heaps,  and  it  is  mixed  at  the 
same  time  with  ferric  oxide  obtained  in  its  working 
up,  as  will  be  seen  below ; this  greatly  assists  the 
oxidation.  After  six  or  seven  days  the  waste  is 
lixiviated,  and  yields  a liquor  containing  mostly 
polysulphides.  The  residue  is  oxidised  again,  lixivi- 
ated, and  the  same  process  repeated  a third  time ; 

^ the  last  liquor  contains  more  hyposulphites.  The 
I lixiviation  takes  place  in  methodically  arranged  vats. 
The  liquors  are  all  united,  and  decomposed  by  means 
of  the  acid  “ still  liquor  ” (from  the  manufacture  of 
chlorine  by  native  manganese).  The  free  acid  and 
chlorine,  and  the  ferric  chloride,  are  all  active  in 
I decomposing  the  sulphide  and  hyposulphites ; and  if 
the  proportions  of  the  liquors  were  right,  only 
sulphur  is  precipitated,  but  no  sulphuretted  hydrogen 
is  evolved.  As  this  is  not  always  avoidable,  the 
liquors  are  first  mixed  in  a closed  apparatus  and 
the  gas  is  conducted  through  a small  wood  fire, 
which  inflames  the  sulphuretted  hydrogen  ; the  sul- 
phurous acid  is  conducted  into  a tank  containing 
“yellow  liquors  ” from  the  lixiviation  of  waste,  and 
this  converts  its  polysulphides  into  hyposulphites. 
The  separated  sulphur  is  washed  and  dried ; the 
neutral  manganese  chloride  is  treated  with  fresh 
tank  waste  and  a little  lime,  till  all  iron  is  pre- 
cipitated and  the  ferric  oxide  mixed  with  the  bulk 
of  the  waste  for  oxidation,  as  mentioned  above. 
The  manganese  chloride,  now  quite  free  from  iron, 
is  treated  with  “yellow  liquor,”  which  results  in  a 
precipitate  of  manganese  sulphide  containing  free 
sulphur.  After  drying  and  calcination  (during  which 
the  sulphur  is  turned  into  sulphurous  acid,  and  the 
latter  conveyed  into  a sulphuric  acid  chamber)  a 
residue  is  obtained  consisting  of  a mixture  of  Mn^O^ 
and  MnSO^ ; the  latter  is  removed  by  lixiviation 
and  the  residue  sold  to  glass  works,  for  which  it  is 
valuable  on  account  of  its  freedom  from  iron.  The 
manganese  sulphate  is  recovered  in  a pure  state  by 
evaporation  ; it  is  mixed  with  sodium  nitrate  and 
calcined  in  the  sulphur  furnace.  The  result  is  sodium 
sulphate  and  manganese  nitrate ; the  latter,  how- 
ever, is  at  once  decomposed  into  a mixture  of 
different  oxides  of  manganese  and  nitrogen  tetroxide 
(NgO^),  which  gas  enters  the  lead  chambers  and 
there  acts  in  the  well-known  manner.  The  residue 
is  lixiviated.  The  solution  of  sodium  sulphate  is 
used  for  manufacturing  this  salt,  or  for  making 
“pearl  hardening”  (sulphate  of  lime);  the  residue 
corresponds  to  a manganese  ore  containing  55  per 
cent,  of  peroxide,  and  is  used  for  manufacturing 
chlorine  in  the  usual  stills. 

Hofmann’s  process  has  been  used  for  a number  of 
years  in  the  large  works  at  Dieuze,  in  Lorraine  ; 
but  it  has  not  spread  any  further,  and  it  is  not 
likely  to  do  so,  since  Weldon’s  manganese  recovery 
process  is  much  simpler  and  more  economical. 
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Besides,  the  very  great  complication  and  large 
number  of  operations,  causing  a corresponding 
amount  of  manual  labour  and  skilled  supervision, 
would  seem  to  make  the  process  not  easily  workable 
in  this  country.  So  far  as  the  recovery  of  manganese 
is  concerned,  it  has  been  superseded  by  Weldon’s 
process  even  at  Dieuze  itself. 

Schaffner'x  Process. — (Used  since  1862  on  a large 
scale,  patented  1865). — The  tank  waste  is  allowed  to 
\\  eather  in  heaps  for  several  weeks,  till  its  colour  has 
become  greenish-yellow ; the  oxidation  going  on  in  the 
meantime  is  witnessed  to  by  a considerable  develop- 
ment of  heat.  The  mass  is  broken  up,  and  left  again 
for  twenty-four  hours,  and  then  lixiviated;  the 
yellow  liquor  resulting  contains  polysulphides  and 
hyposulphites.  The  residue  is  again  oxidised,  but 
this  time  in  the  tanks  themselves  in  which  it  has 
been  lixiviated,  and  which  are  connected  and  fitted 
up  like  the  ordinary  (Shanks’)  soda  tanks.  This  is 
done  by  blowing  the  warm  gas  from  a neighbouring 
chimney  underneath  the  false  bottoms  of  the  tanks, 
and  thus  through  the  mass,  by  means  of  a fan  blast. 
Six  to  eight  hours  suffice  for  this ; the  mass  is  then 
lixiviated,  oxidised  again,  and  lixiviated  a third  time. 
The  mixture  of  liquors  ought  to  contain  a suitable 
proportion  between  polysulphide  and  hyposulphide, 
similar  to  what  Mond  prescribes  (see  below).  The 
special  peculiarity  of  Schaffneu’s  process,  and  that 
which  seems  to  be  its  greatest  recommendation,  is 
the  ingenious  way  in  whicli  he  treats  tlie  mixture 
of  yellow  liquors.  It  is  based  upon  the  following 
facts : — In  a liquor  containing  at  tlie  same  time 
hyposulphites  and  polysulphides,  hydrochloric  acid, 
in  the  first  instance,  decomposes  the  polysulphides, 
and  that  with  precipitation  of  sulphur  and  evolution 
of  sulphuretted  hydrogen.  The  hyposulphites  in 
such  liquor  are  decomposed  later  on  by  hydrochloric 
acid,  yielding  gaseous  sulphurous  acid,  and  also 
precijhtated  sulphur.  The  polysulphides  in  such 
liquors,  if  sulphurous  acid  is  passed  through  them, 
are  converted  into  hyposulphites,  again  with  pre- 
cipitation of  sulphur. 

These  reactions  are  practically  carried  out  in  a 
pair  of  vessels  made  of  stone  or  (preferably)  of  cast 
iron,  furnished  with  steam  [lipes,  trial  cocks,  gas- 
delivery  pipes,  &c.,  which  work  in  this  way,  that 
in  each  of  them,  turn  by  turn,  sulphurous  aci<l  is 
evolved  and  conveyed  into  the  other  one.  Only 
once — i.e.,  in  the  very  beginning  of  the  work — is  sul- 
phurette  1 hydrogen  evolved.  ^^'heu  both  vessels 
have  been  filled  with  yellow  liquor,  hydrochloric 
acid  is  run  into  one  of  them  up  to  the  point  at  which  all 
polysulphides  are  decomposed.  These  are  converted 
into  chlorides,  sul[>hur  is  precipitated,  and  sul- 
phuretted hydrogen  is  given  off,  which  escapes 
through  the  second  vessel  into  the  open  air,  for  this 
one  time.  Now  everything  is  ready  for  constant 
work.  Henceforth  the  acid  only  acts  upon  hypo- 
sulphites; it  only  evolves  sulphurous  acid,  which 
is  always  used  for  converting  the  polysulphides  of 
the  next  following  portion  of  liquor  into  hyposul- 
phite, always  with  precipitation  of  sulphur.  This 
happens  at  once  by  running  more  hydrochloric  acid 


OF  Black-ash  Waste. 


into  the  fir.st  vessel.  When  no  more  sulpliurous 
acid  is  evolved  from  it,  steam  is  blown  into  the 
liquid  to  drive  off  that  which  is  absorbed  in  it,  and 
the  whole,  liquid  and  sulphur,  are  let  out  by  opening 
a screw  valve  at  the  bottom.  The  vessel  is  re- 
charged with  yellow  liquor,  and  now  hydrochloric 
acid  is  run  into  the  second  vessel,  whose  contents 
are  now  all  converted  into  hyposulphite,  so  that 
only  sulphurous  acid  is  evolved,  which  is  carried 
back  into  the  first  vessel,  and  thus  the  play  of  the 
apiiaratus  continues  constantly,  turn  by  turn  for 
each  vessel.  The  decomposed  liquid  contains 
essentially  calcium  chloride,  a Uttle  sodium  chloride, 
calcium  sulphate  (partly  from  the  oxidation,  partly 
from  the  sulphuric  acid  contained  in  the  hydrochloric 
acid  employed,  partly  from  secondary  decomposi- 
tions), along  with  the  precipitated  sulphur.  The 
mixture  is  run  on  to  filters,  and  the  sulphur  w'ashed 
out  to  a certain  extent.  The  way  in  which  it  is 
further  purified  and  converted  into  a saleable  state 
is  another  important  feature  of  Schaffneu’s  process, 
lie  mixes  the  sulphur  with  sufficient  water  to  form 
a thin  paste  and  some  milk  of  lime,  aud  runs  it  into 
a peculiarly- constructed  melting  apparatus,  whose 
construction  will  be  made  clear  by  the  subjoined 
woodcut  (Fig.  34).  Two  cylinders  are  firmly  joined 
together — an  outer  one  of  wrought  iron,  pp,  and 


' an  inner  one  of  cast  iron,  q q.  The  ends  are  common 
to  both,  and  a mechanical  stirring  apparatus,  r,  passes 
through  them,  through  stuffing  boxes,  ss.  The  whole 
is  mounted  in  an  inclined  position.  The  paste  of  sul- 
phur, water,  and  a little  lime  (along  with  impurities) 
is  charged  through  the  man-hole,  wi,  and  the  corre- 
sponding opening,  c,  in  the  inner  cylinder,  into  the 
latter.  When  the  man-hole  has  been  closed  again, 
steam  of  1 J atmospheres’  pressure  is  blown  in  through 
the  pipe,  h.  It  first  circulates  round  the  inner 
cylinder,  then  enters  the  latter  through  o,  is  brought 
I into  intimate  contact  with  the  mass  in  the  same  by 
means  of  the  stirrer,  and  ultimately  finds  its  way 
I into  the  dome,  d,  which  is  provided  with  a valve,  v, 

. an  exit  pipe,  h.  and  a safety  valve,  x.  The  sulphur 
: is  melted  by  the  heat  of  the  steam,  and  when  the 
' stirrer  is  stopped,  it  gathers  in  the  lowest  part  of 
the  inner  cylinder ; whilst  the  specifically  higher 
liquor,  containing  the  calcium  sulphate  mechanically 
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suspended,  floats  on  the  top.  Tlie  sulphur  is  run 
off  through  the  opening,  I,  and  cast  into  moulds, 
whilst  the  liquor  runs  to  waste.  The  object  of  the 
addition  of  lime  is  both  to  saturate  any  excess  of 
acid  and  to  form  a little  calcium  sulphide,  which 
combines  with  any  arsenic  (from  the  raw  materials) 
to  calcium  sulpharseniate,  soluble  in  water,  and 
therefore  removed  along  with  the  supernatant  liquor. 
It  will  be  observed  that  the  eontents  of  the  inner 
vessel  cannot  be  forced  back  into  the  steam  pipe, 
as  would  happen  if  the  latter  entered  direct  into 
the  mass;  and,  on  the  other  hand,  the  agitation 
by  the  stirrer  causes  a much  more  direct  heating 
and  action  on  the  sulphur  than  a mere  jacketing 
with  steam  could  produce. 

Schaffner's  method  is  practised  in  many  works 
on  the  Continent  with  perfect  success,  more  par- 
ticularly since  he  lias  adopted  (from  Mond’s  process) 
the  oxidation  in  the  tanks  themselves  for  the  second 
and  third  time  ; but  it  must  be  stated  that  his  mode 
of  decomposing  the  yellow  liquors,  ingenious  as  it 
is,  has  been  objected  to  as  yielding  too  little  sulphur 
and  too  much  calcium  sulphate.  This  will  be  spoken 
of  further  on. 

Mond's  Proce.'is. — (Discovered  about  1860,  patented 
1863).  The  first  experiments  were  suggested  by 
Guckelberger,  who,  however,  did  not  pursue  it  to 
a practical  issue,  so  that  Mond  must  be  fully  credited 
with  the  merit  of  having  made  the  process  a success. 
JIOND  tried  from  the  first  to  hasten  the  oxidation  of 
the  waste  by  an  artificial  current  of  air,  and  this  is 
the  special  feature  of  his  process.  At  first  he  ex- 
posed it  to  the  current  of  air  on  shelves ; but  this 
had  to  be  abandoned  on  account  of  the  large  amount 
of  time,  and  space,  and  labour  required.  He  then 
found  that  the  waste  obtained  by  the  method  of 
lixiviation  (Shanks’)  now  universal  in  this  country 
can  be  oxidised  in  a much  simpler  manner,  viz.,  by 
blowing  air  direct  under  the  false  bottom  of  the 
lixiviating  tanks.  The  number  of  the  latter  must  be 
trebled,  and  each  of  them  is,  apart  from  its  other 
fittings,  provided  with  a 3 -inch  branch  from  an 
8-inch  air  main,  in  which  a Schiele’s  30-iuch  fan 
blast  maintains  a constant  pressure  of  3 or  4 inches 
(water).  As  soon  as  the  last  soda  liquor  has  been 
run  off  any  of  the  tanks,  the  blast  is  put  on  by  taking 
out  a small  damper  in  the  air-pipe  branch.  This  is, 
however,  not  done  by  haphazard ; even  the  indica- 
tion of  the  ordinary  air-gauge  in  the  main  is  not 
sufficient,  as  with  equal  pressure  in  the  main  the 
effect  on  the  waste  might  vary  very  much  according 
to  its  density,  and  consequently  its  permeability  for 
air.  Mono  tries,  therefore,  by  means  of  a differen- 
tial ether  anemometer,  what  real  quantity  of  air 
passes  through  the  waste,  and  this  is  done  for  every 
tank.  The  operator  very  soon  knows  for  each  size 
of  tank  how  many  degrees  of  the  anemometer  are 
required  to  oxidise  the  waste,  so  that  on  subsequent 
lixiviation  it  may  yield  a liquid  of  the  proper  composi- 
tion. It  is  found  in  practice  that  the  false  bottom  is 
quite  sufficient  to  cause  an  equal  distribution  of  the 
air  through  the  waste,  even  if  (as  necessary  for  con- 
veniently cleaning  out  the  tanks)  the  air-pipe  is  fixed 


in  one  of  the  corners.  The  waste  soon  begins  to 
heat,  rising  up  to  200°  Fahr. ; it  gives  off  quantities 
of  steam,  and  becomes  gradually  covered  by  spots 
of  a bright  yellow  colour,  which,  together  with  the 
temperature  and  the  quantity  of  steam  passing  off, 
enable  the  workman  to  judge  very  well  when  he  is 
to  stop  blowing.  Usually  twelve  to  sixteen  hours 
are  required  for  this.  During  the  blowing  mostly  no 
sulphuretted  hydrogen  whatever  is  given  off;  but 
occasionally  this  is  the  case  to  a very  slight  extent. 
The  oxidised  waste  is  then  lixiviated,  first  with  weak 
liquor  from  a previous  operation,  of  about  6°  to  8° 
Tw. ; what  runs  off  is  strong  liquor  of  18°  Tw„  and 
is  run  as  such  to  the  decomposing  tubs  till  it  has 
gone  down  to  10°  Tw.  Water  is  now  run  on  the  top, 
and  what  runs  off  at  the  bottom  is  collected  in  a 
cistern  as  weak  liquor,  to  be  used  in  the  next  opera- 
tion ; this  is  continued  till  the  strength  of  the  run- 
ning-off liquor  is  only  2°  or  3°  Tw.  'I’he  water  is 
now  stopped,  and  the  first  lixiviation  thus  at  an  end; 
it  takes  from  eight  to  nine  hours.  Now  the  air-blast 
is  put  on  for  the  second  time,  followed  by  a second 
lixiviation,  a third  blowing,  and  a third  lixiviation. 
Where  there  is  not  sufficient  room  the  waste  is  only 
blown  tw’ice,  but  this  is  not  advisable.  It  is,  indeed, 
best  to  blow  it  four  or  even  five  times,  in  order  to 
make  the  ultimate  residue  more  harmless ; but  this 
is  only  practicable  where  the  operation  is  not  carried 
out  in  the  soda  tanks,  but  in  tanks  specially  con- 
structed for  the  purpose.  After  the  waste  has  been 
cast  out  of  the  tanks,  they  must  be  cleaned  and 
washed  out  most  carefully,  in  order  to  remove  every 
particle  of  sulphur  liquor,  which  would  of  course  be 
most  injurious  in  the  next  lixiviation  of  black-ash 
balls,  now  immediately  following.  For  the  same 
purpose  it  is  advisable  to  put  a false  bottom  in  the 
tank,  made  of  bricks  and  cement,  sloping  towards 
the  run-off  cock,  so  that  no  liquor  can  lodge  anywhere 
underneath  the  perforated  bottom.  It  cannot  be 
denied  that  the  work  with  Mond’s  tanks,  in  com- 
bination with  the  ordinary  ball  lixiviation,  is  some- 
what complicated ; that  by  the  least  carelessness  of 
the  workmen  the  soda  liquors  are  liable  to  become 
contaminated  with  more  or  less  sulphur  liquor;  and 
that  the  whole  arrangement  of  trebling  the  tanks 
and  providing  them  with  a large  number  of  addi- 
tional fittings  is  very  cumbersome.  It  would  there- 
fore seem  advisable  not  to  interfere  with  the  ordinary 
soda  tanks  at  aU,  but  to  cast  the  waste  from  them  in 
the  usual  manner,  and  subject  it  to  the  blowing, 
&c.,  in  a separate  set  of  tanks  altogether;  and  in 
some  factories  this  is  now  usually  done. 

Mond’s  great  merit  is  to  have  drawn  special 
attention  to  the  necessity  of  directing  the  oxidation 
methodically,  so  as  to  obtain  liquors  of  a special 
composition ; of  having  devised  the  means  for  doing 
so ; and  of  having  prescribed  easy  and  expeditious 
plans  for  testing  the  liquors  for  the  same  object. 
It  is  very  well  known  that  in  the  course  of  the 
oxidation,  be  it  the  slow  one  by  spontaneous  action 
of  the  air,  or  the  quick  one  by  Mond’s  blast,  which 
acts  in  as  many  hours  as  the  other  takes  da  s or 
weeks,  in  the  first  instance  principally  polysulphides 
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and  hydrosulpliides  are  formed,  which  are  afterwards 
more  or  less  oxidised  to  hyposulphites.  Later  on 
the  hyposulphite  is  decomposed  into  sulphur  and 
sulphite,  both  of  which  are  insoluble  and  lost  in 
lixiviating ; and  this  is,  of  course,  equally  the  case 
with  the  ultimate  product,  calcium  sulphate,  which, 
hovvever,  is  always  found  in  the  mass.  It  is  there- 
fore evident  that  the  oxidation  must  not  be  carried 
on  any  further  than  necessary,  and  this  is  done  when 
the  proportion  of  sulphides  to  that  of  hyjDosulphite 
is  as  nearly  as  possible  2:1.  In  this  case  the  reaction 
with  hydrochloric  acid  runs  as  follows  : — 

2CaS  + CaSsOj  + 6HC1  = SCaCIa  + SH^O  + 4S. 

The  hydrosulphide,  Call.^S^,  and  the  bisulphide,  CaS2, 
or  any  other  polysulphides,  behave  just  like  CaS, 
which,  indeed,  cannot  exist  as  such  in  the  liquor, 
being  insoluble ; but  the  reaction  is  shown  for  it 
for  the  sake  of  simplicity.  If  in  any  liquor  the 
sulphides  prevail  over  the  above  proportion,  there 
will  be  an  evolution  of  HgS;  or  if  the  hyposulphites 
prevail,  of  SO2,  both  of  them  causing  a nuisance  as 
well  as  a loss  of  sulphur.  In  practice  it  is  not 
possible  to  attain  the  above  proportion  exactly,  and 
as  more  harm  is  caused  by  an  excess  of  sulphides 
than  by  their  deficiency,  the  proportion  is  kept 
slightly  the  latter  way.  It  has  been  stated  above 
that  the  anemometer  serves  for  regulating  the  oxida- 
tion according  to  the  tests  of  the  liquors.  The 
analysis  of  the  latter  is  performed  by  Mono  as 
follows : — 1.  The  hyposulphite  is  estimated  as  usual 
by  a decinormal  solution  of  iodine  and  starch,  after 
having  first  separated  the  sulphides  by  zinc  chloride 
and  filtering.  2.  To  a certain  quantity,  say  3‘2  c.c. 
of  the  liquor,  a little  starch  solution  is  added,  and 
then  a standard  solution  of  iodine,  till  it  turns  blue ; 
the  quantity  is  noted ; the  liquor  is  then  again 
decolorized  by  a drop  of  sodium  hyposulphite  solu- 
tion, litmus  is  added,  and  a standard  solution  of 
soda  is  turned  in  till  the  liquor  is  neutral.  The 
following  reactions  take  place  simultaneously: — 

( 2(CaS203)  + 21  = Cal.2  + CaS^Og. 

■<  CaSj  + 21  = Oalj  + 2S. 

(^CaHjSj  + 41  = Calj  + Sj  + 2HI. 

And  subsequently  the  free  HI  is  disposed  of  thus : 
2H1  + NajO  = 2NaI  + H.2O 

The  standard  soda  thus  shows  directly  the  hydroiodic 
acid,  and  indirectly  the  equivalents  of  hydrosulphide ; 
the  iodine  used  in  the  first  titration  is  that  of 
hyposulphite,  and  that  used  in  the  second  titration, 
deducting  the  two  former  numbers,  that  of  sulphide 
(polysulphide).  Using  for  both  titrations  3‘2  c.c.  of 
liquor,  and  decinormal  solutions,  and  presuming 
that  the  polysulphide  is  bisulphide  only  (this  is, 
however,  refuted  by  Stahlschmid’s  researches,  wdio 
finds  it  to  be  mostly  tetra-  and  penta-sulphide),  we 
have  simply  to  add  together  the  measures  of  iodine 
used  in  both  titrations,  subtract  that  of  caustic 
soda,  and  divide  the  remainder  by  ten,  in  order  to 
find  the  total  percentage  of  sulphur  in  the  liquor; 
and  from  this  the  hydrochloric  acid  can  be  easily 
calculated,  as  each  32  of  sulphur  require  36-5  of  HCl. 

When  it  is  only  required  to  see  whether  the  propor- 
tion is  a favourable  one  for  decomposition,  it  need 
only  be  noticed  whether  the  measure  of  iodine  used 
after  precipitating  the  sulphides  by  zinc  solution  to 
that  used  for  the  original  liquor  is  nearly  1 : 5,  and 
it  ought  to  be  rather  below  than  above  5 ; that  is, 
there  ought  to  be  rather  less  than  more  than  2 
equivalents  of  sulphide  for  one  of  hyposulphite. 
Mono  believes  that  the  decomposition  of  calcium 
hyposulphite  is  not  as  simple  as  usually  explained, 
viz. — 

CaSaOg  + 2HC1  = CaCIa  + SO.^  + H^O  + S; 

but  that  a great  deal  of  it  is  decomposed  with  the 
formation  of  calcium  trithiouate,  thus : 

SCaSjOa  + 6HC1  = SCaClj  + SH.^O  + 2CaS306  + 4S. 

On  boiling  the  calcium  trithiouate  is  decomposed  into 
calcium  sulphate,  sulphur,  and  sulphurous  acid  ; the 
latter  re-forming  trithionate  and  so  forth,  till  nothing 
but  sulphur  and  calcium  sulphate  remain  besides  cal- 
cium chloride  and  water.  Stahlschmid’s  researches 
bear  out  Mond’s  statements  in  this  case.  This  means 
a loss  of  acids  and  sulphur,  as  calcium  sulphate  is 
worthless,  and  for  this  reason  Mond  rejects  Schaff- 
ner’s  method  of  decomposing  the  yellow  liquors, 
and  rather  runs  the  latter  into  a large  wooden  tub 
at  the  same  time  with  common  weak  muriatic  acid 
from  the  post-condensers  (wash-towers),  just  suffi- 
cient to  decompose  them  ; if  the  proportion  of 
sulphides  be  rather  less  than  two  to  one  hyposul- 
phite, if  the  temperature  be  kept  at  140°  to  150°  C., 
and  if  the  liquor  is  thoroughly  agitated  by  a meeh- 
anical  stirrer,  no  gas  whatever  is  evolved,  the  liquor 
keeping  the  slight  excess  of  SO2  in  solution,  and  the 
sulphur  is  precipitated  free  from  ferrous  sulphide. 
By  taking  a sample  from  time  to  time,  and  observing 
whether  it  is  of  the  proper  colour,  the  workman  can 
judge  whetlier  there  is  not  too  little  acid,  and  he 
tries  whether  there  is  not  too  much  either,  by 
pouring  a little  yellow  liquor  into  the  samples, 
which  ought  very  soon  to  produce  a grey  colour 
through  formation  of  FeS;  when  too  much  yellow 
liquor  is  used  before  this  grey  colour  appears,  the 
flow  of  acid  must  be  checked.  The  tub  is  covered 
in  and  connected  with  the  chimney,  to  convey  away 
any  occasional  escape  of  gas.  It  cannot  be  denied 
that  it  is  not  quite  easy,  in  ordinary  work,  to  work 
altogether  without  evolution  of  sulphuretted  hydro- 
gen, especially  in  commencing  the  process,  since 
workmen  cannot  always  be  trusted  to  bo  sufficiently 
careful ; and  as  Sen  affner’s  apparatus  does  not  allow 
any  such  escape  under  any  circumstances,  it  would 
appear  as  if  its  use  were  advisable,  even  if,  as  Mond 
asserts  and  as  Stahlsciimid  has  confirmed,  rather 
less  sulphur  is  yielded  by  it  than  by  the  decomposi- 
tion on  his  principle — at  least  in  such  cases  where 
any  escaping  gas  would  cause  complaints  in  the 
immediate  neighbourhood.  Schaffner  has,  how- 
ever, always  maintained  that  no  trithionate  and 
consequently  no  calcium  sulphate  is  formed,  if  the 
operation  is  carried  out  exactly  as  prescribed  by  him, 
and  Lunge’s  researches  have  proved  this  to  be  the 
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case.  The  calcium  sulphate  found  in  Schaffner’s 
sulphur  only  proceeds  from  the  sulphuric  acid  always 
present  in  common  muriatic  acid. 

There  is  nothing  peeuliar  in  Mond’s  way  of  filter- 
ing, washing,  and  drying  the  sulphur.  He  used  to 
melt  it  by  an  apparatus  different  from  Schaffner’s, 
probably  only  for  the  reason  that  the  latter  was 
protected  by  patent;  but  it  does  not  appear  that 
any  of  the  many  modifications  proposed  is  equal 
to  Schaffner’s  melting  process. 

Mond’s  process  has  been  carried  out  for  many 
years  past  by  several  English  alkali  works,  and  must 
be  pronouneed  successful,  especially  if  combined 
with  Schaffner’s  melting  apparatus,  and  if  carried 
out  in  separate  tanks,  so  that  four  or  five  repetitions 
of  the  oxidation  can  be  practised. 

lly  none  of  the  methods  hitherto  proposed  is 
the  tank  waste  really  “ desulphurised.”  In  the 
best  case,  about  half  of  the  sulphur  combined  is 
recovered  as  such,  mostly  less  than  that ; one  factory 
in  Lancashire  obtains  6 per  cent.,  another,  near 
Biastol,  8 per  cent,  of  sulphur  upon  the  sulphate  of 
soda  originally  balled.  The  remainder,  to  some  like 
extent,  is  lost  in  a gaseous  form  during  the  recovery 
process ; mostly,  however,  it  exists  in  the  oxidised 
and  lixiviated  waste  as  calcium  sulphite  and  sulphate, 
even  of  free  sulphur,  and  altvays  to  a certain  extent 
of  calcium  sulphide,  even  after  many  successive 
oxidations.  This  “desulphurised”  waste  is  of  course 
very  much  less  liable  to  give  rise  to  a nuisance  than 
ordinary  tank  waste ; but  it  would  seem  desirable  to 
dispose  of  it  otherwise  than  by  depositing  it  on  waste 
ground,  and  perhaps  Mond’s  proposal  to  burn  it  in 
cement  kilns,  and  use  it  similarly  to  Scott’s  selenitic 
mortar  may  lead  to  its  better  utilization.  MaCTEAr 
has  patented  a plan  for  dealing  with  the  yellow 
liquors  from  old  tank  heaps.  Its  only  new  feature 
is  the  treatment  of  such  liquors  by  sulphurous  acid, 
in  order  to  “ correct  ” them,  and  to  make  their 
composition  similar  to  that  indicated  above ; after 
this  the  ordinary  process  of  Mond  is  carried  out. 

■Coat  of  Production.  — The  following  calculation 
shows  the  actual  cost  of  production  (from  the 
manufacturing  books)  of  soda  ash  (yellow  carbonate), 
at  a Tyneside  manufactory  in  the  beginning  of  1876. 

Tons.  £ a.  D.  £ 8.  d. 

Spanish  cupreous  pyrites,) 

48  per  cent,  (copper  not  > 0'8626  at  0 16  0 0 13  9 

paid  for), ) 

Kitrate  of  soda  (deducting) 

from  the  price  the  value  > 0'0155  at  10  10  0 0 3 3 

of  the  nitre  cake), ) 

Common  salt, 1'3175  at  0 18  0 13  9 

Chalk 1-732  at  0 4 0 0 6 11 

Coals  for  mixing, 0'750  at  0 6 0 0 4 6 

“ for  tiring, 2'410  at  0 5 0 0 12  1 


Wages, 1 14  9 

Repairs  and  stores, 0 11  1 

Removal  of  tank  waste, 0 2 6 

Casks  and  delivery  on  hoard  ship 0 12  0 


Management, foremen, generalexpensesofallkinds,  0 9 4 

6 13  11 

This  is  the  cost  of  a ton  of  ash,  f.o.b.  in  the  Tyne, 
such  as  it  is  furnaced,  whether  51  or  53  per  cent., 
as  made  by  the  old  hand-furnace  ; revolver  ash  is 
cheaper  and  stronger.  It  is  scarcely  necessary  to  [ 


say  that  several  or  even  most  of  the  items  differ 
according  to  the  variatioiis  in  the  price  of  raw 
materials  (pyrites,  for  instance,  was  fully  25  per  cent, 
cheaper  in  1876  than  in  1875),  in  the  size  of  the 
factory,  its  local  advantages  or  drawbacks,  and  the 
skill  and  care  displayed  in  its  management. 

James  Young,  F.R.S.,  revived  in  1871  the 
ammonia  process  for  making  carbonate  of  soda, 
which  had  been  patented,  if  not  originally  invented, 
by  Dyer  and  Hemming.  The  reaction  worked  out 
by  these  chemists  nevertheless  failed  to  produce  in 
their  hands  a good  commercial  process,  on  account 
of  the  loss  of  ammonia  in  the  manufacture.  Young’s 
improvements  consist  in  a method  of  working  by 
which  the  ammonia,  when  once  put  into  the  appara- 
tus, is  never  again  exposed  to  the  atmosphere. 
The  vessels  communicate  with  each  other,  so  that 
when  carbonate  of  ammonia  is  mixed  with  the 
common  salt,  treated  with  carbonic  acid,  and  decom- 
posed, forming  bicarbonate  of  soda  and  chloride  of 
ammonium,  this  latter  salt  is  passed  through  a 
close  tube  into  another  vessel,  where  it  is  decom- 
posed by  lime,  and  the  ammonia  passed  along  with 
carbonic  acid  into  a second  solution  of  common 
salt,  and  so  on  continuously,  making  a circuit  of  the 
vessels.  Part  of  this  carbonic  acid  is  obtained 
from  the  solution  of  bicarbonate  of  soda,  which  is 
boiled  in  the  vessel  in  which  it  is  formed,  until  it 
gives  off  part  of  its  carbonic  acid  and  any  ammonia 
which  may  remain  attached  to  it. 

This  process  was  carefully  worked  at  by  Young 
for  a long  time,  and  its  practicability  fully  demon- 
strated, before  he  made  it  known ; but  he  never 
brought  the  soda  into  commerce,  not  wishing  again 
to  enter  into  business,  but  preferring  to  leave  the 
matter  to  others.  There  is  a probability  that^it  wiU 
come  more  extensively  into  use,  as  the  work  is 
easy,  and  it  is  free  from  the  so-called  noxious 
vapour — muriatic  acid.  The  value  will  greatly  de- 
pend on  the  price  of  ammonia ; but  it  will  also 
depend  on  the  convenience  of  the  position,  as  the 
ammonia  process  may  be  carried  on  where  the  acid 
process  could  not  be  permitted.  At  any  rate,  this 
is  an  important  new  process  of  manufacture,  and  its 
true  value  will  not  be  easily  seen  for  a long  time. 
Should  circumstances  at  any  time  render  ammonia 
even  but  a little  cheaper,  it  would  probably  become 
a very  general  process. 

SODIUM. — Sodium,  English  and  French ; Natrium, 
German  and  Latin.  Symbol,  Na;  atomic  weight 
23. — This  metal  was  isolated  in  1807  by  Sir  Hum- 
phrey Da\tt,  through  the  agency  of  voltaic  elec- 
tricity. Moistened  sodium  hydrate  was  employed, 
the  oxygen  both  of  the  water  and  of  the  soda  was 
liberated  at  the  positive  pole,  and  the  sodium  and 
hydrogen  at  the  negative  pole. 

Sodium  is  a monatomic  metal.  With  chlorine, 
fluorine,  bromine,  and  iodine,  it  forms  the  com- 
pounds NaCl,  NaFl,  NaBr,  Nal;  with  oxygen  it 
forms  a monoxide  (Na^O)  and  a dioxide  (Na^02); 
with  sulphur  a monosulphide  (Na2S),  and  its  hydrate 
(NaHS),  and  many  polysulphides. 

The  processes  already  described  for  the  produc- 
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tion  of  potassium  are  applicable  also,  -with  slight 
modifications,  for  the  preparation  of  sodium.  The 
apparatus  required  is  also  of  exactly  the  same  j 
description  as  in  the  case  of  potassium.  'Hie  sub-  | 
stances  employed  may  be  either  sodium  hydrate  and 
iron,  or  sodium  carbonate  and  charcoal.  These  are 
placed  in  a malleable  iron  bottle — those  in  which 
mercury  is  imported  answer  admirably — and  heated 
to  whiteness  in  a powerful  blast  furnace.  The  gas, 
which  is  evolved  at  tlie  beginning  of  the  process,  is 
of  a yellow  colour  ; this  is  allowed  to  escape  into  the  1 
air,  the  receiver  not  being  adapted  to  the  retort  till  ' 
a cold  iron  rod  thrust  into  the  bottle  comes  out 
covered  with  globules  of  sodium,  which  take  fire  in  1 
the  air.  The  sodium  vapour  is  then  conducted  into  a 
receiver  (which  may  be  of  iron  or  copper)  containing 
mineral  naphtha  or  rock  oil;  it  is  kept  cold  by  sur- 
rounding it  with  cold  water,  which  is  frequently 
changed.  It  should,  of  course,  be  provided  with  a 
vent  for  the  escape  of  the  incondensable  gases 
evolved  during  the  decomposition.  The  operation  is 
much  more  productive  than  in  the  case  of  potassium, 
because  the  sodium  does  not  combine  with  carbonic 
oxide. 

The  decomposition  either  of  sorlium  hydrate  by 
metallic  iron,  or  of  carbonate  of  soda  by  charcoal,  is, 
however,  effected  with  greater  difficulty  than  is  the 
case  with  the  corresponding  potassium  salts.  By  mix- 
ing the  sodium  hydrate  or  carbonate  of  soda  with  a 
little  potassium  hydrate  or  carbonate  of  potassium, 
the  operation  is  effected  with  greater  facility;  but 
the  metal  obtained  is  then  a brittle  alloy  of  sodium 
and  potassium.  From  this,  however,  the  whole  of 
the  potassium  may  readily  be  separated  by  means 
of  slow  oxidation,  without  any  considerable  loss  of 
sodium.  To  effect  this,  the  alloy  is  formed  into 
plates  and  placed  in  a large  bottle ; these  are  covered 
with  naphtha,  and  the  air  in  the  bottle  is  occasionally 
removed  After  a few  days  the  whole  of  the  potas- 
sium will  have  disappeared,  and  pure  and  very 
ductile  sodium  remains.  In  Schoedler’s  process 
the  carbonate  of  soda  used  is  obtained  by  the  igni- 
tion of  sodium  acetate,  free  access  of  air  being 
avoided.  The  object  of  this  is  to  obtain  the  car- 
bonate in  a very  pure  state,  since,  if  sodium  sulphate 
be  present,  it  becomes  reduced  in  the  process  to 
sodium  sulphide,  which  acts  strongly  on  the  iron 
bottle.  The  mixture  of  carbonate  of  soda  and  char- 
coal obtained  is  mixed  with  a fourth  of  its  weight  of  [ 
charcoal  in  fine  powder,  and  with  double  this  quan- 
tity of  charcoal  in  a coarse  state,  to  prevent  fusion 
of  the  mass.  Should  this  occur,  the  fused  con- 
tents spirt  into  the  tube  and  choke  it  up.  The 
mixture,  heated  in  the  iron  bottle,  yields  pure  sodium, 
with  a very  small  residue  of  carbon,  &c. 

The  process  now  commonly  employed  for  the 
preparation  of  sodium  was  devised  by  II.  St.  C. 
Deville.  Crystals  of  sodium  carbonate  are  cal- 
cined, powdered,  and  mixed  with  a slight  excess 
of  powdered  charcoal  or  coal:  chalk  is  also  added 
to  keep  the  mixture  fluxed  during  the  process. 
In  preparation  in  small  quantity  the  proportions 
are; — 


Dry  carbonate  of  soda, 717  parts. 

Charcoal, 175  “ 

Chalk 108  “ 

When  the  continuous  process  is  used,  which  will 
be  described  further  on,  the  proportions  are: — 

Dry  carbonate  of  soda 30  parts. 

Charcoal, 13  “ 

Chalk 3 “ 

The  materials  are  pounded  and  sifted,  then  mixed 
by  hand  and  again  sifted,  in  order  to  insure  their 
intimate  association.  The  mixture  must  be  used  as 
soon  as  made,  lest  moisture  be  absorbed.  It  is  also 
considered  advanhigeous,  when  circumstances  per- 
mit, to  calcine  the  whole  mass  before  introducing  it 
into  the  distilling  apparatus;  since  it  is  thereby  ren- 
dered much  more  compact,  and  a larger  quantity 
can  be  operated  on  in  a vessel  of  a given  size. 

The  distillation  is  performed  either  in  a mercury 
bottle  or  in  iron  cylinders  of  large  dimensions.  The 
receiver  preferred  by  Deville  is  that  designed  by 
Maresca  and  Donny  for  the  condensation  of  pot- 
assium. These  receivers  are  made  of  two  plates  of 
iron  from  one-twelfth  to  one-eighth  of  an  inch  thick: 
one  of  them.  A,  Fig.  1,  is  turned  up  at  the  edges, 
while  the  other,  B,  is  left  flat,  except  at  the  end,  C, 
where  both  plates  are  formed  into  a cylindrical  neck, 
1 inch  in  internal  diameter.  The  conical  portion, 
which  joins  the  cylindrical  neck  to  the  flat  body  of 
the  receiver,  should  be  made  as  short  as  possible. 


Fig.  a Fig.  1. 


The  two  portions  when  joined  form  a rectangular 
box  with  a cylindrical  neck.  These  receivers  are 
either  left  completely  open  at  the  back  (Fig.  2),  or 
they  are  closed  at  the  back,  with  the  exception  of  a 
small  aperture  near  tlie  top.  Fig.  3.  The  plates  are 
held  together  by  iron  clamps. 

With  the  first  apparatus  (Fig.  2)  the  condensed 
sodium  (so  soon  as  the  receiver  becomes  hot  enough 
to  retain  it  in  the  liquid  state)  flows  off  as  fast  as 
produced ; with'  the  second  (Fig.  3)  the  sodium  fills 
the  receiver,  which  is  then  removed. 

When  the  process  goes  on  well  the  sodium  is  very 
pure.  Some  impure  sodium  remains  attached  to 
the  plates  of  the  receiver;  hence  the  plates  should 
always  be  scraped  before  again  using  them,  the 
matter  scraped  off  being  received  under  rock  oil, 
and  redistUled. 

The  temperature  absolutely  required  for  the  re- 
duction of  sodium  carbonate  is  about  that  required 
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for  zinc  smelting;  but  a larger  product  is  obtained 
when  it  is  raised  to  the  melting  point  of  magnetic 
oxide  of  iron. 

For  large  operations  iron  cylinders  are  used,  which 
are  so  arranged  that  they  can  be  discharged  and  fed 
without  removing  them  from  the  furnace,  or  extin- 
guishing the  fire.  The  cylinders,  made  of  wrought 
iron  (t,  Fig.  4),  are  about  4 feet  long,  5|-  inches 
internal  diameter,  and  half  an  inch  thick.  They  are 
open  at  one  end,  0,  and  closed  at  the  other  end,  p, 
except  that  this  extremity  is  pierced  with  a circular 

Fig.  4. 


aperture,  to  which  an  iron  tube,  L,  is  adapted,  hav- 
ing a conical  termination  for  connection  with  a 
receiver  of  the  form  already  described.  The  open 
end,  0,  is  fitted  with  a wrought-iron  cap  terminat- 
ing in  a hook.  The  iron  cylinders  must  be  pro- 
tected from  the  action  of  the  fire  by  coating  them 
with  fire-clay,  and  inclosing  them  in  tubes  of  refrac- 
tory earthenware. 

The  cylinders  are  heated  in  a reverberatory  fur- 
nace, Figs.  4 and  5,  tiie  fire-place  of  which  is  divided 
into  two  equal  parts  by  a wall  of  fii  e-brick  18  inches 


j high,  on  which  the  middle  of  the  cylinder  rests, 
j The  fuel  is  introduced  through  K,  and  heaped  on  a 
shelf,  M,  so  as  to  close  the  aperture  while  the  pro- 
cess is  going  on.  A wall,  a,  reaching  a little  above 
the  cylinder,  keeps  the  flame  vertical,  and  the  low 
arch,  V,  causes  it  to  circulate  round  the  cylinders. 

The  soda  mixture  is  introduced  in  paper  or  canvas 
bags,  and  the  tube  is  closed  by  the  cap  and  luted  with 
fireclay.  When  the  process  is  finished  a little  water 
is  thrown  on  the  cap;  this  cracks  it  off,  and  the 
residue  of  the  charge,  which  is  a spongy  mass  of  lime 
and  charcoal  mixed  with  caustic  soda,  &c.,  is  with- 
drawn and  washed  with  water  to  extract  the  alkali. 

Properties. — The  colour  of  sodium  is  a silver 
white;  its  lustre  is  more  brilliant  than  that  of  lead, 
but  scarcely  equals  that  of  silver.  At  the  ordinary 
temperature  it  is  solid,  but  soft  and  ductile  like  wax. 
At  — 20°  C.  it  is  rather  hard,  at  0°  C.  very  ductile, 
at  50°  C.  it  is  semi-fluid,  and  at  97-6°  perfectly  so. 
Though  less  fusible  than  potassium,  it  is  more  readily 
volatile,  and  hence  a less  intense  heat  is  required  in 
its  preparation.  It  crystallizes  on  cooling  in  octahedra. 
M'hen  exposed  to  the  air  it  quickly  becomes  tar- 
nished, owing  to  the  formation  of  a crust  of 
soda;  and  if  heated  nearly  to  redness  it  inflames, 
and  emits  brilliant  scintillations.  The  specific 
gravity  of  sodium  is  0'97  at  50°  C.,  and  it  is 
consequently  lighter  than  water;  and  if  thrown 
into  this  liquid  exposed  to  the  air  it  swims  about, 
presenting  the  appearance  of  a silvery-fused 
globule,  constantly  decreasing  in  size  and  pro- 
ducing a hissing  noise,  owing  to  the  escape  of 
hydrogen  gas.  These  phenomena  continue  until 
the  whole  is  dissolved  as  soda. 

Potassium  under  the  same  circumstances 
takes  fire,  and  continues  to  burn  until  dissolved; 
but  sodium,  in  decomposing  water,  either  pro- 
duces less  heat  or  requires  a higher  tempera- 
ture to  inflame  it.  If,  however,  the  water  be 
thickened  with  gum,  so  as  to  retard  the  move- 
ment of  the  sodium  over  the  surface,  or  if  there  be 
only  a few  drops  of  water,  the  metal  then  ignites. 

Sodium  dissolves  in  ammonia  gas  under  pres- 
sure. forming  a blue  solution  which,  if  evapor- 
ated slowly,  yields  crystals  of  the  metal  (Seeley, 
Chem.  News,  xxiii.  169). 

The  alloys  of  sodium  are  prepared  by  fusing 
it  with  the  respective  metals.  Potassium  and 
sodium  alloy  is  fluid  at  ordinary  temperatures. 
It  can  be  prepared  by  melting  the  metals  to- 
gether in  a tube  containing  caoutchin  (Greville 
Williams)  ; or  by  heating  acetate  of  potassium 
with  sodium  (AYanklyn). 

Sodium,  like  potassium,  decomposes  most  oxides, 
metallic  and  non-metallic;  also  by  far  the  greater 
number  of  salts,  deoxidising  not  only  the  acid  but  the 
base  also,  if  it  happen  to  be  the  oxide  of  a heavy  metal. 
When  thrown  upon  the  surface  of  mercury,  sodium 
forms  an  amalgam,  with  the  production  of  heat  and 
light;  this  does  not  take  place  with  potassium.  Sodium 
is  employed  in  the  arts,  principally  in  the  preparation 
of  aluminium,  by  the  decomposition  of  the  chloride 
of  that  metal. 
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STEEL. — Acier,  Frencli ; SUild,  German.  Few  manu- 
factures have  undergone  more  important  changes,  and 
made  more  rapid  strides  w.Vhiii  the  last  twenty  years, 
than  that  of  steel.  Indeed  the  changes,  not  only  in 
the  modes  of  manufacture,  but  also  in  the  properties 
of  the  metal,  have  been  so  great  that  it  has  become 
extremely  difhcult  to  define  what  is  the  meaning  of 
the  term  steel.  The  chief  characteristic  of  the  metal 
termed  steel  twenty  years  ago  was  its  property  of 
becoming  hardened  by  heating  and  plunging  into 
cold  water,  and  its  almost  sole  use  was  for  making 
edge  tools.  Modern  modes  of  manufacture  have  so 
enormously  increased  the  quantity  and  decreased 
the  price,  while  at  the  same  time  they  have  intro- 
duced so  many  new  varieties  of  the  metal,  that  it 
is  now  used  far  more  extensively  for  other  purposes, 
such  as  railway  bars,  castings,  and  plates,  than  it  is 
for  the  older  manufacture  of  cutting  tools.  This  has 
led  to  the  extension  of  the  use  of  the  term  steel  to 
varieties  which  no  longer  accord  with  the  old  defini- 
tion, and  it  becomes  necessary  to  try  to  find  a new 
one.  This  is  exceedingly  difficult,  because  the  usage 
of  practical  men  has  sanctioned  tlie  application  of 
the  term  to  alloys  which  have  many  of  the  proper- 
ties of  wrought  iron,  and  are  entirely  devoid  of 
one  quality  that  used  to  be  considered  the  generic 
characteristic  of  steel.  Scientific  writers  have  endea- 
voured to  draw  a distinction  between  iron  and  steel 
based  upon  inherent  properties,  while  practical 
manufacturers  and  users  have  by  common  consent 
come  to  apply  the  terms  according  to  the  mode  of 
manufacture.  With  the  object  of  settling  the  nomen- 
clature of  iron  and  steel  an  International  Committee 
was  appointed  at  Philadelphia  by  the  American 
Institute  of  Mining  Engineers.  The  Committee 
consisted  of  Mr.  I.  Lowthian  Bell,  M.P.,  Dr. 
Hermann  Wedding,  Professor  Tunner,  Professor 
Akermann,  M.  Gruner,  Mr.  A.  L.  Holley,  and  Mr. 
T.  Egleston  ; and  they  resolved  upon  the  following 
recommendations : — 

I.  — That  all  malleable  compounds  of  iron,  with  its 
ordinary  ingredients,  which  are  aggregated  from 
pasty  masses,  or  from  piles,  or  from  any  form  of  iron 
not  in  a fluid  state,  and  which  will  not  sensibly 
harden  and  temper,  and  which  generally  resemble 
what  is  called  wrought  iron,  shall  be  called  weld-iron. 

II.  — That  such  compounds,  when  they  wiU  from 
any  cause  harden  and  temper,  and  which  resemble 
what  is  now  called  ‘‘puddled  steel,”  shall  be  called 
weld-steel. 

HI. — That  all  compounds  of  iron,  with  its  ordi- 
nary ingredients,  which  have  been  cast  from  a fluid 
state  into  malleable  masses,  and  which  will  not 
sensibly  harden  by  being  quenched  with  water  while 
at  a red  heat,  shall  be  called  ingot-iron. 

IV. — That  all  such  compounds,  when  they  shall 
from  any  cause  so  harden,  shall  be  called  ingot-steel. 

Siemens,  when  speaking  upon  this  point  in 
his  Presidential  Address  to  the  Iron  and  Steel 
Institute  (1877),  remarks : “ The  nomenclature  here 
proposed  is  entitled  to  careful  consideration  from 
the  eminence,  for  both  theoretical  and  practical 
Lnowledge,  of  the  gentlemen  composing  the  com- 


mittee; but  I apprehend  that,  for  common  use,  the 
distinctions  desired  to  be  drawn  are  too  manifold. 
Moreover,  the  lines  of  demarcation  laid  down  run 
through  materials  very  similar,  if  not  identical  in 
their  application,  where  a distinction  in  name  would 
be  extremely  difficult  to  maintain  and  awkward  to 
draw.  Take,  for  instance,  railway  bars  from  ingot- 
metal,  which  are  usually  specified  to  bear  a given 
dead  load  without  deflecting  beyond  certain  limits, 
and  to  resist  a certain  impact  without  rupture.  The 
materials  answering  to  these  requirements  contain 
from  ‘2  to  ‘6  per  cent,  of  carbon,  depending  in  a great 
measure  upon  the  mode  of  production,  and  upon  the 
amount  of  admixture  of  phosphorus,  sulphur,  silicon, 
and  manganese.  Buc  inasmuch  as  the  quality  of 
tempering  is  chiefly  due  to  carbon,  part  of  the  rails 
delivered  under  such  specification  might  have  to  be 
classified  as  ingot-iron,  and  part  as  ingot-steel.  The 
Committee  omits  to  define  the  degree  of  hardening 
which  it  considers  necessary  to  bring  a material 
within  the  denomination  of  ingot-steel;  it  is  well 
known,  however,  that  the  temper  depends  upon  the 
exact  temperature  to  which  the  metal  is  heated  before 
being  plunged  into  the  refrigerating  medium,  and  also 
upon  the  temperature  and  conductivity  of  the  latter, 
and  that  ingot-metal  with  only  ‘2  per  cent,  of  carbon, 
when  plunged  hot  into  cold  water,  takes  a certain 
amount  of  temper.  The  question  of  the  amount 
of  import  duties  payable  in  foreign  countries 
upon  metal  occupying  a position  near  the  proposed 
boundary  line  would  also  lead  to  considerable 
inconvenience. 

“ Difficulties  such  as  these  have  hitherto  pre- 
vented the  adoption  of  any  of  the  proposed 
nomenclatures,  and  have  decided  engineers  and 
manufacturers,  in  the  meantime,  to  include  under 
the  general  denominations  of  cast  steel  all  com- 
pounds consisting  chiefly  of  iron,  which  have  been 
produced  through  fusion,  and  are  malleable. 

“ Such  a general  definition  does  not  exclude  from 
the  denomination  of  steel  materials  that  may  not 
have  been  produced  by  fusion,  and  which  may  be 
capable  of  tempering,  such  as  shear  steel,  blister 
steel,  and  puddled  steel,  nor  does  it  interfere  with 
distinctions  between  cast  steels  produced  by  different 
methods,  such  as  pot  steel,  Bessemer  steel,  or  steel 
by  fusion  on  the  open  hearth.” 

Although  the  common  use  of  the  term  steel  may 
render  it  impossible  to  find  a definition  that  shall  be 
logically  correct,  the  difficulty  of  forcing  into  general 
use  even  so  slight  a modification  of  commonly  ac- 
cepted terms  as  the  classification  proposed  by  the 
Centennial  Commission  is  so  great,  that  it  is  pro- 
bably better  to  define  the  body  by  its  mode  of 
manufacture  than  to  attempt  to  introduce  new 
terms  for  some  products  that  are  now  commonly 
called  steel,  in  order  that  others  may  be  classified 
under  this  head  in  a logical  manner,  ba.sed  upon  a 
consensus  of  properties.  If  this  were  done,  there 
could  be  little  difficulty  in  agreeing  that  the  term 
“ steel  ” should  be  retained,  as  suggested  by  Whit- 
worth and  Siemens,  for  alloys  of  iron  produced 
by  fusion  having  great  strength,  and  always  using 
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as  a prefix  a term  indicating  the  mode  of  manu- 
facture. There  could  thus  be  no  difficult}'  in 
understanding  what  is  meant  by  pneumatic  or 
Bessemer  steel,  open  - hearth  or  Siemens  steel, 
crucible  steel,  blister  steel,  puddled  steel.  If 
it  is  necessary  to  distinguish  the  different  qualities 
of  each  kind,  the  classification  might  very  well 
be  dependent  upon  the  tensile  strength  of  the  ma- 
terial. Thus,  steel  which  will  bear  a tensile  strain 
of  25  to  30  tons  per  square  inch  might  be  called, 
as  indeed  it  now  is  in  common  usage,  ‘‘  soft”;  from 
30  to  35  tons  might  be  called  •*  mild  35  to  40  tons, 
“ hard  40  to  50  tons,  “ extra  hard”;  leaving  any- 
thing  above  this  to  be  designated  specially.  This 
will  very  nearly  accord  with  the  classification  pro- 
posed by  Adolph  Greiner,  of  Seraing,  with  the 
usage  of  Holley,  and  the  recommendation  of  Hack- 
ney. The  classification  arrived  at  by  the  Inter- 
national Commission  at  Philadelphia  last  year  was  a 
very  good  one ; but  unfortunately  makers  and  users 
will  not  adopt  it,  and  therefore  it  becomes  almost  a 
dead  letter.  Our  own  Admiralty,  the  Board  of  Trade, 
and  Lloyd’s,  for  instance,  still  persist  in  calling  what 
the  Commission  would  have  designated  as  “ ingot- 
iron,”  either  “ Soft  Bessemer  or  Siemens  steel.” 
There  is  no  difficulty  in  understanding  what  they 
mean  by  these  terms,  while  there  might  be  some 
difficulty,  as  Siemens  points  out,  in  deciding  whether 
a given  plate  would  or  would  not  harden,  and  there- 
fore whether  it  was  “ingot-iron”  or  “ ingot-steel.” 

In  this  article  the  term  steel  will  be  used  in 
its  common  and  wider  acceptation,  and  the  various 
kinds  will  be  considered  in  their  chronological  order. 

There  is  great  probability  that  an  alloy  of  iron 
that  would  harden  by  sudden  cooling,  and  that 
could  be  forged  into  edge  tools,  was  discovered  soon 
after  the  isolation  of  the  metal  itself  was  effected. 
At  all  events,  Homer  speaks  of  the  art  of  tempering 
in  such  a way  as  to  leave  no  doubt  that  in  liis  time 
such  an  alloy  was  known.  We  have  no  record  of 
the  mode  of  production  employed  by  the  ancients, 
but  it  is  feasible  to  suppose  that  it  was  by  some 
modification  of  the  plan  still  adopted  by  the  Hindoos 
— viz.,  by  melting  wrought  iron  in  crucibles  in  con- 
tact with  carbon.  Dr.  Percy  considers  that  this 
process  of  steel  making  is  the  most  ancient,  and  he 
quotes  from  Dr.  Buchanan’s  description  of  the  pro- 
cess as  he  saw  it  practised  in  1807  as  follows: — 

“A  wedge  of  iron,  forming  about  a third  part  of 
one  of  the  little  lumps  produced  in  an  ordinary  Hin- 
doo iron  furnace,  is  put  into  a conical,  unbaked  clay 
crucible,  of  about  the  capacity  of  a pint,  with  the 
addition  of  3 rupees’  weight  (531  grains)  of  the  stem 
of  Cassia  auriculala,  and  two  large  green  leaves  of  a 
species  of  Convolvulus  or  Jpomoea.  Tlie  crucible  thus 
charged  is  closed  at  the  mouth  with  a cap  of  unbaked 
clay  well  luted  on,  and  then  well  dried  near  a fire. 
The  furnace  used  is  a little  circular  pit  in  the  ground, 
somewhat  dilated  at  the  top.  An  earthen  pipe,  con- 
nected with  two  bellows,  each  consisting  of  a 
bullock’s  hide,  and  which  are  worked  alternately, 
enters  the  fire-plaee  at  the  bottom.  A row  of 
crucibles  is  first  laid  round  the  sloping  mouth  of  the 


fireplace ; then  within  these  another  row  is  placed ; 
and  the  centre  of  the  arch  thus  formed  is  occupied 
by  a single  crucible,  making  in  all  fifteen.  The 
crucible  in  the  outer  low,  opposite  the  nozzle  of  the 
bellows,  is  then  taken  out,  and  in  its  stead  an  empty 
crucible  is  placed  horizontally,  with  its  mouth  dir- 
ected inwards.  This  crucible  can  be  readily  drawn 
out  and  replaced,  and  the  opening  which  it  closes 
constitutes  the  fire-hole  through  which  fuel  is  intro- 
duced. The  fuel  is  charcoal,  with  which  the  fire- 
place is  filled,  and  the  arch  of  crucibles,  charged 
as  stated  above,  is  covered  over.  The  bellows  are 
then  plied  during  four  hours,  when  the  operation  is 
completed.  A new  arch  of  crucibles  is  constructed, 
and  the  process  goes  on  night  and  day;  five  sets, 
of  four  crucibles  each,  being  every  day  worked  off. 
On  breaking  open  the  crucibles  the  steel  is  found 
melted  into  the  well-known  conical  cakes  of  wootz, 
which  usually  present  a radiated  wrinkling  on  their 
upper  or  flat  surface,  considered  by  Buchanan  to 
indicate  a tendency  to  crystallization.  The  cakes  are 
surrounded  by  some  vitrified  matter. 

Henry  found  a sample  of  wootz  to  contain — 

Carbon,  combined, 1'333 

“ uncombined, '312 

Silicon, -045 

Sulphur, '181 

Arsenic, '037 

Iron,  by  difference, 98-092 

100  000 

The  following  is  an  analysis  of  a sample  of  steel 
made  from  Indian  ore  reduced  by  Blair’s  process : — ■ 

Carbon,  combined, '400 

“ graphite, — 

Silicon,  -090 

Sulphur, '081 

Phosphorus, -028 

Manganese, 1-200 

Iron, 98-500 

100-299 

j It  was  very  soft,  but  capable  of  taking  an  edge  when 
I hardened. 

1 In  the  sixteenth  century  a very  curious  method 
j was  employed  for  making  steel.  This  was  described 
by  several  writers,  among  others  by  Vanoccio  Bir- 
‘ iNGUccio  in  1540,  and  by  Agricola  in  his  “De  Re 
Metallica,”  in  1560.  This  consisted  in  heating 
malleable  iron  in  molten  cast  iron  until  the  former 
became  pasty,  by  which  time  it  had  absorbed  suf- 
ficient carbon  from  the  cast  iron  to  convert  it  into 
steel.  It  was,  in  fact,  a cementation  process  con- 
ducted at  a very  high  temperature  and  with  a fluid 
bath.  The  translation  of  the  original,  as  given  in 
Dr.  Percy’s  work,  is  very  curious,  and  well  worth 
perusal. 

Since  steel  occupies  a medium  position  between 
cast  and  wrought  iron,  it  is  natural  to  expect  that  in 
the  early  stages  of  the  manufacture  of  iron  in  finery 
hearths,  it  would  often  happen  that  the  workmen 
w'ould  obtain  a product  more  carburized  than  usual, 
and  having,  therefore,  a steely  nature.  This  was  the 
case ; and  the  Styrian,  Carinthian,  Tyrolese,  Paal, 
and  Siegen  processes,  w-hich  were  largely  practised 
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in  the  sixteenth  century,  are  all  modifications  of  a 
process  of  making  steel  m Jinery  hearths. 

The  Carinthian  Raw  Steel  Process,  which  has  been 
very  elaborately  described  by  Professor  Tonner, 
may  be  taken  as  a type  of  these  processes.  The 
hearth  employed  is  about  3 feet  square  and  9 inches 
deep.  Tlie  sides  are  formed  of  cast-iron  plates,  and 
the  bed  of  stamped  charcoal  and  ashes  about  6 inches 
thick.  Tlie  height  of  the  back  plate  facing  the  tvvyer, 
and  on  which  the  pig  iron  to  be  melted  lies,  is  i 
adjustable,  so  as  to  be  from  to  5 inches  above 
the  twyer.  The  twyer  is  about  1|  inch  diameter, 
and  projects  about  4 inches  over  the  plate,  pointing 
downwards  at  an  angle  of  10°  to  16°.  The  pressure 
of  blast  is  equal  to  15  or  16  inches  water  column. 
Charcoal  is  the  fuel  used.  The  pig  iron  is  first 
refined  by  melting  it  down,  and  subjecting  it  more 
or  less  to  the  action  of  the  blast,  by  which  it  is 
decarburized  and  the  silicon  removed.  While  this 
melting  and  refining  action  is  going  on,  the  previ- 
ously-formed crude  lumps  of  steel  are  heated  and 
worked  in  the  same  fire.  By  the  waste  of  metal  in 
this  operation  a good  deal  of  rich  cinder  is  formed, 
which  reacts  ujion  the  refined  iron  lying  in  the 
hearth.  If  the  refined  iron  is  still  liquid,  rich 
hammer  slag  is  poured  in.  When  sufficiently  re- 
fined, the  slag  is  removed,  fresh  charcoal  put  in, 
and  the  lump  of  metal  raised  up  among  it,  so  as  to 
be  more  under  the  action  of  the  blast.  In  this  way 
the  carbon  is  reduced  to  a sufficiently  low  point, 
and  the  mass  then  sinks  down  into  a pasty  cake  at 
the  bottom  of  the  hearth.  The  cinder  is  then  tapped 
off,  the  cake  removed,  and  the  adherent,  semi-fluid 
metal  knocked  off.  The  cake  is  then  cut  up,  and 
forged  under  the  hammer.  The  process  takes  from 
five  to  six  hours. 

Production  of  Steel  from 
Wrought  Iron  hy  Cementa- 
tion.— This  mode  of  making 
steel  has  been  carried  on 
for  150  years  in  England, 
and  similar  plans  have  been 
followed  in  Sweden,  West- 
phalia, and  other  countries ; 
but  when  and  by  whom  the 
discovery  of  the  process 
was  made  is  not  known,  its 
early  history  being  involved 
in  much  obscurity.  Reau- 
mur, in  1722,  s^Jeaks  with 
great  clearness  upon  the 
process,  and  even  states 
that  his  own  experiments 
showed,  that  if  a bar  of 
iron  three-sixteenths  of  an 
inch  thick  took  six  hours 
to  convert,  a bar  seven -six- 
teenths of  an  inch  required 
thirty-six  hours  to  become 
equally  carburized,  thus 
showing  that  not  only  was 
the  process  known,  but  the  mode  of  action  was 
being  studied  at  this  early  period.  | 


Fig.  1 is  a vertical  section  of  a converting  furnace, 
a,  a,  are  the  converting  chests ; h,  fire-place ; c, 
a.h-pit;  d,  d,  arched  roof;  e,  e,  flues. 

The  process  consists  in  exposing  bars  of  wrought 
iron  to  the  action  of  a prolonged  heat  while  they  are 
thoroughly  embedded  in  charcoal,  protected  in  such 
a way  that  the  charcoal  cannot  burn.  Under  these 
circumstances,  it  is  found  that  the  bars  take  up  a 
certain  quantity  of  carbon,  the  amount  depending 
; upon  the  time  of  exposure  and  quality  of  the  char- 
coal, &c.  The  carburization  is  found  to  proceed 
from  the  surface  towards  the  interior,  and  as  Reaumur 
showed  a century  and  a half  ago,  it  takes  several 
times  as  long  to  convert  a bar  seven -sixteenths 
thick  as  it  does  to  carburize  to  the  same  extent  one 
only  three-sixteenths  thick.  The  mode  of  operation 
is  as  follows : — The  bars  of  iron  are  placed  side  by 
side  in  a rectangular  chest  (a,  Fig.  1),  which  is  built 
up  of  fire-brick  or  freestone  blocks.  These  chests  are 
usually  about  12  feet  long,  3 feet  6 inches  wide  and 
deep,  with  walls  6 inches  thick.  They  rest  upon  good 
solid  masonry.  Charcoal  is  spread  upon  the  bot- 
tom, then  a layer  of  bars,  then  a layer  of  charcoal 
about  half  an  inch  thick,  then  more  bars,  and  so 
on  till  the  chamber  is  filled,  care  being  taken  to 
allow  for  expansion  of  the  bars  lengthways  and  side- 
ways. A thick  layer  of  charcoal  is  placed  upon  the 
to;!,  and  tlie  whole  is  covered  with  a plaster  of 
“ wheelswarf,”  four  or  five  inches  thick.  This  is  the 
mixture  of  sandstone  and  steel  winch  is  produced  by 
grinding  steel  on  stones.  A moderate  heat  renders 
it  plastic,  and  thus  it  forms  a perfect  cover  for  the 
chests  or  pots,”  and  prevents  the  air  from  burning 
the  charcoal.  The  pots  are  generally  arranged  side 
by  side,  with  a fire-plnce  beneath  them,  and  from 
which  flues  pass  up  between  and  at  the  sides  of  the 
pots,  so  that  the  flame  can  thoroughly  surround 
them.  They  are  generally  placed  in  pairs,  and  are 
covered  by  an  arched  roof,  as  shown  in  Fig.  1 ; 
and  the  whole  is  covered  by  a cone-shaped  chimney. 
Trial  bars  are  inserted  in  the  chests  in  such  a way 
that  they  can  be  drawn  out  and  examined  from  time 
to  time,  to  see  how  the  cementation  is  progressing. 
When  all  has  been  carefully  luted  up  so  as  to  render 
the  chests  impervious  to  air,  the  fire  is  lighted,  and 
the  chests  are  kept  at  a good  red  heat  for  several 
days.  Usually  steel  for  melting,  which  must  con- 
tain about  1 per  cent,  carbon,  requires  from  nine  to 
ten  days;  shear  steel,  which  is  less  highly  carburized, 
say  to  J per  cent.,  takes  eight  days;  and  spring  steel, 
which  requires  from  ^ to  f per  cent,  carbon,  takes 
about  seven  days.  When  the  proper  amount  of 
c .rbon  has  been  taken  up  (judged  of  from  the  frac- 
ture of  trial  bars),  the  fire  is  allowed  to  burn  out,  or 
is  withdrawn,  and  the  pots  allowed  to  gradually  cool 
down.  A usual  charge  for  a furnace  is  from  16  to 
18  tons  of  bars.  When  sufficiently  cooled  down  the 
bars  are  taken  out,  and  are  found  to  have  increased 
in  weight  from  i to  1 per  cent,  and  are  frequently 
covered  with  blisters.  Hence  the  product  is  known 
as  “ blister  steel.”  The  cause  of  these  blisters  w.as 
for  a long  time  obscure,  but  it  is  now  proved  beyond 
doubt  that  they  only  occur  in  carburizing  puddled 
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iron,  and  that,  they  are  due  to  the  formation  of  com- 
P'lratively  large  volumes  of  carbonic  oxide  gas,  by 
the  action  of  the  carbon  (taken  up  by  the  iron)  upon 
ttie  particles  of  slag  contained  in  the  puddled  bar. 
'I'he  slag  consists  largely  of  oxide  of  iron,  which  be- 
comes reduced  thus,  C + FeO  = CO  + Fe,  and  the 
carbonic  oxide  being  given  off  more  rapidly  than  it 
can  be  taken  up  by  the  iron,  forces  the  soft  covering 
into  a blister.  The  theory  of  the  process  of  cement- 
ation is  not  yet  perfectly  understood ; but  it  is  highly 
probable  that  the  charcoal  when  heated  produces 
carbonic  oxide,  and  it  may  be  cyanogen  gas  and 
hydrocarbons;  and  the  iron  when  heated  first  oc- 
cludes some  of  these  gases  and  then  decomposes 
them,  in  consequence  of  the  affinity  of  the  iron  for 
carbon.  Percy  has  clearly  shown — 1st,  that  car- 
bonic oxide  alone  is  perfectly  capable  of  converting 
iron  into  steel ; and  2nd,  if  pieces  of  iron  be  heated 
in  charcoal,  under  conditions  in  which  it  is  difficult 
for  carbonic  oxide  to  be  generated,  that  the  iron 
does  not  increase  in  weight,  and  is  not  converted 
into  steel.  Hydrocarbons  are  capable  of  producing 
carburization  ; but  the  many  attempts  that  have 
been  made  to  use  them  have  not  resulted  in  prae- 
tical  success. 

The  charcoal  which  has  been  used  for  one  opera- 
tion is  found  to  be  pulverized  in  a curious  way,  and 
after  the  process  the  dust  is  sifted  out,  and  about  an 
equal  portion  of  new  charcoal  is  added  to  the  old 
before  it  is  used  again.  Hard  charcoal,  rich  in 
alkalies,  is  found  to  yield  the  best  results,  and  this 
favours  the  view  that  cyanogen  may  do  a good  deal 
towards  hastening  the  operation.  Hence  Tunner 
recommended  the  addition  of  a half  per  cent,  potash 
and  common  salt  to  the  charcoal.  It  is  a curious  fact 
that  Blair  has  noticed  that,  in  the  reduction  of  iron 
ore  by  heating  it  in  contact  with  charcoal  in  a re- 
ducing chamber,  the  presence  of  a small  quantity  of 
lime  facilitates  the  elimination  of  oxygen  from  the 
ore,  and  Dodd  shortened  the  time  of  cementing  by 
using  6 per  cent,  lime  and  2 per  cent.  soda.  Coke 
powder  does  not  answer  in  [ilace  of  charcoal,  pro- 
bably on  account  of  the  sulphur  which  it  contains ; 
as  there  is  little  doubt  that  the  tendency  of  sulphur 
is  to  prevent  iron  taking  up  carbon,  and  to  throw 
it  out  of  combination  when  it  has  been  combined 
with  iron. 

The  following  complete  analyses  by  Messrs.  Pat- 
TINSON  and  Stead  will  show  the  changes  which 
take  place  in  iron  which  has  been  subjected  to  the 
process  of  cementation. 


SWEDISH  HAR-IRON  BEFORE  AND  AFTER  i:KMENTATION. 


© 

Before. 

After. 

Before. 

After. 

99  ‘298 
•470 
•1-20 
•037 
•035 
■03‘2 
•008 

98-.57i 

1-200 

•100 

•OGR 

•0-27 

•030 

•006 

99-660 

-2-20 

•044 

•0.52 

•016 

•008 

trace 

98-699 

1-210 

•044 

•0‘28 

•013 

•006 

trace 

Carbon,  .... 
Manganese,. 
Silicon,  .... 
Sulphur, .... 
rhosphorns, 
Cojiper, 

100-000 

100  000  lOO'OOO 

1(0-000 

In  commenting  on  these  analyses  Messrs.  Pattin- 
SON  and  Stead  remark,  that  “ the  small  differences 
shown  in  silicon  and  manganese,  in  the  bars  before 
and  after  cementation,  are  due  no  doubt  to  slight 
differences  in  different  parts  of  the  bars,  and  not  to 
any  change  having  taken  place.”  This  is  doubtless 
true,  for  it  is  well  known  that  in  puddled  iron  the 
slag  is  interposed  very  irregulaily  throughout  the 
mass.  On  examining  the  above  analyses,  it  will  be 
seen  that  the  only  change  has  been  the  absorption 
of  -73  per  cent,  more  carbon  in  the  case  of  the  sam- 
ple of  ® iron,  and  ’99  per  cent,  more  in  that  of 
the  © sample.  Both  samples  contain  a rather  large 
per  cent,  of  carbon  before  converting,  but  particu- 
larly the  first,  which  must  be  regarded  as  paddled 
steel.  The  © iron  is  remarkably  free  from  impuri- 
ties. Much  of  this  blister  steel  is  used  without 
further  reinelting,  the  bars  being  simply  nicked  and 
broken  into  short  pieces,  piled,  heated,  and  forged 
into  shape,  when  it  is  termed  “ shear  steel.”  Fre- 
quently these  bars  are  cut  up  again,  repiled,  heated, 
and  forged  again,  when  the  product  is  known  as 
“ double  shear  steel.”  Blister  steel  is  more  readily 
welded  than  cast  steel ; but  the  welds  are  rarely 
perfect,  and  cutlery  made  from  such  steel  can  gene- 
rally be  detected  by  a practised  eye  by  the  marks 
of  the  welds.  If  a knife-blade,  for  instance,  be  ex- 
amined carefully  there  will  often  be  seen  faint  dark 
lines  running  parallel  to  the  edge,  owing  to  the 
wedge-shape  of  tlie  blade  revealing  the  layers  of 
which  the  piece  is  made  up. 

Cutlery  made  from  cast  steel  does  not  show  these 
parallel  striae.  Double  shear  steal  is  more  liable  to 
these  marks  than  single  shear,  because  in  the  first 
process  it  is  customary  to  cover  the  pile  with  a clay 
wash  to  prevent  oxidation  while  heating,  and  this 
adds  to  the  difficulty  of  obtaining  a perfect  weld  at 
the  second  operation.  The  heating  of  the  piles  is 
usually  performed  in  hollow  coke  fires,  and  the  weld- 
ing under  small  tilt  h.aminers,  driven  at  great  speed 
by  water  power.  The  kind  of  fuel  used  for  heating 
the  converting  pots  is  one  of  considerable  import- 
ance (it  must  be  free  burning,  and  leave  no  clinker), 
as  is  also  the  quality  of  the  material  from  which 
the  pots  are  made;  and  it  was  doubtless  owing  to 
the  proximity  of  good  water  power,  highly  refrac- 
tory materials,  and  first-class  and  cheap  fuel,  that 
Slieffield  rose  to  be  the  Queen  city  of  the  steel  manu- 
facture. It  seems  curious  that  only  Swedish  irons 
were  held  to  be  capable  of  producing  good  cement 
steel,  and  that  even  of  these  one  or  two  brands  were 
considered  infinitely  superior  to  all  others.  But 
when  we  examine  the  aii.alysis  of  the  celebrated 
© brand  given  above,  we  can  see  that  few  English 
j brands,  before  hematite  iron  became  so  largely 
introduced,  could  be  expected  to  yield  so  pure  a 
I product.  There  does  not  appear  to  be  any  reason 
now  why  Swedish  iron  should  not  be  quite  equalled 
by  iron  made  from  our  own  hematite  pig.  The 
following  analysis  shows  clearly,  that  even  in  the 
pig  iron  the  imj.urities  are  little  more  than  in  the 
Swedish  bar,  and  with  good  puddling  there  is  no 
reason  why  these  should  not  be  decreased  to  a very 
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considerable  extent.  Indeed,  it  is  known  that  with 
mechanical  puddling  even  very  impure  pig  iron  can 
be  purified  to  a far  greater  extent  than  was  possible 
by  hand-puddling,  and  that  practically  all  the  sul- 
phur and  phosphorus  can  be  eliminated. 

Sample  op  the  West  Cumberland  Company’s  No.  1 
Hematite  Pig  made  from  Best  Cumberland  Ores  : — 

Iron, 94-34I 

r,  , f Combined, ‘440 

Carbon.  iQraphitic 3-300 

Silicon, 1-.537 

Sulphur, -019 

Phosphorus, -032 

Manganese, ‘331 

Copper, trace. 

100-000 

Crucible  Steel. — The  art  of  melting  steel  in  crucibles 
is  due  to  the  industry  and  acumen  of  a member 
of  the  Society  of  Friends,  Benjamin  Honstman,  of 


Handsworth,  near  Sheffield,  who  perfected  the  in- 
vention about  the  year  1740  It  is  stated  on  good 
authority  that  IIunstman  was  a mechanician  of  no 
mean  order,  and  well  versed  in  other  kindred  sub- 
jects. Some  accounts  state  that  he  was  a watch- 
maker, and  that  the  trouble  he  met  with  from  the 
irregularity  of  the  metal  of  which  watch  springs 
were  then  made,  induced  him  to  look  about  for  a 
means  of  improving  the  steel.  Whatever  may  have 
induced  him  to  turn  his*  attention  to  the  subject, 
it  is  certain  that  he  succeeded  in  a wonderful  way 
in  building  up  a new  industry  under  very  unfavour- 
able circumstances;  for  before  his  time  there  was 
neither  furnace  that  would  melt  steel,  crucible  that 
would  hold  the  molten  metal,  nor  ingot  moulds  into 
which  to  pour  it,  and  he  succeeded  in  so  perfecting 
the  manufacture  as  to  leave  it  very  much  in  the 
state  in  which  it  is  at  present  practised  in  many 


Fig.  2.  Fig.  8. 


Sheflfield  works.  He  carried  on  the  manufacture 
as  a secret  process  for  a number  of  ye.ars,  and  Hunst- 
man’s  steel  became  of  world-wide  reputation.  It  is 
popularly  believed  that  the  secret  of  its  manufacture 
was  gained  by  stealth,  and  the  story  is  well  told  in 
a very  able  article  on  steel  in  the  work  entitled 
“ Useful  Metals  and  their  Alloys.” 

The  material  formerly  employed  for  crucible  steel 
was  invariably  the  cemented  steel  just  described. 
The  bars  were  nicked  and  broken  into  small  pieces, 
which  were  then  placed  in  a crucible  already  heated 
,to  a bright  white  heat  in  a small  coke  furnace.  Now 
it  is  not  at  aU  uncommon  to  use  unconverted  bar 
iron,  and  also  scrap  of  all  kinds  from  the  Bessemer 
process,  but  all  carefully  broken  and  assorted  in  a 
“mixing  house”  under  skilled  control;  the  dearer 
Swedish  iron  being  used  only  for  the  very  finest 
Steel 

The  crucibles  were  formerly  made  from  the  highly 


refractory  Stourbridge  clay  alone,  or  mixed  only 
with  a small  quantity  of  coke  dust.  Afterwards 
more  local  clays  were  found  that  answered  equally 
well,  and  for  many  years  past  still  more  refractory 
(although  more  tender)  crucibles  have  come  into 
extensive  use,  made  of  a mixture  of  clay  and 
plumbago.  The  apparatus  for  making  crucibles  is 
shown  in  Figs.  2,  3,  and  4,  and  the  general  method 
of  manufacture  will  be  easily  understood.  The 
well  tempered  clay  is  weighed  out  in  lumps  of  the 
size  to  make  one  pot.  The  lump  is  rolled  up  and 
thrown  into  the  well-greased  mould  (Fig.  2),  which 
has  a close  iron  bottom  with  a small  hole  in  it.  A 
hard  wood  plug  (Fig.  3),  of  the  shape  of  the  interior 
of  the  pot,  having  an  iron  pin  in  the  bottom  and  an 
iron  knob  on  top,  is  then  driven  into  the  clay  until 
the  pin  centres  itself  in  the  hole  of  the  false  bottom 
of  the  mould.  This  keeps  the  plug  in  the  centre, 
and  spreads  the  clay  evenly  around  to  the  shape  of 
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the  mould.  The  plug  is  withdrawn,  and  the  top 
part  having  been  trimmed  and  loosened  from  the 
mould  by  passing  a knife  between  the  clay  and 
mould,  it  is  placed  upon  a short  pillar  which  pushes 
up  the  false  bottom  and  sets  the  clay  free.  The 
pots  are  then  very  slowly  and  carefully  dried,  and 
gradually  annealed  before  use.  They  are  taken  hot 
from  the  annealing  furnace  to  the  melting  furnace, 
where  they  are  placed  upon  small  lumps  of  similar 
material  to  keep  them  off  the  bars  of  the  grate. 
Covers  or  lids  of  fire  clay  (Fig.  4)  protect  the 


conventional  furnace.  It  differs  from  ours  chiefly  in 
the  following  particulars,  viz. : — Whereas  it  is  cus- 
tomary to  carry  the  products  of  combustion  of  each 
furnace  direct  into  a flue,  forming  a chimney  14 
inches  square  and  about  40  feet  high,  we,  having  to 
combine  the  contents  of  many  crucibles  into  one 
large  casting,  and  wishing  to  avoid  the  obstruction 
of  these  chimney  stacks,  have  connected  many 
melting  holes  into  one  common  flue,  with  a chimney 
outside  the  building.  Next,  w'hereas  common  prac- 
tice covers  the  ‘ cellar  ’ by  a brick  arch  of  from  10 
to  15  feet  span,  beneath  which  the  pots  are  made,  we 
have  made  iron  floors,  and  make  the  pots  in  a 
separate  building. 


contents  of  the  pots  from  the  fuel  in  which  they 
are  heated. 

The  old  form  of  crucible  furnace  was  of  very 
simple  construction,  and  is  represented  below  (Figs. 
5,  6) ; as  is  also  an  improved  coke  furnace  (Figs. 
7,  8)  used  at  Vickers,  Sous,  and  Go's.,  and  figured 
in  Hackney’s  valuable  paper  on  Steel  in  the  Trans- 
actions of  the  Institute  of  Civil  Engineers,”  vol  xlii., 
1874-75.  E.  Reynolds,  who  furnished  Hackney 
with  these  drawings,  says — “I  have  failed  to  find  either 
here  or  amongst  our  neighbours  any  drawing  of  the 
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“In  England,  I believe  universally,  the  practice 
is  to  use  two  pots  in  each  melting  hole,  and  the 
ordinary  charge  for  each  pot  is  50  lbs.  for  the  first 
round ; but  we,  having  succeeded  in  producing  very 
good  pots,  commonly  use  70-lb.  pots,  and  on  special 
occasions  have  used  pots  containing  100  lbs.  The 
ordinary  day’s  work  (in  Sheffield)  is  three  rounds, 
the  charges  being  about  48  lbs.  in  the  first  round, 
44  lbs.  in  the  second  round,  and  30  lbs  in  the  third 
round ; whereas  we  get  about  66  lbs.,  60  lbs.,  and 
50  lbs.,  respectively.  The  diminished  charges  in 
the  second  and  third  rounds  are  due  to  the  corrosion 
of  the  inside  of  the  pot,  at  the  level  of  the  melted 
metal,  from  the  action  of  the  slag,  technically  called 
‘flux,’  which  lies  on  the  surface  of  the  metal,  and 
which  so  far  reduces  the  thickness  of  the  pot  that  it 
would  not  be  safe  to  fill  it  so  full  a second  time. 

“ The  first  round  takes  about  four  hours  to  melt, 
the  second  three  hours,  and  the  third  from  two  to 
three  hours,  according  to  the  temper  of  the  steel 
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melted ; easy  work  being  preferred  for  the  third 
rounds. 

“ Abroad,  at  any  rate  in  the  large  German  works 
I have  seen,  the  practice  is  to  use  four  pots  in  each 
melting  hole,  these  being  of  inferior  quality  and 
thrown  away  after  each  round.  This,  however, 
sacrifices  the  heat  due  to  getting  the  pot  hot  and 
ready  for  work,  which  makes  an  hour  difference 
between  the  first  and  second  rounds. 

“ The  consumption  of  fuel  may  be  taken  at  about 
dj  tons  of  coke  to  the  ton  of  mild  steel,  and  from 
2}  to  3 tons  for  other  qualities ; the  general  average 
being  about  3 tons  per  ton  of  steel. 

*•  Before  altering  some  of  our  melting  holes  to 
the  Siemens  system,  we  had  336  ordinary  melting 
holes,  and  when  very  busy  we  used  about  one-half 
night  and  day;  so  that  we  used  more  than  1000 
crucibles  daily,  each  turning  out  about  cwt.  of 
steel,  so  that  the  daily  production  was  about  75  tons. 
In  altering  to  the  Siemens  system  we  get  the  same 
melting  power  in  the  same  space  ; f.e.,  Siemens  fur- 
naces for  ninety-six  pots  occupy  the  same  space 
as  forty-eight  old  melting  holes,  which  number  was 
our  set  for  one  chimney , but,  as  a matter  of  course, 
the  Siemens  furnaces  ordinarily  work  night  and  day, 
so  that  the  turn-out,  if  fully  employed,  would  now 
be  greater;  the  continuous  work  being  found  so 
destructive  to  the  ordinary  furnaces  that  it  could 
only  be  used  exceptionally.” 

The  following  particulars  were  supplied  by  Dr. 
Siemens,  of  the  w'orkingof  regenerative  gas  furnaces 
for  crucible  steel  melting ; — 

“ February  27,  1872. — The  Monkbridge  Iron  Com- 
pany report  that  their  consumption  of  coal  per  ton 
of  steel  melted  amounts  to  i9  cwts.,  which  includes 
the  gas  necessary  for  annealing  the  pots. 

“January  26,  1875 — Messrs.  Sanderson  Brothers 
report  that  their  men  make  sixty-six  hours  and  a 
half  each  set  per  week,  work  being  commenced  at 
one  a.m.  on  Monday  morning,  and  ceasing  at  from 
1 to  3.30  p.m.  on  Saturday.  The  men  change  shifts 
every  twelve  hours — viz.,  6 a.m.  and  6 p.m.,  those 
coming  at  1 a.m.  on  Monday  leaving  at  6 a.m.  the 
same  day : three  casts  of  tool  steel  are  made  per 
twelve  hours,  and  sometimes  seven  per  twenty-four 
hours,  according  to  the  temper  of  the  steel  melted. 

“ February  22, 1866 — Messrs.  Verdie  et  Cie  (Fir- 
miny,  Loire)  report  to  M.  Boistel  that  they  make 
one  cast  in  three  and  a half  to  four  hours,  say  six  in 
twenty-four  hours.  The  pots  la.st  six  casts,  instead 
of  three  as  in  the  coke  holes.  The  consumption  of 
coal  is  about  3 tons  per  twenty-four  hours,  and 
the  steel  melted  2’7  tons,  equal  to  ITl  ton  of  coal 
per  ton  of  steel  melted. 

“ Statement  of  the  working  of  a regenerative  gas 
steel- working  furnace  at  the  works  of  Messrs. 
Anderson,  Cook,  & Co.,  Pittsburg,  Pa.,  from 
7th  to  14th  November,  1869: — Twenty-four  heats, 
averaging  three  hours  and  a quarter  each,  produced 
43,013  Ib.s.  of  steel,  and  consumed  26,448  lbs.  of 
coal,  or  348  bushels  (of  76  lbs.  each).  Total  cost  of 
fuel,  348  bushels  at  3 cents  = 10-44  dols. 

“ In  the  old  furnaces  at  the  same  establishment,  it 


takes  to  melt  the  same  weight  of  steel  5160  busliels 
of  selected  coke  at  10  cents,  making  the  total  cost 
for  fuel  = 516  dols.  Thus  the  saving  effected  by  the 
gas  furnace,  in  fuel  alone,  amounts  to  505-56  dols. 
on  43,013  lbs.,  or  19  tons  English,  or  26-50  dols.  per 
ton.  The  melting  is  done  in  plumbago  pots.” 

The  general  process  of  manipulation  in  making 
crucible  steel  may  be  described  as  follows: — The 
crucibles,  ;rs  stated  above,  only  last  for  two  or  three 
meltings.  They  are  carefully  annealed  and  gradually 
I'aised  to  a red  heat,  ready  for  the  steel-melter  when 
he  begins  his  day’s  work.  If  coke  fires  are  used  the 
stands  of  fire-clay  are  placed  upon  the  bars,  the  fire 
lighted,  and  when  this  has  burnt  up  two  pots  are  placed 
side  by  side  in  the  furnace  with  their  lids  on.  Small 
pieces  of  coke,  about  the  size  of  a hen’s  egg,  are  then 
filled  into  the  furnace  around  the  pots.  When  the 
furnace  and  pots  are  at  a good  white  heat  the  charge 
of  steel,  which  may  be  60  lbs.  to  begin  with,  is  put 
into  the  pot  thus : — The  steel  in  small  pieces  is  held  in 
a small  iron  shovel  by  the  assistant.  The  melter  then 
rapidly  draws  the  cover  (Fig.  9)  off  the  furnace,  lifts 

Fig.  9. 
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the  crucible  lid,  and  places  the  iron  funnel  (Fig.  10)  in 
the  pot,  while  the  assistant  shoots  the  pieces  of  metal 
gently  down  the  funnel  into  the  pot,  where  they  are 
levelled  by  an  iron  rod  and  the  crucible  cover  put 
on.  The  other  pot  is  served  the  same  way,  and  then 
the  coke-fire  is  made  up,  and  the  grate  bars  cleared ; 
more  coke  is  put  on  from  time  to  time  until  the 
charge  is  melted,  which  generally  takes  from  about 
two  to  three  hours.  After  the  metal  has  all  become 
fluid,  it  is  usual  to  allow  it  to  stand  molten  in  the 
pot,  and  keep  the  heat  up  for  about  half  an  hour 
to  “dead  melt”  the  steel,  as  the  workmen  terra  it. 
What  this  dead  melting  consists  in  is  even  yet  some- 
what doubtful,  but  it  is  highly  probable  that  Besse- 
mer’s explanation  is  correct  as  far  as  it  goes.  What 
is  known  is  that  if  the  metal  be  poured  into  a mould  as 
soon  as  melted,  it  is  very  fiery,  that  is,  gives  off  a 
number  of  sparks  while  being  poured,  and  produces 
an  unsound  or  honeycombed  ingot ; while  if  the 
metal  be  kept  molten  in  the  crucible  for  some  time, 
until  the  surface  shows  a brilliant  and  still  face,  and 
it  is  then  poured,  it  runs  quietly  into  the  mould 
and  the  ingot  shrinks  on  cooling,  the  bulk  of  it 
being  perfectly  solid.  The  top  portion  is  found  to 
be  piped,  or  has  a hole  down  the  centre,  but  this  is 
broken  off  and  remelted.  Bessemer  supposes  that 
when  first  melted  the  metal  contains  no  silicon,  but 
that  by  keeping  it  molten  the  carbon  of  the  metal 
reduces  some  of  the  sand  that  was  put  into  the 
crucible  to  fill  up  the  hole  left  in  the  bottom  during 
the  process  of  manufacture,  and  that  silicon  is  thus 
I set  free  and  alloys  with  the  metal,  producing  thereby 
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a more  solid  steel.  It  is  true  that  the  quantity  of 
silicon  found  in  the  steel  is  very  small,  but  this  may 
be  no  measure  of  the  quantity  which  may  have  been 
reduced,  as  a double  reaction  may  go  on  as  follows ; — 

SiOj  + C = COj  + Si. 

Si  + 2CO  = SiOa  + 2C. 

In  this  way  the  carbonic  oxide,  which  is  known  to  be 
occluded  in  large  volume  in  the  steel  and  is  almost 


certainly  the  cause  of  unsoundness,  may  be  got  rid 
of,  and  hence  when  dead  melted  the  metal  will  con- 
tain no  gas  and  will  nm  solid.  This  question  will 
be  touched  upon  again  further  on. 

The  metal  having  been  “ dead  melted  ” has  next 
to  be  teemed.  This  is  a delicate  operation,  and 
requires  a good  deal  of  skill.  The  moulds  are 
usually  made  of  cast  iron  in  halves,  which  are 
bound  together  by  a hoop  and  wedges,  after  the 
inner  surfaces  have  been  well  coated  with  a 
Layer  of  soot  from  burning  tar.  I’hey  are  placed 
slightly  inclined  in  a small  pit  in  the  floor.  The 
steel  melter,  having  enveloped  his  legs  in  several 
layers  of  sackcloth  well  steeped  in  water,  stands 
straddle  legged  across  tlie  furnace,  and  with  the 
tongs,  a (Fig.  11),  grasps  the  crucible  securely,  lifts 
it  quickly  from  the  furnace,  and  deposits  it  into  the 
“ teeming  hole  ” close  behind  him.  The  bottom  of  this 
is  covered  with  coke  dust,  to  prevent  the  cooling  of 
the  crucible.  The  lid  is  then  removed,  and  the 
clinker  which  may  have  gathered  round  the  crucible 
is  eut  away  with  a long  chisel-shaped  bar.  The 
melter  then  grasps  the  pot  around  the  middle  with 
the  teeming  tongs,  h (Fig.  11),  and  gradually  pours 
the  steel  down  the  centre  of  the  mould,  while  an 
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assistant  keeps  back  any  scoria  that  may  be  floating 
on  the  surface  with  a “ flux  stick,”  which  is  simply 
an  iron  rod  on  the  end  of  which  a lump  of  tenacious 
hot  slag  has  been  accumulated.  When  the  pot  has 
been  emptied  the  lid  is  put  on,  and  it  is  returned  to 
the  furnace  preparatory  to  receiving  another  charge; 
one  melter  takes  charge  of  six  holes  or  twelve  pots. 
The  second  charge  is  made  lighter  than  the  first, 
so  as  to  lower  the  slagging  line  in  the  pot,  for  it 
is  found  that  the  pots  eat  away  most  along  the  level 
of  the  fluid  steel,  owing  to  the  corrosive  action  of 
the  floating  slag.  With  good  pots  a third  charge 
can  be  obtained,  but  they  sometimes  give  out  at 
this  point,  and  the  steel  is  lost  by  running  through 
the  fire  into  the  ash  pit.  It  is  very  remarkable  that 
steel  which  has  thus  run  through  the  coke  fire,  called 
“ slag”  or  “ runnings  ” by  the  workmen,  is  found  to 
have  taken  up  so  much  sulphur  as  to  render  it  unfit 
for  the  finer  purposes,  and  it  has  therefore  to  be 
utilized  for  common  steel  castings,  &c.  The  steel 
sets  almost  instantly  in  the  small  moulds  used  for 
cutlery  and  tool-steel  ingots,  which  are  about  3 inches 
square.  The  hoops  are,  therefore,  knocked  off  at 
once,  the  ingots  removed  and  taken  out  into  the 
open  air  to  cool.  The  tops  are  then  broken  off 
down  to  the  bottom  of  the  piping,  and  if  the  steel 
has  been  dead  melted  it  is  found  to  show  a peculiar 
radiated  structure,  the  lines  of  crystallization  running 
at  right  angles  to  the  cooling  surfaces. 

If  heavy  ingots  or  castings  are  to  be  made,  the 
contents  of  a number  of  pots  have  to  be  poured 
into  one  mould.  Sometimes  this  is  done  direct — 
that  is,  without  the  use  of  an  intermediate  receiver; 
and  in  this  case  the  men  have  to  be  very  expert, 
so  as  to  keep  up  a continuous  stream  of  metal  from 
a great  number  of  pots.  The  pots  are  brought 
up  in  rapid  succession,  two  men  carrying  a pot 
between  them  in  a pair  of  two-handled  tongs; 
generally,  however,  where  large  castings  iire  to 
be  made,  an  iron  receiver,  lined  with  loam,  is 
placed  over  the  mould.  This  has  a hole  in  the 
bottom,  stopped  by  a fire-clay  plug  on  the  end  of  a 
loamed-up  iron  rod,  which  is  lifted  when  the  metal 
is  to  be  poured.  The  rude  valve  above  described 
is  kept  closed  till  the  contents  of  several  pots 
have  been  run  in.  The  valve  is  then  lifted,  and 
as  the  metal  runs  out,  crucible  after  crucible  is 
teemed  into  the  receiver,  which  is  never  allowed 
to  get  empty  till  the  mould  is  full.  If  the  casting 
is  large,  the  metal  will  continue  to  sink  in  the  mould 
for  some  titne,  and  fresh  steel  is  added  to  make  up 
for  the  shrinkages. 

Although  David  Mushet  had  patented  “the 
melting  of  malleable  iron  in  the  form  of  bar  or 
scrap,  or  iron  ore,  when  sufficiently  rich  and  pure, 
in  crucibles,  luith  a proper  per  cent,  of  carbonaceous 
matter f in  the  year  1800,  and  had  well  described 
the  process  in  his  celebrated  treatise  on  iron  and 
steel — thus  clearly  showing,  what  indeed  was  well 
known  from  the  Indian  process  of  making  wootz, 
that  at  a high  heat  iron  in  the  fluid  state  was  capable 
of  taking  up  carbon — yet  most  of  the  steel  made  in 
crucibles  was  produced  from  cemented  bar  before 
108 
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the  time  of  Heath.  In  1839,  however,  Josiah 
Matshall  Heath  took  out  a patent  for  the  addition 
of  manganese  to  steel  in  the  crucible  in  the  form  of 
“ carburet  of  manganese,”  which  he  made  by  sub- 
mitting black  oxide  of  manganese  and  carbonaceous 
matter  to  a very  high  temperature.  This  material 
was  for  some  time  sold  as  Heath’s  powder ; but  he 
himself  afterwards  showed  his  agent  that  it  was  not 
necessary  to  form  the  carburet  by  a separate  operation, 
and  that  the  same  result  would  be  attained  by  simply 
putting  the  mixture  of  oxide  of  manganese  and 
carbon  into  the  crucible  with  the  steel.  Advantage 
was  taken  of  this  deviation  from  the  wording  of  the 
patent  to  ignore  its  legality,  and  one  of  the  most 
remarkable  patent  trials  on  record  was  the  result. 
The  story  is  pathetically  told  by  Charles  Dickens 
in  Household  Words,  to  which  the  reader  is  re- 
ferred. The  discovery  made  by  Heath  of  the  power 
possessed  by  manganese  to  produce  good  steel  out 
of  moderately  inferior  iron  led  to  a largely  increased 
manufacture ; and  his  plan  is  still  followed  very  exten- 
sively, although  his  oxide  of  manganese  and  carbon 
are  now  giving  place  to  R.  Mushet’s  spiegeleisen  and 
ferro-manganese.  Since  the  invention  of  the  re- 
I generative  system  by  Dr.  Siemens,  his  plan  of  gas 
furnaces  has  largely  superseded  the  old  coke  fires 
for  crucible  steel  melting.  Plate  I.  shows  a vertical 
section  of  a Siemens  crucible  furnace  of  the  most 
recent  kind,  as  erected  by  Murdock,  at  the  Steel 
Casting  Works,  Barrow.  Whereas  the  old  coke 
furnaces  used  2|-  to  3 tons  of  coke  to  melt  1 ton 
of  steel,  not  more  than  1-|^  ton  of  coal  is  required 
for  the  same  work  in  the  Siemens  producer. 

The  Bessemer  Process. — No  metallurgical  dis- 
covery has  been  more  pregnant  with  benefit  to  the 
world  in  general,  or  more  profitable  to  its  author, 
than  the  invention  which  is  now  universally  known 
as  the  Bessemer  process.  Although  it  is  little  more  than 
twenty-two  years  since  Bessemer  first  made  Ids 
tiny  experiment  with  about  25  lbs.  of  metal  in  a 
small  crucible,  and  less  than  twenty  years  since  he 
explained  to  the  Institute  of  Civil  Engineers  his 
complete  plans  for  working  the  process  on  a com- 
mercial scale,  so  rapid  has  been  the  growth  of  the 
manufacture  that  it  is  estimated  that  in  the  year 
1877  over  tivo  million  tons  of  steel  were  actually 
made  by  the  Bessemer  process.  Estimating  this  at 
only  £5  per  ton  in  the  im/ot,  we  have  the  enormous 
sum  of  £10,000,000  sterling  as  the  value  of  the  raw 
steel  produced  by  this  process  in  one  year — the 
actual  value  of  the  finished  articles  being  about 
double  this  amount.  Or  to  put  the  matter  in 
another  light : there  are  at  the  present  time  close 
I on  350  Bessemer  convertors  in  existence.  Assum- 
! ing  the  plant  in  connection  with  and  dependent 
upon  each  of  these  to  have  cost  on  an  average 
£20,000  (which  is  a moderate  estimate),  we  find 
that  something  like  £7,000,000  sterling  have  been 
invested  in  works  for  carrying  on  the  Bessemer 
process  and  finishing  the  articles  produced  from  it, 
while  there  are  probably  no  less  than  a quarter 
of  a million  workpeople  engaged  in  the  various 
branches  of  the  manufacture. 


Bessemer’s  first  experiments  were  made  on  a 
small  scale  at  his  Bronze  Manufactory  in  London, 
where,  in  order  to  test  his  ideas  regarding  the 
refining  of  iron  by  blowing  air  through  it,  he  had  a 
small  crucible  furnace  constructed ; and  after  melt- 
ing about  25  lbs.  of  pig  iron  in  a crucible,  he  passed  a 
clay  pipe  into  the  metal,  and  forced  a current  of 
air  through  it  for  some  time.  The  result  was  that 
he  blew  out  or  wasted  about  half  his  material ; but 
the  remaining  half  proved  to  him  conclusively  that  if 
air  was  blown  upward  through  molten  iron  instead 
of  merely  on  to  its  surface,  as  in  the  old  Welsh 
refinery,  much  greater  refining  action  was  pro- 
duced. His  aim  was  to  produce,  if  possible,  an 
improved  metal  for  guns.  Having  satisfied  himself 
thus  far,  he  took  out  his  first  patent,  dated  October 
17,  1855 : — “ Improvements  in  the  manufacture  of 
cast  steel,”  in  which  he  proposed  to  use  crucibles 
placed  in  a rectangular  furnace,  with  the  fire  bars 
at  the  side  instead  of  at  the  bottom.  Each  crucible 
was  to  have  a tap  hole  in  the  bottom,  through  which 
the  metal  was  to  be  tapped  into  a mould  beneath  at 
the  proper  time.  Steam  or  air,  or  both,  were  to  be 
forced  through  a pipe  to  the  bottom  of  the  pig  iron, 
which  was  to  be  run  into  the  hot  crucible  in  a fluid 
state.  The  invention  was  tersely  described  as  con- 
sisting in  “ forcing  currents  of  air  or  of  st.  am,  or 
of  air  and  steam,  into  and  among  the  particles  of 
molten  crude  iron,  or  of  remelted  pig  or  refined 
iron,  until  the  metal  so  ti-eated  is  thereby  rendered 
malleable,  and  has  acquired  other  properties  common 
to  cast  steel,  and  still  retaining  the  fluid  state  of 
such  metal,  and  pouring  or  running  the  same  into 
suitable  moulds.”  The  inventor  distinctly  states 
that  “ steam  cools  the  metals,  but  air  causes  a rapid 
increase  in  its  temperature,  causing  it  to  pass  from 
a red  to  an  intense  white  heat.” 

On  December  17  of  the  same  year,  Bessemer 
obtained  a further  patent  for  blowing  the  air  up 
through  the  molten  iron,  which  was  to  be  contained 
in  a sphencal  or  egg-shaped  vessel  of  iron,  lined  with 
fire-brick,  and  suspended  upon  axes ; and  when  the  pro- 
cess had  been  carried  far  enough,  the  metal  was 
to  be  poured  from  the  vessel  into  moulds.  This 
arrangement  is  clearly  the  first  germ  of  the  idea  of 
tipping  the  vessel  on  axes  to  discharge  the  Huid 
iron,  instead  of  tapping  it  through  a hole  in  the 
bottom  of  the  crucible ; but  in  this  apparatus  the 
single  blow-pipe  carrying  the  air  downwards  to  its 
escape  orifice  was  still  retained.  Later  on,  however 
(May,  1856),  we  find  Bessemer  patenting  an  upright 
fixed  cylindrical  vessel,  with  several  twyer-pipes 
permanently  fixed  into,  and  forming  part  of  the 
lower  lining  of  the  vessel.  This  form  of  converting- 
vessel  has  been  extensively  ado[)ted  in  Sweden  for 
working  small  charges  of  metal ; but  it  has  been 
found  in  practice  on  larger  quantities  of  metal,  that 
the  operation  of  opening  the  tapping-hole  was  one 
of  great  difficulty  and  delay,  and  not  unfrequently 
caused  a charge  to  be  over-blown  and  spoiled ; 
because  the  blast  was  necessarily  continued  so  long 
as  the  metal  was  retaine  I in  the  vessel.  In  this 
arrangement  the  blowing  operation  was  also  neces- 
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Bary  during  the  whole  time  that  the  crude  metal  was 
being  run  into  the  vessel,  in  order  to  prevent  its 
entering  the  twyers.  Tliese  disadvantages  were  of 
themselves  well  nigh  fatal  to  the  commercial  working 
of  the  process.  To  remedy  these  defects,  Bessemer 
designed  that  peculiar-shaped  vessel  mounted  on 
axes,  now  so  well  known  as  the  Bessemer  “ convertor.” 
This  vessel  has  numerous  fixed  twyers  evenly  dis- 
tributed over  the  bottom  of  it,  and  the  peculiar  form 
of  the  vessel  allows  it  to  be  put  in  such  a position 
that  the  crude  metal  may  be  run  into  it,  without 
rising  up  to  and  covering  the  twyers ; so  that  after 
all  the  charge  has  been  run  in,  it  may  be  turned 
quickly  into  an  upright  position,  when  the  twyers 
will  become  immersed  beloA'  the  fluid,  and  the  whole 
charge  be  thus  operated  upon  simultaneously,  instead 
of  portions  of  it  being  blown  from  the  first  com- 
mencement to  run  in  the  metal,  as  was  the  case  with 
the  fixed  vessel  before  described ; and  so  in  like 
manner,  at  the  desired  moment,  the  process  is  made 
to  cease  by  a reverse  movement  of  the  vessel,  which 
brings  the  orifices  of  the  twyers  again  above  the 
level  of  the  metal. 

This  movement  of  the  vessel  on  axes,  and  its 
peculiar  form,  afford  also  great  facilities  for  getting 
rid  of  the  fuel  used  in  the  first  place  to  heat  it,  and 
ior  discharging  the  converted  metal  and  the  scoria 
after  the  operation  ; it  also  enables  the  workmen  to 
obtain  safe  and  ready  access  to  the  twyers,  while 
the  shower  of  cinders  and  flame  emitted  during  the 
operation  is  directed  into  a chimney,  and  conveyed 
away. 

The  extreme  irregularity  in  the  weight  to  be  moved 
during  the  different  positions  which  the  vessel  oc- 
cupies, and  the  difficulty  of  conveying  motive  power 
to  it  by  the  ordinary  appliances  of  drums  and  straps, 
«S!C.,  is  entirely  overcome  by  the  application  of  a 
hydraulic  cylinder,  the  piston-rod  of  which  is  joined 
to  a rack,  and  gears  into  a toothed  wheel  fixed  on 
the  axis  of  the  convertor,  the  power  being  controlled 
by  a lad  stationed  at  a convenient  distance  from  the 
heat  and  splashes  of  the  apparatus.  Novel  and 
important  as  is  the  invention  of  converting  crude 
molten  iron  into  steel  in  a few  minutes,  without 
human  skill  or  manipulation,  it  is  perhaps  more  than 
equalled  by  the  novelty  and  ingenuity  displayed  in 
devising  an  apparatus  so  well  adapted  to  carry  out 
the  peculiar  requirements  of  the  original  intentions 
on  a grand  commercial  scale. 

It  is  curious  to  observe  how  greatly  accidental 
circumstances  sometimes  modify  the  course  pursued, 
and  the  results  obtained  in  experimental  research. 
The  quality  of  pig  iron  which  Bessemer  happened 
to  purchase  for  his  early  experiment  contained  so 
little  sulphur  and  phosphorus,  that  most  encouraging 
results  were  obtained ; indeed,  some  of  the  first 
experimental  ingots  made  by  him  in  London  were 
successfully  rolled  into  flanged  rails  at  Dovvlais, 
from  ingots  10  inches  square,  without  either  the 
employment  of  spiegeleiseu  or  the  process  of  ham- 
mering previous  to  passing  them  through  the  rolls. 
This  early  success  caused  Bessemer  to  very  much  i 
underrate  the  injurious  effects  of  sulphui'  and  phos-  | 
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phorus,  so  plentifully  found  in  common  pig  iron ; 
indeed,  he  appears  to  have  taken  it  for  granted  that 
these  elements  would  all  disappear  under  the  influ- 
ence of  the  excessive  temperature  generated  in  his 
process. 

Bessemer  rightly  divined  that  by  blowing  air  into 
the  molten  metal  the  carbon  and  silicon  would  be 
eliminated  ; and  he  found  that  by  the  combustion  of 
these  elements  alone,  the  metal  would  be  raised  to 
a temperature  sufficient  to  maintain  malleable  iron 
in  a state  of  perfect  fluidity ; but  he  was  entirely  in 
error  in  supposing  that  the  sulphur  and  phosphorus 
would  be  driven  off  by  excess  of  temperature,  and 
hence  all  attempts  to  convert  the  lower  qualities  of 
pig  iron  by  his  process  has  hitherto  failed. 

The  success  attained  up  to  this  time  was  very 
remarkable  ; and  there  is  no  wonder  that  the  read- 
ing of  the  paper  by  Bessemer  at  the  Cheltenham 
meeting  of  the  British  Association  on  13th  August, 
1856,  which  he  described  as  “ On  the  Manufacture 
of  Malleable  Iron  and  Steel  without  Fuel,”  produced 
a startling  effect  upon  those  engaged  in  the  manu- 
facture, and  that  several  of  those  most  largely 
interested  were  anxious  to  secure  the  right  to  make 
iron  and  steel  in  such  an  apparently  economical 
manner.  Indeed,  such  was  the  anxiety  of  a few 
leading  men  to  acquire  an  interest  in  the  patent, 
that  within  twenty-five  days  of  the  reading  of  the 
paper  “licenses  to  manufacture  malleable  iron  under 
the  patent  were  purchased  by  iron-masters  to  the 
extent  of  £25,000.” 

An  unprejudiced  observer,  reading  the  paper  of 
Bessemer  at  the  present  time,  cannot  but  be  struck 
with  the  clear  manner  in  which  he  had  grasped  the 
subject,  and  a perusal  of  the  whole  paper  will  well 
repay  the  reader. 

The  following  analysis  of  the  first  Bessemer  steel 
rail,  kindly  furnished  by  E.  Williams,  will  be  read 
with  interest.  The  carbon  is  much  lower,  but  in 
other  respects  it  is  remarkably  like  an  analysis  of 
steel  made  by  the  Heaton  process,  analyzed  by 
Snelus,  and  recorded  in  the  Iron  and  Steel  Insti- 
tute Proceedings,  and  is  in  fact  a phosphorus  steel. 
Williams  states  that  “the  steel  rolled  uncommonly 
well.” 

Analysis  by  J.  E.  Stead  of  the  first  Bessemer  steel 
rail  rolled  at  Dowlais  in  1858 : — 


Iron, 99'300 

Carbon, -081 

Manganese, trace. 

Silicon, trace. 

Sulphur, *139 

Phosphorus *446 

Copper, none. 


99’9i56 

Although  Bessemer  had  succeeded  thus  early  in 
producing  material  of  most  remarkable  quality,  it 
must  be  admitted  that  there  was  still  a degree  of 
uncertainty  in  stopping  the  operation  at  the  right 
point  to  produce  the  harder  quahties  of  steel;  while 
if  the  softer  varieties,  approaching  in  character  to 
wrought  iron,  were  to  be  made,  it  became  necessary 
still  to  employ  the  finer  varieties  of  Swedish  cast 
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Iron,  since  if  all  the  carbon  were  blown  out  of  even 
hematite  English  iron,  the  remaining  metal  was 
highly  red-short.  Swedish  pig  iron  contained  less 
silicon  than  English  hematite,  while  it  contained 
also  from  2 to  4 per  cent,  of  manganese.  Hence  it 
required  less  blowing,  and  when  the  operation  was 
finished  there  still  remained  some  manganese  to 
counteract  the  excess  of  oxygen  required ; and  the 
softer  products  when  made  from  Swedish  iron  were 
thus  found  to  work  well. 

The  effect  of  manganese  upon  steel  was  pretty 
well  known  at  the  time  of  Bessemer’s  invention,  in 
consequence  of  the  discoveries  of  Heath  ; but  the 
i.lea  of  applying  the  manganese  in  the  form  of  a 
metallic  alloy  is  due  to  Robert  Mushet.  He  patented 
(September  22,  1856)  the  addition  of  molten  Spie- 
geleisen  to  the  decarburized  Bessemer  metal,  for 
the  double  purpose  of  restoring  a fixed  quantity  of 
carbon  and  adding  manganese  to  the  product,  and 
it  was  this  addition  to  Bessemer’s  invention  that 
made  it  perfect ; and  Mushet’s  plan  of  completely 
(lecarburizing  the  metal,  and  then  adding  a known 
quantity  of  carbon,  is  now  almost  invariably  followed. 
Unfortunately  for  Mushet,  his  patent  right  was 
allowed  to  lapse  through  the  non-payment  of  the 
third  year’s  duty,  and  his  invention  became  public 
property.  This  seems,  no  doubt,  a great  injustice 
to  Mushet,  but  through  the  influence  of  Dr.  Perct 
his  claims  received  recognition  from  Bessemer. 

Although  little  notice  was  taken  of  Bessemer’s 
paper  to  the  Institution  of  Civil  Engineers,  or  of  the 
remarkable  specimens  then  shown,  yet  the  process 
gradually  made  its  way ; and  the  success  of  the 
works  which  he  and  his  partner  erected  at  Sheffield 
(and  in  the  management  of  which  Mr.  Bessemer 
enlisted  the  quiet  talent  of  his  brother-in-law,  Mr. 
Allen),  soon  induced  other  Slieffield  manufacturers 
to  take  it  up ; and  first  John  Brown  & Co.,  and 
then  others,  discovered  that  the  manufacture  of 
Bessemer  steel  was  a profitable  operation,  as  well 
as  a wonderful  metallurgical  success. 

The  convertor  used  in  the  first  instance  by 
Bes.semer,  and  then  introduced  into  Sweden,  where 
it  has  been  constantly  employed  up  to  the  present 
time,  was  a fixed  vertical  cylinder,  lined  with  re- 
fractory material,  and  having  horizontal  twyers  at 
the  bottom,  with  a separate  tap-hole.  This  was 
first  thoroughly  heated  by  fuel,  the  blast  was  put 
on,  and  then  from  1 to  2 tons  of  molten  pig  run  in. 
Refining  commenced  at  once  with  an  outburst  of 
sparks,  and  frequent  ejection  of  slag  and  some 
metal,  the  flame  gradually  increasing  to  dazzling 
whiteness.  When  the  metal  was  assumed  to  be 
sufficiently  decarburized,  it  was  tapped  into  a ladle, 
and  cast  into  ingots.  After  the  invention  by  Bes- 
semer of  the  movable  convertor,  the  power  of 
production  was  so  greatly  increased,  that  it  became 
necessary  to  design  an  apparatus  for  dealing  with 
large  quantities  of  fluid  metal,  and  removing  the 
moulds  and  ingots  with  facility;  and  on  January  8, 
1862,  Bessemer  took  out  a patent  for  the  employ- 
ment of  a pair  of  converting  vessels,  with  a centre- 
casting ladle  between  them — the  whole  being  moved 


by  hydraulic  power,  and  forming  such  an  extremely 
practical  and  efficient  set  of  apparatus  for  carrying 
on  the  process,  that  although  very  many  clever  men 
have  since  done  their  best  to  improve  ujion  these 
plans,  the  essential  portions  are  retained  in  the  most 
approved  plants  of  the  present  day.  In  1863  the 
plan  of  having  duplicate  bottoms  removable  from 
the  vessel,  so  that  they  could  be  got  ready  before- 
hand, was  introduced,  but  it  did  not  find  general 
favour  for  many  years ; and  the  improvement  of 
this  portion,  by  so  arranging  the  parts  that  the 
joint  between  the  old  lining  and  the  new  bottom 
could  be  made  from  the  outside,  was  due  to  A.  L. 
Holley,  of  the  United  States,  who  took  out  Ins 
English  patent  in  1870.  Holley’s  plan  of  replacing 
the  bottom  and  tlie  lengthening  of  the  vessels,  so 
as  to  prevent  the  metal  and  slag  being  blown  out, 
which  was  first  introduced  by  Pink  of  Hoerde,  are 
probably  the  greatest  improvements  that  have  been 
made  in  the  Bessemer  apparatus.  Plate  II.  shows  the 
arrangement  of  Bessemer  plant  of  the  most  approved 
English  fashion ; and  Plates  III.  and  I'V.  show  the 
elevation  and  plan  of  one  of  the  mo.st  recent  arrange- 
ments, as  designed  by  Holley'  for  American  works. 
The  reader  Yvill  thus  be  able  to  see  the  points  of 
difference  in  the  practice  of  the  two  countries — 
n a are  cupolas  for  melting  pig  iron ; a',  spiegel 
cupolas;  h,  receiving  ladle;  c,  runners  for  molten 
metal;  d,  convertors;  e,  the  steel  casting  ladle;^!  centre 
crane ; (j  g,  ingot  cranes ; Ii,  ingot  moulds.  The  English 
plan  is  mainly  followed  on  the  Continent.  It  will 
be  observed  that  an  essential  point  of  difference  lies 
in  the  arrangement  of  the  convertors.  In  the  Eng- 
lish plan,  as  designed  by  Bessemer,  they  are  placed 
face  to  face,  and  only  little  more  than  half  the 
circle  traced  by  the  casting  ladle  can  be  used  for 
jilacing  moulds.  In  the  American  system  the  two 
vessels  are  placed  side  by  .side,  and  thus  leave  about 
four-fifths  of  the  circle  available  for  moulds.  This 
so  facilitated  the  work  of  casting  and  removing  the 
ingots,  &c.,  that  a considerably  greater  number  of 
casts  could  be  dealt  with  in  a given  time ; and  thus 
while  in  English  practice  350  tons  of  ingots  per 
week  was  considered  a good  output  from  a pair 
of  vessels,  the  Americans  were  getting  500  or  more. 
But  this  large  output  was  only  rendered  possible  by 
increased  facilities  at  other  poinis,  and  of  these  Hol- 
ley’s “dry  bottom,”  as  it  has  been  termed,  and  the  use 
of  an  intermediate  receiving  ladle  for  collecting  and 
weighing  the  metal  from  the  cupolas  and  holding  it 
ready  for  the  convertors,  are  two  of  the  most  important. 
In  the  earlier  practice  it  was  deemed  necessary 
to  remelt  the  pig  iron  in  reverberatory  furnaces, 
on  the  ground,  that  if  melted  in  a cupola,  the 
iron  would  become  deteriorated.  This  continued 
to  be  the  practice  for  a long  time,  entailing  great 
waste  of  fuel  (as  it  required  from  9 to  10  ewts. 
of  best  coal  to  melt  1 ton  of  iron),  and  also  of 
the  iron  itself.  It  is  somewhat  doubtful  who  first 
proved  that  this  expensive  melting  was  unnecessary ; 
the  merit  of  having  first  usfed  iron  melted  in  a cupola 
being  claimed  both  by  the  late  George  Brown,  of 
Sir  J.  Brown  & Co.,  and  also  by  John  Birch,  of  the 
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Railway  Steel  and  Plant  Co.  The  latter  gentleman 
read  a very  interesting  and  able  paper  on  “ Hessemer 
Steel”  before  the  Association  of  employers,  foremen, 
and  draughtsmen  of  the  mechanical  trades  of  Great 
Britain,  in  1868;  and  in  this  paper  he  makes  the 
following  statement; — 

“ It  was  usually  the  custom  to  melt  the  pig  metal 
used  for  conversion  into  Bessemer  steel  in  air  or 
reverberatory  furnaces.  Now  this  is  a costly  and 
wasteful  way  of  melting  iron  for  this  purpose. 
There  is  an  opinion  prevalent  amongst  engineers 
generally,  that  by  the  melting  of  pig  iron  in  air 
furnaces  it  is  improved  thereby.  Forfoundry  pur- 
poses it  undoubtedly  is,  but  for  our  use  it  is  not; 
it  is  very  much  deteriorated.  The  air  furnace,  as 
you  are  all  aware,  is  purely  an  oxidising  furnace ; 
that  is,  the  metal,  after  it  is  melted,  is  subjected  to 
n current  of  heated  air  passing  over  it  continually, 
and,  as  a matter  of  course,  is  continually  being 
oxidised  from  the  moment  of  its  first  melting  until  i 
it  is  tapped  out ; it  is  consequently  much  wasted, 
and  the  yield  of  steel  is  therefore  proportionably 
le.ss.  In  case  of  accidents  in  the  after  part  of  the 
process,  such  as  a disabled  vessel  or  any  disarrange- 
ment in  the  pit,  the  waste  of  metal  is  still  going  on 
in  the  furnace.  I have  seen  cases  of  this  sort  where 
not  more  than  .50  per  cent,  of  the  iron  has  been  got 
out  at  tapping,  and  what  has  been  got  out  was 
utterly  useless  for  conversion.  But  the  loss  of  iron 
is  not  the  greatest  evil  in  this  case.  You  will  re- 
member I told  you  that  it  is  requisite  that  the  metal 
used  for  this  proce.ss  should  contain  graphitic  or 
free  carbon  ; now,  the  action  of  the  air  furnace  not 
only  oxidises  the  iron,  but  it  also  burns  off  the  carbon, 
the  very  fuel  required  for  the  conversion  of  the  cast 
metal  into  steel.  To  put  it  in  other  words,  it  refines 
it  too  much,  and  takes  out  what  we  require  to  raise 
the  temperature  of  the  metal  to  such  a pitch  as  to 
keep  it  fluid  when  in  the  state  of  pure  iron  ; of 
course  this  deterioration  is  only  in  pro[>ortion  to  the 
time  it  is  exposed  to  this  oxidising  influence,  but 
under  the  most  favourable  circumstances  there  is 
always  a deterioration.  Early  in  the  year  1865 
I suggested  to  the  directors  and  manager  of  the 
Railway  Steel  and  Plant  Co.,  Newton  Heath,  the 
feasibility  of  melting  our  metal  in  a common  cupola; 
it  met  with  much  opposition,  and,  I assure  you, 
some  very  learned  arguments  were  used  against  it 
by  outsiders;  and  some  people  who  ought  to  have 
known  better,  said  that  if  we  began  we  should  never 
have  a good  heat.  This  was  at  the  commencement 
of  our  operations  at  Newton  Heath,  and  though 
thoroughly  convinced  of  the  practicability  of  the  thing, 

I rather  chose  to  get  our  materials  into  the  market 
by  the  old  method  of  melting,  than  meet  at  once  the 
direct  opposition  which  the  novelty  had  excited  in  a 
commercial  way.  By  the  permission  of  the  managing 
directors,  1 had  3 tons  melted  in  our  foundry  cupola, 
brought  liquid  in  a ladle,  and  poured  into  the  con- 
vertor, made  the  heat  in  the  usual  way,  hammered 
it  into  blooms,  broke  one  or  two  of  them  ; when  the 
gentlemen  above  referred  to,  who  had  expressed  their 
belief  that  we  should  not  get  one  good  heat,  saw 


them  (without  knowing  that  they  had  been  made  by 
the  use  of  the  cupola),  they  said  they  were  the  finest 
samples  they  ever  saw.  The  matter  was  ver}^  soon 
settled ; we  erected  two  cupolas  on  W oodward’s 
steam  jet  principle,  and  we  have  not  used  the  air 
furnace  since.  The  Mersey  Iron  and  Steel  Co.  were 
the  next  to  adopt  it,  and  now  it  is  in  general  use 
both  at  Sheffield  and  elsewhere.  The  cupola  pos- 
sesses many  advantages  over  the  air  furnace ; the 
first  cost  is  not  near  so  great,  and  the  maintenance 
for  the  number  of  tons  of  iron  melted  is  consider- 
ably less  ; the  cost  of  melting  is  greatly  reduced  in 
the  article  of  fuel,  and  there  is  little  or  no  waste  of 
iron  in  remelting.  But  the  greatest  thing  in  its 
favour  is  the  ease  with  which  we  are  enabled  to 
remelt  all  steel  scrap  cuttings  and  chippings  of 
every  kind.  It  is  the  complete  cure  for  tlie  scrap 
difficulty,  which  has  for  so  long  a time  been  a great 
drawback  to  this  process.  It  is  next  to  impossible 
to  remelt  Bessemer  scrap  in  the  air  furnace,  on 
account  of  its  oxidising  action,  and  the  small  amount 
of  carbon  which  the  scrap  contains;  while  in  the 
cupola  we  have  not  the  least  difficulty,  because  of 
the  reducing  * action  of  the  furnace,  and  the 
material  being  surrounded  with  carbonaceous  matter 
in  a high  state  of  combustion.” 

Repeated  experiments  by  Snelus  and  others 
have  shown  that  good  grey  iron  can  be  remelted 
in  a cupola  with  good  coke  if  a small  portion 
of  limestone  be  added  to  the  charge,  without  risk 
of  taking  up  sulphur.  It  has  also  been  thoroughly 
demonstrated  that  during  this  process  of  remelt- 
ing some  silicon  — generally  from  one  quarter 
to  one  half  per  cent. — is  removed  from  the  iron ; 
and  it  is  the  opinion  of  Snelus  that  the  improve- 
ment in  tenacity  which  Fairbairn  found  as  a 
result  of  several  times  remelting  the  same  grey 
pig  iron  was  due  to  this  removal  of  silicon.  On  the 
other  hand,  white  iron,  or  iron  poor  in  carbon  and 
free  from  manganese,  does  certainly  take  up  sulphur 
on  remeltiug  it  in  a cupola.  There  is  always  a small 
trace  of  phosphorus  present  in  coke,  and  doubt- 
less this  is  mostly  taken  up  by  the  iron  during 
rcmelting;  so  that  by  performing  the  operation  a 
great  number  of  times,  as  Fairbairn  did,  there  is 
a point  reached  at  which  the  iron  begins  to  deterio- 
rate. And  this  was  exactly  what  he  found  by  his 
mechanical  tests.  But  the  chemical  analyses  of 
some  of  these  samples,  which  were  made  by  Calvert, 
do  not  appear  to  support  these  conclusions.  The 
analytical  results,  however,  as  will  be  seen  from  an 
examination  of  the  figures  given  below,  are  so 
remarkable  that  it  is  evident  that  they  are  not  re- 
liable, and  it  is  desirable  that  they  should  be  repeated. 

The  pig  was  No.  3 Eglinton,  hot  blast,  remelted 
in  a cupola  with  coke.  Three  test  pieces,  1 inch 
square  and  5 feet  long,  were  taken  with  each  cast, 
and  they  were  broken  on  supports,  4 feet  6 inches 
apart,  by  a centre  load.  The  experiment  was  con- 
tinued up  to  the  eighteenth  remelting,  and  samples 
from  the  first,  eighth,  tenth,  and  eighteenth  re- 
melting  were  analysed  by  Calvert. 

• The  reducing  action  in  a cupola  is  very  slight. — Ei>. 
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TABLE  I. 


No.  of  Bemeltlng. 

Speclfio 

Gravit7. 

Transverse 
breaking  load, 

1 inch  section, 
54  inches  apart. 

Mean  Ultimate 
Deflection. 

1 

6-969 

490-0 

Inches. 

1-440 

8 

7 025 

491-3 

1-753 

10 

7-108 

566-9 

1-626 

18 

7-38.5 

312-7 

0-479 
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Ka  of  Bemelting. 

0. 

8L 

8. 

1 

2-76 

•77 

•42 

8 

2-30 

1 75 

-60 

10 

3-50 

1-98 

-26 

18 

3-75 

2-22 

•75 

The  use  of  the  cupola  for  melting  the  pig  is  not 
only  a great  saving,  but  also  facilitates  the  work,  by 
turning  out  a greater  quantity  in  a given  time. 

Within  the  last  four  years  even  the  cupola  has 
been  superseded,  and  manufacturers  have  to  a large 
extent  found  it  possible  to  carry  out  Bessemer’s 
original  idea,  and  take  the  metal  in  a molten  state 
from  the  blast  furnaces  to  the  convertor.  The  merit 
of  first  practically  carrying  this  out  successfully  with 
movable  convertors,  is  due  to  the  talented  manage- 
ment of  the  Terre  Noire  Works,  France.  Generally 
it  is  not  possible  to  place  the  convertors  so  near  the 
blast  furnaces  that  the  metal  can  be  run  direct  from 
one  to  the  other.  An  intermediate  ladle  is  therefore 
necessary ; and  as  it  usually  has  to  travel  over  some 
distance,  it  requires  to  be  mounted  on  a carriage. 
The  ladle  may  either  be  tapped,  as  at  Dowlais,  or 
tipped  and  the  metal  poured  at  once  into  the  vessels, 
as  at  West  Cumberland  Works.  Both  plans  have 
their  merits,  the  tipping  being  quickest  done  and 
requiring  no  runner  for  the  metal ; the  tapping  cuts 
the  vessel  lining  out  less,  and  allows  less  slag  and 
scurf  to  enter  the  vessel.  In  both  plans  a single 
ladle  has  carried  over  1000  tons  of  cast  iron  without 
requiring  relining.  Fig.  12  is  Dowlais’  tapping 
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ladle;  a is  the  tap  hole:  Figs.  13  and  14  show 
the  arrangements  of  the  West  Cumberland  tipping 
ladle.  Three  ladles  and  carriages  at  West  Cumber- 
land Works  have  now  carried  about  80,000  tons 
of  molten  metal  in  the  last  two  years,  with  scarcely 
any  repairs  beyond  reliuing  with  bricks  and  loam, 
and  they  appear  to  be  capable  of  doing  duty  for 
some  years  longer. 


The  recent  improvements  in  English  Bessemer 
plant  consist  in  making  the  casting  pit  shallower,  in 
some  cases  doing  all  the  work  upon  the  level  ground 
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(although  in  the  writer’s  opinion  this  latter  plan  is 
a doubtful  advantage),  and  in  increasing  the  radius 
of  the  casting  crane  so  as  to  make  room  for  more 
moulds.  With  larger  and  shallower  pits  there  is 
now  no  diflBculty  in  making  considerably  over  1000 
tons  of  ingots  per  week  in  a pair  of  vessels  in 
England;  but  this  is  still  far  behind  the  best 
American  practice.  The  greatest  output  from  a 
pair  of  vessels  that  has  been  recorded  up  to  the 
present  time,  has  been  that  of  the  North  Chicago 
Steel  Works,  under  Forsyth,  recorded  in  Engineer- 
ing, March  22,  1878.  The  following  are  the  par- 
ticulars : — Blowing  began  every  Monday  at  6 A.M., 
and  work  was  over  for  the  week  on  Saturday  at 
5 P.M.,  sometimes  much  earlier.  No  work  on 
Sundays,  except  ordinary  repairs: — 

1st  heat,  turned  up  Tuesday,  January  1,  at  6 a.m. 

1372nd  heat  blown  Friday,  February  1,  at  5’30  a.m. 


Product  of  ingots  for — 

Tons. 

b Days  ending  Saturday,  January  5, 

Week  “ “ “ 12, 1797^8 

“ “ “ “ 19, 173854^ 

“ “ “ “ 26 1767ifQg 

4 Days  “ Thursday  “ 31, 1307^J}j 

Total  for  Month, 8100 

Turns  worked,  50. 

Average  product  )ier  turn, 162 

Heaviest  12  hours’  work,  30  heats, 176 

Lightest  “ “ 25  “ 114^53 


Average  life  of  bottoms  used  during  month,  13  heats. 

These  results  were  obtained  from  a single  pair 
of  5-ton  convertors.  The  above  steel  was  chiefly 
rolled  into  rails,  of  which  the  mill  made  during 
the  month  6247.|||§  tons  “ first  class,”  the  “ second 
quality”  amounting  to  1'9  per  cent.:  ninety-three 
men  and  boys  were  actually  employed  in  the 
Bessemer  department,  of  following  nationalities: — 
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Germans  and  Bohemians, 43-00 

Irish 27-96 

English, 16-13 

Norwegians, 8-60 

Americans, 4-30 
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The  Essential  Paris  of  a Bessemer  Plant  for  con- 
ducting the  process  according  to  present  modes  of 
■workng  are : — 

1.  The  Cupola. — Fig.  15  represents  an  ordinary 
English  cupola,  with  a double  row  of  twyers. 
Blast  main,  D D ; charging  door,  E ; twyer  pipes,  F F ; 
tapping  hole,  H;  cleaning  door,  k;  slag  tapping 
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hole,  L.  It  will  be  seen  to  consist  of  a wrought- 
iron  casing,  lined  with  firebrick.  The  bosh  or  con- 
stricted part  around  the  twyers  is  further  protected 
with  a lining  of  ganister,  rammed  in  a semi-plastic 
state  around  a core,  in  order  to  withstand  the  ex- 
cessive heat  at  this  point,  which  is  the  zone  of 
fusion ; there  is  a charging-hole  at  the  top,  and  the 
portion  of  the  cupola  above  this  point  serves  to 
conduct  away  the  waste  products  of  combustion. 
There  is  a double  row  of  twyers  in  order  to  increase 
the  melting  zone.  The  twyers  are  connected  with 
the  blast  main,  from  which  they  can  be  shut  off  by 
a slide  valve.  It  is  advisable  to  have  a hole  through 
the  twyer,  by  which  a bar  can  be  introduced  to  clean 
away  any  slag  that  may  accumulate  at  the  nose  of  the 
twyer.  About  12  inches  below  the  twyers  there  is 
a tap-hole  for  the  slag,  which  is  allowed  to  run  off 
continuously  as  soon  as  it  rises  to  this  point ; and 
the  lower  portion  of  the  cupola  is  enlarged  to  form 
a well,  which  is  made  sufficiently  large  to  hold  one 
charge  of  metal,  generally  about  8 tons.  The 
charging  of  the  cupola  is  now  frequently  carried  on 
continuously,  and  the  metal  is  tapped  off  as  soon  as 
it  rises  to  the  slag-hole.  Formerly  the  full  charge 
of  metal,  with  its  equivalent  of  coke,  was  put  into 
the  cupola,  and  melted  down  before  another  charge 
was  introduced,  in  order  to  keep  the  charges  separate, 
and  insure  the  proper  quantity  of  iron.  In  practice 
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this  can  be  kept  sufficiently  accurate  by  measuring 
the  quantity  as  explained  above. 

There  is  an  aperture  left  in  the  casing  of  the  well, 
about  2 feet  square,  through  which  the  residue  can 
be  raked  out  at  the  week’s  end,  or  when  the  cupola 
has  to  be  put  out  for  relining.  This  is  made  up 
with  bricks  and  clay,  which  are  retained  by  an  iron 
door,  after  the  fire  has  been  lighted  in  the  cupola. 
In  starting  a cupola  a good  fire  of  coke  is  first  formed 
in  the  well,  and  when  it  has  thoroughly  burnt  up, 
and  is  red-hot  up  to  a little  above  the  twyers,  a 
bed  of  about  1 cwt.  of  coke  is  put  in  at  the  charging- 
hole,  and  then  a layer  of  broken  pig  iron,  then  more 
coke  with  a little  bmestone  as  a flux,  then  more  pig, 
and  so  on  till  the  cupola  is  full.  The  blast  is  then 
put  on,  and  as  tlie  charge  sinks,  more  coke  and  iron 
are  thrown  in.  The  quantity  of  coke  used  varies  very 
much.  In  the  best  practice,  about  cwt.,  or  rather 
less,  suffices  to  melt  a ton  of  iron;  usually,  however, 
the  quantity  employed  is  3 cwts.  or  even  more.  Tliis 
waste  of  coke  is  generally  due  to  having  too  short 
a column  of  material  from  the  charging-hole  to  the 
twyers,  so  that  the  whole  of  the  heat  of  the  ascend- 
ing gases  is  not  absorbed  by  the  descending  material. 
A good  deal  of  useful  combustible  gas,  carbonic 
oxide,  escapes  unburnt  from  the  top  of  the  charge, 
and  several  plans  have  been  attempted  for  burning 
this  among  the  charge  at  the  top  of  the  cupola. 
This  endangers  the  regular  working  of  the  cupola, 
by  tending  to  produce  what  are  called  scaffolds. 
These  are  generally  produced  by  the  half-melted 
pigs  soldering  themselves  together  across  the  cupola, 
and  leaving  little  or  no  passage  for  the  ascending 
gases. 

Alexander  Wilson  has  devised  a better  plan  of 
utilizing  the  gases,  by  burning  them  on  the  top  part 
of  the  cupola,  and  using  the  waste  heat  to  raise  the 
temperature  of  the  blast,  by  causing  it  to  traverse 
a spiral  cast-iron  pipe  placed  in  the  top  of  the 
cupola  above  the  charging-door.  Cooper  heats  the 
blast  for  the  cupola  by  passing  it  through  a cast- 
iron  hot-blast  stove,  placed  in  the  chimney  above 
the  Bessemer  convertor.  In  America,  instead  of 
raking  the  remaining  coke  and  slag  out  of  a door  in 
the  side  of  the  cupola,  a movable  bottom  is  employed, 
which  is  dropped  down  after  a few  casts  (eight  or 
ten)  have  been  run.  In  English  practice  it  is  pos- 
sible to  get  6800  tons  melted  in  a cupola,  before 
putting  it  out  for  repairs. 

The  spiegeleisen  is  melted  in  a smaller  cupola, 
having  generally  only  two  or  three  twyers,  but 
similar  in  other  respects  to  the  pig-iron  cupola. 
Various  plans  are  adopted  for  raising  the  blast  for 
cupolas.  Root’s  blowers  have  found  great  favour 
in  England,  and  Mackenzie’s  in  America ; but  pro- 
bably the  cheapest  and  best  are  either  high  speed 
fans,  or  simple  direct-acting  blowing  engines  with 
large  blast-cylinders,  where  first  outlay  is  not  mate- 
rial. When  the  charge  of  iron  has  been  melted,  it 
is  in  England  run  down  channels  in  sand  at  once 
into  the  vessels.  In  America  the  metal  is  run  into 
an  intinnediate  taille  holding  about  12  tons.  This 
is  placed  on  a weighing  machine,  and  thus  at  any 
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moment  the  exact  charge  of  iron  can  he  poured  into 
the  converter.  This  is  a very  useful  addition  to  the 
ordinary  Bessemer  plant,  as  it  saves  much  loss  of 
time,  and  insures  greater  regularity  in  the  weight  of 
the  cliarge.  In  America  the  channels  for  tlte  pig 
iron,  or  “ runners,”  are  made  of  iron  grouted  with 
clay  wash,  and  are  much  steeper  than  in  the  usual 
English  practice.  This  saves  scrap,  and  gets  the  iron 
more  quickly  into  the  vessels. 

Coin-crtom. — Tiiese  are  pear-shaped  vessels  of 
boiler  jdate,  generally  about  8 feet  diameter  by  15 
high,  carrieil  on  trunnions,  and  capable  of  being 
turned  up  or  down  by  a strong  rack  and  pinion 
wheel,  the  rack  being  fixed  to  the  end  of  a piston 
rod  working  into  a hydraulic  cylinder.  The  con- 
vertors are  lined  with  ganister,  which  is  a siliceous 
rock  of  a peculiar  nature.  It  appears  to  have  been 
deposited  in  shallow  seas  just  after  the  millstone 
grit,  and  before  the  permanent  land  surfaces 
were  formed  upon  which  the  bulk  of  the  coal- 
measure  plants  grew.  Professor  Hull  has  endea- 
voured to  identify  this  bed  over  a very  large  area, 
and  there  is  little  doubt  that  it  will  ultimately  be 
found  in  many  districts  in  which  at  present  it  is 
supposed  to  be  absent.  It  occurs  very  largelj’^  in 
the  Yorkshire  coal-field,  and  also  in  Lancashire, 
Shropshire,  South  Wales,  and  has  lately  been  dis- 
covered in  the  Newcastle  coal  field;  but  the  finest 
quality  of  ganister  stone  is  found  around  Sheffield, 
at  Penistone  and  other  places.  It  there  forms  the 
underclay  of  a thin  coal  seam,  and  is  very  largely 
worked,  particularly  by  Mr.  IjOWOOD,  for  exportation 
to  all  parts  of  England,  and  even  to  Austria  and 
Russia.  The  following  analysis  will  show  its  chemi- 
cal composition : — 

ANALYSIS  OP  OANISTER  STONE. 


Silica, 97-.50 

Alumina 1*20 

Lime, 1'23 
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Analysis  is,  however,  only  a partial  guide  to  the 
value  of  a material  of  this  kind,  for  it  is  found  that 
the  peculiar  value  of  this  Sheffield  ganister  depends 
more  upon  its  physical  characters  than  its  chemical 
composition.  It  appears  to  have  been  formed  by 
the  aggregation  of  extremely  fine  particles  (produced 
from  the  wearing  away  of  quartz  rocks)  of  sili- 
ceous matter  with  a little  alumina,  which  have 
then  been  subject  to  great  pressure.  It  has  a 
glassy  or  waxy  fracture,  quite  different  from  all 
sandstones,  and  is  extremely  hard  and  tough.  It 
contains  numerous  remains  of  plants,  and  often 
large  masses  of  pyrites.  It  is  not  only  highly 
refractory,  but  possesses  the  valuable  quality  of 
binding  together  like  clay  when  ground  fine  and 
moistened.  Sandstones,  under  these  circumstances, 
arc  crumbly.  It  is  the  joint  possession  of  these 
two  properties  that  renders  ganister  so  valuable  for 
lining  Bessemer  convertors,  cupolas,  &c. 

In  lining  the  convertors  a core  of  the  shape  of 
the  interior  is  placed  inside  the  casing,  leaving  an 
annular  space,  into  which  the  ground  ganister  is 
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rammed  hard.  To  facilitate  this  work  tlie  con- 
verters are  made  in  two  or  more  parts,  which  are 
first  rammed  up  with  ganister,  and  then  joined 
together  by  bolts  and  nuts.  After  making  good  the 
joints  and  inserting  the  bottom  plug  with  its  twyers, 
a small  fire  is  lighted  to  dry  it  slightly,  and  then  the 
vessel  is  half  filled  with  coke  and  the  blast  kept  on 
gently  for  about  twelve  hours.  At  the  end  of  this 
time  some  rock  salt  is  thrown  in  to  assist  in  glazing 
the  lining,  and  the  vessel  is  then  ready  for  use. 
With  careful  repairs  at  the  end  of  each  week  one 
lining  has  lasted  fifteen  months  of  constant  work, 
during  which  time  about  15,000  tons  of  steel  would 
be  made  in  the  vessel.  The  bottom  of  the  vessel  in 
which  the  twyers  are  set  wears  out  very  rapidly, 
lasting  only  on  an  average  from  eight  to  ten  blows, 
and  therefore  requires  to  be  constantly  renewed. 
Formerly  this  was  done  by  leaving  the  cast-iron 
frame  in  its  place  in  the  blast  box,  fixing  the  twyers 
in  their  places,  and  then  ramming  the  semiplastic 
ganister  around  them  from  the  inside  of  the  vessel. 
This  necessitated  cooling  down  the  vessel  for  each 
new  bottom,  and  caused  great  delay,  much  ■wvar 
and  tear,  and  considerable  expense  in  reheating 
the  vessel  again.  Hence  Holley  designed  the 
arrangement  by  which  the  bottom  is  made  inde- 
pendently, dried  in  a stove,  lifted  into  its  place  in 
the  vessel,  and  the  joint  between  it  and  the  old 
lining  made  good  Jrom  the  oxitside  by  ramming 
ganister  into  the  space.  This  plan  answers  admir- 
ably, and  is  used  universally  in  America,  but  has 
never  been  fairly  tried  at  any  works  in  England, 
except  the  IV^est  Cumberland  Iron  and  Steel 
Company’s.  At  these  works  it  has  been  in  use 
for  the  last  four  years  v/ith  very  satisfactory 
results.  Many  attempts  were  made  in  England  to 
insert  a dry  bottom  in  its  place,  and  fill  up  the  spaee 
between  it  and  the  vessel  lining  from  the  inside,  by 
pouring  into  it  a thin  wash  of  ganister,  or  “slurry,” 
as  the  workmen  term  it.  For  some  time  the  plan 
failed  to  answer,  but  now  it  succeeds  fairly  well,  and 
is  in  pretty  general  use  in  England.  It  has  the  dis- 
advantage of  being  less  secure  than  Holley’s  plan, 
and  cools  the  vessel  more.  The  plugs  are,  however, 
generally  smaller,  and  a trifle  more  handy,  than 
Holley’s;  but  this  is  a matter  of  no  consequence 
when  proper  facilities  are  provided  for  dealing  with 
the  latter.  The  twyers  for  carrying  blast  into  the 
vessel  are  cylindrical  plugs,  of  a mixture  of  three- 
fourths  fire-clay,  one -fourth  ganister,  perforated 
with  a number  of  smalt  holes  about  three-sixteenths 
diameter.  The  size  of  twyer,  number  per  bottom, 
and  number  of  holes,  differ  much  in  various  works. 
In  England  the  twyers  have  generally  about  thirteen 
holes,  are  from  18  to  22  inches  long,  5 to  7 inches 
diameter  at  small  end,  and  6 to  8 inches  at  large  end. 
From  thirteen  to  sixteen  are  used  in  each  bottom. 
They  wear  very  irregularly;  but  a great  deal  depends 
upon  the  pressure  of  blast  empiloyed,  and  the  column 
of  metal  which  is  worked  upon  them.  It  is  very 
desirable  to  keep  the  pressure  of  blast  up  to  25  or 
even  30  lbs.  per  square  inch.  This  keeps  the  metal 
out  of  the  twyers  and  saves  them  much,  for  it  is 
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found  that  the  wear  of  the  twyers  is  due  far  more 
to  the  following  action  than  to  mere  fusion.  On 
turning  up  the  vessel,  if  the  blast  is  weak,  some  of 
the  metid  runs  part  way  down  the  holes  in  the 
twyers  and  there  forms  solid  plugs,  which  cannot  be 
blown  out,  but  which  gradually  get  oxidised  in  the 
twyer  by  the  blast,  the  oxide  so  formed  slagging 
away  the  siliceous  material  of  the  twyer;  so  that, 
looking  into  a vessel  after  a “ blow,”  large  black 
holes  will  be  seen  in  many  of  the  twyers,  oftentimes 
rendering  it  necessary  to  replace  them  before  the 
bottom  is  worn  out.  The  number  of  blows  obtained 
from  one  “bottom”  varies  much,  in  some  works 
averaging  only  six,  in  others  fourteen  or  fifteen: 
occiisionally  from  twenty  to  thirty  are  obtained. 
The  heavier  the  charge  of  metal,  other  things  being 
equal,  the  shorter  the  life  ot  the  bottom.  The  blast 
is  brought  through  one  of  the  trunnions  of  the  vessel 
into  a box  termed  the  blast-box,  and  the  twyers  are 
fitted  into  a cast-iron  plate,  forming  the  top  part  of 
this  box.  The  box  is  closed  at  the  bottom  by  a 
wrought-iron  disc,  which  is  fixed  to  the  box  by  bolts 
and  cotters,  the  joint  being  made  air-tight  by  a ring 
of  spun  yarn  steeped  in  clay  wash.  This  bottom 
plate  is  thus  easily  removed  for  examining  the 
twyers.  The  blast  for  the  convertor  is  raised  by  a 
strong  blowing  engine,  of  a somewhat  similar  type 
to  those  used  for  blast  furnaces,  but  proportionately 
stronger.  The  valves  of  the  blast  cylinders  are 
usually  of  metal,  and  frequently  of  the  piston  type. 

Casting  Ladle. — When  the  steel  has  been  made, 
it  is  poured  into  a large  ladle,  which  is  lined  up 
with  strong  loam.  This  is  carried  by  its  trunnions, 
which  are  placed  pretty  near  the  centre  of  gravity 
of  the  full  ladle,  upon  the  end  of  a strong  wrought- 
iron  crane  jib,  the  jib  being  carried  upon  the  top 
of  a hydraulic  crane  post.  The  top  of  this  post  is 
taper,  and  enters  a corresponding  cavity  in  a strong 
cast-iron  centre-piece,  to  which  the  wrought-iron 
sides  are  bolted.  A steel  pin  fixed  into  the  top  of 
the  post  enters  a small  steel  cup  in  this  casting,  and 
centres  and  takes  the  weight  of  the  frame,  &c. 
About  a dozen  small  steel  rollers,  fixed  in  a circular 
frame,  run  around  the  crane  post  and  between  it 
and  the  centre  casting,  thus  enabling  the  top  to 
turn  freely  on  the  post.  Thus  one  man  is  enabled, 
by  means  of  sinqile  gearing,  to  turn  the  crane  top 
and  ladle  around  the  post.  The  ladle  has  a hole 
in  the  bottom,  and  a small  cast-iron  ring  is  fastened 
to  the  bottom  of  the  ladle,  from  the  outside,  by  a 
couple  of  studs  and  cotters.  In  this  ring  is  placed 
a fire-brick  seat,  having  a hole  through  the  middle 
about  1 inch  to  inch  in  diameter.  In  using  a 
ladle  for  the  first  time,  the  seat  is  carefully  luted 
up  to  the  rest  of  the  lining  of  the  ladle ; but  as  a 
seat  only  suffices  for  one  cast,  and  the  ladle  lining 
may  last  ten  or  more,  a new  seat  is  put  into  the 
once-used  ladle,  thus : — The  iron  ring  is  taken  off, 
and  the  new  seat  carefully  fixed  into  it ; ganister  is 
then  plastered  around  the  top  part  of  the  seat,  and 
it  is  forced  up  through  the  hole  in  the  ladle  and 
cottered  into  its  place.  The  hole  in  the  seat  is 
closed  by  a plug  on  the  end  of  a wrought-iron 
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stopper  rod.  The  rod  is  covered  by  loam  or  by 
stringer  bricks,  made  in  a pipe-making  machine. 
This  protects  the  iron  stopper  rod  from  the  heat  of 
the  steel.  The  stopper  rod  is  fixed  to  a slide,  which 
works  up  and  down  in  a guide  attached  to  the  out- 
side of  the  ladle.  By  this  means  the  aperture  at 
the  bottom  of  the  ladle  can  be  opened  or  shut  at 
pleasure,  the  whole  arrangement  forming  aningenious 
valve.  In  England  the  stopper  is  set  in  its  place 
by  forcibly  bending  the  rod ; but  Holley  has  de- 
signed a neat  arrangement  for  adjusting  the  stopper 
mechanically — Fig.  16  is  a front  elevation;  Fig.  17  is 
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a side  elevation ; c is  rivetted  to  the  ladle.  The 
swinging  frame.  A,  that  holds  the  stopper  slide,  B,  is 
hinged  at  d.  The  pins,  pp,  are  moved  over  these 
trunnions  to  hold  them  down  in  place  when  the 
frame  is  in  use.  When  it  is  out  of  use  the  pins, 
pp,  are  slipped  back,  and  the  frame,  a,  and  slide,  B, 
are  lifted  bodily  out  and  set  into  a fresh  ladle.  The 
stopper  is  adjusted  by  the  set  screw,  a a. 

When  the  steel  has  been  poured  into  the  ladle, 
the  slag  floats  on  the  top ; and  on  opening  the 
stopper  a stream  of  clear  steel  is  allowed  to  run 
into  the  moulds. 

The  Moxdds  are  usually  of  cast  iron,  and  taper 
from  bottom  to  top ; so  that  when  the  steel  has 
solidified,  the  iron  “ moulds  ” or  “ chills  ” can  be 
lifted  off,  and  the  ingot  of  steel  remains  behind. 
The  moulds  stand  upon  a slab  of  cast  iron,  and  a 
very  rough  joint  between  the  mould  and  the  iron 
slab  or  “ bottom  plate,”  upon  which  it  stands,  is 
sufficient  to  prevent  the  steel  running  out.  At 
many  works  the  steel  is  now  run  ascensionally,  as 
it  is  termed.  A number  of  moulds  are  fixed  upon 
a bottom  plate,  in  which  are  placed  perforated 
bricks,  connecting  each  mould  to  a central  runner 
or  “ sprue.”  The  steel  is  teemed  down  the  central 
“ sprue,”  and  is  distributed  by  the  runner  bricks  to 
each  mould,  gradually  rising  in  each  till  full.  By 
this  means  cleaner  ingots  are  formed,  and  the  moulds 
last  longer. 

Tlie  movement  of  most  of  the  apparatus  of  a 
Bessemer  pit  is  produced  by  hydraulic  power.  This 
is  found  to  be  so  much  more  steady  than  steam, 
and  the  apparatus  generally  is  so  simple,  that  direct 
driven  gearing  has  entirely  given  place  to  it. 

Ingot  Cranes. — The  moulds,  ingots,  and  ladles 
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are  lifted  by  hydraulic  cranes,  of  which  there  are 
three  types.  Bessemer’s,  which  is  used  mainly  in 
England,  consists  of  a strong  cylinder  casing  fixed 
firmly  to  the  ground,  and  having  glands  at  the 
top  and  bottom.  The  ram  is  thicker  at  the  top 
part  than  at  the  bottom,  and  the  difference  in  sec- 
tional area  is  the  active  surface  to  which  the  power 
is  applied.  The  jib  is  fixed  to  the  top  of  the  post, 
and  is  balanced  by  a heavy  weight  fixed  to  the 
opposite  end.  The  American  plan  was  designed 
by  Holley.  The  ram  works  through  a single  gland 
in  the  top  of  the  casing,  and  the  whole  sectional 
area  is  acted  upon  by  the  water  pressure.  Instead 
of  being  guided,  as  in  the  English  plan,  by  the 
lower  portion  of  the  ram  working  in  a casing, 
the  post  is  carried  above  the  jib  and  is  stayed 
from  the  roof  of  the  building.  Messrs.  Tannett 
& Walker  have  recently  introduced  an  ingenious 
arrangement  for  the  purpose  of  balancing  the  weight 
of  the  moving  parts  upon  the  column  of  water  in 
connection  with  the  accumulator.  For  this  purpose 
they  employ  two  rams,  one  of  which  w'orks  in  a 
casing  which  is  in  constant  connection  with  the 
accumulator,  to  act  as  the  balance  for  the  crane 
posts,  jib,  &c. ; the  other  is  worked  by  a valve,  the 
diameter  of  the  second  ram  being  only  sufficient  to 
give  the  power  needed  for  the  maximum  weight 
to  be  lifted.  A strong  guide  ram  is  also  fixed  to 
the  crane  head  to  insure  stability.  The  arrange- 
ment works  well,  but  requires  very  careful  adjust- 
ment. A plan  occasionally  adopted  is  to  fix  the 
jib  to  the  cylinder,  and  let  it  work  on  the  ram 
which  is  fixed.  This  plan  is  only  suited  for  special 
cases. 

Hydraulic  Pumps  are  of  various  kinds.  Those  by 
Armstrong  are  ingenious  and  scientific,  but  are 
always  made  with  too  short  a stroke.  There  is 
nothing  better  than  a good-sized  ram  with  long 
stroke  and  very  slow  motion.  Davey  of  Leeds  has 
applied  his  differential  valve  gear  to  direct-acting 
pumps  for  high  pressure  with  excellent  results. 
Worthington’s  pumps,  which  are  somewhat  similar 
to  Davey’s,  are  used  very  largely  in  the  United  States. 

The  Accumulator,  for  regulating  and  storing  the 
water  pressure,  consists  of  a large  ram  weighted  on 
the  top,  and  working  in  a strong  casing  through  a 
well-packed  gland. 

Hydraulic  Valves  are  a source  of  considerable 
trouble  in  steel  works,  and  a really  good  balanced 
valve  remains  to  be  invented.  Slide  valves  require 
great  power  to  move  them.  Tliree  and  four  way 
cocks  leak  rapidly,  and  require  constant  grinding. 
Luthy’s  valves,  wliich  are  balanced,  are  ingenious 
and  easily  worked ; but  the  leathers  are  a source  of 
considerable  expense  in  large  works. 

Present  Mode  of  Cuuducting  the  Bessemer  Process. — 
If  the  iron  is  to  be  taken  direct  from  the  blast 
furnaces  to  the  convertors  in  a molten  state, 
all  that  is  necessary  is  to  take  care  that  it  is  of 
sufficiently  good  quality,  that  is,  free  from  phos- 
phorus and  sulphur,  and  that  it  contains  from  1;|- 
to  2 per  cent,  silicon  if  little  or  no  manganese  is 
present.  The  lower  the  percentage  of  silicon  and 


manganese,  the  shorter  will  be  the  blow.  Hence 
in  Sweden  five  or  six  minutes  often  suffice  to  blow 
out  sufficient  carbon  to  leave  the  metal  at  the  point 
of  steel.  In  England  it  generally  takes  from  fifteen 
to  twenty  minutes ; but  occasionally,  when  much 
silicon  or  manganese  is  present,  the  blow  may  last 
from  thirty  to  sixty  minutes.  If  the  iron  is  remelted 
in  a cupola,  a proper  system  of  charging  must  be 
adopted. 

The  old  plan  of  arriving  at  uniformity  in  quality 
of  iron  was  to  have  a number  of  brands,  and  by 
experiment  to  arrive  at  a mixture  of  these  which 
worked  well ; a similar  mixture  being  supposed  to 
answer  on  all  occasions.  This  was  often  found 
to  fail,  and  the  proper  mixture  had  then  to  be 
found  by  experiment  again.  The  more  correct  and 
scientific  method  which  is  now  followed  where  the 
process  is  properly  conducted,  is  to  analyze  before- 
hand the  stocks  of  iron,  and  then  to  make  up  a 
charge  from  an  examination  of  the  analyses.  With 
English  pig  iron  it  is  generally  sufficient  to  find  the 
percentage  of  silicon,  and  to  calculate  the  charge  from 
this  element.  If  the  grade  of  the  iron  be  not  too 
low — say  a fair  mixture  of  Nos.  1,  2,  and  3 Bes- 
semer— a charge  containing  from  2^  to  2-^  per  cent, 
silicon  is  found  to  work  well,  as  it  blows  sufficiently 
hot  to  leave  no  skull,  and  the  silicon  is  not  too  high 
to  endanger  the  quality  of  the  steel  by  running  the 
risk  of  leaving  a variable  quantity  in  the  metal  after 
the  carbon  has  all  been  burnt  out,  or  making  the 
charge  so  hot  as  to  cut  out  the  moulds  and  bottom 
plates  during  teeming.  Supposing,  then,  we  have 
four  stocks  of  iron,  A containing  3‘5  per  cent, 
silicon,  B 3 per  cent.,  C 2-5  per  cent.,  and  D 1’5 
per  cent.  If  used  alone,  A would  yield  a steel  that 
would  be  so  hot  as  to  cut  the  moulds  on  teeming, 
and  the  silicon  would  be  so  high  that  it  would  not 
all  be  burnt  out  by  the  time  the  carbon  had  been 
oxidised,  and  a siliceous  steel  would  be  the  result. 
B would  still  blow  hot,  and  there  would  be  some 
risk  of  a siliceous  steel.  C would  work  well ; but 
D would  blow  so  cold  that  there  would  be  insuf- 
ficient heat  developed  to  make  the  metal  hot  enough 
to  remain  fluid  in  the  ladle  during  teeming,  and 
there  would  be  great  risk  of  the  whole  charge  con- 
solidating in  the  ladle,  forming  a wasteful  skull. 
But  by  mixing  in  the  following  proportions  we  get 
a charge  that  wiU  use  up  all  the  samples  without 
running  any  risk  whatever : — 


1 Ton  A at  3-5, 3‘5 

2 Tons  B at  3, 6'0 

2 “ G at  2 5, 5 0 

3 “ D at  1 .5, 4-5 

8 190 


Per  Cent. 

Average  silicon, =:  2-37 


The  English  method  of  converting  is  that  devised 
by  Mushet.  The  whole  of  the  carbon  is  burnt  out; 
and  as  English  hematite  contains  little  manganese, 
there  is  no  difficulty  in  determining  when  this  point 
has  been  reached,  because  tlie  flame  drops  suddenly 
at  this  point.  The  change  in  sound  alone  is  suffi- 
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cient  to  the  practised  ear  to  determine  this  point. 
The  proper  amount  of  carbon  and  manganese  are 
then  added  by  pouring  into  the  vessel  a certain 
quantity  of  molten  spiegeleisen,  or  dropping  into 
the  vessel  a known  weight  of  ferro-manganese,  if 
very  soft  steel  is  desired.  When  iron  containing 
over  2 per  cent,  manganese  is  being  blown,  the 
point  of  decarburization  is  very  difficult  to  ascertain 
by  the  fiaine  test,  and  recourse  has  to  be  had  to  the 
slag  and  metiil  test.  The  carbon  is  known  to  be  all 
blown  out  when  the  slag  just  begins  to  pass  from  a 
brown  colour  to  a smoky  black,  and  the  globules  of 
metal  taken  out  with  the  testing  pad  flatten  under 
the  hammer  without  breaking.  When  very  siliceous 
iron  is  being  blown,  the  same  test  may  be  applied ; 
or  if  manganese  is  absent,  the  colour  of  the  smoke 
is  a guide.  While  any  quantity  of  silicon  remains, 
the  smoke  will,  as  it  issues  from  the  convertor,  have 
a grey  colour ; but  when  all  the  carbon  and  silicon 
have  been  burnt,  it  comes  out  of  the  convertor  a deep. 
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ruddy,  brown  colour,  showing  that  combustion  of 
iron  is  taking  place.  In  making  soft  steel  by  the 
Bessemer  process  great  care  is  needed  to  insure  the 
thorough  admixture  of  the  ferro-manganese  with 
the  molten  metal,  so  as  to  remove  the  excess  of 
oxygen  before  the  metal  begins  to  set  in  the  moulds, 
as  otherwise  very  dangerous  explosions  in  the 
moulds  may  take  place.  After  the  steel  has  been 
teemed  from  the  ladle  into  the  moulds,  it  must  be 
instantly  covered  up,  so  as  to  solidify  the  top 
surface,  and  fastened  down,  unless  an  excess  of 
manganese  be  employed  or  the  steel  be  hard,  in 
which  case  it  will  lie  dead  in  the  moulds,  and  not 
“ rise  ” or  “ boil  over,”  as  the  men  term  it.  The 
iron  moulds  may  be  lifted  from  the  ingots  five  or 
ten  minutes  after  they  are  cast. 

The  Bessemer  Process  considered  Chemically. — The 
following  analyses  exhibit  the  nature  of  the  pig  iron 
usually  treated  by  the  Bessemer  process,  and  the 
changes  which  occur  during  the  “ blow  ” > — 


TABLE  II. — ANALYSIS  BY  SNELUS,  AT  DOWLAIS,  SOOTH  WALES. 


Melted 

Charge  of  Pig.* 

Xo.  1 Sample, 
taken  at  the  end  of 
first  stage,  6 minutes 
fiuiu  start. 

No.  2, 

taken  9 minutes 
from  start. 

No.  3, 

taken  at  rinish, 
befure  adding 
Spiegel,  13  min. 
from  start. 

Steel  Borings 
from  an  Ingot. 

Steel  Borings 
from  Bail  Crop 
ends. 

94-682 

•014 

«?}  -048 
•086 

97 '245 
2-17+ 

•792  ) 

trace. 

:05s}  -951 

trace. 

1-55 

•6351 

•635;  555 

trace. 

•064 

trace. 

•097 

•020 

trace. 

•067 

trace. 

•566 

•030 

trace. 

•055 

•309 

•039 

•519 

•033 

trace. 

•053 

•309 

•039 

r.  u (Graphite,... 

i Combined,.. 

Silicon, 

Sulphur, 

PhosplioniSf 

Mang^anefte, 

Copper, 

TABLE  III. — ANALYSIS  BY  BARKER,  AT  ATLAS  WORKS, 
SHEFFIELD. 


1. 

2. 

3. 

4. 

5. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Graphite 

2-570 

— 

— 

— 

— 

Combined  carbon, 

1-000 

3 040 

1-640 

0-190 

0-370 

Silicon, 

2-260 

0-955 

0-470 

trace. 

trace. 

Manganese, 

0-410 

trace. 

trace. 

trace. 

0-540 

Sulphur 

0-107 

0-091 

0-098 

0-093 

0-090 

Phosphorus 

0-073 

0-O70 

0-070 

0-070 

0-059 

TABLE  IV. — AUSTRIAN  WORKS,  AT  NEOBERO,  STYRIA. 


1. 

2. 

3. 

4. 

6. 

Per  cent. 

Per  cent. 

Per  cent 

Per  cent. 

Per  cent. 

Graphite, 

3-180 

— 

— 

— 

— 

Combined  carbon 

0-750 

2-465 

0-949 

0-087 

0-234 

Silicon, 

1 -960 

0-143 

01 12 

0-028 

0-033 

Manganese, 

3-460 

1-645 

0-4-29 

0-113 

0-139 

Sulphur, 

0-018 

trace. 

trace. 

trace. 

trace. 

Phospliorus, 

0-010 

0-040 

0-045 

0-045 

0-044 

Copper 

0-085 

0-091 

0-095 

O-l-'O 

0-105 

No.  1,  original  pig  iron. 

No.  2,  metal  and  slag  taken  at  the  end  of  the  first  period 
(six  minutes). 

No.  3,  metal  and  slag  taken  at  the  end  of  the  boil  (twelve 
minutes). 

No.  4,  metal  and  slag  taken  at  the  end  of  the  blow. 

No.  5,  metal  and  slag  after  addition  of  spiegel. 


CORREsrONDING  ANALYSES  OF  SLAGS  FROM  NEOBERO  SAMPLES. 


2. 

3. 

4. 

6. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Silica, 

46-78 

51-75 

46-75 

47-27 

Alumina, 

4-65 

2-98 

2-80 

3-45 

Iron  protoxide, 

6-78 

5 -.58 

16-86 

15-43 

Manganese  protoxide,  . . 

37-00 

37-90 

32-23 

31-89 

Lime, 

2-98 

1-76 

1-19 

1-23 

Magnesia, 

1.53 

0-45 

0-52 

0-61 

Alkalies, 

traces. 

— 

traces. 

traces. 

Sulphur, 

0-04 

trace. 

— 

— 

Phosphorus, 

0-03 

0-02 

0-01 

0-01 

TABLE  V. 


Iron  use<l  at 
Seraing  for  run- 
ning direct  into 
the  Convertor. 

Rail  Steel  made 
from  same, 
without  SpiegeL 

Iron, 

89-40 

99-07 

Carbon, 

4- .50 

•32 

Silicon 

2-25 

•15 

Sulphur, 

•04 

•04 

Phosphorus, 

-06 

•07 

Manganese 

3-75 

•35 

100-00 

100-00 

* This  was  the  composition  of  the  metal  run  into  the  con- 
vertor. It  had  been  melted  in  a reverberatory  furnace. 

t The  total  carbon  is  estimated  by  direct  combustion ; the 
grajihitic  and  combined  by  separate  experiments. 

1 All  combined. 
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TABLE  VI. — ANALYSES  BY  ADOLF  TAMM,  AT  WE3TANFORS 
BESSEMER  WORKS,  SWEDEN. 


Iron, 

Carbon  (graphitic), 

Charcoal 
Pig  Irou. 

Bessemer 

lugut. 

89-830 

2-15 

1-95 

1-390 

trace. 

•015 

4-665 

99-569 

•20 

•033 

trace. 

•020 

•168 

“ (combined), 

Silicon, 

Sulphur, 

Phosphorus, 

Manganese, 

100-000 

100-000 

Silica, 

Alumina, 

Iron  protoxide, 

Manganese, 

Magnesia, 

Lime, 

Potash, 

Blast  Furnace 
Slag. 

Bessemer 
Convertor  Slag. 

47-0 

2-40 

-45 

4-46 

18-10 

26-75 

•62 

•41 

•Oil 

42-85 
3-94 
15-62 
36 '83 
trace. 
•70 

•015 

Soda, 

Phosphoric  acid, 

lUO-001 

99-955 

A consideration  of  the  above  analyses  affords  full 
information  of  the  changes  that  take  place  in  the 
metal  during  the  blow.  They  show  clearly  that 
carbon,  silicon,  and  manganese  can  be  removed  by 
the  action  of  the  blast,  while  phosphorus,  sulphur, 
and  copper  are  not  removed. 

The  relative  rapidity  of  oxidation  of  carbon, 
silicon,  and  manganese,  in  the  Bessemer  and  Siemens 
processes,  as  deduced  from  the  above  and  following 
analyses,  are  shown  graphically  in  the  accompanying 

Fig.  18. 

4 8-S  S 2'8  S 1-8  1 0-6 


diagram,  after  Hacknet.  Bj,  Neuberg  sample ; Bg, 
Atlas  sample;  Bg,  Do wlais  sample ; manganese,  white 
line ; silicon,  dotted  line.  The  carbon  per  cent,  is 
shown  by  the  top  row  of  figures.  This  diagram 
proves  that  the  old  notion,  that  all  the  silicon  was 
burnt  out  before  the  carbon  began  to  be  acted  upon, 
is  not  true.  Manganese  and  silicon  burn  out  rather 
more  rapidly  than  carbon,  for  when  the  carbon  has 
been  reduced  from  4 to  per  cent,  the  manganese 
has  been  reduced  from  3'5  to  1-6  per  cent.,  and  the 


silicon  from  2 to  "4  per  cent. ; and  in  all  these  samples 
it  is  seen  that,  when  silicon  and  manganese  have 
been  almost  removed,  there  yet  remains  ^ to  1 per 
cent,  carbon.  The  action  is  to  some  extent  one  of 
quantity ; for  if  the  silicon  be  much  over  3 per  cent, 
in  English  pig,  free  silicon  will  be  left  in  the  steel 
after  all  the  carbon  has  been  burnt  out.  Again, 
there  is  sufficient  manganese  in  the  Swedish  and 
German  iron  to  allow  of  a small  quantity  being  left 
in  the  steel,  to  enable  it  to  be  worked  when  the 
carbon  has  been  reduced  to  a low  point. 

Up  to  the  present  time  all  attempts  to  use  pig 
iron  containing  phosphorus  and  sulphur  for  the 
Bessemer  process  have  failed,  because  these  elements 
persistently  remain  after  the  blow  has  been  com- 
pleted. Snelus  believes  that  this  is  due  to  the  fact, 
that  in  every  case  a strongly  acid  slag  is  formed, 
which  is  not  favourable  to  the  oxidation  of  sulphur 
and  phosphorus,  inasmuch  as  there  is  never  any  free 
base  for  the  oxidised  produce  of  these  bodies  to 
combine  with ; and  hence  he  has  patented  the  use 
of  lime  or  limestone  for  the  lining  of  Bessemer  and 
other  furnaces  in  which  iron  is  treated,  so  as  to 
be  able  to  use  a strongly  basic  slag,  such  as  is 
obtained  in  the  puddling  furnace,  as  well  as  having 
the  most  refractory,  and  at  the  same  time  one  of  the 
cheapest  materials,  that  can  be  used  for  the  purpose. 
Experiments  made  some  years  ago  have  proved  the 
truth  of  this  hypothesis. 

Composition  of  the  Gases  evolved  from  the  Bessemer 
Convertor  during  the  Blow. — A study  of  the  nature  of 
the  gases  emitted  from  the  convertor  cannot  fail  to 
throw  light  upon  the  process  going  on,  and  the 
following  paper  on  the  subject,  read  before  the  Iron 
and  Steel  Institute  by  G.  J.  Snelus,  August,  1871, 
contains  an  exposition  of  this  portion  of  the  subject : — 

The  members  of  the  Iron  and  Steel  Institute  will 
remember  that  Professor  Roscoe,  in  his  lecture 
on  Spectrum  Analysis,  alluded  to  the  difficulty  of 
determining  the  cause  of  the  greater  part  of  the 
lines  in  the  Bessemer  spectrum,  and  pointed  out 
that  while  the  majority  of  observers  referred  them 
to  carbon  in  some  form,  there  were  others  who 
believed  them  to  be  mainly  due  to  manganese. 
Assuming  the  lines  to  be  due  to  carbon,  it  is  clear 
that  an  analysis  of  the  gas  producing  the  lines  would 
be  a step  towards  solving  the  difficulty,  since  it 
would  show  us  which  condition  of  carbon  we  must 
refer  them  to.  This  is  important,  because  we  know 
that  carbon,  in  different  gaseous  combinations  and 
at  different  temperatures,  produces,  as  Dr.  Watts 
has  pointed  out,  several  distinct  spectra. 

Another  question  which  suggests  itself  on  examin- 
ing the  spectrum  is  that,  supposing  the  characteristic 
lines  are  due  to  carbon,  “ How  is  it  that  the  spectrum 
of  carbon  is  not  seen  in  the  earlier  stages  of  the  blow, 
when  an  analysis  of  the  metal  proves  incontestably 
that  carbon  is  being  burnt  in  considerable  quantities 
from  the  commencement?” 

It  appeared  to  me  that  analyses  of  the  gas  at 
different  stages  of  the  blow  might  help  to  a solution 
of  these  problems;  for  though  it  is  generally  assumed 
that  during  the  process  of  conversion  the  carbon  of 
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the  pig  is  burnt  to  carbonic  oxide,  this,  as  far  as  I 
am  aware,  has  never  been  proved  to  be  the  case. 
It  will  be  seen  from  tiie  analyses  that  this  turns  out 
to  be  only  partially  true,  and  that  the  composition 
of  the  gases  evolved  affords  us  an  insight  into  the 
nature  of  the  process  going  on  that  could  not  be 
supplied  by  analyses  of  the  metal  and  slag  at 
successive  stages. 

The  gas  for  analysis  was  collected  by  means  of  a 
long  iron  gas  pipe,  on  the  end  of  which  a swan-neck 
trumpet  mouthpiece  of  fire-clay  was  fixed,  which 
was  inserted  in  the  neck  of  the  convertor  after  it 
had  been  turned  up.  This  generally  got  clogged 
up  with  slag  during  the  experiment,  and  therefore 
served  only  for  one  blow.  It  was  allowed  to  dip 
into  the  vessel,  so  as  to  be.certain  that  no  air  could 
be  drawn  into  the  tube  by  induction.  To  the  other 
end  of  the  pipe  glass  tubes  were  attached  at  particular 
periods  of  the  blow  when  the  gas  was  required,  and 
sealed  up  with  the  blow-pipe  before  being  removed. 
A constant  stream  of  gas  was  allowed  to  rush  through 
the  tube  the  whole  time ; and  as  this  was  done  for 
two  minutes  before  the  first  sample  of  gas  was 
collected,  it  may  be  safely  assumed  that  the  whole  of 
the  air  was  swept  out,  and  that  the  gas  analyzed  was 
a true  sample  of  that  produced  by  the  direct  action 
of  the  blast  upon  the  metal  and  its  constituents. 
It  was  found  that  during  the  first  part  of  the  blow 
the  gas  would  not  light  at  the  end  of  the  iron  tube, 
but  that  from  about  the  commencement  of  the 
“boil”  to  the  end  of  the  blow  it  burnt  with  the  pale 
blue  flame  characteristic  of  carbonic  oxide. 

Samples  of  gas  were  taken  every  two  minutes, 
and  subjected  to  analysis  with  the  subjoined  results. 
The  gases  were  analyzed  in  a modifieil  form  of  the 
apparatus,  described  by  Professor  Frankland,  for 
analyzing  the  gases  incident  to  water  analyses,  which 
was  found  extremely  convenient.  Samples  3 and  5 
were  analyzed  by  different  methods;  the  carbonic 
oxide  in  one  case  being  estimated  by  absorption 
with  a hydrochloric  solution  of  sub -chloride  of 
copper,  and  in  the  other  by  explosion  with  deton- 
ating gas  and  oxygen,  and  subsequent  absorption 
by  potash,  after  the  method  of  BUNSEN.  It  will  be 
seen  that  the  results  agree  closely : — 

Sample  1. — This  was  taken  two  minutes  from  the 
start  of  a blow  which  lasted  eighteen  minutes.  It 
contained — 


Carbonic  acid, 10'71 

Oxygen, '92 

Carbonic  oxide, none. 

Hydrogen  (not  estimated),  I 88’37 

Nitrogen, j 

10000 


This  I consider  to  be  an  unlooked-for  result, 
because  it  is  usually  assumed  that  the  carbon  is 
burnt  directly  to  carbonic  oxide  at  all  stages  of  the 
blow.  Taking  the  nitrogen  in  this  sample  at  87  per 
cent.,  this  corresponds  to  23'05  volumes  of  oxygen. 
10‘71  volumes  carbonic  acid  contoin  5'35  volumes 
carbon  vapour,  which,  referred  to  air  as  unity, 
represent  4-43  parts  by  weight  of  carbon.  The 
carbonic  acid  contains  its  own  volume  of  oxygen. 


which,  deducted  from  23‘05,  leaves  12-34  volumes 
= 13-62  parts  by  weight  of  oxygen,  to  combine  with 
other  elements  than  carbon.  Now,  ordinary  English 
Bessemer  iron  contains  little  else  for  oxidation  than 
carbon,  silicon,  and  iron ; the  manganese  being 
usually  small  in  quantity,  traces  only  of  the  sulphur 
disappearing,  and  the  phosphorus  remaining  un- 
touched. Of  the  three  oxidizable  elements,  it  is 
known  from  analyses  of  the  slag  that  the  iron  is  not 
burnt  to  any  extent  till  towards  the  end  of  the  blow, 
so  that  we  have  only  to  consider  the  carbon  and 
silicon.  The  13-62  parts  of  oxygen  may,  therefore, 
be  assumed  to  be  combining  with  silicon  alone,  so 
that  as  32  parts  of  oxygen  unite  with  28  silicon,  or 
in  the  ratio  of  8 to  7,  we  have  11-91  parts  silicon 
being  oxidised  at  this  stage,  along  with  4-43  parts  of 
carbon ; thus  showing  that,  though  both  elements  are 
being  oxidised,  it  is  the  silicon  which  is  disappearing 
most  quickly.  Now,  this  is  exactly  what  an  analysis 
of  the  metal  proves,  for  a charge  containing,  on 
running  into  the  convertor,  3-57  per  cent  carbon  and 
2-26  per  cent,  silicon,  was  found  by  Barker  in  a few 
minutes  to  have  lost  -53  per  cent,  carbon  and  1-305 
per  cent,  silicon.  As  an  example  of  the  nature  of 
the  gas  evolved  at  a point  between  the  times  when 
this  first  sample  was  taken,  and  that  obtained  two 
minutes  later,  I give  here  analyses  made  by  my 
friend  W.  Thorp,  F.C.S.,  of  the  Rivers’  Commission 
Laboratory,  of  two  consecutive  tubes  of  gas  which  I 
collected,  four  minutes  from  the  commencement  of 
a blow  which,  from  the  convertor  being  new,  or  the 
iron  cold,  lasted  twenty-nine  minutes — 


Carbonic  acid, 

No.  1 tube 
coutaiiied 

No.  2 tube 
coutained 

8-94 
-916 
-078 
90  066 

9-296 

-113 

■014 

90-544 

Carbonic  oxide, 

Hydrogen  and  nitrogen, 

100-000 

100-000 

Sample  2,  taken  four  minutes  from  com 
contained — 

Carbonic  acid, 

mencement, 

8-.57 

3-95 

-88 

36-58 

90-00 

is  gradually 
creasing  in 

contained — 

Carbonic  oxide, 

Hydrogen, 

Nitrogen, 

1 

It  will  be  noticed  that  carbonic  oxide 
increasing,  while  carbonic  acid  is  de 
quantity. 

Sample  3,  taken  six  minutes  from  start. 

Carbonic  acid, 

Carbonic  oxide, 

By  Absorptioo. 

By  Explosion. 

7-89 

4-65 

absent. 

87-55 

8-2 

4-52 

absent. 

200 

85-28 

100  00 

100-00 

Dissecting  these  results,  after  the  manner  of  those 
for  No.  1,  we  find  that  85-28  nitrogen  correspond  to 
22-61  volumes  oxygen.  The  carbon  is  combined  with 
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10‘46  volumes,  leaving  12-15  volumes  (13-42  parts  by- 
weight)  of  oxygen  to  combine  with  other  elements. 
This  will  require  11-74  parts  silicon,  while  the 
carbon  going  off  as  gas  amounts  to  5-27  parts.  Car- 
bon is,  therefore,  now  being  oxidised  more  rapidly 
in  proportion  to  the  silicon  than  was  the  case  when 
No.  1 sample  was  taken. 

Sample  4.  This  was  taken  ten  minutes  from  the 
start,  and  as  soon  as  possible  after  the  boil  had  com- 
menced. The  complete  spectrum  was  now  visible 
and  constant,  and  remained  so  to  the  end  of  the 
blow.  The  gas  contained — 


Carbonic  acid, 3-58 

0.xygen, none. 

Carbonic  oxide, 19’59 

Hydrogen  (not  estimated), 2-00  probably 

Nitrogen, 74-83 


100-00 

The  great  increase  in  the  proportion  of  carbonic 
oxide,  and  corresponding  decrease  of  carbonic  acid, 
will  here  be  noticed.  This  accounts  for  the  increased 
luminosity  of  the  flame  at  this  period,  as  we  have 
now  a large  volume  of  gas  actually  burning  at  the 
mouth  of  the  convertor.  Assuming  all  the  oxygen 
now  being  evolved  in  combination  to  be  derived 
directly  from  the  blast  at  present  passing  through 
the  iron,  we  have  for  the  74-83  volumes  nitrogen, 
19-84  volumes  oxygen  entering  the  convertor;  but  the 
carbonic  acid  contains  3-58  volumes,  and  the  carbonic 
oxide  9-79  volumes;  together  = 13-37  volumes  in 
combination  with  carbon,  leaving  6-47  volumes  for 
other  work.  This  would  oxidise  6-25  parts  silicon, 
and  there  are  9-6  parts  of  carbon  being  burnt,  so  that 
the  conditions  are  now  reversed,  carbon  being  oxi- 
dized at  a more  rapid  rate  than  silicon.  This  is  the 
point  at  which  the  carbon  Hues  become  well  defined, 
and  the  analysis,  we  think,  shows  why  this  is  so. 

No.  5 Sample,  taken  twelve  minutes  from  start, 
gave — 


By  Absorption. 

By  Explosion. 

Carbonic  acid, 

2-47 

2-3 

Hydrocarbons, 

Carbonic  oxide, 

Hydrogen, 

Nitrogen, 

absent. 
29 -.58 

67-95 

29-3 

2-16 

66-24 

100  00 

100-00 

This  sample  of  gas  was  specially  tested  for  hydro- 
carbons, as  being  the  most  likely  period  of  the  blow 
to  detect  them,  if  they  were  formed  to  any  extent. 
But  although  the  gas  was  left  in  contact  with  fuming 
sulphuric  acid  for  twelve  hours,  no  absorption  took 
place.  As  the  results,  by  explosion,  agree  in  showing 
the  absence  of  these  gases,  I think  we  may  fairly 
conclude  that  none  are  formed. 

Sample  No.  6 was  taken  fourteen  minutes  from 
start,  and  four  minutes  from  finish  of  blow.  It  gave — 


Carbonic  acid, 1"34 

Oxygen, absent. 

Carbonic  oxide, 31-11 

Hydrogen  (not  estimated), 2-00  probably 

Nitrogen, 65-56 


100-00 


The  large  percentage  of  carbonic  oxide,  and  almost 
absence  of  carbonic  acid,  is  remarkable.  65-55  parts 
nitrogen  correspond  to  17-37  oxygen.  16-89  volumes 
(=  18-66  parts  by  weight)  are  combined  with  13-45 
parts  of  carbon,  leaving  -53  part  of  oxygen,  which 
would  combine  with  -46  part  silicon  ; so  that  at  this 
point  it  is  practically  carbon  alone  that  is  being 
oxidised,  the  last  traces  of  silicon  disappearing  very 
gradually. 

Looking  through  these  analyses,  we  note  the  broad 
fact  that  carbonic  acid  is  formed  in  the  first  part  of 
the  blow  with  little  or  no  carbonic  oxide,  while 
during  the  latter  part  carbonic  oxide  is  formed  with 
only  traces  of  carbonic  acid.  The  question  “ Why 
is  this  ? ” suggests  itself.  Why  should  the  carbon 
take  up  twice  as  much  oxygen  at  one  time  as  another 
under  apparently  the  same  conditions?  My  own 
impression  is,  that  both  this  chemical  reaction,  and 
also  the  difference  between  this  carbon  spectrum  and 
that  from  carbonic  oxide,  under  ordinary  circum- 
stances, are  functions  of  temperature.  It  is  certain 
that,  at  the  commencement  of  the  blow,  the  tem- 
perature cannot  be  much  above  a yellow  heat,  while 
at  the  end  of  the , blow  it  is  undoubtedly  a good 
white  heat.  Now,  it  appears  to  me  that,  under  the 
conditions  in  the  convertor,  carbonic  oxide  is  the 
most  stable  body  at  a high  temperature,  and  carbonic 
acid  at  a low  one.  This  agrees  with  the  experiments 
of  I.  Lowthian  Bell,  where  he  shows  that  the 
conditions  of  equilibrium  for  these  gases  in  the 
presence  of  metallic  iron  are — 

Fun  red  ^4? I 

Approaching  whiteness,  11  “ “ j ‘^^rhonic  oxide. 

It  also  agrees  with  the  general  observation  that,  if 
the  iron  is  cold  when  it  comes  from  the  melting 
furnace,  the  period  of  the  boil  is  delayed ; while,  if 
the  iron  has  been  kept  in  a reverberatory  melting 
furnace  for  a considerable  time  at  a high  temperature, 
this  period  is  reached  more  quickly.  The  action  of 
the  oxygen  upon  the  silicon  may  have  something  to 
do  with  the  degree  of  oxidation  of  the  carbon,  for  I 
find  that  the  time  when  the  boil  takes  place  depends 
closely  upon  the  quantity  of  silicon  contained  in  the 
iron.  Thus,  with  pig  containing  about  2^  per  cent, 
silicon,  the  boil  takes  place  about  the  middle  of  the 
blow,  while  with  Swedish  iron,  which  contains  about 
only  1 per  cent,  silicon,  this  point  is,  I believe, 
reached  much  sooner. 

It  had  been  suggested  by  N.  Williams  (see  Nature, 
March  16,  1871),  that  the  great  brightness  of  the 
flame  might  be  due  to  hydrocarbons;  but  analysis 
shows  that  this  supposition  is  untenable.  I think 
it  more  likely  that  the  reason  why  we  get  such  a 
bright  flame  from  carbonic  oxide  during  the  blow  is, 
that  it  is  burning  at  the  mouth  of  the  converter  at  a 
much  higher  temperature  than  we  get  when  we  ignite 
a jet  of  the  cold  gas,  tor  it  is  evident  that  the  car- 
bonic oxide  formed  in  the  metal  bath  must  have 
even  a higher  temperature  than  the  metal  itself,  and 
this  is  superadded  to  the  temperature  developed  by 
the  carbonic  oxide  burning  in  air.  This  is  in  accord- 
ance with  the  explanation  given  by  H.  St.  Claire 
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Deville  and  Kirchoff,  of  the  increase  of  luminosity 
of  flames  when  burnt  under  great  pressure;  viz.,  that 
the  temperature  of  the  flame  is  thereby  increased. 

Alterations  of  temperature  produce  changes  in 
spectra,  and  I think  it  will  be  found  that  this 
Bessemer  spectrum,  or  at  least  that  part  of  it  which 
is  due  to  carbon,  is  simply  the  spectrum  of  carbonic 
oxide  of  the  particular  temperature  at  which  it  is 
burning  at  the  mouth  of  the  vessel. 


Spectrum  Observations  Show 

1st  stage,  0'  to  4'  Faint  continuous  spec- 
trum. No  actual  flame. 


4' to  8'  Sodium,  potassium,  and 
lithium  lines  appear. 
Towards  the  close, 
occasional  flashes  of 
carbon  lines, 


2nd  stage,  8'  to  W Dense  flame,  bright  car- 
bon lines  in  red,  blue, 
and  green  flelds, .... 


“ 10'  to  14'  Bright  green  carbon 

lines,  more  distinct, 


Analysis  of  the  Gas  Shows 

} Carbonic  acid 
evolved,  but  little 
or  no  carbonic 
oxide. 

Carbonic  acid 
still  given  off,  with 
but  little  carbonic 
I oxide.  The  tem- 
I perature  certainly 
rising,  and  causing 
the  volatilization 
J of  alkaline  metals. 
"I  Carbonic  oxide 
I evolved  in  quan- 
I tity,  and  burning 
■ at  a high  tem- 
perature at  the 
month  of  the  con- 
J vertor. 

1 Carbonic  oxide 
ymiich  increased  in 
) quantity. 


u 


14' to  end.  Carbon  lines  bright  1 
till  close,  when  they  !■ 
suddenly  disappear, 


Carbonic  oxide 
still  being  evolved 
up  to  end  of  re- 
action. 


It  may  be  interesting  to  compare  the  composition 
of  the  gas,  during  the  latter  part  of  the  blow,  with 
other  available  gases  met  with  in  iron-works.  I have 
selected  as  blast  furnace  gases  a sample  of  gas  from 
a Cleveland  furnace,  by  I.  L.  Bell,  and  one  from  a 
Bessemer  furnace,  by  William  Crossley,  and  have 
added  two  samples  of  gas  from  Siemens’  producer, 
at  Dowlais,  which  I have  had  occasion  to  analyze — 


TABLE  vii. 


Carbonic  acid, . 
Carbonic  oxide. 
Hydrocarbons,. 
Marsh  gas, .... 
Hydrogen, .... 
Nitrogen,  &c., . 


Siemens’ 
Producer  Oas. 

Bessemer 
Convertor 
mean  com- 
position o( 
gH.s  during 
last  half  of 
blow. 

Cleveland 

Blast 

Furnace 

Gaa. 

Askaia 
Furnace  on 
fiesseiiier 
Wg. 

No.  1. 

No.  2. 

4-3 

5-2 

1-34 

17-30 

8-36 

25-6 

24-4 

31-11 

25-2 

34-97 

•--8 

traces. 







1-6 

2-4 

— 

— 



— 

8-6 

2-00 

•1 

2-16 

65-7 

59-4 

65-55 

57-4 

.54-51 

100-0 

loo-o 

100-00 

100-0 

100-00 

It  will  be  seen  from  these  analyses  that  the  gas 
from  the  Bessemer  convertor,  during  the  last  half 
of  the  blow,  is  really  of  as  much  value  as  any  gas 
made  purposely,  or  incidentally,  at  an  iron-works. 
This  is  a most  important  fact;  and  if  we  consider 
the  amount  of  fuel  thus  going  to  waste,  the  question 
naturally  suggests  itself  whether  it  cannot  be  made 
available. 

If  we  assume  that,  during  the  latter  half  of  the 
blow,  two-thirds  of  the  total  carbon  in  the  pig  is 
burnt,  and  take  the  melted  iron  to  contain  3^  per 


cent,  of  carbon,  we  find  that  a Bessemer  works, 
using  only  1000  tons  of  such  pig  per  week,  is  wasting 
a quantity  of  fuel  equal  to  23^  tons  pure  carbon,  or 
say  25  tons  coke. 

Now,  I would  suggest  that  it  is  possible  by  simple 
arrangement  to  collect  the  gas  and  pass  it  under 
boilers,  where  it  would  save  its  equivalent  of  coal. 
The  large  body  of  flame  is  not  wanted  for  any 
purpose.  True,  the  workman  now  dejjends  upon 
its  indications  to  afford  him  the  means  of  judging 
when  the  blow  is  completed ; but  the  spectroscope 
would  do  this,  with  greater  accuracy,  with  a fraction 
of  the  gas  which  now  roars  from  the  convertor. 

The  nature  of  the  gases  evolved  during  the  blow 
will,  of  course,  vary  with  the  quality  of  the  iron 
used ; but  as  it  is  not  possible  to  use  iron  with  much 
less  than  3 per  cent,  carbon,  the  quantity  of  carbonic 
oxide  evolved  cannot  be  much  less  than  that  found 
in  the  foregoing  analysis ; and  I believe  that  what- 
ever may  be  the  nature  of  the  iron,  the  general 
results  would  be  the  same. 

Comparison  of  amounts  of  silicon  and  carbon 
oxidised — 


TABLE  VIII. 


No.  1. 


Silicon, 

72-91  ■) 

- 100-00 

Carbon, 

27-09/ 

Silicon, 

- 100-00 

Carbon, 

Silicon, 

69 -on 

- 100-00 

Carbon,  

Silicon, 

- 100-00 

Carbon, 

60-42/ 

Silicon, 

Carbon, 

4-24  1 

■ 100-00 

Silicon, 

Carbon, 

3-341 

- 100-00 

Comparison  of  amounts  of  carbon  oxidised  to  CO 


and  CO2 — 


TABLE  IX. 


No.  1.  - 

r c to  CO 



(C  to  COj, 

“ 2.  ■ 

/ C to  CO, 

31-62 

( C to  CO2, 

68-48 

“ 3.  ■ 

( C to  CO, 

( C to  C0.2, 

64-46 

“ 4.  ■ 

/ C to  CO 

84-54 

(C  to  CO2, 

15-46 

“ 5.  - 

) C to  CO, 

( C to  C0.2, 

7-28 

( C to  CO, 

95-87 

( C to  CO2, 

4-13 

100-00 

100-00 

100-00 

100-00 

100-00 

100-00 


. • . 0 to  CO.J  = 2S9-81 
C to  CO  = 340-19 


600-00 


That  is,  Jgths  of  the  total  cvibon  is  oxidised  to  COj,  and 
^ihs  to  CO. 

These  results  have  since  been  corroborated  by  M. 
Adolf  Tamm,  in  the  Jem  Kontorels  AnnukrioT  1875, 
on  “The  Chemical  Composition  of  the  Gases  emitted 
from  the  Bessemer  Convertor  during  the  Blow.” 
The  experiments  were  made  at  the  Westanfors 
Bessemer  Works,  Sweden,  the  iron  used  being 
charcoal  pig  made  at  the  same  works,  the  analysis  of 
which,  and  of  the  steel  produced  during  the  A series, 
were  given  as  follows  (Table  XL). 
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TABLE  X. 

TABULAR  STATEMENT,  SHOWING  COMPOSITION  OP  OASES  AND  SPECTROSCOPIC  OBSERVATIONS  DURING  THE  BLOW. 


Carbonic  acid, 

Oxygen, 

Carbonic  oxide, 

Hydrogen, 

Nitrogen, 

Hydrocarbons, 

No.  1. 

2 minutes 
from  start. 

No.  2. 

4 minutes. 

No.  3. 

6 minutes. 

No.  4. 

10  minutes. 

No.  6. 

12  minutes. 

No.  6. 

14  minutes. 

10-71 

•92 

none. 

88-37 

8-57 

3-95 

•88 

86-58 

8-2 

absent. 

4-52 

2-00 

85-28 

3-58 

none. 

19-59 
2-00  prob. 
74-83 

2-3 

none. 

29-3 

2-16 

66-24 

absent. 

1- 34 
none. 
31-11 

2- 0  prob. 
65-55 

100-00 

100-00 

100-00 

lOO-CO 

100-00 

100-00 

r 

Observations  with  spec- 
troscope and  naked 
eye 

Faint  continu- 
ous spectrum. 
No  actual  flame. 
Abundance  of 
sparks  thrown 
out. 

Sodium  line 
just  appearing, 
but  in  flashes. 
Abundance  of 
sparks. 

Sodium, 
potassium,  and 
lithium  lines. 
Quantity  of 
sparks 
decreasing. 

Full  spectrum, 
including  the 
carbon  lines. 
Flame  dense  and 
bright.  Very  few 
sparks. 

Full  spectrum. 
Dense  flame. 
Still  fewer 
sparks. 

Full  spectrum. 
Dense  flame. 
Scarcely  any 
sparks. 

TABLE  XI. 


Series. 

Minutes 
from  com- 
mencement 
of  blow. 

Oxygen. 

Carbonic 

Acid. 

Carbonic 

Oxide. 

Hydrogen 

Nitrogen. 

A, 

3 to  5 

4-762 

9-127 

_ 



86-111 

A, 

9 to  10 

1-699 

5-999 

17-555 

•908 

73-840 

A, 

21  to  23 

•967 

4-856 

19-322 

1-120 

73-735 

A, 

26  to  27 

•550 

1-8.53 

14-311 

1-699 

81-587 

B, 

2 to  3 

7-256 

6-608 

— 

— 

86-136 

B 

8 to  10 

1-296 

5-613 

15-579 

1-112 

76-400 

B 

12  to  15 

•980 

4-144 

25-580 

1-040 

68-256 

B, 

17  to  19 

1-318 

2-995 

25-606 

1-120 

68-961 

Solid  Material  Ejected  from  the  Convertor. — In  the 
early  stages  of  the  blow  large  quantities  of  sparks 
are  emitted  with  the  gases.  The  bulk  of  these  come 
out  as  bright  white  specks,  but  quite  a large  number 
scintillate  beautifully  on  leaving  the  vessel.  These 
latter  are  due  to  particles  of  metal  which  are  caught 
up  as  spray  by  the  blast,  but  only  burn  when  they 
reach  the  atmosphere  outside.  The  remainder  of 
the  sparks  are  minute  globules,  which  on  analysis 
gave  52*82  per  cent,  iron,  and  27'90  silica.  They 
are  very  remarkable  on  close  examination,  consist- 
ing largely  of  spherical  boom-shaped  particles,  or 
hollow  spheres,  with  a small  opening  in  each. 

When  manganiferous  iron  is  being  blown  volumes 
of  white  smoke  accompany  the  flame  from  an  early 
stage,  but  with  English  pig  iron  this  only  makes  its 
appearance  towards  the  end  of  the  blow.  It  consists 
of  the  oxide  of  manganese,  which  is  carried  out  of 
the  vessel  with  the  blast.  As  soon  as  the  carbon, 
silicon,  and  manganese  have  been  all  burnt  out  the 
iron  begins  to  burn,  and  the  colour  of  the  smoke 
changes  from  a white  or  grey  to  ruddy-brown.  This 
change  is  one  of  the  best  indications  the  blower  can 
have  when  treating  very  siliceous  pig  iron.  If  iron 
of  low  grade  be  used,  an  extremely  rapid  evolution 


of  gas  takes  place  at  a particular  portion  of  the 
process,  and  large  quantities  of  metal  and  slag  are 
thrown  out  of  the  vessel.  A similar  eruption  takes 
place  even  with  iron  of  fair  grade  if  it  is  allowed  to 
get  too  cold  before  the  blow  is  commenced;  but  with 
rich  graphitic  pig,  highly  siliceous  iron,  or  metal 
containing  from  2 to  4 per  cent,  manganese,  the 
process  goes  on  evenly  and  with  little  or  no  ejection 
of  slag. 

Spectrum  of  the  Bessemer  Flame. — The  flame  pro- 
duced by  the  Bessemer  process  is  so  intense,  that 
very  early  attempts  were  made  to  utilize  the  spectro- 
scope in  directing  the  operations.  There  is,  how- 
ever, so  little  difficulty  in  blowing  English  pig  iron 
by  the  unaided  eyesight,  that  the  use  of  the  spectro- 
scope has  not  been  followed  up  as  it  ought  to  have 
been.  With  the  highly  manganiferous  pig  iron  often 
used  on  the  Continent,  there  is  difficulty  in  applying 
the  spectroscope ; but  in  special  cases,  and  particu- 
larly when  it  is  in  constant  use,  it  affords  valuable 
indications  of  what  changes  are  taking  place.  The 
general  indications  of  the  spectroscope  have  been 
mentioned  above ; but  subsequently  to  writing  the 
paper,  Snelus  discovered  that  there  exists  some  rela- 
tion between  the  time  of  the  first  appearance  of  cer- 
tain bright  lines  and  the  ultimate  length  of  the  blow. 
Thus,  the  two  bright  lines  in  the  red  portion  of  the 
spectrum  marked  c and  f appear  to  come  into  full  view 
when  the  mid  point  of  the  blow  has  been  reached, 
if  iron  containing  little  manganese  and  about  2 per 
cent,  silicon  is  used.  These  lines  are  believed  to  be 
due  to  carbon.  Most  of  the  lines  in  the  green  por- 
tion are  due  either  to  carbon  or  manganese,  but  the 
subject  has  not  been  studied  sufficiently  to  account 
for  all  the  lines.  The  spectrum  is  very  brilliant 
and  characteristic.  The  ’ principal  lines  produced 
by  English  hematite  are  shown  in  the  following 
diagram : — 


Fig.  19. 
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These  appeared  in  the  following  order  in  a “blow  ” 
lasting  eighteen  and  a half  minutes : — 5'57,  turned 
on  blast ; 6T,  Na ; 6'4,  Li ; 6'5,  k ; K ; 6’6, 

c and/;  6‘6^,  t\  6-7,  K;  6T4f,  lines  towards  blue 
end  gone;  6T5J,  all  lines  gone  except  Na,  Li,  and  k. 

If  the  gas  from  the  convertor  be  collected  and 
burnt  at  a jet,  we  get  the  ordinary  spectrum  of  car- 
bonic oxide. 

Generation  of  Heat  by  the  Bessemer  Process. — This 
subject  has  been  investigated  by  Akerman,  Jordan, 
Kupelwuser,  and  others.  But  in  making  the  cal- 
culations it  has  been  generally  assumed  that  the 
carbon  is  entirely  converted  into  carbonic  oxide, 
whereas  it  will  be  seen,  from  the  foregoing  analyses, 
that  ^ of  the  total  carbon  is  converted  into  car- 
bonic acid,  and  only  into  carbonic  oxide.  This 

introduces  a considerable  error  into  previous  esti- 
mates. There  are  also  some  factors  that  are  neces- 
sary to  an  accurate  result,  which  must  be  assumed 
for  the  present.  Therefore,  the  following  figures 
can  only  be  approximate. 

We  will  take  the  case  of  a Bessemer  pig  iron 
containing  2 per  cent,  silicon  and  3’5  per  cent,  carbon, 
which  is  about  the  average  composition  of  the  molten 
iron  run  into  an  English  convertor.  A considerable 
portion  of  the  iron  itself  is  oxidised  during  the  blow, 
possibly  less  than  Akerman  assumes ; but  for  con- 
venience we  will  accept  his  estimate  of  6 per  cent. 
There  is  a good  deal  of  doubt  about  the  calorific 
power  of  the  iron  so  burnt;  and  as  to  the  exact 
specific  heats  of  some  substances  under  consideration, 
probably  the  following  figures  will  be  sufficiently 
accurate : — 

Calorific  power  of  C burnt  to  COj  = 8080 
“ C “ CO  = 2403 

“ Si  “ SiO.^=  7830 

“ Fe  “ FeU=120l 

Specific  heats  of  CO, — '21 

CO. --24 

“ N — -24 

“ 0 — -21 

Molten  iron = *16 

We  will  also  assume  with  Akerman  that  the 
temperature  of  the  molten  pig  iron  is  1400°  C.,  and 
that  the  gaseous  products  leaving  the  convertor  go 
off  at  1400°  C.  (This  latter  figure  must  be  below 
the  actual). 

Taking  cwt^.  as  the  unit,  100  cwts.  of  iron  con- 
tain 3*5  cwts.  of  carbon ; of  this,  or  1-61  cwt., 

are  burnt  to  CO2,  and  or  1-98  cwt.,  to  CO. 

. • . Carbon  burnt  to  COj,  produces  8080  X 1'51 
= 12,200  units  of  heat;  but  I'ol  cwt.  C requires 

1 51  X 16^  c^ts.  oxygen,  and  forms  151  + 

4-02  = 5‘53  CO2.  As  the  oxygen  is  obtained  from 

, . , 4-02  X 77  , „ , . , 

the  atmosphere,  there  will  be  — — = 13’4o  cwts. 

^0 

nitrogen  mixed  with  it.  Now  both  the  CO2  and  N 
leave  the  convertor  in  a gaseous  state,  and  therefore 
they  carry  with  them  (5'53  X ’21  X 1400)  + (13'45 
X '24  X 1400)  = 6145  units  of  heat,  leaving  12,260 
— 6155  = 6055  units  to  increase  the  temperature 
of  the  bath.  Similarly  the  carbon  burnt  to  CO  pro- 
duces the  following  results: — 2403  X 1'98  = 4767 

VOL.  II. 

1*98  X 8 

units  produced ; but  1‘98  C.  requires  — 

6 

2-64  cwts.  0,  and  forms  4'62  COg.  With  the  0 
2'64  X 77 

there  will  be — = 8'83  N,  and  the  CO  and 

^0 

N will  carry  away  (4'62  X '24  X 1400)  + (8  83  X 
•24  X 1400)  = 4419  units,  leaving  4757  — 4519  = 
238  to  add  to  the  heat  of  the  bath. 

Again,  2 cwts.  silicon  burnt  to  Si02  produces  2 
X 7830  = 15,660  units.  Silica  being  a solid  body, 
mostly  remains  in  the  vessel  as  slag.  As  it  is  im- 
possible to  ascertain  with  accuracy  the  difference 
between  the  specific  heats  of  the  silicon  and  silica, 
and  of  the  iron  and  oxide  of  iron,  it  will  probably 
be  sufficient  in  each  case  to  deduct  the  heat  required 
to  raise  the  oxygen  consumed  from  0°  to  the  tem- 
perature of  the  bath. 

2 X 16 

Two  parts  silicon  require  — — — = 2‘28  oxygen, 

2*28  X 77 

and  with  this  will  be  associated  = 7 63 

23 

nitrogen ; (2-28  X -21  X 1400)  + (7-62  X -24  X 
1400)  = 3230  units  have  to  be  deducted  from  15,660, 
leaving  12,430  for  heating  the  bath. 

Six  cwts.  Fe  burnt  to  FeO,  produce  6 X 1201  = 
6X8 

7206  units,  and  require = 1-71  oxygen,  with 

28 

which  then  will  be  — 5-72  N.  (1*71  X ‘21 

X 1400)  + (5-72  X -24  X 1400)  = 2424.  Therefore, 
from  the  iron  burnt,  there  will  be  7206  — 2424  = 
4782  units  for  heating  the  bath. 

Summing  these  results,  we  have  for  adding  to  the 
heat  of  the  bath  : — 

From  C converted  to  CO.^, 6055 

“ C “ CO 238 

“ Si  “ Si02, 12,430 

“ Fe  “ FeO, 4782 

23,.505 

If  there  were  no  loss  of  heat  by  radiation  and 
absorption  by  the  sides  of  the  convertor,  the  tem- 
perature of  the  bath  would  be  (without  taking  into 

23  505 

account  the  loss  in  weight  of  the  metal)  ’ 

^ 100  X -16 

= 1469°  C.  higher  than  at  the  commencement;  so 
that  the  final  temperature  would  be  1400  -f-  1469  = 
2869°  C.  A considerable  reduction  must  be  made 
for  the  heat  taken  up  by  the  lining  of  the  vessel 
and  for  loss  by  radiation,  but  at  present  no  exact 
figures  for  these  can  be  given.  It  is  probable  that 
not  more  than  three-fourths  of  the  heat  developed 
is  really  taken  up  by  the  metal,  and  thus  the  final 
temperature  would  be  about  2000°  C.  This  is 
the  figure  given  by  Akerman;  but  the  amount 
of  silicon  has  been  taken  at  2 per  cent,  instead 
of  1 per  cent,  which  he  assumes  for  Swedish  iron, 
while  the  heat  developed  by  the  combustion  of 
carbon  is  really  greater  than  he  makes  it  It  will  be 
seen,  however,  that  more  than  half  the  heat  developed 
is  due  to  the  silicon.  This  agrees  with  practical 
experience.  It  will  also  be  evident,  that  since  the 
110 
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bulk  of  the  silicon  is  oxidised  early  in  the  blow, 
during  which  period  also  tlie  carbon  is  burning  to 
COg,  the  rise  in  temperature  must  be  proportionately 
greater  during  this  period  tlian  during  the  latter 
half.  This  also  accords  with  spectroscopic  observa- 
tions ; for  the  clianges  in  the  flame  are  remarkably 
rapid  till  towards  the  middle  of  the  blow,  after  which 
the  heat  does  not  appear  to  increase  greatly.  If  the 
blast  be  continued  after  the  whole  of  the  carbon, 
silicon,  and  manganese  have  been  burnt  out,  the 
iron  is  burnt  very  rapidly,  and  peroxide  of  iron  is 
formed,  which  is  carried  out  of  the  vessel  in  dense 
volumes  of  brown  smoke.  This  carries  off  so  much 
heat  tliat,  instead  of  the  temperature  of  the  remain- 
ing metal  rising,  it  is  rapidly  decreased,  and  over- 
blown met;d  is  rarely  fluid  enough 
to  allow  of  its  being  cast  without 
skulling  in  the  ladle.  On  the  addi- 
tion of  spiegeleisen  to  such  over- 
blown metal,  the  combustion  of  its 
carbon,  manganese,  and  silicon,  by 
the  dissolved  oxide  of  iron,  takes 
place  with  explosive  violence. 

AVe  have  no  means  of  measuring 
the  final  temperature  of  the  metal 
with  accuracy,  but  we  know  that  it 
is  above  the  melting  point  of  plati- 
num, which  Deville  places  at  about 
1900°  C.  A stream  of  the  molten 
steel  will  rapidly  fuse  wrought  iron, 
and  when  the  pig  contains  2 per 
cent,  or  more  silicon,  the  steel  will 
remain  fluid  in  the  ladle  for  a con- 
siderable time;  thus  showing  that 
the  final  temperature  is  much  above 
the  melting  point  of  steel.  In  the 
foregoing  remarks  no  mention  was 
made  of  manganese,  English  pig 
iron  rarely  containing  any  quantity. 

But  on  the  Continent  iron  contain- 
ing up  to  4 per  cent,  manganese  is 
constantly  used ; and  from  the  flu- 
idity of  the  steel  produced,  it  appears 
that  the  combustion  of  this  man- 
ganese adds  considerably  to  the  heat 
of  the  bath.  But  as  the  calorific 
power  of  manganese  is  not  known,  it 
is  needless  to  consider  the  subject 
further. 

Open-hearth  Process  of  Steel-making. — Heath 
patented  the  manufacture  of  steel  by  melting  scrap 
iron  or  its  equivalent  in  a bath  of  pig  iron  in  a 
reverberatory  furnace  heated  by  gas,  so  long  ago  as 
1845;  but  no  really  successful  results  were  attained, 
owing  to  the  impossibility  of  producing  a sufficiently 
high  and  equable  temperature,  until  Dr.  Siemens 
perfected  his  regenerative  gas  furnace.  The  applica- 
bility of  this  furnace  for  steel-melting  was  patent  to 
all ; and  Messrs.  Siemens  refer  to  this  use  of  their 
system  in  their  patent  of  1861.  In  England,  how- 
ever, Attwood  was  the  first  to  practically  use  the 
furnace  for  steel-making,  while  W.  M.  Martin  in 
France  carried  success  to  a higher  point,  by  using  a 


mixture  of  pig  iron,  iron  scrap,  and  iron  ore.  In 
1867  Siemens  took  up  the  question  himself,  and 
erected  an  experimental  furnace  at  Birmingham. 
He  patented  his  plan  of  steel-making,  and  in  a short 
time  succeeded  in  placing  the  manufacture  on  a 
permanent  footing.  Shortly  after  the  Landore  Siemens 
Steel  Company  was  started,  and  four  5-ton  furnaces 
were  erected  for  carrying  on  the  process  on  a com- 
mercial scale.  The  absolute  necessity  of  the  Siemens 
regenerative  principle  to  any  open  hearth  system  of 

Fig.  20. 


Fig.  21. 


steel-making,  has  led  to  the  general  application  of 
the  terms  “ Siemens  ” or  “ Siemens-Martin  ’’  steel  to 
all  steel  made  by  open-hearth  processes. 

In  1876  Pernot  introduced  a modification  of  the 
Siemens  furnace,  in  which  the  bed  of  the  furnace  is 
made  circular,  and  so  arranged  that  it  can  be  rotated 
on  an  axis  which  is  inclined  5°  or  6°  from  the 
vertical.  Thus,  the  bed  dips  to  one  side,  and  while 
the  fluid  metal  lies  on  this  side  any  solid  portions 
are  carried  round,  exposed  to  the  full  heat  of  the 
flame,  and  then  dipped  at  each  revolution  into  the 
bath.  By  this  means  more  rapid  oxidation  takes 
place  than  with  the  fixed  furnace. 

The  general  arrangements  of  the  Siemens  steel- 
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melting  furnace  are  described  under  the  article 
Fuel.  In  the  drawings  of  the  Pernot  furnace  (Figs. 
20,  21)  a,  b is  the  furnace  bed,  which  is  fixed  ou  an 
inclined  pivot,  and  revolves  on  rollers  by  means  of 
genring — it  can  be  drawn  out  from  under  the  roof 
for  repairs ; c,  d are  the  gas  and  air  ports ; c,  e is  j 
the  bath  of  metal.  At  St.  diamond  there  are  now 
one  10-ton,  one  15-ton,  one  20-ton  Pernot  furnaces 
at  work,  and  three  more  20-ton  furnaces  are  being 
erected. 

'I’he  gas  is  made  in  producers,  which  are  thoroughly 
described  in  the  article  on  Fuel.  It  consists  mainly 
of  carbonic  oxide  and  nitrogen,  as  will  be  seen  from 
the  following  analyses. 


No.  1. 

No.  2. 

Carbonic  acid, 

4-3 

....  5-2 

Carbonic  oxide, 

....  24-4 

Hydrocarbons, 

2-8 

....  traces. 

Marsh  gas, 

Hydrogen, 

1-6 

....  2-4 

....  8-6 

Nitrogen, 

1000 

....  59-4 

too  0 

Sample  Xo.  1 was  made  with  the  ordinary  pro- 
ducer, with  natural  draught;  No.  2,  with  a closed 
ash-pit  and  artificial  blast  induced  by  a jet  of  steam. 
Hence  the  rather  large  quantity  of  hydrogen.  This 
gas  is  conveyed  in  wrought-iron  tubes  or  in  under- 
ground culverts  to  the  furnace,  the  producers  usually 
being  at  some  distance  off.  In  the  modifications 
of  gas  furnaces  known  as  the  Bischeroux  and 
Ponsardj  the  producers  are  placed  close  to  the 
furnace.  This  saves  coal,  but  is  not  so  convenient 
as  SiE.MENS’  plans. 

The  melting  furnace  is  a rectangular  structure, 
cased  with  wrought  or  cast  plates,  and  firmly  braced 
together  by  a system  of  girders,  which  require  to  be 
very  carefully  tied  above  and  below  the  furnace;  old 
bridge  rails  are  often  used  for  the  girders,  but  at 
Creuzot  regular  bridge  girders  are  employed,  as 
they  have  to  resist  a great  strain  to  prevent  the 
expansion  of  the  roof  from  pushing  out  the  sides  of 
the  furnace.  The  side  walls  of  the  furnace  are  built 
of  the  best  firebricks;  those  made  at  Glenboig  in 
Scotland  being  particularly  suited  to  this  portion  of 
the  work  and  for  the  regenerators,  on  account  of 
their  being  hard,  strong,  and  withsbinding  great 
heat  without  changing  form.  The  roof  of  the  fur- 
nace is  built  with  silica  or  ganister  bricks,  as  no 
others  will  stand  the  intense  heat  of  this  part  of  the 
structure.  The  bed  of  the  furnace  is  supported,  so 
as  to  leave  a clear  space  underneath  it  and  around 
the  gas  ports,  in  order  that  these  parts  may  be  cooled 
down  by  a free  circulation  of  air.  The  hearth  is 
thickly  lined  with  pure  quartzose  sand,  which  is  soon 
consolidated  by  the  intense  heat.  It  is  shaped  into 
a shallow  dish-like  form  to  hold  the  metal,  which  is 
topped  out  through  a hole  in  the  middle  of  the  side 
plates.  The  top-hole  is  stopped  with  a little  coke 
dust,  and  then  sand  and  coke  dust  outside.  This 
is  easily  removed  when  the  metal  is  to  be  topped ; 
while  if  sand  alone  be  used,  it  becomes  hardened  to 
such  an  extent,  that  there  is  often  great  difficulty 
in  opening  the  top-hole.  Below  the  furnace  proper. 


and  sunk  in  the  ground,  are  four  regenerators. 
These  consist  of  brick  chambers,  which  are  loosely 
filled  with  firebricks,  and  communicate  by  passages 
above  with  the  furnace,  and  below  with  the  gas  and 
chimney  flues,  by  means  of  reversing  valves,  so  that 
two  of  the  chambers  can  be  alternately  connected, 
either  with  the  gas  flue  or  chimney  flue,  and  two 
with  the  external  atmosphere  and  with  the  chimney 
flue.  The  passages  above  open  into  the  furnace  by 
“gas”  and  “air  ports,”  which  are  narrow  passages 
about  5 inches  wide.  The  air  ports  are  made  to 
open  into  the  furnace  above  the  gas  ports,  for  the 
purpose  of  getting  a thorough  mixture  of  gas  and 
air.  The  roof  of  the  furnace  dips  from  each  end 
towards  the  centre,  at  an  angle  of  about  30°  with 
the  horizontal,  so  as  to  deflect  the  flame  on  to  the 
metal.  After  combustion  in  the  furnace,  the  pro- 
ducts are  drawn  down  by  the  chimney  through  a 
pair  of  the  regenerators,  and  in  passing  over  the 
large  surface  of  brickwork  the  greater  part  of  the 
heat  is  abstracted,  to  be  restored  to  the  incoming 
gas  and  air,  which  are  made  to  pass  through  these 
chambers,  and  out  by  the  remaining  pair  when  the 
current  is  reversed  by  altering  the  valves.  This  is 
done  about  every  half  hour. 

The  subsidiary  apparatus  for  steel-making  by  this 
process  is  in  many  respects  similar  to  that  described 
for  the  Bessemer  process ; but  in  most  of  the  steel 
works  arranged  by  Siemens  the  furnaces  are  placed 
in  a line,  and  the  casting  pit  runs  in  front  of  them, 
sometimes,  as  at  Landore  and  Panteg,  between  two 
sets,  and  is  served  by  an  overhead  travelling  crane 
for  the  removal  of  moulds,  ingots,  &c.  At  Dowlais, 
and  at  Messrs.  Spencer’s  on  the  Tyne,  hydraulic 
casting  and  ingot  cranes  are  used.  At  Terre  Noire 
a circular  casting-table,  moved  from  below  by  rack 
and  pinion,  brings  each  mould  alternately  opposite 
the  tap  hole,  thus  avoiding  the  use  of  an  intermediate 
ladle.  At  Creuzot  and  at  Bolton  somewhat  similar 
plans  have  been  employed ; but  on  the  whole  the 
hydraulic  arrangements  of  Bessemer,  though  most 
costly,  are  best  suited  for  this  work. 

Methods  of  Conducting  the  Process. — There  are  two 
distinct  plans  of  working — the  first  may  be  called 
the  “ scrap  ” process,  the  second  the  “ ore  ” process. 
In  either  case  a bath  of  pig  iron  is  the  starting 
point.  In  the  scrap  process  this  may  be  very  small, 
say  from  6 to  10  cwts.  for  a 5-ton  charge.  The  pig 
iron  is  usually  melted  in  the  furnace  itself,  as  is  also 
the  other  material  employed;  but  at  Terre  Noire, 
and  most  continental  works,  a small  “ dandy  ” fur- 
nace is  placed  by  the  side  of  the  larger  furnace  for 
the  preliminary  heating  of  the  material.  This  is  a 
very  useful  adjunct,  and  facilitates  the  process 
materially,  while  at  the  same  time  it  saves  wear  and 
tear  of  the  large  furnace.  Having  got  the  bath  of 
pig  iron,  small  charges  of  scrap  of  all  kinds  are  placed 
on  the  sloping  bank,  and  as  they  get  heated  are 
pushed  down  into  the  metal  bath ; fresh  charges 
being  added  as  fast  as  dissolved.  In  this  way,  after 
the  lapse  of  eight  to  ten  hours,  a bath  of  5 to  10 
tons  of  metal  is  obtained,  which  is  practically  pure 
iron,  if  iron  free  from  sulphur  and  phosphorus  has 
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been  used,  since  all  the  carbon,  silicon,  ,.iid  man- 
ganese are  rapidly  burnt  out  of  the  pig  iron.  As  in 
the  Bessemer  process,  however,  the  metal  at  this 
stage  will  not  work,  being  highly  red  short.  In 
order  to  produce  a malleable  product  ferro-man- 
ganese  is  added  if  very  soft  steel  be  required ; 
spiegeleisen,  if  such  as  rail  or  tool  steel  is  wanted ; 
and  a mixture  of  ferro-manganese  and  siliceous  pig 
iron  (or  a special  alloy  containing  silicon  and  man- 
ganese, which  may  be  termed  mangan-siliconeisen), 
when  steel  castings  are  to  be  made.  With  6-ton 
charges  from  70  to  100  tons  of  ingots  per  week  can 
be  made  from  one  furnace. 

In  the  “ ore  ” process  the  charge  is  nearly  all  made  of 
pig  iron.  About  5 tons  of  No.  3 hematite  are  melted 
down,  and  about  1 ton  of  iron  ore,  free  from  phos- 
phorus and  sulphur,  broken  to  the  size  of  hen  eggs, 
is  added  to  the  charge  in  small  quantities  at  a time, 
keeping  up  a regular  boil,  until  all  the  carbon,  silicon, 
and  manganese  have  been  removed  by  the  reaction 
between  the  oxygen  of  the  ore  and  these  constituents 
of  the  pig  iron.  As  in  the  previous  case,  small 
samples  are  taken  from  the  bath  from  time  to  time 
and  tested  by  the  hammer  and  an  examination  of 
the  fracture,  until  the  metal  is  found  to  be  malleable, 
and  the  fracture  shows  a lead-like  crystallization. 
The  Spiegel  or  ferro-manganese  is  then  added,  and 
the  metal  tapped  out  rapidly  to  prevent  waste  of 
these  latter  substances.  From  20  to  25  cwts.  of  ore 
are  required  for  a 5-ton  charge,  and,  according  to 
Hackney,  “ of  the  metal  contained  in  the  ore  about 
one-half  passes  into  the  steel,  so  that,  as  the  carbon 
and  silicon  in  the  pig  amounts  to  about  8 per  cent., 
the  yield  of  ingots  and  scrap  is  generally  1 to  2 per 
cent,  more  than  the  weight  of  pig  iron  and  spiegel- 
eisen put  in.  The  consumption  of  coal  is  slightly 
larger  than  in  the  scrap  process,  as  there  is  more 
slag  on  the  surface  of  the  metal,  and  hence  the  flame 
must  be  maintained  at  a higher  heat.  The  wear  of 
the  furnace  roofs  is  also  somewhat  greater  than  in 
working  scrap,  and  for  the  same  reason,  the  more 
intense  heat  of  the  flame;  and  in  addition  to  this, 
the  splashing  of  the  slag  in  the  ore  process  helps  to 
wear  away  the  roof.  A careless  furnaceman,  with 
plenty  of  heating  power  at  command,  may  bring  the 
furnace  roof  down  in  a day ; but  in  practice  and 
with  reasonable  care,  a roof  of  good  bricks  will  last, 
even  in  working  pig  iron,  from  one  hundred  to  two 
hundred  charges.  The  two  methods  of  working 
above  described  are  often  combined ; that  is,  if  there 
is  a liniited  quantity  of  scrap  to  be  worked,  it  is 
divided  among  the  furnaces,  and  the  charges  are 
finished  by  adding  ore.” 

Speaking  of  the  Pernot  furnace  Hackney  says: — 
“The  working  of  the  Pernot  furnace  at  Saint  Chamond 
and  Allevard  differs  in  many  points  from  that  of  the 
fixed  furnace.  In  melting  together  pig  iron  and 
scrap,  the  former,  previously  heated  to  redness  in 
an  auxiliary  furnace,  is  spread  uniformly  over  the 
bottom,  and  upon  this  the  whole  quantity  of  steel 
rail  ends,  or  other  scrap  employed,  is  charged  at 
once,  and  the  furnace  is  left  to  itself.  As  tlie  bed 
keeps  constantly  moving  round,  each  piece  of  scrap 


is  alternately  exposed  to  the  full  heat  of  the  flame, 
and  dipped  into  the  bath  of  melted  metal  that  soon 
begins  to  form.  The  fusion  is  thus  very  rapid; 
the  whole  mass  is  liquid  within  two  hours ; samples 
are  then  taken  out  at  intervals,  and  when  the  metal 
is  sufficiently  soft,  spiegel  is  added,  and  the  charge  is 
tapped.  Five  charges  of  about  4^  tons  each  are  got 
out  in  each  twenty-four  hours.  The  proportion  of 
materials  in  the  total  charge  is — pig  iron,  about  24 
per  cent. ; steel  scrap,  67  per  cent. ; and  spiegel,  9 
per  cent.  The  loss  is  between  6 and  7 per  cent., 
and  the  coal  used  per  ton  of  steel  made  is  8 to  8j 
cwts.  Comparing  with  this  the  average  working 
during  two  months  of  furnaces  of  the  same  design, 
but  with  fixed  beds,  at  Terre  Noire,  about  the  same 
proportions  of  materials  are  used,  and  the  waste  is 
the  same  ; but  the  output,  instead  of  being  nearly 
1 1 tons  per  twelve  hours,  is  little  more  than  5^  tons, 
and  the  coal  used  per  ton  of  steel  is  nearly  18  cwts.” 
The  following  table,  by  A.  Willis  of  Landore, 
exhibits  the  rates  of  oxidation  of  carbon,  silicon, 
and  manganese  in  the  open-hearth  process : — 


Samples  Taken. 

Contained — 

Carbon. 

Silicon. 

Manganese. 

When  pig  was  melted,. . . 

One  hour  later, 

Two  hours  later, 

Three  “ 

Four  “ 

Five  “ 

Six  “ 

Seven  “ 

Per  Cent. 

1-90 

1-80 

1-70 

1-65 

1-60 

i-io 

•60 

•20 

■ 

Per  Cent. 

•570 

•233 

•183 

•050 

Mangan 
■ con 
gone. 

Per  Cent. 

1-140 

•576 

•200 

•080 

ese  and  sili- 
completely 

It  is  evident  from  the  above  that  a considerable 
amount  of  oxidation  must  have  gone  on  during  the 
process  of  melting  down,  as  is  the  case  in  melting 
pig  for  puddling,  since  the  iron  would  have  con- 
tained more  than  1-9  carbon  and  0*57  silicon.  This 
is  to  be  expected,  and  it  is  on  this  account  that 
there  is  not  the  same  advantage  in  starting  with 
molten  pig  iron  direct  from  the  blast  furnace  as 
there  is  in  the  Bessemer  process;  for  oxidation 
goes  on  more  rapidly  during  the  time  the  pig  is  being 
melted  down  than  when  it  is  all  fluid,  owing  to  the 
much  greater  surface  exposed  by  the  lumps  of  pig 
iron  than  by  the  fluid  metaL 

Many  attempts  have  been  made  to  . obtain  iron 
direct  from  the  ore  ^ls  iron  sponge,  and  to  melt  this 
down  to  form  steel.  Chenot,  in  France,  carried  on 
the  direct  reduction  for  a considerable  time,  and 
met  with  a fair  amount  of  success,  but  failed  on 
account  of  the  difficulty  in  securing  perfect  reduc- 
tion. Blair  has  carried  the  direct  reduction  a step 
farther,  and  has-  succeeded  in  making  a considerable 
quantity  of  steel  by  melting  the  sponge  (produced 
as  described  in  the  article  on  Iron)  in  an  open- 
hearth  furnace  at  Pittsburg;  but  so  far  the  plan 
has  not  been  commercially  successful. 

Siemens  has  attacked  the  problem  in  a different 
way,  and  has  taken  out  a series  of  patents  for  what 
he  terms  “The  direct  process.”  Tlie  production 
of  iron  by  this  plan  was  described  also  in  the 
article  on  Iron,  and  it  is  only  necessary  to  treat  the 
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metal  so  made  as  in  the  scrap  process  to  produce 
steel ; but  so  far  this,  also,  has  not  yet  been  com- 
mercially successful — possibly  because  at  Towcester, 
where  the  process  was  carried  on,  there  was  no 
melting  furnace  to  make  the  directly-reduced  iron 
into  steel  at  once,  and  as  a process  of  iron  making 
it  did  not  pay. 

Physical  Properties  of  Combinations  of  Iron 
WITH  OTHER  ELEMENTS. — There  is  little  doubt  that  a 
large  number  of  elements  may  and  do  unite  with 
iron,  but  only  the  action  of  the  following  need  be 
considered  here: — viz.,  carbon,  silicon,  sulphur, 
phosphorus,  manganese,  oxygen,  copper,  tungsten, 
and  chromium.  It  is  rarely  that  the  opportunity  is 
afforded  for  studying  the  action  of  these  substances 
upon  iron  singly.  An  attempt  to  do  so  was  made 
some  years  ago  by  the  British  Association ; but  no 
results  of  any  importance  were  obtained.  We  have, 
therefore,  to  make  deductions  from  a study  of  the 
qualities  of  various  combinations  as  they  arise. 

Carbon  is  generally  considered  to  be  the  essential 
stec^-forming  element.  If  iron  be  nearly  free  from 
other  elements,  the  presence  of  T per  cent  carbon, 
or  even  T5  per  cent,  produces  scarcely  any  harden- 
ing effect  upon  the  alloy,  as  such  a compound  may 
be  plunged  while  red  hot  into  cold  water  and  remain 
perfectly  soft  and  ductile.  As  the  proportion  of 
carbon  increases,  the  hardening  effect  of  such  treat- 
ment becomes  more  and  more  evident,  until,  with 
anything  approaching  1 per  cent  of  carbon,  the 
steel  becomes  very  hard  and  brittle  by  sudden  cooling. 
Even  when  containing  about  2 per  cent  carbon  it 
does  not  quite  cease  to  be  malleable ; but  it  requires 
great  care  in  the  heating  to  prevent  the  carbon 
being  burnt  out,  and  can  only  be  forged  at  a 
moderate  red  heat.  If  small  quantities  of  silicon, 
phosphorus,  or  manganese  be  present,  it  is  not 
possible  to  work  steel  contiining  even  this  small 
quantity  of  carbon.  Manganese  appears  to  favour 
the  solution  of  carbon  in  pig  iron,  since  an  alloy 
containing  8‘55  manganese  contained  also  6'62  of 
carbon,  and  the  carbon  appears  to  rise  with  the 
manganese. 

The  action  of  carbon  upon  iron  is  very  remark- 
able; and  though  the  effects  are  tolerably  known, 
the  cause  of  its  action  is  even  yet  shrouded  in 
mystery.  Thus  it  is  well  known  that  when  any- 
thing like  1 per  cent,  of  carbon  is  present,  the  alloy 
suffers  remarkable  changes  from  various  modes  of 
treatment.  If  it  be  heated  and  plunged  into  a fluid 
that  abstracts  heat  rapidly,  it  becomes  hardened  in 
proportion  to  the  rapidity  of  this  action,  and  thus 
under  the  same  conditions  mercury  causes  greater 
hardness  than  water,  and  water  than  oil.  When  a 
piece  of  steel  has  been  hardened  and  is  again  heated, 
the  hardness  disappears  as  the  temperature  is  raised. 
Thus  if  a certain  degree  of  hardness  is  required,  it 
may  either  be  obtained  by  first  pushing  it  to  the 
extreme  point,  as  by  raising  the  steel  to  a dull  red 
heat  and  plunging  in  water  or  mercury,  and  after- 
wards gradually  raising  the  temperature  of  the  metal 
to  a certain  point  and  leaving  it  to  cool  of  itself ; or 
else  the  piece  may  be  raised  to  a definite  tempera- 


ture, and  then  suddenly  cooled  in  a vehicle  that  only 
abstracts  the  heat  slowly,  as  oil.  According  to  the 
experiments  at  Terre-Noire,  it  appears  that  temper- 
ing steel  (whether  containing  much  or  little  carbon 
or  manganese)  in  oil  about  doubles  the  tensile 
strain,  while  the  elongation  is  reduced  in  the 
same  or  even  greater  degree.  The  process  of 
producing  a certain  degree  of  hardness  is  termed 
“ tempering,”  and  is  quite  an  art.  In  raising  the 
steel  to  the  required  temperature  the  workman  is 
aided  by  the  colour  produced  upon  the  surface  of 
bright  steel  by  slight  oxidation,  as  the  thin  film 
of  oxide  passes  through  a regular  series  of  colours, 
from  light  straw  to  brown,  then  blue,  and  finally 
black,  through  every  gradation  in  shade.  Thus  it 
is  that  the  “ temper,”  as  the  degree  of  hardness  is 
called,  is  determined  by  this  colour.  The  following 
table  (XII.)  shows  the  colours  produced  in  temper- 
ing carbon  steel  for  particular  uses : — 


TABLK  XII. 


Temp.  P. 

Colour. 

Temper. 

430 

Very  faint  yellow. 

Lancets. 

450 

Pale  straw 

Razors  & surgical  instruments. 

470 

Full  yellow 

Penknives. 

490 

Brown 

Scissors  and  cold  chisels. 

510 1 

Brown,  with  purple 
spots 

Axes,  plane  irons,  pocket 
knives. 

530 

Purple 

Table  knives,  large  shears. 

550 

Bright  blue 

Swords,  watch  springs. 

560 

Full  blue 

Fine  saws,  augurs. 
Hand  and  pit  saws. 

600 

Dark  blue 

The  process  of  tempering  should  leave  the  steel  of 
the  hardness  required,  with  the  minimum  of  brittle- 
ness. Tempering  in  oil  appears  to  produce  this 
result  best. 

No  perfectly  satisfactory  explanation  of  the  theory 
of  hardening  and  tempering  has  yet  been  adduced. 
One  set  of  metallurgists  suppose  that  steel  contains 
a certain  quantity  of  graphite,  or  uncombined  car- 
bon, and  that  when  the  steel  is  heated  this  enters 
into  combination  with  the  iron,  and  that  sudden 
cooling  keeps  it  combined. 

Probably  a more  satisfactory  explanation  is  that 
when  the  steel  is  heated  it  is  expanded  and  its  par- 
ticles put  into  a state  of  tension,  which  is  retained 
by  instantaneous  cooling.  Chemical  analysis  has 
not  satisfactorily  proved  that  tempered  steel  con- 
tains more  combined  carbon  than  untempered  steel, 
while  it  is  well  known  that  tempered  steel  has  a less 
specific  gravity  than  untempered  steel,  and  that  the 
process  of  hardening  increases  the  size  of  the  article 
sliglitly.  Thus  the  specific  gravity  of  cast  steel  at 
11°  C.  was — Unhardened,  7‘9288;  hardened,  7'6578; 
and  a bar  of  steel  which  before  hard  ning  had  a 
volume  of  20  c.c.,  became  20‘351  after  hardening. 
The  expansion  by  hardening  can  be  easily  proved  by 
rivetting  together  a piece  of  soft  iron  and  a piece  of 
steel,  carefully  filing  the  edges  true.  On  heating  and 
hardening  this  compound  plate,  the  edges  of  the 
steel  plate  will  be  found  to  overlap  those  of  the  iron, 
while  the  rivets  will  probably  have  been  sheared. 
Hardened  steel  is  much  less  readily  acted  upon  by 
acids  than  the  same  steel  in  a soft  state,  and  the 
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action  of  the  acid  produces  a different  effect  in  the 
the  two  cases. 

Steel  for  ship  plates  and  angles  should  not  contain 
much  above  T per  cent,  carbon.  If  such  metal  is 
also  free  (to  about  the  same  extent)  from  silicon 
and  phosphorus,  it  not  only  does  not  harden,  even 
though  it  may  contain  nearly  a half  per  cent,  of 
manganese,  but  is  rendered  tougher  by  repeatedly 
heating  and  plunging  into  cold  water.  It  can  also 
be  welded  with  facility,  although  it  requires  more 
care  than  iron.  Such  metal  will  possess  a tensile 
strength  of  from  25  to  28  tons  per  square  inch,  and 
will  elongate  from  25  to  30  per  cent,  in  a length  of 
8 inches  before  rupture.  For  boilers  the  steel  may 
contain  up  to  -25  per  cent,  carbon  without  becoming 
too  hard.  The  extra  carbon  adds  considerable 
strength  and  stiffness  to  the  material,  while  it  tends 
to  prevent  oxidation.  It  does  not  weld  quite  as 
easy  as  the  softer  kind,  but  still  may  be  welded 
perfectly.  It  hardens  very  slightly,  ami  in  the  soft 
state  possesses  a tensile  strain  from  28  to  34  tons 
to  the  inch,  with  an  elongation  of  20  to  25  per  cent. 
For  rail  steel  the  carbon  may  range  from  ’25  to  ’5 
per  cent.,  and  the  tensile  strain  will  run  up  to  about 
45  tons  to  the  inch,  and  tlie  elongation  over  the  8 
inches  decrease  to  about  10  per  cent.  Tool  and 
cutlery  steel  may  contain  from  f to  1^  per  cent, 
carbon,  and  the  tensile  strength  will  increase  up  to 
about  70  tons  to  the  inch,  the  elongation  decreasing 
from  5 to  1 per  cent.  By  particular  modes  of 
tempering,  such  hard  steel,  when  free  from  other 
elements,  may  be  strengthened  until,  in  the  state 
of  wire,  it  will  stand  a strain  of  over  100  tons  to 
the  square  inch. 

Carbon  steel  becomes  hardened  by  cold  rolling  or 


hammering.  The  appearance  of  the  fracture  is  a 
good  guide  to  the  quantity  of  carbon  present  in  a 
steel  free  from  other  elements.  With  from  one  to 
two  tenths  per  cent,  the  fracture  will  be  silky  and 
almost  fibrous,  with  '5  per  cent,  it  becomes  coarsely 
granular,  while  with  1 per  cent,  the  grain  becomes 
very  fine  and  silvery. 

Carbon  tends  to  prevent  red  shortness;  but  as  the 
fusing  point  is  rapidly  lowered  by  an  increase  in  the 
percentage  of  carbon,  it  is  important  to  work 
the  more  highly  carburized  materials  at  a heat  not 
above  blood  red,  while  the  softer  varieties  may  be 
worked  at  a white  heat. 

Silicon  produces  both  red  shortness  and  cold 
shortness  in  steel.  In  the  absence  of  carbon  these 
effects  are  not  very  marked,  but  when  very  sm:ill 
proportions  of  carbon  are  present  the  action  of 
silicon  is  very  decided.  Thus,  when  the  carbon  is 
under  T per  cent.,  silicon  may  exist  up  to  -6  per  cent., 
or  more,  without  rendering  the  steel  particularly 
brittle.  Such  steel  could  be  heated  and  quenched  in 
water,  and  afterwards  bent  double  without  cracking, 
while  the  tensile  strength  was  not  greatly  increased. 
It  also  worked  well  at  a briglit  red  heat.  On  the 
other  hand,  when  the  carbon  rises  to  ‘4  or  -5  per  cent., 
even  ’2  per  cent,  silicon  produces  decided  red  short- 
ness and  cold  shortness,  and  if  the  silicon  reaches 
one-half  per  cent,  these  qualities  are  developed  to  a 
dangerous  extent.  Where  steel  is  not  to  be  worked, 
however,  as  in  castings,  the  presence  of  silicon  is 
very  valuable,  as  silicon  steel  runs  solid  and  sets 
free  from  honeycomb,  while  after  annealing  it 
possesses  considerable  strength.  In  the  following 
table.  No.  XIII.,  there  is  a case  of  a steel  containing 
2’44  per  cent,  silicon  and  *40  per  cent,  carbon: — 


TABLE  XIII. — ANALYSIS  OP  STEEL  OF  VARIOUS  QUALITIES. 


Very  good  Steel  for 
Roll  Turning. 
Ciiicible  Manufac- 
ture. 

® J 3 i 

a « 5 2” 
>^| 

Ordinary  Steel  made 
by  the  direct  process 
at  West  Cumberland 
Iron  and  Steel  Co.’s 
Works.  Rolled 
well,  and  was  very 
suitable  for  rails. 

Crucible  Steel  for 
Punches — stood  well. 

Punch  Steel, 
too  hard  to  temiier, 
cracked  in  hardening 

Cnicible  Tool  Steel, 
remarkable  for  its 
turuiug  properties. 

Steel  Rail,  worked 
remarkably  well — 
W.Cuniberland  Iron 
and  Steel  Co.— not 
the  least  red-short. 

1 Steel  Plate  which 
would  not  take  a 
coating  of  tin — 
West  Cumberland 
Iron  and  Steel  Co. 

BensemerSteel  Punch 
madeatW.C.l.&S. 

Co  ’sWorks— worked 
3 weeks  without  re- 
setting, & punched 
1500  rails,  or  6000 
holes.  Only  once 
tempered. 

Red-short  Steel, 
owing  to  excess  of 
sulphur. 

“.ii5 

•§'”13 

=^iil 

Iron, 

97-8a:i 

%-140 

98-558 

98-696 

98-737 

98-000 

98-656 

98-784 

98-586 

99-180 

98-820 

Carbon, 

2-000 

•400 

•370 

•940 

•820 

1-850 

•480 

under  100 

•3.50 

•340 

•230 

Silicon, 

•093 

2-440 

•Oil 

•130 

•112 

•144 

•018 

■833 

•335 

trace. 

■102 

Sulphur, 

•014 

-060 

•030 

•008 

•006 

•029 

•0.'2 

■043 

•038 

•160 

•063 

Phosphorus,  . . 

trace. 

•026 

■057 

■026 

•095 

trace. 

•061 

•075 

■073 

•060 

•130 

Manganese, . . . 

trace. 

•880 

•974 

■200 

•230 

•230 

•763 

•216 

•691 

•360 

•662 

Total,. . . . 

100  000 

100  000 

100  000 

100-000 

100-000 

100-253 

100-000 

99-951 

100-073 

100-000 

100-007 

ANALYSIS  OF  STEEL  OF  VARIOUS  QUALITIES. — Continued. 


Terre  Noir  Cast 
Steel.  Very  solid, 
without  blow  holes. 

Creuzot  Gun  SteeL 

Crewe  Steel  Plate. 

1|t 

Hi 

1 Red-short  Steel. 

I Red-short  from 

overblowing. 

steel  for 
Boiler  Plates. 

Plate  Steel  for  Boilers  and  Ships. 

Tool  Steel. 
Crucible  Manufac- 
ture. 

Steel  fur  Castings, 
made  with 
Silicuu  Pig. 

Steel  for  Castings — 
very  sound  quite 
free  from  blowholes, 
Jb  exceedingly  bard— 
Turned  Steel  which 
Mushet's  Steel 
would  not  touch. 

1 Test — stood 
tons  tensile  strain 
I>er  square  inch. 
Elongated  *20  per 
cent. 

Test — 27  tons 
tensile  strain. 
Elongated  27  per 
cent. 

Test — 28  tons 
tensile  strain. 
Elongated  25  per 
cent. 

Test. — 31  tons 
tensile  strain. 
Elongated  2U  per 
cent. 

Iron, 

98-241 

99-003 

99-411 

99-207 

99  376 

99-679 

98-779  i — 





98-379 

97-900 

97-2.50 

Carbon, 

•450 

•405 

■260 

■250 

•200 

— 

■400  I none. 

•090 

•140 

1-280 

•420 

•500 

(Silicon, 

•384 

■010 

•052 

— 

•0.56 

— 

•102  -018 

•005 

•028 

•112 

•521 

•251 

Sulphur 

•063 

•010 

•024 

•133 

•oil 

040 

•0191  — 

— 

— 

trace. 

■050 

•085 

Phosphorus,  . . 

•085 

■025 

■029 

•05 

•044 

■022 

•081  -031 

•056 

•026 

028 

•058 

•043 

Manganese, . . . 

•777 

•180 

•244 

■360 

•313 

•259 

•616 1 -273 

•259 

•259 

•201 

1-051 

1-380 

Total, .... 

100  000 

99-633 

100  000 

100-000 

100-000 

100-000 

100-000 1 — 

- 

— 

100-000 

100-000 

99-509 

STEEL. — Sulphur.  Phosphorus.  Manganese. 


This  steel  could  be  heated  and  rolled,  and  was 
very  fine  in  the  grain.  The  tensile  strain  of  the 
rolled  bar  was  48  tons  per  square  inch,  but  it  only 
showed  3 per  cent,  elongation.  Steel  containing 
much  silicon  will  not  take  a coating  of  tin.  An 
analysis  of  a sample  of  steel  containing  -833  per 
cent,  silicon,  and  very  little  carbon  or  manganese,  is 
given  in  the  table.  It  was  found  to  be  impossible 
to  clean  the  surface  of  this  steel  so  as  to  enable 
it  to  take  a regular  coating  of  tin.  Sulphuric  acid 
of  various  strengths,  sulphate  of  copper,  and 
chloride  of  zinc  were  tried  for  cleaning  the  surface  ; 
but  in  all  cases  the  tin  only  adhered  in  patches, 
while  there  appeared  to  be  a film  on  the  surface  of 
the  metal,  which  was  doubtless  silica,  and  this  in  all 
probability  prevented  the  tin  getting  to  the  clean 
metallic  surface.  The  presence  of  silicon  in  rail  steel 
may  be  detected  during  the  process  of  rolling;  as 
if  there  is  even  a very  small  quantity  of  silicon 
present,  the  fine  scale  produced  in  the  finishing 
rolls  adheres  to  the  rail,  or  falls  off  in  flat  dry 
flakes,  while  if  the  steel  contains  only  a trace  of 
silicon  this  oxide  leaves  the  steel  freely,  and  falls  off 
in  curly  scales.  It  is  very  probable  that  silicon  may 
tend  to  prevent  the  oxidation  of  steel  by  forming  an 
insoluble  coating  on  its  surface,  in  the  same  way 
that  oxide  of  zinc  and  carbonate  of  lead  protect  the 
surfaces  of  zinc  and  lead  respectively  from  further 
oxidation. 

The  presence  of  an  excess  of  silicon  in  steel  may 
also  be  detected  by  an  examination  of  the  fracture, 
which  gradually  becomes  of  a light  chalky  colour  and 
fine  grain  as  the  silicon  increases.  Silicon  is  often 
left  in  the  metal  when  all  the  carbon  has  been 
burnt  out,  both  by  the  Bessemer  and  Siemens  process, 
if  the  pig  iron  contains  an  excess  to  start  with.  Thus 
it  is  important  to  keep  the  silicon  in  pig  iron  down 
to  about  2^  per  ce!it.  in  pig  iron  to  be  melted  in  the 
cupola  for  the  Bessemer  process ; and  if  taken  fluid 
from  the  blast-furnace,  even  this  quantity  is  too 
great,  while  the  iron  will  blow  sufficiently  hot  in  the 
latter  case  if  it  contains  no  more  than  ly  per  cent. 
It  is  pretty  well  proved  that  as  carbon  and  man- 
ganese increase  silicon  decreases  in  pig  iron. 

Sulphur. — This  element  is  extremely  deleterious  in 
steel  that  has  to  be  worked,  as  the  most  minute 
proportions  cause  decided  red  shortness.  One-tenth 
of  1 per  cent,  is  so  active  that  it  is  very  difficult  to 
get  the  steel  containing  that  quantity  to  roll  soundly. 
It  does  not  appear  to  be  of  so  serious  consequence 
in  tool  and  cutlery  steel,  as  it  does  not  produce 
brittleness.  It  is  very  objectionable  in  steel  for 
castings,  as  it  conduces  to  unsounduess  in  the  metal. 
Its  effect  on  the  strength  of  steel  has  not  been  well 
made  out. 

Phosphoru.^  is  as  active  in  producing  cold  shortness 
in  steel  as  sulphur  is  in  causing  red  shortness,  and  to 
about  the  same  degree,  while  to  a certain  extent  one 
element  appears  to  counteract  the  other.  Phos- 
phorus is  much  more  active  in  producing  hardness  in 
steel  than  carbon  is ; 1 part  of  phosphorus  produces 
about  the  same  absolute  hardness  that  is  caused  by 
2 or  3 parts  of  carbon.  Still,  if  carbon  be  nearly 


absent,  it  is  possible  to  have  about  '25  per  cent,  of 
phosphorus  present  in  steel  intended  for  rails  with- 
out its  being  unduly  brittle,  and  even  in  plates  a 
certain  quantity  is  admissible  provided  carbon  be 
nearly  absent.  When  carbon  is  present  to  the 
extent  of  ’3  to  '5  per  cent.,  T per  cent,  phosphorus 
produces  very  decided  brittleness.  Steel  for  tools 
and  cutlery  should  be  very  free  from  phosphorus,  as 
it  is  not  only  extremely  difficult  to  temper  phos- 
phorus steel  (as  may  be  seen  from  the  tabulated 
analysis  of  steel  punch),  but  for  fine  cutlery  it  is 
impossible  to  have  a keen  cutting  edge  with  steel 
that  contains  much  over  ’025  per  cent,  phosphorus. 
On  the  other  hand,  there  is  no  objection  to  a small 
quantity  of  phosphorus  in  steel  for  castings,  as  it 
tends  to  cause  the  metal  to  run  solid  without  greatly 
reducing  its  strength. 

Mr.  Holley  has  recently  made  a careful  set  of 
experiments  on  the  phosphoric  steel  introduced  at 
Terre  Noire,  following  the  material  all  through  the 
process  of  its  manufacture.  The  following  table 
shows  the  composition  of  the  steels,  and  how  they 
rolled,  &c.  Professor  Thurston  carefully  tested  all 
these  steels  mechanically,  and  the  following  are  some 
of  his  notes: — “ They  are  not  as  ductile  as  common 
steels.  Their  higher  elastic  limit  is  accompanied  by 
a lower  degree  of  toughness.  They  are  harder,  and 
rather  less  tough  than  the  standard  steels.  Com- 
paring these  steels  with  common  steels  of  similar 
temper,  it  would  seem  that  these  steels  excel  usually 
in  strength,  and  in  some  cases  are  greatly  superior 
in  tenacity  to  ordinary  steels.  When  exposed  to 
sudden  and  excessive  shocks  they  are  more  liable  to 
break.  The  fractures  are  peculiar  in  appearance.” 
(See  Table  XIV.) 

Manganese  is  the  most  useful  metal  we  have  as  an 
alloy  of  iron.  While  it  adds  slightly  to  the  hardness 
of  steel,  especially  when  carbon  and  silicon  are 
present,  it  does  not  induce  brittleness  unless  other 
hardening  elements  are  present.  Even  with  1 per 
cent,  manganese  steel  may  be  very  tough.  But  the 
great  value  of  manganese  arises  from  its  tendency  to 
neutralize  red  shortness.  Where  this  is  due  to  the 
use  of  excess  of  oxygen,  the  action  of  manganese 
is  undoubtedly  to  remove  it,  owing  to  its  greater 
affinity  for  oxygen.  The  oxide  of  manganese  formed 
tends  to  the  production  of  a very  fluid  slag,  which 
promotes  the  soundness  of  the  steel.  In  the  case  of 
red  shortness  due  to  sulphur  it  is  doubtful  whether 
the  manganese  actually  removes,  or  neutralizes,  the 
effect  of  the  sulphur,  or  whether  it  acts  only  by 
removing  the  red  shortness  due  to  oxygen.  It 
appears  that,  in  addition  to  removing  or  neutralizing 
the  red  shortness,  an  alloy  of  iron  and  manganese  up 
to  1-^  per  cent,  of  the  latter  actually  works  better 
than  steel,  in  other  respects  similar,  would  do  with 
the  nianganese  absent.  It  was  formerly  the  practice 
to  add  only  sulficient  spiegel  to  leave  about  ’25  per 
cent,  manganese  in  the  steel  for  rails,  but  in  Eng- 
land steel  makers  find  that  by  using  richer  spiegel, 
and  more  of  it,  so  as  to  leave  about  1 per  cent, 
manganese  in  the  steel,  they  can  use  rather  lower 
and  therefore  cheaper  grades  of  iron  ; the  excess  of 
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No.  of  Charge. 

Carbon, 

Silicon, 

Sulphur, 

Phosphorus, 

Manganese, 

Result  on  rolling  ingots, 

Order  of  merit  as  to  malleability, 

Strength  per  square  inch  in  lbs., 

Extension  in  6-inch  samples  J square  inch  in  area, 

Weight  in  lbs.  to  produce  1 inch  compression  in  sam-I 

pies  5 inches  diameter  and  2 inches  long, j 

Ultimate  strength  in  compression  of  similar  samples, .. . 

manganese  neutralizing  the  increased  quantity  of 
sulphur  in  the  lower  grade  of  pig.  An  alloy  of  man- 
ganese and  silicon  with  iron  is  exceedingly  useful 
for  the  production  of  solid  steel  castings,  and  some 
excellent  results  have  been  obtained  with  it  at  Terre 
Noire,  where  this  alloy  was  first  introduced.  An 
analysis  of  a fine  sample  of  this  mangan-silicon-eisen, 
exhibited  by  the  Terre  Noire  Company  in  the  Paris 
Exhibition,  will  be  found  in  Table  XIVa.  Also 
an  analysis  of  very  rich  ferro-manganese.  This 
rich  alloy  of  iron  and  manganese  is  now  a regular 
blast-furnace  product,  and  is  very  largely  used  for 
making  soft  steel.  The  oxides  of  manganese 
and  iron  unite  readily  with  silica  to  fonn  a very 
fusible  slag,  and  thus  they  are  removed  from  the 
metal,  and  leave  it  to  run  perfectly  sound.  Silicon 
steel  shows  no  tendency  to  rise  in  moulds  or  emit 
gas;  but  it  is  only  suitable  for  castings,  as  the  silicon 
would  render  it  difficult  to  forge. 

Oxygen. — Overblown  Bessemer  metal  is  known  to 
be  particularly  spongy  and  full  of  honeycomb,  and 
there  appears  to  be  every  reason  to  believe  that 
nearly  pure  molten  iron  occludes  oxygen  and  car- 
bonic oxide  in  the  same  way  that  molten  silver  does 
oxygen ; and  that  while  the  carbonic  oxide  is  to  a 
large  extent  ejected  during  the  solidification  of  the 
metal,  causing  it  to  boil  in  the  mould,  only  a cer- 
tain portion  of  the  oxygen  escapes  in  this  way,  the 
remainder  becoming  sealed  up  in  the  metal.  This 
portion  probably  gradually  unites  with  the  iron  to 
form  oxide,  which  is  disseminated  in  infinitely  small 
portions  through  the  metal,  but  is  sufficient  to  cause 
a break  of  continuity  of  its  particles,  so  that  when 
it  is  heated  and  forged,  it  can  no  longer  hold 
together,  but  is  highly  red-short.  The  portion  of 
oxygen  that  escapes  from  the  metal  during  solidifi- 
cation oxidises  a portion  of  iron  at  the  surface,  and 
gives  rise  to  an  abundance  of  sparks,  the  metal  being 
what  is  termed  “fiery.”  It  is  probable  that  the 
tendency  of  iron  to  occlude  gases  is  increased  by  the 
presence  of  sulphur,  and  diminished  by  the  presence 
of  manganese,  since  we  know  that  steel  containing 
sulphur  will  not  cast  soundly,  while  mild  steel  made 
with  ferro-manganese  in  the  open-hearth  furnace 
remains  “dead  melted,”  as  it  is  termed.  Snelds,  by 
calculation  from  the  quantity  of  carbon  and  man- 
ganese left  in  the  metal,  after  adding  a known 
weight  of  solid  spiegeleisen  of  known  composition  to 
a certain  quantity  of  Bessemer  metal  containing  1 
per  cent,  carbon,  found  "278  per  cent,  oxygen  left  in 
the  metal ; and  Bender,  by  direct  combustion  of  the 
steel  in  a current  of  hydrogen,  and  collecting  the 
water  given  off,  found  ‘35  per  cent,  oxygen  in 
Bessemer  metal  containing  ’08  per  cent,  carbon. 
Sergius  Kern,  by  the  same  process,  found  in  two 
.samples  of  blown  metal  before  spiegel  was  added, 
•185  and  "ITl  per  cent,  oxygen ; and  after  these 
samples  had  been  heated,  he  found  ‘165  and  '162 
per  cent,  respectively.  It  is  quite  possible  that 
metallic  iron  may  dissolve  oxide  of  iron  directly,  in 
the  same  way  that  metallic  copper  dissolves  oxide 
of  copper.  There  are  many  very  interesting  points 
in  connection  with  this  portion  of  the  subject,  that 
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require  close  study  and  much  further  investigation 
in  order  to  clear  up  the  mystery  that  surrounds  them. 

Small  quantities  of  copper  are  occa- 
sionally found  in  steel,  generally  derived  from  the 
spiegeleisen.  Some  steel  made  at  Harrisburg  from 
pig  iron,  smelted  from  ore  containing  a considerable 
quantity  of  copper  pyrites,  was  found  to  have  as 
much  as  '5  per  cent,  of  copjier,  and  yet  is  stated  to 
have  rolled  well ; but  the  general  opinion  of  metaU 
lurgists  is  that  copper  induces  red  shortness  in  steel 
in  about  the  same  proportion  as  sulphur  does. 

Turujsten  alloys  with  iron  much  in  the  same  way  that 
manganese  does.  The  properties  of  this  alloy  have 
been  successfully  studied  by  Mushet,  who  has  suc- 
ceeded in  introducing  it  commercially  under  the  name 
of  Mushet’s  “ special  steel.”  The  analysis  of  special 
steel  in  Table  XIVa  is  by  Pattinson  and  Stead. 


TABLE  XIVa. 


Iron 

Combined  carbon, 

Silicon, 

Fei-ro 

Mau^^auesa. 

Man^'an 
Silicon  Risen. 

Special  SteeU 

8-25 

6-6J 

0-093 

trace. 

0-145 

85-50 

66-75 

2-65 

10-20 

trace. 

0-185 

20-50 

87-00 

•62 

•21 

03 

•10 

•73 

nil. 

11-40 

Phosphorus, 

Manganese, 

Titanium, 

Tungsten 

100-608 

100-285 

100-09 

Heeren  found  8w3  per  cent,  and  Willis  12-75 
per  cent,  tungsten  in  other  samples.  It  is  ex- 
tremely hard,  breaking  with  a conchoidal  fracture 
like  that  of  hardened  steel,  and  has  a very  fine  grain. 
It  can  only  be  forged  at  a moderate  heat,  and  absorbs 
heat  much  more  slowly  than  ordinary  steel,  so  that 
it  should  be  raised  in  temperature  very  gradually. 
It  is  so  hard  that  it  needs  no  tempering,  and  thus 
tools  for  turning  and  planing  need  only  to  be  ground 
after  coming  from  the  smith.  Hackney  states  that 
tool  steel  containing  1-1  per  cent,  tungsten  made 
excellent  turning  tools  and  punches.  Dr.  Werner 
Siemens  has  shown  that  tungsten  steel  is  twice  as 
powerful  in  retiuning  permanent  magnetism  as  the 
best  ordinary  steel. 

Chromium  readily  alloys  with  iron,  producing  a fine 
close  grained  steel,  somewhat  similar  in  many  of  its 
properties  to  tungsten  steel.  The  finest  steel  for 
purposes  of  tools  and  cutlery,  however,  appears  after 
all  to  be  the  old  carbon  steel ; and  the  maximum  of 
hardness  and  toughness  combined  is  to  be  obtained 
only  by  selecting  material  as  free  as  possible  from  all 
foreign  elements,  except  carbon. 

Sir  J.  Whitworth  has  succeeded  in  condensing 
fluid  steel  by  the  application  of  enormous  pressure, 
so  as  to  obliterate  the  blow  holes  usually  contained, 
and  has  thereby  produced  a material  having  great 
strength,  which  is  suitable  for  many  special  purposes. 
The  material  is  of  great  utility  for  guns,  linings  of 
cylinders,  &c.,  and  the  operations,  though  extremely 
difficult,  have  been  devised  with  great  skill ; but  the 
process  is  a very  costly  one,  and  the  utmost  tliat  can 
be  done  is  to  entirely  destroy  all  blow  holes.  If 
these  can  be  prevented  by  improving  the  metal- 
lurgical processes,  without  at  the  same  time  pro- 
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ducing  a weaker  metal  absolutely,  it  would  appear 
that  compression  would  be  needless.  The  specific 
gravity  of  the  cast-metal  should  indicate  whether 
the  blow  holes  have  been  thoroughly  obliterated,  and 
it  is  curious  that  some  of  the  samples  of  solid  cast 
steel  from  Terre  Noire  show  quite  as  high  a specific 
gravity  as  Whitworth’s  compressed  steel.  According 
to  Dr.  Percy  the  specific  gravity  of  Whitworth’s 
steel  is  7-84,  while  the  Terre  Noire  cast  metal  has 
a density  of  7'8  to  7-9.  It  must  be  admitted,  how- 
ever, that  the  elasticity  of  the  annealed  cast  metal 
of  Terre  Noire  is  not  equal  to  that  of  Whitworth’s 
steel  of  the  same  tensile  strength;  but  there  is  great 
hope  that  even  this  defect  may  be  overcome,  and 
that  metallurgy  will  not  be  outdone  by  mechanics. 

Mechanical  Properties  of  Steel. — The  resistance 
te  crushing  strain,  tensile  strain,  elasticity,  resistance 
to  bulging  stress,  and  other  mechanical  properties  of 
steel,  vary  mainly  according  to  the  chemical  composi- 
tion of  the  material ; but  they  also  vary  with  the 
mode  of  treatment  which  the  material  has  under- 
gone. Very  elaborate  experiments  have  been  made 
from  time  to  time  to  elucidate  this  subject ; but  we 
are  still  w’anting  a perfectly  systematized  set  of 
results,  accompanied  at  the  same  time  with  a com- 
plete history  of  the  processes  the  material  has  gone 
through,  together  with  careful  chemical  and  physical 
analyses  of  the  material.  Great  expectations  were 
formed  of  the  value  of  the  results  that  would  follow 
from  the  investigations  of  the  committee  of  experts 
appointed  recently  by  the  United  States;  and  it  will 
be  a great  pity  if  their  labours  are  cut  short  for 
want  of  funds.  D.  Kirkaldy  has  undoubtedly  made 
more  mechanical  tests  of  steel  than  any  other  man, 
and  he  i;as  shown  great  skill  in  designing  the 
apparatus  for  carrying  these  out,  and  indomitable 
perseverance  in  checking  all  his  results  personally 
with  the  greatest  care ; but  the  mass  of  results  which 
he  has  accumulated  requires  much  sifting,  and  his 
mechanical  tests  have  unfortunately  rarely  been 
accompanied  with  any  chemical  or  physical  examina- 
tion of  the  materials.  They  are  therefore,  like  many 
others,  of  little  use  to  the  investigator,  and  seldom 
help  us  to  elucidate  principles. 

An  extremely  interesting  series  of  experiments 
with  steel  for  shipbuilding  purposes  was  made  by 
J.  Barba,  chief  constructor  for  the  French  navy, 
and  reported  in  Engineering  for  1875.  One  of 
the  chief  subjects  of  discussion,  in  reference  to  the 
extended  use  of  steel  for  constructive  purposes,  has 
been  the  relative  effects  of  punching  and  drilling  upon 
steel  plates,  and  Barba  thus  sums  up  his  results. 

“ The  following  conclusions  may  be  deduced  from 
the  preceding  experiments  on  plates  from  -275  to 
•472  inches  thick : — 

“ 1.  'rhat  the  effects  of  punching  and  shearing  are 
entirely  local,  and  extend  over  a limited  zone,  less 
than  -04  inch  in  width  on  the  edge  of  the  side 
sheared,  or  of  the  hole  punched. 

“ 2.  That  no  cracks  exist  in  parts  so  changed. 

“ 3.  That  tempering  destroys  the  effect  of  shearing 
and  of  punching,  by  restoring  the  metal  to  the 
condition  in  which  it  would  have  been  if  the  opera- 
111 


STEEL. — Mechanical  Properties. 


882 


tion  of  shearing  and  punching  had  been  replaced  by 
planing  and  drilling. 

“ 4.  That  annealing  by  itself  or  after  tempering, 
negatives,  like  tempering,  the  alteration  produced  by 
shearing  and  punching. 

“ These  various  results  are  easily  explained.  The 
shearing  and  punching  machines  produce  in  the 
neighbourhood  of  the  parts  subjected  to  their  action 
a local  and  extreme  pressure.  On  the  one  hand,  the 
limit  of  elasticity  of  the  metal  is  exceeded,  and  it 
must  fail  to  show  the  original  extension  before 
rupture ; but  this  does  not  explain  the  increase 
observed  in  the  hardness  and  tenacity. 

“ On  the  other  hand,  this  pressure  induces  the 
solution  of  the  combined  carbon  (?  Ed.),  and  pro- 
duces an  actual  tempering  in  the  part  acted  upon 
by  the  shears  and  around  the  punch.  These  portions 
thus  acquire  greater  hardness,  more  tenacity,  and 
are  susceptible  of  only  slight  extension.  The  temper 
thus  produced  is  more  intense  than  that  obtained 
by  sudden  cooling.  The  pressure  of  the  punch 
is  suflScient  to  exceed  the  limit  of  resistance  of  the 


punching  and  shearing  in  reducing  the  strength  of 
steel  is  thus  clearly  traced  to  an  alteration  in  the 
metal  within  certain  limits  of  the  area  of  compression, 
whereby  a portion  of  the  steel  is  strained  beyond  its 
power  of  endurance,  and  thus  a weak  point  is  set 
up  from  whence  a fracture  may  the  more  easily  be 
started.  The  same  reasoning  explains  why  a piece 
of  steel  plate  of  medium  hardness  with  the  edge  as 
it  leaves  the  shears  may  be  bent  double  without 
cracking,  if  it  be  doubled  on  itself  in  such  a way  that 
the  face  upon  which  the  shear  blade  descended  be 
bent  inwards,  while  if  it  be  bent  outwards  the  plate 
will  crack.  In  the  first  case  the  edge  which  has 
been  strained  beyond  its  limit  of  extension  is  brought 
inside  the  bend,  and  is  therefore  not  subject  to 
further  extension,  as  it  is  if  this  portion  is  made  to 
form  the  outside  of  the  bend. 

The  experiments  of  B.arba  were  made  with  the 
mild  steel  of  recent  manufacture,  produced  by  adding 
ferro-manganese  to  the  decarburized  metal  instead  of 
spiegeleisen ; and  the  results  were  found  to  be  very 
similar  whether  Bessemer  or  Siemens  steel  were 


metal,  and  this  effect  can  never  be  produced  by 
tempering  mild  steel  of  small  volume  by  means  of 
simple  cooling ; in  this  latter  case  the  pressure  and 
the  effect  it  produces  are  considerably  less.  It  is 
thus  that  a ring  surrounding  a drilled  hole,  and 
tempered  by  sudden  cooling,  gave  a very  different 
result  than  was  obtained  by  rings  surrounding  holes 
punched  in  the  same  plate.” 

The  well-known  and  much  - discussed  effect  of 


used.  The  chemical  analysis  of  the  metal  under 
treatment  is  not  given  ; but  as  the  tensile  strain  was 
about  28  tons  per  inch,  it  is  probable  that  the  carbon 
was  not  much  above  •l.’i  per  cent. 

The  celebrated  Creuzot  works  publish  the  following 
classification  of  their  steel,  which  will  give  a good 
general  idea  of  the  mechanical  properties  of  steel 
of  various  tempers  and  qualities.  — Engineering, 
1875,  p.  119. 


TABLE  XV. CLASSIFICATION  OP  CREUZOT  STEEL. 


A Class. 

Non -Tempered. 

Temx>ered. 

Classificatioa. 

Load  CorresDondine  to 

Load  Corresponding  to 

Percentage  of 

Percentage  of 

Extension 

Extension 

£upture. 

Elastic  Limit. 

at  Bupture. 

Rupture. 

Elastic  Limit. 

at  Rupture. 

Tons  per 

Tons  per 

Tons  per 

Tons  per 

Square  Inch. 

Square  Inch. 

Square  Inch. 

Square  Inch. 

1 

48-31 

24-72 

13 

74-16 

45-64 

•2 

2 

46-67 

23-96 

15 

70-05 

43-30 

4-8 

3 

44-57 

23-07 

17 

66  95 

41-71 

7-2 

4 

43-61 

22-12 

19 

61-37 

38-42 

9-4 

5 

39-81 

21-04 

21 

56-17 

35-63 

11-1 

6 

36-77 

19-65 

23 

49-89 

31-90 

13-2 

7 

33-7-2 

18-25 

25 

43-49 

27-77 

14-6 

8 

31  19 

16-86 

27 

38  80 

23-96 

18-0 

9 

28  53 

14-26 

29 

35-63 

21-30 

21-0 

10 

— 

— 

— 

— 

— 

— 

11 

— 

— 

— 

— 

B Class. 

Non-Tempered. 

Tempered. 

G]assiticatioa. 

Load  Corresponding  to 

Load  Corresponding  to 

Percentage  of 

Extension 

Extension 

Bapture. 

Elastic  Limit. 

at  Rupture. 

Rupture. 

Elastic  Limit. 

at  Rupture. 

Tons  per 

Tons  per 

Tons  per 

Square  inch. 

Square  Inch. 

Square  Inch. 

Square  Inch. 

1 

49-26 

26-05 

13 

75-64 

48-06 

3-8 

2 

47  49 

25-36 

15 

72-91 

47-87 

5-7 

3 

45-52 

24-88 

17 

68-47 

45-01 

7 8 

4 

36-90 

23-74 

19 

62-76 

41-46 

10-2 

5 

40-83 

22-70 

21 

57-70 

39-37 

12-6 

g 

37-85 

21-42 

23 

51-99 

34-87 

14-8 

7 

34-87 

20-16 

25 

46  79 

31-57 

17-0 

g 

32-01 

18-76 

27 

41-72 

28  34 

19-5 

9 

29-60 

17-43 

29 

37-28 

25-36 

22-0 

10 

26-18 

14  96 

32 

32-84 

20-92 

24-2 

11 

— 

— 

— 
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TABLE  XV. — [Continued.) 


C Clam. 


Karaber  of 
ClMsiflcation. 

Non-Tempered. 

Tempered. 

Load  Corresponding  to 

Percentage  of 
Extension 
at  Rupture. 

Load  Corresponding  to 

Percentage  of 
Extension 
at  Rupture. 

Rupture. 

Elastic  Limit. 

Rupture. 

Elastic  Limit. 

Tons  per 

Tons  per 

Tons  per 

Tons  per 

Square  Inch. 

Square  Inch. 

Square  Inch. 

Square  Inch. 

1 

50-08 

27-39 

13 

77-98 

53-89 

•5 

2 

48  31 

26-75 

15 

75-00 

51-99 

6-6 

3 

46-40 

25  99 

17. 

71-00 

49-45 

8-6 

4 

44-25 

25-23 

19 

66-44 

45-96 

10-8 

.*) 

44-78 

24-28 

21 

62-76 

43-62 

13  3 

6 

38-99 

23-14 

23 

56-93 

39-43 

16  0 

7 

35  00 

22-06 

25 

51-48 

36-08 

18-2 

8 

33-09 

20-73 

27 

46-02 

34-46 

20-6 

9 

30-56 

19-46 

29 

40-45 

28-72 

23-4 

10 

27-58 

17-62 

. 32 

33-73 

23-58 

27-6 

11 

24  92 

15-47 

35 

29-16 

20-79 

33-0 

TABLE  XVI. — TESTS  OP  WEST  CUMBERLAND  BESSEMER  STEEL  PLATE,  BY  D.  KIKKALDY,  FOR  THE  BOARD  OF  TRADE, 

LENGTHWAY. 


Stamped. 

Thick- 

ness. 

Stress. 

Ratio  of 
Elastic  to 
Ultimate. 

ContractluQ 
of  Area 
at  Fracture. 

Extension,  Set  in  10  Inches, 

Appearance  at  Fracture. 

Elastic 
Persq.  Inch. 

Ultimate 
Per  sq.  Inch. 

At  50,000  lbs. 
Per  sq.  Inch. 

At  60,000  lbs. 
Per  sq.  Inch. 

Ultimate. 

Inch. 

Tons. 

Tons. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Admiralty  steel,  A, 

•25 

20-7 

29-8 

69-3 

54-4 

2-60 

8-02 

23-2 

100  per  cent,  silky. 

“ B, 

•25 

20-5 

30-2 

67-6 

57-6 

3-30 

7-51 

25-7 

Boiler  steel,  C,  .... 

•25 

19-6 

29  2 

66  6 

39-2 

3-67 

9-55 

•21-1 

“ W,  .... 

•25 

22-1 

32-7 

67-6 

47-6 

0-27 

5-32 

23-6 

“ 

Mean, 

20-7 

30-5 

67-8 

49-7 

2-46 

7-60 

23-4 

Admiralty  steel.  A, 

•49 

16  0 

27-7 

57-5 

50-7 

5-52 

13-9 

27-3 

100  per  cent,  silky. 

“ B, 

•49 

16-0 

27-8 

57-5 

48-7 

5-.51 

13-8 

29-7 

Boiler  steel,  C,  .... 

•50 

18-6 

31  7 

58  6 

45-1 

•2-49 

5-62 

25-4 

“ W 

•49 

19-3 

32-1 

60-2 

40-5 

2-29 

5 01 

22-6 

Mean, 

17-5 

29-8 

58-4 

46-2 

3-95 

3-35 

26-2 

Admiralty  steel,  A, 

•75 

15-0 

27-6 

54-1 

49-6 

6-09 

15-0 

30  2 

100  per  cent,  silky. 

“ B, 

•75 

15-2 

28-0 

54-0 

52-6 

5-78 

14-2 

31-8 

Boiler  steel,  C,  .... 

•79 

14-1 

26-7 

52-9 

32-2 

6-27 

19-1 

23-0 

<« 

“ W, . . . . 

•77 

17-6 

30-9 

57-1 

24-8 

2-80 

6-21 

17  8 

<( 

Mean, 

15-5 

28-3 

54-5 

39-8 

5-23 

13-62 

25-7 

CROSSWAY. 


Stress. 

Extension,  Set  in  10  Inches, 

Stamped. 

Thick- 

Ratio  of 

Contraction 

ness. 

Elastic  to 

of  Ai'ea 

Appearance  at  Fracture. 

Elastic 

Ultimate 

Ultimate. 

at  Fracture. 

At  50.000  lbs. 

At  60,000  lbs. 

Ultimate. 

Per  sq.  Inch. 

Per  sq.  Inch. 

Per  sq.  Inch. 

Per  sq.  Inch. 

Inch. 

Tons. 

Tons. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Admiralty  steel.  A, 

•25 

21-2 

30-7 

69-1 

37-4 

0-73 

6 45 

22-7 

100  per  cent,  silky. 

B. 

•25 

21-5 

30-9 

69-1 

41  4 

0-53 

6-03 

•23  0 

Boiler  steel,  C,  .... 

•25 

21-2 

30-4 

69-9 

45-0 

0-68 

6-40 

23-9 

(t 

“ W,  . . . . 

•25 

22-0 

3‘2-2 

67-9 

20-4 

0-41 

• 4-44 

19  1 

i< 

21-5 

31-0 

69-0 

36-0 

0-59 

5-83 

22-2 

Admiralty  steel.  A, 

•48 

17-2 

28-3 

60-6 

40-0 

4-97 

11-80 

26-8 

100  per  cent,  silky. 

“ B, 

•48 

17-1 

28-2 

60-4 

43-5 

5-26 

12-70 

29-4 

<< 

Boiler  steel,  C,  .... 

•50 

20-0 

31-6 

63-1 

27-8 

1-77 

5-52 

22-5 1 

60  per  cent,  silky,  40 
per  cent,  granular. 

“ W,  . . . . 

•49 

20-2 

32-7 

61-7 

23-7 

1-53 

4-74 

17-2-| 

80  ^ silky,  20  sp- 
granular  laminse. 

Mean, 

18-6 

30-2 

61-4 

33-7 

3-38 

8-69 

23-9 

Admiralty  steel.  A, 

•75 

15-9 

28  3 

.56-0 

42-4 

6-00 

14-75 

28-2 

100  per  cent,  silky. 

“ B, 

•74 

16-0 

28-3 

56-3 

45-2 

5-80 

13-67 

29-8 

Boiler  steel,  C,  . . . . 

•80 

14-5 

28-1 

51  6 

.53-0 

5-94 

13-85 

32-4 

ii 

•*  W 

•77 

16  8 

30  7 

54-9 

34-2 

3-14 

7-29 

25-3 1 

90  per  cent,  silky,  10 
per  cent,  granular. 

15  8 

28-8 

54-7 

43-7 

5-22 

12-36 

28-9 
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The  above  tests  of  English  material,  from  the 
West  Cumberland  Iron  and  Steel  Company,  were 
made  by  Kirkaldy  for  the  Board  of  Trade  (see 
Table  XVI.  “ A summary  of  the  results  of  experi- 
ments to  ascertain  the  elastic  and  ultimate  tensile 
Strength  of  twelve  steel  plates,  annealed,  received 
direct  from  Messrs.  West  Cumberland  Iron  and  Steel 
Company,  Limited.”  Nominal  thickness,  quarter, 
half,  and  three-  quarter  inch.)  All  test  pieces  were 
taken  from  plates  of  ordinary  manufacture,  selected 
by  tiie  chief  engineer  of  the  Board  of  Trade.  The 
steel  was  made  by  the  Bessemer  process,  a mixture 
of  ferro-manganese  and  spiegeleisen  being  used.  The 
ingots  were  hammered  into  slabs  about  6 inches 
thick,  reheated  and  rolled  into  plates  at  one  heat. 
The  annealing  was  done  in  a Siemens  furnace. 

The  analyses  of  these  plates  gave  the  following 

results : — 


Cast  A B 0 W 

Iron, 99-274:  ..  99-099  ..  99  5.50  ..  99-036 

Carbon, -140  ..  -200  ..  -100  ..  -240 

Silicon, trace.  ..  trace.  ..  trace.  ..  '159 

Sulphiir -030  ..  -046  ..  -057  ..  -040 

Phosphorus, -030  ..  -0I5  ..  -027  ..  -021 

Manganese, -590  . . -640  . . -489  . . -504 


On  the  whole,  it  will  be  seen  that  this  material  is 
of  very  high  class,  as  the  mean  tensile  strain  of  all 
the  samples  cut  lenj^thways  is  30  tons  per  square 
inch,  and  the  elongation  25  per  cent. ; while  one  of 
the  samples,  with  a strength  of  28-1  tons,  elongated 
32-4  per  cent.  This  is  a greater  elongation  than  was 
reached  by  any  of  the  samples  of  the  chain  cable  iron 
tested  by  the  United  States  committee  of  experts, 
and  reported  on  by  Holley,  the  best  result  of  the 
whole  series  giving  only  29-9  per  cent,  elongation, 
with  a tensile  strength  of  24-2  tons,  while  the  average 
is  very  far  below  this  standard.  It  will  be  noted 
also  that  the  material  is  nearly  of  the  same  strength 
and  elasticity  when  tested  crossway,  in  which  respect 
it  again  far  exceeds  iron.  It  appears  that  the  thinner 
plates  give  a higher  tensile  strain  and  lower  modulus 
of  elasticity  than  the  thicker  ones.  This  is  what 
might  be  expected,  although  the  annealing  to  a great 
extent  removes  the  hardness  produced  by  rolling. 

In  1870  a committee  of  the  Institute  of  Civil 
Engineers  presented  an  elaborate  and  valuable 
report  upon  “ The  Mechanical  and  other  Properties 
of  Steel,”  from  experiments  made  at  the  Woolwich 
Dockyard.  The  following  table.  No.  XVII.,  is  ex- 
tracted to  show  the  connection  between  chemical 
composition  and  mechanical  properties.  The  analyses 
w-ere  performed  by  E.  Richards,  of  the  Barrow 
Steel  Works,  and  Dr.  Odling.  It  is  to  be  regretted 
that  there  are  serious  discrepancies  between  the 
analytical  results  of  these  two  chemists,  which  have 
not  been  cleared  up,  as  they  render  it  diffcult  to 
deduce  conclusions  from  the  observations. 

The  enormous  quantities  of  steel  now  used  for 
railway  bars  renders  any  observation  upon  the 
material  employed  of  great  consequence.  Numerous 
observations  have  been  made  upon  the  effect  of 
punching  upon  this  kind  of  steel,  and  all  investiga- 
tions corroborate  the  statement  first  made  by  Bram- 
WELL,  that  punching  or  notching  deteriorates  such 
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steel  to  a very  great  extent.  According  to  C.  P. 
Sandberg,  mild  steel  rails  are  '■  eakened  80  per  cent, 
by  notching  in  the  fliinge,  and  hard  steel  rails  97  per 
cent,  by  square  cornered  notches  y inch  deep,  and 
95  per  cent,  by  round  cornered  notches.  Hackney 
states  that  a Great  Western  double-headed  rail  with 
no  holes  stood  a blow  of  1 ton  falling  20  feet,  while, 
when  a hole  was  punched  through  the  web,  it  broke 
under  the  first  blow  with  a 3 feet  fall ; and  when 
the  hole  was  drilled  it  stood  a 2 feet  fall,  but  broke 
with  the  second  blow  from  4 feet.  Price  Williams 
had  an  elaborate  series  of  tests,  conducted  by 
Kirkaldt,  upon  the  same  point  (see  paper  on 
“Permanent  Way  of  Railways,”  Inst.  C.E.),  and 
arrived  at  the  conclusion  that  “the  ultimate  stress 
of  steel  rails  punched  cold  in  the  ordinary  way  was 
65'39  per  cent,  of  the  ultimate  stress  of  unpunched 
rails,  whereas  the  ultimate  stress  of  the  drilled  rails 
was  98’08  per  cent,  of  that  of  the  undrilled  rails.” 
This  was,  of  course,  with  a gradually  applied  strain. 
Williams  has  also  investigated  with  great  care  the 
wear  of  steel  rails,  and  has  proved  conclusively  that 
a rail  rolled  from  a cogged  ingot  is  stronger  than  a 
rail  of  the  same  steel  from  a hammered  ingot. 
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Two  of  the  first  steel  rails  ever  used  on  a railway 
were  laid  on  the  London  and  North  Western  line  at 
Camden  Town  ; and,  according  to  Price  Williams’ 
calculation,  one  of  these  carried  5,152,856  tons  for 
each  one-sixteenth  of  an  inch  worn  down,  the  other 
8,474,576  tons  for  one-sixteenth  of  an  inch  wear; 
while  on  an  average  the  Crewe  rails  require  9,370,777 
tons  to  roll  over  them  before  they  lose  one-sixteenth 
of  an  inch  in  thickness ; while  some  steel  rails  on 
the  Great  Eastern  Railway  have  withstood  27,000,000 
tons,  and  on  the  Great  Northern  Railway,  30,000,000 
tons  for  each  one-sixteenth  of  an  inch  wear.  It 
appears  that  the  character  of  the  ground  has  more 
to  do  with  the  wear  of  a steel  rail  than  anything 
else.  If  the  ballast  be  continually  wet,  the  rail  gets 
ground  out  very  rapidly,  while  in  dry  situations, 
where  dust  and  dirt  do  not  aid  the  grinding 
action  of  the  wheels,  they  are  extremely  durable. 
Williams  assumes  43  years  as  the  average  life  of 
steel  rails.  The  following  extremely  interesting 
table  (XVIII.)  of  the  wear  of  rails  on  the  Great 
Northern  Railway  is  also  due  to  Williams,  and 
is  highly  instructive.  The  whole  paper  will  well 
repay  a close  study: — 


TABLE  XVllI. — SUMMARY  OF  TABLE  SHOWING  THE  AMOUNT  OP  WEAR  AND  'lONXAGB  OVER  STEEL  RAILS  IN  AND  NEAR 
MAIDEN  LANE  AND  COFENHAGEN  TUNNELS,  TOGETHER  WITH  A CHEMICAL  ANALYSIS  OF  THE  KAILS. 


No.  9. 

Copenhagen  Tunnel. 
(Down.) 

No.  17. 
Maiden  Lane 
Tunnel  (up). 

No.  18. 

Maiden  Lane  Tunnel. 
(Up.) 

No.  21. 

North  of  Copenhagen 
Tunnel  (up). 

No.  22. 

North  of  Cojieuhagen 
Tunnel  (up). 

No  23. 

North  of  Copenhagen 
Tunnel  (up). 

No.  24. 

North  of  Copenhagen 
Tunnel  (up). 

Tonnage. 

96,824,000 

Tonnage. 

40,329,000 

Tonnage. 

40,329,000 

Tonnage. 

63,868,000 

Tonnage. 

63,868,000 

Tonnage. 

59,638,000 

Tonnage. 

59,638,000 

Tonnage  per  l~16ih 
Wear. 

15,129,000 

Tonnage  per  l>16th 
Wear. 

5,251,000 

Tonnage  per  l*>16ili 
Wear. 

8,402,000 

Tonnage  per  l-16th 
Wear. 

7,676,000 

Tonnage  per  l-16th 
Wear. 

9,283,000 

Tonnage  per  l-16th 
Wear. 

15,531,000 

Tonnage  per  l-16th 
Wear. 

31,061,000 

CHEMICAL  ANALYSIS  BY  RILEY. 


No.  9. 

Coi>enhagea 
Tunnel  (down). 

No.  17. 
Maiden  Lane 
Tunnel  (up). 

No.  18. 
Maiden  Lane 
Tunnel  (up). 

No.  21. 

North  of  Copen- 
hagen Tunnel  (up). 

No.  22. 

North  of  Copen- 
hagen Tunnel  (up). 

No.  23. 

North  of  Copen- 
hagen Tunnel  (up). 

No.  24. 

North  of  Copen- 
hagen Tunnel  (up). 

Carbon, 

0-336 

0-.331 

0-296 

0-302 

* 0-538 

0-340 

1 0-270 

Silicium, 

0-034 

0 029 

0-029 

0-034 

0-040 

*0-062 

t 0-0-20 

Sulphur, 

t 0-038 

0-090 

0-051 

* 0-096 

0-059 

0-055 

0-051 

Phosphorus, 

0-125 

0186 

0-144 

0-162 

O-Ill 

*0-242 

t 0-100 

Iron 

99-408 

99-451 

99-637 

99-632 

99-249 

99-2-23 

99-475 

Manganese, 

0-338 

0 353 

t 0-245 

1 0-245 

0-461 

*0-475 

0-259 

Copper, 

» 0 032 

0 020 

00-20 

t 0-018 

0 0-22 

0-028 

0-025 

100-311 

100-460 

100-422 

100-489 

100-480 

100-425 

100-200 

* Ma-ximuin  percentage.  f Minimum  percentage. 


Smith  of  Barrow  has  likewise  investigated  the 
question  of  wear  of  steel  rails,  and  has  come  to 
the  remarkable  conclusion  that  it  is  not  the  hardest 
rails,  or  those  highest  in  carbon,  which  wear  the 
longest  This  conclusion  seems  to  be  confirmed 
by  the  previous  table,  although  contrary  to  what 
might  have  been  expected.  Further  experiments 
and  observations  upon  these  points  would  be  desir- 
able. The  following  table  (XIX.),  by  Smith,  is  the 
foundation  for  his  deductions. 

A comparison  of  the  tensile  strength  and  elasticity 
of  mild  steel,  as  compared  with  the  best  Yorkshire 
brands  of  iron,  such  as  Lowmoor  and  Bowling, 
shows  the  great  superiority  of  the  former  in  every 
respect ; and  as  steel  can  now  be  made  of  thoroughly 


reliable  and  regular  quality  at  about  half  the  cost 
of  this  far-famed  material,  there  would  appear  to 
be  no  object  in  adhering  to  the  more  expensive 
material ; and  as  prejudice  wears  away  there  is 
every  reason  to  expect  that  steel  will  supersede 
iron  for  shipbuilding,  bridge  construction,  and 
boiler  work,  as  completely  as  it  has  already  super- 
seded iron  for  railway  bars. 

Much  greater  progress  is  being  made  in  the  use 
of  steel  in  France  and  Germany  than  in  England, 
the  Governments  of  these  countries  lending  valuable 
assistance  to  the  manufacturers : 40,  50,  and  even 
100  ton  castings  are  now  common  in  France,  and 
Terre  Noire  is  making  guns  and  armour  plates  from 
annealed  castings  without  hammering  or  rolling. 
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TABLE  XIX. — RESULTS  OF  EXPERIMENTS  ON  DOUBLE-HEADED  BESSEMER  STEEL  RAILS,  MANUFACTURED  AT  THE  BARROW 
WORKS,  JN  WEAR  ON  THE  MAIN  LINE  OF  THE  FURNESS  RAILWAY  FOR  EIGHT  YEARS. 


No. 

Strain  required 
to  punch  hole 
|-‘inch  diameter 
through  web 
^inch  thick. 

Bending 
strain  required 
to  produce 
permanent  set. 
Supports  36 
Inches  apart. 

Tensile  Testa 
Si)eciinen3  from  Web. 

Carbon. 

Original 
weight  of  rail 
per  yard. 

Weight  of 
railjier  yard 
after  wear. 

Wear  of 
rail 

per  yard. 

Percentage  of 
wear. 

Breaking  strain 
per  square  inch 
original  sectional 
area. 

Elongation. 
Length  extended 
= 2 inches. 

Tons. 

Tons. 

Tons. 

Per  Cent. 

Per  Cent. 

Lbs. 

Lbs. 

Lbs. 

1 

46-25 

19 

30-91 

37-5 

0-28 

73 

63-41 

9-59 

13-131 

2 

46-33 

19 

30-08 

36-5 

0-28 

73 

63-93 

9-07 

12-42 

3 

46-97 

19 

31-03 

36-0 

0-28 

73 

63-95 

9-05 

12-39 

4 

47-18 

19 

31-56 

35-0 

0-28 

73 

64-84 

8-16 

11-17 

• 

5 

48-21 

20 

31-53 

36-0 

0-29 

73 

61-52 

11-48 

15-72 

a 

6 

48-27 

20  . 

32-85 

34-5 

0-30 

73 

63-26 

9-74 

13-34 

0 

7 

48-50 

20 

33-37 

32-0 

0-30 

73 

61-14 

11-86 

16-24 

8 

48-86 

20 

33-07 

32-0 

0-29 

73 

63-11 

9-89 

13-55 

9 

48-89 

20 

31-88 

36-0 

0-31 

73 

63-02 

9-98 

13-67 

10 

49-00 

20 

32-33 

37-0 

0--29 

73 

62-30 

10-70 

14-66 

•g  ^ 

11 

49-00 

20 

33-37 

34-0 

0-31 

73 

65-07 

7-93 

10-86 

a u 

12 

49-07 

20 

32-09 

37-0 

0-30 

73 

62-34 

10-66 

14-60 

0 ee 
03  ^ 

13 

49-41 

20 

31-97 

33-5 

0-32 

73 

6.5-46 

7-54 

10-33 

& 

14 

49-50 

20 

32-75 

32-0 

0-31 

73 

64-02 

8-98 

12-30 

(P 

bO 

15 

49-68 

21 

3318 

32-5 

0-29 

73 

61-66 

11-34 

15-53 

ce 

16 

50-00 

21 

33-59 

36-0 

0-30 

73 

61-61 

11-39 

15-60 

> 

17 

50-11 

21 

33-08 

35-0 

0-30 

73 

61-37 

11-63 

15-93 

< 

18 

50-27 

21 

32-67 

35-0 

0-30 

73 

62-67 

10-33 

14-15 

19 

51-05 

21 

33-65 

32  0 

0-32 

73 

63-60 

9-40 

12-87 

20 

52-50 

21 

33-49 

32-0 

0-.32 

73 

61-00 

9-00 

12-33 

21 

56-79 

23 

37-01 

26-0 

0-36 

73 

58-01 

14-99 

20-531 

22 

58-16 

23 

37-42 

26-0 

0-40 

73 

59-95 

13-05 

17-87 

23 

58-44 

23 

37-93 

23-0 

0-40 

73 

63-51 

9-49 

13-00 

V 

24 

61-24 

24 

41-41 

26-0 

0-39 

73 

60-45 

12 -.55 

17-19 

< S. 

25 

61-34 

24 

39-10 

22-0 

0-43 

73 

64-24 

8-76 

12-00 

!.  00 

26 

64-4-2 

24 

42-82 

25-0 

0-44 

73 

63-66 

9-34 

12-79 

27 

65-19 

26 

44-00 

16-5 

0-45 

73 

63-36 

• 9-64 

13-20 

'S  ^ 

28 

65-31 

25 

39-23 

24-0 

0-44 

73 

60-84 

12-16 

16-66 

29 

74-50 

28 

45-79 

3-0 

0-50 

73 

62-68 

10-32 

14-14 

e3 

30 

82-47 

31 

50-42 

3-0 

0-57 

73 

62-44 

10-56 

14-47  J 

w % 

SUGAR. — Sucre,  French;  Zucker,  German.  Of  the 
many  varieties  of  sugar  there  are  but  three  of  any 
commercial  importance — viz.,  cane  sugar  or  sac- 
charose, grape  (or  starch)  sugar  or  dextrose,  and 
the  so-called  fruit  sugar  or  Isevulose,  which  accom- 
panies dextrose  in  those  varieties  of  brewing  sugar 
which  are  prepared  from  cane  sugar.  Of  these  sac- 
charose is  by  far  the  most  important,  and  will  alone 
be  treated  on  under  the  head  Sugar. 

“Cane”  sugar  occurs  in  a very  large  number  of 
plants,  but  is  only  manufactured  from  sugar-cane, 
sugar-beet,  sorghum,  a species  of  palm  tree,  and 
sugar-maple.  It  is  absolutely  the  same  substance, 
as  far  as  can  be  determined  by  any  known  means, 
whether  it  be  obtained  from  one  source  or  the 
other ; and  being  in  an  equally  pure  state,  has  the 
same  sweetening  power.  It,  like  all  sugars,  is  com- 
posed of  the  elements  carbon,  hydrogen,  and  oxygen, 
which  in  this  case  are  united  in  such  proportions 
that  there  are  12  times  12  parts  of  carbon,  or  Cjji 
22  times  1 part  of  hydrogen,  or  H22;  H times  16 
parts  of  oxygen,  or  Oj^ ; so  that  the  formula  which 
represents  its  composition  is  Cj2H220jj. 

It  crystallizes  from  its  solutions  in  water  or  dilute 
alcohol  in  anhydrous  (without  water  of  crystalliza- 
tion) crystals,  belonging  to  the  monoclimc  (singly 
oblique)  system,  which  can  be  grown  to  a large  size 
by  suspending  them  in  a slightly  supersaturated 
solution  of  sugar,  and  allowing  the  whole  to  stand 
at  rest  for  a long  time.  The  specific  gravity  of  the 
pure  crystals  is  1'606.  It  is  soluble  in  one-third  of 
its  weight  of  cold  water,  and  is  even  more  soluble  at 


higher  temperatures.  At  the  boiling  point  of  water 
the  concentrated  solution  becomes  syrupy. 

SCHEIBLER  gives  the  following  solubilities  in 
alcohol  at  14°  C.  He  also  gives  (Zeitschnft  des 
Vereins  fur  die  Riibenzucker  - Industrie,  xxii.  p.  246) 
the  solubilities  at  0°  C.  and  40°  C. : — 


Volume 

Solubility  of  Sugar  in  Aqueous  Spirit  at  14®  C. 

Per  Cent. 
AlcohoL 

100  c.c.  of  the 

Saturated  Solution  contain 

Specihc  Gravity  of  ihe 
Saturated  Solution. 

0 

Grams.  Sugar. 

85-8 

1-3248 

5 

82-4 

10 

79-4 

1-2991 

15 

76-5 

20 

73-4 

1-236 

25 

69-8 

30 

66-0 

1-2293 

35 

61-6 

40 

56-7 

1-1823 

45 

51  *6 

50 

45-7 

1-1294 

55 

39-6 

60 

32-9 

1-0.50 

65 

25-6 

70 

17-8 

0-9721 

75 

H-2 

80 

6-4 

0-8931 

85 

2-7 

90 

0-7 

0-8369 

95 

0-2 

97-4 

0-08 

0-8062 

100 

0-00 

The  same  authority,  as  the  result  of  his  own 
determination,  gives  the  percentage  of  sugar  con- 
tained in  the  solutions  saturated  at — 
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Per  Cent. 


0°  C.  (32°  Fahr.), 65 

5°  C.  (41°  Fahr.), 65'2 

10’  C.  (50°  Fahr.) 65'6 

15°  C.  .59°  Fahr.), 66'1 

20°  C.  (68°  Fahr.  67 '0 

25°  C.  (77°  Fahr.), 68’2 

30°  C.  (86°  Fahr.), 69 '8 

35°  C.  (95°  Fahr.) 72’4 

40°  C.  104°  Fahr.), 75'8 

4.5°  C.  ( 113°  Fahr.) 79  2 

60°  C.  (l22°  Fahr.), 82 ‘7 


Sugar,  like  many  other  organic  bodies  of  complex 
constitution,  has  the  power,  even  when  in  solution, 
of  rotating  or  twisting  the  plane  of  a ray  of  polar- 
ized light;  and  the  amount  or  degree  of  rotation 
which  it  causes  is  proportional  to  the  number  of 
molecules  of  sugar  acting  on  the  ray.  Thus,  if  we 
pass  a ray  of  polarized  light  through  100  millimetres 
of  a solution  of  pure  sugar,  containing  10  grams,  of 
sugar  in  100  c.c.,  that  ray  will  be  twisted  to  the 
right  (hence  sugar  is  called  dextro-rotatory)  into  a 
plane  at  an  angle  of  n°  to  its  former  one ; but  if  we 
double  the  length  of  the  column  of  sugar  solution, 
or  double  the  quantity  of  sugar,  the  length  remain- 
ing the  same,  we  double  the  number  of  acting 
molecules,  and  so  double  the  rotation.  This  fact 
obviously  furnishes  us  with  a method  of  estimating 
the  amount  of  sugar  in  any  transparent  liquid  not 
containing  any  other  optically  active  substance. 

The  instruments  by  which  this  rotation  of  the 
plane  of  polarization  is  observed  are  called  polari- 
scopes  or  saccharometers,  and  take  three  principal 
forms.  The  first,  or  “ Soleil-Duboscq  ” instrument, 
especially  as  improved  by  Scheibler,  is  a good 
instrument  for  the  use  of  those  who  have  a keen 
perception  of  slight  differences  of  shades  of  colour, 
but  is  quite  useless  to  any  one  at  all  colour-blind — 
for  whom,  as  indeed  for  most  people,  the  instruments 
known  as  the  Cornu- Jellet  polariscope,  or  mcchari- 
meter  a penomhres,  or  Laurent’s  modification  of  it, 
are  to  be  strongly  recommended.  Space  fails  in 
which  to  describe  the  construction  of  these  various 
instruments ; and  their  manipulation,  so  far  as  it 
needs  description,  will  be  found  under  the  head 
Estimation  of  Sugar. 

When  heated  in  solution  with  dilute  acids,  or  when 
submitted  to  the  action  of  ferments  for  a limited 
period,  sugar  takes  up  the  elements  of  water,  H2O, 
and  splits  into  two  molecules  of  different  glucoses — 
viz.,  dextrose,  which  has  a right-handed  rotatory 
power  for  polarized  light;  and  laevulose,  which  is 
laevo-rotatory.  Both  have  the  same  formula  — 
Cgllj.^Og — but  differ  considerably  in  their  properties, 
doubtless  owing  to  a different  arrangement  among 
themselves  of  the  atoms,  or  groups  of  ultimate 
particles,  of  which  the  respective  molecules  con- 
sist. Because  the  laevulose  rotfites  to  the  left  more 
strongly  than  the  dextrose  to  the  right,  the  mixture 
rotates  to  the  left,  or  the  rotatory  action  of  the 
original  cane  sugar  has  been  inverted ; whence 
the  name  “ invert  sugar  ” commonly  applied  to  this 
mixture.  Long  boiling  with  water  gives  rise  to  the 
same  result  to  a slight  extent ; but  if  both  sugar  and 
water  be  pure  and  free  from  all  acids,  it  is  to  a 


slight  extent  only.  It  has  been  stated  that  an 
aqueous  solution  of  sugar,  when  ex[iosed  to  light, 
undergoes  inversion,  but  this  is  not  correct.  In 
the  absence  oj  ferment  germs  solutions  of  sugar  will 
keep  unaltered,  not  only  for  months,  but  for  years. 

The  hwersion  of  cane  sugar  is  accomplished  by 
different  acids  with  very  various  degrees  of  rapidity. 
Dubrunfaut  states  that  one  equivalent  of  sulphuric 
acid  (49  parts)  has  only  half  as  great  a power  of 
inversion  as  one  of  hydrochloric  acid  (36'5  parts), 
and  at  100°  C.  (212°  Fahr.),  T-jy^^th  of  tartaric 
acid  causes  complete  inversion.  He  further  states 
that  if  one-half  the  inversion  takes  place  in  the 
unit  of  time,  in  the  next  unit  only  one-half  as  much 
sugar  is  inverted,  and  in  the  next  one-quarter ; or, 
in  other  words,  the  action  of  the  acid  is  propor- 
tional to  the  number  of  molecules  of  sugar  on 
which  it  has  to  act.  The  time  required  for  a given 
amount  of  inversion  is,  roughly  speaking,  in  inverse 
proportion  to  the  quantity  of  acid,  the  concentra- 
tion, &Ov,  remaining  the  same  ; but  these  statements 
are  contradicted,  as  regards  their  quantitative  parts, 
by  more  than  one  respectable  authority. 

Weak  acids,  such  as  acetic  and  some  other  vege- 
table acids,  possess  very  little  power  of  “inversion” 
at  any  temperature  short  of  100°  C. ; and  accord- 
ingly when  sulphuric  or  hydrochloric  acids  are 
added  to  concentrated  cane  or  beet  juice,  as  is  done 
in  Demerara,  and  of  Late  in  France  by  Marguerite, 
the  natural  vegetable  acids  are  displaced  and  set 
free  by  the  stronger  mineral  acids,  which  become 
neutralized  by  the  bases  with  which  the  former 
were  originally  combined.  The  free  vegetable  acids, 
though  making  the  liquid  very  sour,  invert  but  little 
sugar  at  the  temperature  at  which  the  solution 
boils  in  the  vacuum.  For  a very  interesting  and 
important  paper  on  the  inversion  of  sugar  by  acids 
consult  A.  Behr  in  Stammer’s  “ Jahres-Bericht  fiber 
die  Untersuchungen  und  Fortschritte  der  Zucker- 
fabrikation”  for  the  year  1874. 

Though  sugar  is  so  easily  inverted  by  acids,  it 
withstands  the  action  of  alkalies  very  perfectly — a 
solution  mixed  with  caustic  potash,  soda,  or  lime, 
and  boiled,  even,  undergoes  no  change  of  colour  if 
free  from  glucose ; and  though,  while  alkaline,  it 
exhibits  diminished  rotatory  power  for  polarized 
light,  it  recovers  its  original  power  on  being  neu- 
tralized. Sugar,  indeed,  forms  many  compounds 
with  the  alkalies  and  alkaline  earths  to  which  for- 
mulae have  been  given,  though  they  are  so  difficult 
or  impossible  to  prepare  in  a pure  state  that  their 
accurate  composition  cannot  be  said  to  be  in  all 
cases  determined.  The  potassium  and  sodium  com- 
pounds are  made  by  adding  strong  alcohol  to  a 
solution  of  sugar  and  potash,  or  soda,  respectively. 
They  are  both  gelatinous  precipitates,  difficult  to  wash 
with  alcohol,  and  affording  no  guarantee  of  purity. 
The  formulae  assigned  to  them  are  Cj2H„jKOjj,  and 
which  are  improb.able.  'i'he  barium 
compound  is  the  one  which  is  most  defitiite  in  its 
characters;  it  is  easily  obtained  in  a crystalline  con- 
dition by  boiling  down  a solution  of  sugar  mixed 
with  a large  quantity  of  caustic  baryta  (or  sulphide 
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of  barium)  uutil  a sandy  precipitate  settles  out. 
Tliis  must  then  be  washed  with  water  free  from 
carbonic  acid,  in  an  atmosphere  also  free  from  the 
same  impurity.  The  formula  indicated  by  the  ana- 
lysis of  the  compound  so  prepared  is  Cj2Ho20j^BaO. 
The  easy  formation  and  purification  of  this  body 
have  led  to  its  being  employed  on  a large  scale  as  a 
means  of  recovering  sugar  from  molasses ; for  when 
prepared  and  washed  it  needs  only  to  be  decomposed 
by  carbonic  acid  in  order  to  set  free  the  sugar,  which 
can  then  be  obtained  in  the  solid  form  by  evaporation. 
The  removal  of  the  last  portions  of  the  poisonous 
baryta  from  the  solution  is  easily  effected  by  gypsum, 
which,  of  course,  throws  it  down  as  insoluble  sulphate. 
The  process  is  due  to  Dubrunfaut. 

The  lime  compounds,  though  very  important  tech- 
nically, are  unfortunately  rather  indefinite  in  their 
characters,  and  it  is  almost  impossible  to  purify 
them  so  that  a really  satisfactory  analysis  can  be 
made.  Accordingly,  the  most  contradictory'  state- 
ments are  current ; but  the  balance  of  evidence 
seems  to  point  to  the  existence  of  two  definite 
compounds — Cj2H290iif^^i0i  monobasic  sucrate  of 
lime,  corresponding  to  the  definite  barium  com- 
pound, and  Cj2H220jj3CaO,  tribasic  sucrate  of 
lime.  The  first  is  made  by  dissolving  lime  in  sugar 
solution  in  such  quantity  that  it  is  rather  below  than 
above  the  theoretical  amount,  filtering  the  strongly 
alkaline  solution,  and  precipitating  by  the  addition 
of  alcohol.  It  is  soluble  in  water,  is  strongly  alka- 
line, and  absorbs  carbonic  acid  greedily. 

The  tribasic  sucrate  is  only  slightly  soluble,  and  is 
much  less  so  in  hot  than  in  cold  water ; accordingly, 
if  any  solution  of  lime  in  sugar-water  be  heated  tri- 
basic sucrate  will  be  formed,  and  if  the  solution  is 
not  too  dilute,  or  does  not  contain  too  large  a pro- 
portion of  sugar  to  lime  (so  as  to  forcibly  maintain 
the  monobasic  sucrate  in  existence),  it  will  separate 
in  a more  or  less  gelatinous  form,  which  gives  the 
appearance  of  coagulation,  such  as  occurs  with  white 
of  egg. 

A cold  solution  of  sugar  lime  rapidly  absorbs  car- 
bonic acid  passed  into  it,  but  remains  quite  clear  up 
to  the  point  where  about  one-half  of  the  lime  is  com- 
bined with  carbonic  acid ; then  the  liquid  suddenly 
becomes  opalescent,  and,  if  sufficiently  concentrated, 
gelatinous  throughout.  On  continuing  the  passage 
of  the  gas  the  pasty  mass  becomes  thinner  and 
thinner  as  the  carbonate  of  lime  becomes  more  and 
more  crystalline,  and  in  the  end  there  is  obtained  a 
clear  solution  of  sugar  and  a sandy  precipitate  of 
caibonate  of  lime.  The  gelatinous  precipitate  which 
is  formed  at  one  stage  is  in  all  probability  merely 
a hydrated  carbonate  of  lime,  possibly  containing 
an  excess  of  base,  and,  consequent  on  its  physical 
character,  entangling  and  retaining  a certain  pro- 
portion of  whatever  is  in  solution  {e.g.  the  sugar) 
when  it  was  formed.  Boivin  and  Loiseau  supposed 
the  jelly  to  be  a definite  chemical  compound  of 
sugar  lime  and  carbonic  acid,  and  called  it  hydro- 
sucro-calcic-carbonate,  but  no  one  has  been  able  to 
verify  the  analytical  data.  At  any  rate,  this  jelly  is 
easily  formed  on  the  large  scale,  and  is  applied,  as 


described  further  on,  to  the  purification  of  raw  sugar 
in  the  Boivin  and  Loiseau  process,  known  also  as 
the  Tooth  process  when  applied  to  cane  juice. 


SOLUBILITV  OP  LIME  IN  SCOAK  SOLUTIONS. 


Quantity  of 
Sugar  Dissolved 
in  100  parts  of 
Water. 

Density  of 
Syrup. 

Density  of 
Syrup  when 
Saturated 
with  Lime. 

100  parts  of  Residue 
dried  at  320’' 
contain 

40-0 

1'122 

1-179 

Lime. 

21-0 

Sugar. 

790 

37-.’i 

1-116 

1-175 

20-8 

79-2 

3,’j-O 

1-110 

1-166 

20-5 

79-5 

32-5 

1-103 

1-159 

20-3 

79-7 

30-0 

1-096 

1-148 

20-1 

79-9 

27-5 

1-089 

1-139 

19-9 

80-1 

25-0 

1-082 

1-128 

19-8 

80-2 

22-5 

1-07.5 

1-116 

19-3 

80-7 

20-0 

1-068 

1-104 

18-8 

81-2 

17-5 

1-060 

1-092 

18  7 

81-3 

15-0 

1-052 

1-080 

18-5 

81-5 

12-5 

1-044 

1-067 

18-3 

81-7 

10-0 

1-U36 

1-053 

18-1 

81-9 

7-5 

1-0-27 

1-040 

16-9 

83-1 

5-0 

1-018 

1-026 

15-3 

84-7 

2-5 

1-009 

1-014 

13-8 

86-2 

Other  bases,  such  as  magnesia,  lead  oxide,  iron 
oxide,  »&c.,  combine  with  sugar  to  form  soluble 
compounds.  Little  is  known  about  them,  and  to  the 
manufacturer  or  refiner  they  are  of  little  import- 
ance, except  in  so  far  that  his  syrups,  &c.,  will 
dissolve  and  become  contaminated  with  lead  or  iron 
if  allowed  to  pass  through  rusty  or  scaly  pipes  or 
cisterns  of  those  metals. 

Sugar  has  the  power  of  uniting  with  several  salts 
to  form  a number  of  definite  crystalline  compounds. 
A close  study  of  these  bodies  throws  much  light 
on  the  influence  of  “ salts  ” in  interfering  with  the 
crystallization  of  sugar  and  promoting  the  formation 
of  molasses.  As  common  salt  is  the  most  com- 
mon saline  impurity,  the  compounds  which  it  forms 
are  the  most  important. 

When  sugar  is  mixed  with  so  much  salt  as  will 
form  about  14  per  cent,  of  the  whole  mass,  and 
the  two  are  then  dissolved  together,  filtered,  ren- 
dered slightly  alkaline  to  prevent  fermentation,  and 
the  solution  set  aside  to  evaporate  slowly  in  a warm 
place,  a viscid,  somewhat  treacly  liquid  is  formed,  in 
which  slowly,  but  very  slowly,  crystals  having  the 
form  of  prisms  with  pyramidal  ends  are  deposited, 
and  continue  to  grow  larger  for  a long  time.  They 
may  be  purified  by  solution  in  spirit  of  10  per  cent, 
and  re-crystallization,  and  then  have  very  sharply  the 
composition  represented  by  Cj2H220jjNaC12H20. 
Another  compound,  having  the  formula 

2Cij,H220u,3NaC14H20 
has  also  been  obtained. 

An  iodide  of  sodium  compound,  with  the  compo- 
sition 2Cj2H2oOjj^,3NaI,3H20,  is  easily  obtained  in 
very  large  crystals  by  gently  evaporating  at  ordinary 
temperatures  a solution  containing  the  two  sub- 
stances in  about  the  theoretical  proportions. 

Chloride  of  potassium  and  chloride  of  ammonium, 
when  added  to  solutions  of  sugar,  behave  like  com- 
mon salt  so  far  that  they  make  the  solution  viscid, 
and  prevent  the  deposition  of  crystals  of  pure  sugar. 
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They  also  unite  with  the  sugar,  and  crystallize  out 
with  it  when  crystals  do  at  last  form.  These  crystals 
have  not  a constant  composition,  but  contain  pro- 
portions of  the  “salt”  and  sugar,  varying  witli  the 
proportions  of  those  bodies  in  solution  ; the  crystals 
are  anhydrous,  and  it  is  probable  that  the  compounds 
in  definite  molecular  proportions,  which  doubtless 
exist,  arj  isomorphous  with  sugar  itself,  and  conse- 
quently crystallize  out  along  with  it  in  all  propor- 
tions. The  interest  of  these  bodies  lies  in  the  fact 
that  their  solutions  are  brought  to  crystallize  with 
great  difficulty,  and  that  they  persistently  maintain 
a state  of  supersaturation  in  presence  of  even  many 
crystals  of  their  own  composition.  For  after  so 
much  of  the  sugar  of  a vegetable  juice  has  been 
removed  by  evaporation  that  the  salts  left  in  the 
mother  liquors  are  in  proportion  to  form  all  or 
any  of  the  above  compounds,  the  liquor  becomes 
too  sticky  to  admit  of  the  free  crystallization  even 
of  that  sugar  which  is  still  uncombined  with  salts, 
and  consequently  a double  loss  occurs  to  the  manu- 
facturer: first,  of  the  sugar  which  unites  with  the 
salts  to  form  these  compounds;  and  secondly,  of 
that  which  is  retained  in  solution  in  the  practically 
uncrystallizable  syrup  so  made. 

The  so-called  third  running  beet  sugars,  which 
often  stand  in  the  crystallizing  tanks  for  six  months, 
nearly  always  contain  large  quantities  of  salts  actually 
crystallized  out  with  the  sugar,  mostly  chloride  and 
nitrate  of  potassium. 

The  experiments  of  Sciieiblek  and  Marschall 
to  determine  the  molasses-forming  power  of  cer- 
tain salts  were  made  by  adding  a certain  quantity 
of  a given  salt  to  a known  excess  of  pure  sugar, 
together  with  as  much  water  as  would  naturally 
leave  a considerable  proportion  of  sugar  undissolved 
at  the  ordinary  temperature.  The  mixtures  were 
made  in  tubes,  which  were  then  sealed  before  the 
blow  pipe  and  heated  in  the  water  till  “salt” 
and  sugar  were  both  dissolved.  The  tubes  were 
then  allowed  to  cool,  and  stood  aside  at  an  even 
temperature  for  many  weeks ; opened,  and  the 
quantity  of  sugar  remaining  in  solution,  in  propor- 
tion to  the  water,  was  determined.  In  some  cases 
more  and  in  others  less  was  found,  than  if  simply 
pure  water  had  been  used.  Those  salts  giving  rise 
to  the  first  case  they  called  “ molasses-forming,”  and 
the  second  “negative  molasses-forming,”  implying 
that  their  presence  had  caused  more  sugar  to  crystal- 
lize than  otherwise  would  have  done.  But  these 
experiments  were  wrongly  conceived ; for  the  ques- 
tion is  not  what  proportion  of  the  sugar  present  can 
you  obtain  on  the  Jirst  crystallization,  but  how  much 
of  the  total  sugar  present  can  you  recover  by  repeated 
concentration.  It  is  certain  pure  sugar  would  give 
the  best  result. 

Dry  sugar  melts  at  160°  C.  (357°  Fahr.)  to  a colour- 
less liquid,  which  on  cooling  remains  glassy  for 
some  time,  and  then  becomes  crystalline  and  opaque. 
At  a little  above  this  temperature  it  is  said  to  be 
converted  into  a mixture  of  dextrose  and  Isevulos  in, 
and  at  about  200°  C.  (392“  Fahr.)  to  lo.se  water  and 
become  a mixture  of  glucosan  and  Isevulosan,  and  at 
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210°  C.  (410°  Fahr.)  to  be  converted,  with  further 
loss  of  water,  into  caramel;  but  the  evidence  on 
which  these  statements  are  made  is  somewhat  in- 
sufficient as  regards  the  composition  of  the  bodies 
formed,  though  water  is  lost  and  mixtures  of  bodies 
more  or  less  brown  are  formed. 

Analysis  and  Valuation  of  Sugar,  &c. — Reagents 
needed.  —The  reagents  required  for  the  examination 
and  analysis  of  sugars  and  syrups  are : — 

A solution  of  basic  lead  acetate.  — Grind  together 
in  a mortar  1 lb.  sugar  of  lead  and  J lb.  litharge, 
with  enough  water  to  make  the  whole  pasty.  Dis- 
solve in  about  3 pints  of  boiling  water,  with  con- 
stant shaking  till  all  the  litharge  has  disappeared. 
Filter  the  solution,  and  preserve  in  well -closed 
bottles. 

A solution  of  sulphttrous  acid  in  water. 

Sodium  sidphite  in  crystals. 

Washed  alumina — made  by  pouring  a solution  of 
alum  into  an  excess  of  a hot  solution  of  washing 
soda,  and  washing  the  precipitate  obtained  in  a linen 
bag  by  pouring  boiling  water  continually  through  it. 
It  is  to  be  mixed  with  enough  water  to  form  a thin 
cream. 

Purified  Animal  Charcoal. — Digest  1 lb.  of  ground 
new  animal  charcoal  in  5 or  6 lbs.  strong  hydro- 
chloric acid  (the  common  yellow  acid  will  do),  diluted 
with  twice  its  own  bulk  of  water,  at  a boiling  heat 
for  some  time;  filter  off  and  wash  the  residue  in  a 
linen  bag  with  boiling  water  till  the  filtrate  is  no 
longer  acid  ; dry  and  ignite  to  full  redness  in  a 
covered  crucible,  and  immediately  bottle  the  still 
warm  char  in  a number  of  small  well -stopped 
bottles.  It  is  essential  that  it  be  kept  dry. 

Pure  hydrochloric  acid. 

Pure  concentrated  sidphuiic  acid. 

Pure  copper  sidphate  in  crystals  (this  must  be  pure 
and  free  from  adherent  moisture). 

Pure  Rochelle  salt  (sodio-potassic  tartrate).  The 
commercial  article  sold  as  pure  is  nearly  always 
unfit  for  the  purpose  to  which  this  reagent  is 
applied,  and  needs  to  be  recrystallized  at  least  once 
before  use. 

A solution  of  caiistic  soda  as  pure  as  can  be  ob- 
tained. Commercial  caustic  soda  of  good  quality, 
when  treated  with  only  so  much  water  as  to  dissolve 
about  three-fourths  of  it,  makes  a solution  so  strong 
that  the  bulk  of  the  impurities  (sulphates,  carbonates, 
&c.)  are  not  dissolved,  and  may  be  filtered  off  through 
clean  sand.  Dilute  the  clear  syrupy  liquor  to  a spec, 
grav.  of  1-14,  and  preserve  for  use.  The  last  three 
reagents  are  used  for  the  preparation  of — 

Fehling's  solution  for  the  detection  and  estimation 
of  glucose.  For  this  purpose  dissolve  34‘64  grams, 
of  the  copper  sulphate  in  about  200  c.c.  of  water  in 
a beaker,  and  pour  this  into  a solution  of  173  grams, 
of  the  Rochelle  salt  in  480  c.c.  of  the  soda  solution 
contained  in  a litre  flask,  shaking  after  each  addi- 
tion. Make  up  with  water  to  the  mark,  and  bottle 
off  in  a number  of  small  well-stopped  bottles,  which 
keep  in  a dark  cupboard.  Prolonged  exposure  to 
light  so  alters  the  solution  that  it  is  decomposed  on 
simply  boiling. 
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To  standardize  this  solution,  prepare  a solution  of 
“invert”  sugar  of  known  strength  by  dissolving  0'475 
grams,  dry  loaf  sugar  in  about  10  c.c.  water  and  1 c.c. 
pure  hydrochloric  acid  in  a 100  c.c.  flask,  and  heating 
to  70°  C.  for  five  minutes,  cooling,  and  making  up 
to  100  c.c.  0-475  grams,  cane  sugar  inverted  = 0-5 
grams,  glucose.  When  10  c.c.  of  this  solution 
( = 0-05  grams,  glucose)  are  added  slowly  from  a 
burette  to  10  c.c.  of  Fehling's  solution,  kept  boiling 
as  described  below,  the  latter,  if  of  right  strength, 
should  be  completely,  but  only  just,  decolorized. 

Estimation  of  Sugar  and  Glucose — Preparation  of 
the  Solution  for  Polarization. — First  obtain  a fair 
average  sample,  the  doing  which,  though  the  most 
difficult  part  of  the  analysis,  needs  no  description. 
W eigh  off  the  normal  weight  (1 6-2 — 26 grams.,  accon  1- 
ing  to  the  polariscope  employed)  of  the  sugar  to  be 
analyzed;  introduce  it  into  a 100  c.c.  flask  by  the 
help  of  a smooth  wide-necked  funnel,  and  water 
enough  to  rinse  all  down.  Rather  more  than  half  fill 
the  flask  with  water,  and  shake  occasionally  till  all 
the  sugar  is  in  solution.  This  last  point  is  most  im- 
portant, as  any  grains  left  would  become  imbedded 
in  the  precipitate  next  made,  and  might  never  get 
fairly  dissolved  in  the  bulk  of  the  liquid.  According 
to  the  quality  of  the  sugar  the  solution  will  be 
“colourless  but  cloudy,”  “yellow,”  “brown,”  or 
almost  black. 

In  the  first  case  add  about  3 c.c.  of  the  creamy 
alumina,  and  one  drop  of  the  basic  lead  acetate.  In 
the  second  case  the  same,  but  with  three  to  five  drops 
more  of  the  lead  solution.  In  the  third  and  fourth 
cases  add  about  2 c.c.  of  the  solution  of  sodium 
sulphite,  and  then  basic  lead  acetate  cautiously  and 
with  constant  shaking,  till  no  more  precipitate  is 
formed.  In  either  case  shake  well,  and  allow  the 
whole  to  stand  ten  minutes,  to  permit  of  the  fuM 
separation  of  any  precipitate  that  is  to  be  formed ; 
then  fill  up  to  within  a short  distance  of  the  mark 
with  water.  The  froth,  which  is  almost  always 
present,  would  take  so  long  to  break  and  allow  of 
filling  up  exactly,  that  it  is  necessary  to  let  a drop  or 
two  of  spirit  fall  gently  on  the  surface,  which  is  best 
done  by  help  of  a small  squirt  bottle ; this  makes 
the  bubbles  disappear  at  once.  Complete  the  filling 
to  the  mark  with  the  utmost  care ; close  the  mouth 
of  the  flask  with  the  thumb,  and  shake  vigorously, 
to  insure  all  parts  of  the  liquid  having  the  same 
composition. 

It  is  commonly  advised  to  add  5 to  10  c.c.  of  the 
basic  lead  acetate  to  the  solution  of  a raw  sugar 
for  the  purpo.se  of  clearing  it ; but  any  excess  of  this 
reagent  dissolves  some  of  the  precipitate  first  formed, 
making  an  opalescent  solution  which  filters  with 
extreme  difficulty.  The  above  method  is  therefore 
much  to  be  preferred.  Scheibler  prefers  the  fol- 
lowing method  of  clarification,  which  is  certainly 
simple  and  good,  for  all  ordinary  qualities  of  beet 


these  liquids,  shakes,  and  makes  up  to  100  c.c.  as 
above. 

Some  exceptionally  black,  or  rather  deep  red  sugars, 
and  most  beet  molasses,  will  not  yield  a solution  so 
colourless  as  to  admit  of  accurate  reading  in  a colour 
instrument,  such  as  Soleil  - Duboscq’s  or  Scheib- 
ler’s  modification  of  it,  by  either  of  the  above 
methods.  In  such  a case  weigh  off  double  the 
normal  quantity ; clarify  by  the  method  given  for 
low  sugars,  only  adding  a slightly  greater  excess  of 
basic  lead  acetate ; filter ; measure  off  50  c.c.  of  the 
filtrate  into  another  100  c.c.  flask ; add  a solution  of 
sulphurous  acid  till  the  liquid  smells  strongly  of  it, 
then  about  2 grammes  of  the  purified  animal  charcoal, 
shake ; make  up  to  100  c.c.,  and  filter.  The  lead 
sulphite  formed  carries  some  of  the  colouring  matter 
down  with  it,  the  excess  of  sulphurous  acid  partially 
bleaches  the  remainder,  and  the  char  exerts  great 
absorbent  power  in  the  acid  solution ; so  that,  as  an 
end  result,  we  obtain  a beautifully  bright  lemon- 
yellow  solution  from  the  worst  of  molasses.  In  no 
case  resort  to  filtering  through  a column  of  animal 
charcoal,  as  often  advised.  It  is  impossible  to  obtain 
correct  results  by  such  means ; the  char  absorbs  and 
retains  sugar  as  well  as  colouring  matter  as  long  as 
it  retains  any  power  of  decolorizing  at  all. 

The  solutions  having  been  thus  obtained,  proceed 
to  fill  the  tubes.  It  is  assumed  that  all  these  have 
been  tested  as  to  their  exact  length,  and  are  known 
to  be  correct.  One  cap  being  on,  rinse  out  the  tube 
with  a little  of  the  liquid  to  be  examined ; then  fill 
up  till  the  liquid  threatens  to  overflow,  and  slide  on 
the  other  glass  and  fasten  with  the  cap.  Loosen 
both  caps,  so  that  the  glass  discs  are  not  subjected 
to  any  compression  which  might  cause  them  also  to 
exert  a rotatory  action  on  the  ray,  and  then  make  the 
readings.  The  direct  reading  thus  obtained  will 
be  sufficient  in  the  case  of  all  beet  sugars,  and 
of  nearly  all  good  cane  sugar ; but  molasses, 
“concrete,”  and  some  varieties  of  low  syrupy 
sugars,  contain  a glucose  which  is  optically  active, 
though  less  so  than  pure  “invert  sugar,”  which 
it  is  often  supposed  to  be.  We  must  in  such 
cases  resort  to  “inversion.”  For  effecting  this  take 
a flask  marked  for  50  c.c.  at  the  lower  part  of  its 
neck  and  55  c.c.  in  the  upper  part,  fill  to  the  lower 
mark  with  the  liquid  used  for  the  direct  polarization, 
drop  in  one  or  two  crystals  of  sodium  sulphite,  fill 
to  the  upper  mark  with  strong  pure  hydrochloric 
acid,  transfer  the  liquid  to  a long-necked  assay  flask, 
and  stand  this  in  a bath  of  cold  water,  which  is  to 
be  slowly  raised  to  7U°  C.  When  this  temperature 
has  been  maintained  for  two  or  three  minutes,  stand 
the  flask  in  cold  water  till  its  contents  have  acquired 
very  nearly  the  temperature  of  the  air.  Now  fill  a 
tube  (which  must  be  of  glass,  provided  with  a lateral 
opening  for  the  introduction  of  a small  thermometer), 
which  is  x^ths  of  the  length  of  the  tube  used  for  the 
direct  reading,  and  observe  the  rotation  which  is 


and  cane  sugars : — He  prepares  two  reagents,  one  of 
basicleadacetate.andtheotherofaluminiumsulphate,  ' produced,  noting  at  the  same  time  the  temperature 
of  such  a strength  that  equal  volumes  of  each,  j of  the  liquid. 

when  added  together,  leave  no  sulphate  in  solution,  j The  direct  reading  gave  the  resultant  of  all  the 
To  the  dissolved  sugar  he  adds  6 c.c.  of  each  of  rotations  of  the  plane  of  polarized  light  effected  by 
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the  optically  active  substances  present  in  the  solution. 
Assume  that  these  consisted  of  cane  sugar,  having 
dextro-rotatory  power,  which  by  heating  with  an 
acid  becomes  “invert  sugar”  (a  mixture  of  equal 
weights  of  dextrose  and  laevulose),  and  dextrose,  or 
laevulose,  or  any  mixture  of  them,  or  any  other  body 
not  liable  to  have  its  rotatory  power  affected  by 
heating  with  acids.  Then  the  amount  of  change  of 
rotatory  power  will  be  a measure  of  the  cane  sugar 
present  in  the  original  solution.  If,  for  example,  we 
had  a mixture  of  90  parts  of  cane  sugar  and  10  parts 
of  dextrose,  we  should  find  on  examining  it  as 
previously  described,  say  with  a Soleil-Duboscq 
polarimeter,  that  the  direct  reading  gave  97'3  per 
cent,  of  sugar  instead  of  90,  because  the  dextrose 
likewise  rotated  the  ray  to  the  right  7°’3  of  the  scale. 
On  inversion  the  reading  would  be  — 25°‘5,  supposing 
the  observation  to  be  made  at  15°  C.  The  change 
produced  by  heating  with  acid  was  here  from  97°'3 
on  the  right  to  25°’5  on  the  left,  or  a total  of 
122°-8.  Now,  100  parts  of  pure  cane  sugar  so 
treated  give  a change  of  136°‘5  at  this  temperature, 

and  ^ ^ 9QO  actual  percentage  of 

sugar  present.  As  the  left-handed  rotatory  power 
of  “ invert  sugar  ” decreases  rapidly  with  the  tem- 
perature (about  ^°  of  Soleil’s  scale,  for  each  1°  C.), 
it  is  necessary  to  take  exact  account  of  the  tempera- 
ture at  which  the  reading  is  made,  and  then  to 
refer  to  Clerget’s  table,  which  will  be  found  in 
most  French  and  German  works  on  the  manufacture 
of  beet  sugar. 

Estimation  of  Glucose. — The  only  method  for 
estimating  glucose  in  presence  of  cane  sugar  which 
seems  to  be  sufficiently  accurate  for  use  is  that  com- 
monly known  as  Fehling’s,  the  best  way  of  working 
which  is  found  by  the  writer  to  be  this : — Use  the 
solution  of  sugar  employed  for  polarizing,  after  re- 
moving all  lead  from  the  solution,  and  diluting  to  such 
an  extent  that  the  liquid  does  not  contain  more 
than  0-5  per  cent,  of  the  glucose.  To  remove  the 
lead,  measure  off  such  a quantity  of  the  liquid  used 
for  polarizing  as  experience  shows  will  contain  not 
more  than  0-5  gram,  or  less  than  0-2  gram,  glucose  ; 
put  it  in  a 100  c.c.  flask,  add  solution  of  sulphurous 
acid  till  all  lead  is  precipitated  (if  lead  remains  in 
solution,  the  results  will  come  out  much  too  low), 
add  a little  washed  alumina,  fill  up  to  the  mark 
with  water,  and  filter.  Fill  the  burette  with  this 
solution.  Measure  off  with  a pipette  5 or  10  c.c.  of 
the  “copper  solution”  into  a test  tube,  to  1^ 
inch  wide,  and  slightly  blown  out  at  the  bottom,  so 
that  it  shall  be  less  liable  to  crack ; dilute  w'ith 
about  3 volumes  of  water ; put  in  a few  fragments  j 
of  clay  pipe-stem  to  prevent  bumping,  and  heat  to 
boiling.  Run  in  the  sugar  solution  from  the  burette, 

2 c.c.  at  a time,  boiling  up  between  each  addition, 
till  the  blue  colour  has  nearly  disappeared ; then 
more  slowly,  till  on  allowing  the  red  cuprous  oxide  to 
settle,  the  liquid  above  seems  colourless,  or  very  faintly 
inclined  to  yellow,  when  the  tube  is  held  opposite 
a white  surface  (a  distant  white-washed  wall  is  best). 
Worked  thus  the  method  gives  very  constant  and 


accurate  results,  providing  the  copper  solution  is 
sound  and  the  whole  operation  is  quickly  finished. 
As  cane  sugar  likewise  reduces  the  copper  solution 
when  long  boiled  with  it,  this  last  condition  is 
obviously  important. 

As  0-5  gram,  glucose  (either  dextrose  or  Isevulose) 
will  reduce  the  copper  contained  in  100  c.c.  of  the 
Fehling’s  solution,  and  as  the  above  experiment 
gives  the  weight  of  the  material  containing  0'05 
gram,  glucose,  the  method  of  calculating  the  per- 
centage of  glucose  is  plain.* 

Estimation  of  Water. — Weigh  off  5 grams,  of  the 
sample  (if  it  be  a granular  sugar)  into  a flat- 
bottomed  platinum  pan  of  good  size  (say  with  3 
square  inches  of  bottom),  spread  it  about  evenly, 
and  set  it  in  an  air-bath,  heated  to  about  60°  C. 
(140°  Fahr.)  in  the  case  of  cane  sugars,  or  to  100°  C. 
(212°  Fahr.)  in  the  case  of  “beets,”  and  weigh  at 
intervals  of  two  hours  till  the  weight  is  con.stant. 
The  loss  calculate  as  water.  Twelve  hours  will  be 
required  for  low  “ canes.” 

The  estimation  of  water  in  low  syrups — treacle, 
beet  and  cane  juice,  &c. — presents  practical  diffi- 
culties, owing  to  a skin  forming  over  the  surface, 
which  prevents  further  drying  at  any  moderate 
temperature.  It  is  best  therefore  to  proceed  in  one 
of  the  two  following  ways : — M^eigh  off  5 grams, 
of  the  sample,  dissolve  in  water,  and  make  up  to 
100  c.c.  Of  this  solution  take  10  c.c.,  and  pour  it 
over  about  10  to  15  grams,  of  clean  silver  sand, 
which  has  been  ignited  and  tared  in  a flat  platinum 
dish  ; dry  off  at  a temperature  not  exceeding  60°  C. 
(140°  Fahr.)  till  the  whole  ceases  to  lose  weight  on 
further  heating.  A small  quantity  being  spread 
over  a large  surface  dries  readily. 

The  drying  takes  place  with  very  great  readiness, 
and  at  a lower  temperature,  if  the  pan  be  heated  in 
a pretty  good  air-pump  vacuum.  For  this  purpose 
a convenient  and  cheap  arrangement  consists  of  a 
wide  glass  tube,  run  through  an  outer  metal  case 
which  will  hold  water,  and  communicating  at  one  end 
with  a chloride  of  calcium  tube  and  an  air-pump, 
and  which  can  be  closed  by  a good  rubber  plug  at 
the  other.  The  pans  here  require  to  be  long  and 
narrow.  In  this  apparatus  the  drying  of  half  a 
gram,  of  syrup  may  be  finished  in  a few  hours. 

Estimation  of  Ash. — Take  the  same  or  a similar 
portion  of  sugar ; moisten  it  all  over  with  the  least 
possible  quantity  of  water,  and  then  with  pure  con- 
centrated oil  of  vitriol ; heat  gently  till  the  frothing 
has  ceased,  and  the  mass  has  become  converted  into 
a black  cinder ; and  then  introduce  it  into  a muffle 
heated  to  very  low  redness  (four  ordinary  Bunsen 
gas  burners  will  heat  a good-sized  muffle  to  full 
redness,  if  the  latter  is  so  set  in  bricks  that  there  is 
only  about  half  an  inch  space  between  the  two). 
When  the  carbon  is  about  half  burnt  away,  take 
out  the  pan  and  moisten  its  contents  a second  time 

* The  original  statement  of  Fehling  that  the  molecule 
glucose  will  reduce  ten  equivalents  of  cupric  oxide,  has  been 
followed  in  the  text;  but  the  writer’s  own  experience  is  that 
when  the  process  of  analysis  is  worked  in  the  way  described, 
the  quantity  of  glucose  required  to  fully  reduce  the  cop[>er 
oxide  is  two  per  cent,  greater  than  there  assumed. 
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with  the  sulphuric  acid,  and  return  to  the  muffle.  | 
Let  it  remain  at  a low  heat  till  the  ash  is  quite 
white,  then  raise  the  heat  to  full  redness  for  ten 
minutes,  withdraw,  cool,  and  weigh.  From  the 
weight  of  sulphates  so  obtained  deduct  one-tenth,  * 
and  call  the  balance  “ ash.” 

On  adding  together  the  sugar,  glucose,  ash,  and 
water  found  as  above,  it  will  be  found  that  the  total 
is  something  short  of  100 — usually  to  the  extent  of 
one  and  a half  times  to  twice  the  weight  of  the  ash  ; 


this  difference  is  called 

‘ unknown  ” 

or  “ organic 

matter.”  As 

examples  of  such  results. 

we  may  take 

the  following 

analyses  of  low  cane  and  beet  sugars ; — 

Beet  Sugfir. 

Cane  Sugar. 

Sugar, 

....  89-15 

Sugar,  .... 

88-2 

_ . 

5-85 

Ash,. ...... 

Ash, 

-90 

Water, 

Water, 

Unknown, . . 

Unknown,  . 

1-07 

100-00 

100-00 

In  the  absence  of  a polariscope,  or  in  cases  where 
the  quantity  of  sugar  at  command  is  too  small  to 
estimate  by  the  use  of  that  instrument,  it  may  be 
necessary  to  determine  the  cane  sugar  present  as  well 
as  the  glucose  by  the  use  of  Fehling’s  solution. 
For  this  purpose  take  a quantity  of  the  material 
which  contains  about  10  grams,  of  sugar,  clarify 
it  as  for  polarization,  lakbvj  care  to  leave  no  lead  in 
solution;  make  it  up  to  1000  c.c.  Estimate  the 
glucose  in  one  portion  diluted  with  its  own  bulk  of 
water ; then  take  50  c.c.,  add  5 c.c.  hydrochloric 
acid,  heat  to  70°  C.  for  five  minutes,  cool,  nearly 
neutralize  with  sodium  carbonate,  make  up  to  100 
C.C.,  and  again  determine  the  glucose.  The  difference 
in  the  glucose  found  in  the  two  experiments  is  the 
glucose  formed  by  the  inversion  of  the  cane  sugar 
present.  Each  0'05  gram,  glucose  so  found  = 0’0475 
gram,  cane  sugar  originally  present  in  the  portion 
used  to  decompose  the  10  c.c.  Fehling’s  solution. 
Of  course  material  equal  to  about  1 gram,  sugar 
can  be  made  up  to  100  c.c.,  as  above,  instead  of  10 
to  1000 ; the  latter  is  recommended,  to  diminish 
the  influence  of  errors  of  sampling.  Some  chemists 
estimate  glucose  gravimetrically  instead  of  volu- 
metrically — i.e.,  they  weigh  the  cuprous  oxide  pre- 
cipitated from  an  excess  of  Fehling’s  solution  by  a 
known  portion  of  the  material  under  examination, 
after  converting  it  into  cupric  oxide  by  ignition, 
and  from  this  weight  calculate  the  quantity  of  glu- 
co.se ; 397’5  parts  of  oxide  obtained  correspond  to 
180  parts  of  glucose,  or  171  parts  of  cane,  approxi- 
mately ; but  the  quantity  of  copper  salt  reduced  by 
a given  weight  of  glucose  varies  so  much  with  the 
dilution,  the  alkalinity,  the  excess  of  copper  salt 
present,  and  with  the  speed  of  the  operations,  that 
the  method  is  only  really  applicable  to  the  deter- 
mination of  comparatively  small  quantities. 

Valuation  of  Sugars  Jrom  the  Analysis. — Raw  or 

* A continental  practice,  which  is  wildly  supposed  to  re- 
duce the  sulphated  ash  to  the  same  weight  as  the  plain 
carbonated  ash.  As  the  operations  of  the  trade  are  based  on 
the  weight  of  ash  so  found,  it  is  necessary  to  adhere  to  the 
custom. 


I refined  sugars  fit  for  direct  consumption  are  valued 
in  an  arbitrary  manner,  according  to  their  appear- 
ance, colour,  grain,  &c.,  quite  irrespective  of  their 
composition.  Refiners  value  “sugars”  mainly 
according  to  their  estimate  of  the  probable  yield  of 
pure  dry  sugar  when  submitted  to  refining.  For 
market  purposes  the  so-called  French  system  is 
adopted.  From  the  sugar  found  by  the  polariscope 
is  deducted  five  times  the  weight  of  the  ash,  because 
it  is  assumed  that  the  saline  matters,  represented  by 
1 part  of  ash,  render  5 parts  of  sugar  uncrystalliz- 
able ; and  from  the  remainder  is  deducted  the 
weight  of  the  glucose,  because  it  is  assumed  that 
that  body  prevents  the  cry.stallization  of  its  own 
weight  of  sugar,  and  the  final  result  is  taken  as  the 
“ refining  value  ” (I'endement)  of  the  given  raw  sugar. 

A beet  sugar  giving  in  this  way  a refining  value  of 
88  per  cent,  is  taken  as  a standard  of  value,  and  other 
sugars  are  sold  at  so  much  a degree  more  or  less. 
The  above  method  rests  on  so  many  assumptions, 
which  are  all  more  or  less  demonstrably  false,  that 
no  one  can  seriously  suppose  that  the  results  re- 
present anything  more  than  a very  rough  approxi- 
mation to  the  truth. 

SCHEIBLER,  by  improving  the  working  details  of 
a method  proposed  by  Payen,  determines  the 
quantity  of  sugar  already  crystallized  in  a sample  of 
raw ; and  assuming,  as  is  generally  true,  that  all 
the  sugar  is  crystallized  that  can  be — in  other  words, 
that  any  sugar  which  is  still  in  solution  in  the  syrup 
adhering  to  the  grains  is  associated  with  so  much 
other  matter  that  it  is  not  recoverable — takes  the 
quantity  so  found  as  the  true  refining  value,  because 
it  is  presumable  that  what  has  been  crystallized 
once  may  be  crystallized  again.  The  method  is 
based  on  the  fact  that  alcohol  already  saturated 
with  sugar  is  capable  of  dissolving  molasses,  though 
incapable  of  taking  up  more  sugar.  He  prep.ares 
three  liquors  by  saturating  alcohol  of  85  per  cent. 
(No.  1),  92  per  cent.  (No.  2),  and  96  per  cent.  (No. 
3)  respectively  with  sugar,  by  long-continued  shak- 
ing with  the  finely-powdered  material  at  ordinary 
temperatures.  The  85  per  cent,  spirit  has  about  5 
per  cent,  of  ordinary  acetic  acid  added  to  it  before 
saturation. 

These  liquors  are  preserved  in  bottles,  coated  on 
the  inside  with  a crust  of  sugar;  or,  as  the  writer 
finds  better,  in  large  bottles  quite  filled  with  ordi- 
nary loaf  sugar,  free  from  dust,  broken  as  it  is  for 
the  table.  This  is  to  maintain  a constant  state  of 
saturation,  whatever  the  changes  of  temperature  may 
be ; but  spirit  which  is  nearly  saturated  with  sugar 
dissolves  the  rest  required  with  such  slowness,  that 
the  maintenance  of  a nearly  constant  temperature 
is  of  great  importance. 

He  weighs  off  the  normal  weight  of  sugar  required 
for  the  polariscope  in  use ; puts  it  into  a tube  like 
a test-tube,  of  about  8 inches  by  three-quarters, 
with  a bit  of  quill  tube  fused  into  the  bottom,  and 
having  a filter  of  thick  felt  or  cotton-wool  at  the 
point  of  contraction.  The  narrow  tube  is  attached 
by  india-rubber,  furnished  with  a compression  cock, 
to  a bottle  in  which  a partial  vacuum  can  be  created. 
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Liquor  No.  1 is  then  poured  into  the  tube,  * and 
allowed  to  soak  through  the  sugar  slowly  till  it  runs 
away  into  the  vacuum  bottle  colourless,  or  very 
nearly  so.  Then  this  liquor  is  just  sucked  out,  and 
the  sugar  left  is  rinsed  successively  by  No.  2,  No.  3, 
and  hnally  by  absolute  alcohol.  By  sucking  dry 
■warm  air  through  the  tube  the  sugar  can  be  speedily 
dried,  and  then  weighed ; but  it  is  much  quicker 
and  better  to  transfer  it  to  a 100  c.c.  flask,  dissolve, 
clarify,  and  “ polarize  ” it.  The  results  are  very 
constant  if  no  great  variations  of  temperature  have 
occurred  since  the  liquors  were  saturated,  and  if  the 
sugar  under  examination  has  been  well  air-dried  for 
some  time  before  being  washed.  Though  constant 
and  reliable  for  good  “ beet  ” sugars  and  nearly  all 
“ canes,”  the  results  are  altogether  fallacious  when 
obtained  from  low  beets  (second  and  third  runnings), 
because  in  these,  which  have  been  crystallized  very 
slowly,  many  of  the  salts  are  in  combination  with 
sugar  in  the  form  of  crystallized  compounds  which 
are  not  dissolved  by  the  liquors,  but  which,  when 
dissolved  in  water  in  the  process  of  refining,  cannot 
be  recrystallized  in  the  time  at  command.  More- 
over, the  method  assumes  that  all  the  sugar  which 
is  in  solution  in  the  adhering  molasses  will  pass  into 
the  final  residue  of  molasses,  or  that  all  the  impuri- 
ties which  interfere  with  the  crystallization  of  the 
sugar  will  remain  intact  and  undiminished,  although 
it  is  certain  that  some  of  the  worst  of  them  (such  as 
the  gummy  bodies)  will  be  removed  from  the  solution 
by  the  animal  charcoal  or  other  purifying  substances 
or  processes. 

Stammer,  a very  careful  chemist  and  practical 
sugar  maker,  states  that  according  to  his  experience 
the  actual  out-turn  in  refining  beet  sugar  differs  but 
very  little  from  that  calculated  on  the  French  system. 
Weinrich,  Weiler,  and  Schultz — the  latter  from 
the  experimental  work  of  years  in  a refinery — come 
to  the  conclusion  that  in  practice  the  out-turn  in 
refined  sugar  equals  the  total  sugar,  less  the  total 
solid  impurities  (soluble)  X 2.  This  applies  to 
beet  sugars  only. 

Strength  of  Liquors. — Among  the  constantly  recur- 
ring operations  of  a sugar  factory  or  refinery, 
none  comes  round  so  often  as  the  making  a rough 
determination  of  the  strength  of  syrups,  &c.,  by 
help  of  some  sort  of  specific  - gravity  float.  Tlie 
almost  universally  used  Beaume’s  float  is  graduated 
thus: — The  point  to  which  it  sinks  in  pure  water  is 
marked,  and  then  that  in  which  it  stands  when 
immersed  in  a solution  of  15  parts  of  pure,  dry, 
common  salt  in  85  parts  of  water.  The  space 
between  is  divided  into  15  equal  parts  or  degrees, 
and  the  scale  so  made  continued  on  to  thirty  or 
more  similar  and  equal  divisions.  This  scale  is 
thus  purely  arbitrary,  and  needs  the  use  of  a table 

• Fcheiiii.rk  himself  first  pours  absolute  alcohol  into  the 
sugar,  and  allows  it  to  stand  some  time  to  take  up  the  water 
of  the  molasses,  to  prevent  the  dilution  of  solution  No.  1 to 
such  an  extent  that  it  could  dissolve  any  of  the  crystallized 
sugar.  It  is,  however,  in  every  way  better  to  suck  dry,  and 
if  possible,  warm  air  through  the  tube  and  its  contents  till 
the  greater  [lart  of  the  water  is  removed.  In  this  way  one 
avoids  the  danger  of  precipitating  more  sugar  from  the  mo- 
lasses (by  the  alcohol),  and  so  obtaining  results  too  high. 


to  reduce  its  readings  to  percentages  of  sugar — or 
rather  of  apparent  sugar  — since  very  few  sugar 
liquors  so  tested  consist  of  pure  sugar  and  water, 
and  the  other  soluble  solids  likewise  raise  the  specific 
gravity.  In  the  absence  of  a table  it  is  sufficient  to 
multiply  the  degree  Beaume  by  1-8,  in  order  to  find 
very  nearly  the  apparent  sugar  contents. 


Degree, 

Beaum^. 

Per  cent, 
apparent. 
Sugar  by 
Weight. 

Specific 
Gravity  of 
the  Solution. 

Degree. 

Beaumd. 

Per  ceui. 
apparent. 
Sugar  by 
Weight. 

Specific 
Gravity  of 
the  Solution. 

0 

0 00 

1-0000 

26 

47-73 

1-2203 

0-5 

0-90 

•0035 

26-5 

48-68 

•2255 

1 

1-80 

-0070 

27 

49-63 

•2308 

1-5 

2-69 

-0105 

27-5 

50 -.59 

•2361 

2 

3-59 

*0141 

28 

51 -55 

•2414 

2-5 

4-49 

-0177 

28-5 

52-51 

•2468 

3 

5 39 

*0213 

29 

53-47 

•2522 

3-5 

6-29 

-0249 

29-5 

54-44 

•2576 

4 

7-19 

*0286 

30 

65  47 

•2632 

4-5 

8 09 

•0323 

30-5 

56-37 

•2687 

5 

9-00 

•0360 

31 

67  34 

•2743 

.5 -.5 

9-90 

•0397 

31-5 

58-32 

•2800 

6 

10-80 

*0435 

32 

59-29 

•2857 

6 -.5 

11-70 

•0473 

32-5 

60-27 

•2915 

7 

12  61 

•0511 

33 

61-25 

•2973 

7-5 

13*51 

•0549 

33-5 

62-23 

•3032 

8 

14-42 

•0,588 

34 

63-22 

•3091 

8-5 

15-32 

*0627 

34-5 

64-21 

•3151 

9 

16  23 

■0667 

35 

65-20 

1-3211 

9-5 

17*14 

•0706 

35-5 

60-19 

•3272 

10 

18-05 

*0746 

36 

67-19 

*3333 

10-5 

18-96 

*0787 

36-5 

68-19 

*3395 

11 

19-87 

•0827 

37 

69-19 

•3458 

11  ••5 

20-78 

•0868 

37-5 

70-20 

*3521 

12 

21-69 

•0900 

38 

71‘20 

•3585 

12-5 

2-2-60 

•0951 

38-5 

72-22 

•3649 

13 

23-52 

•0992 

39 

73-23 

■3714 

IS-.'i 

24-43 

•1034 

39-5 

74-25 

•3780 

14 

25-35 

•1077 

40 

75-27 

•3846 

14-5 

26  27 

•1120 

40-5 

76-29 

•3913 

15 

27-19 

•1163 

41 

77-32 

•3981 

15-5 

28-10 

■1206 

41-5 

78-35 

•4049 

16 

29  03 

■1250 

42 

79-39 

•4118 

16-5 

29-95 

■1294 

42-5 

80-43 

•4187 

17 

30-87 

•1339 

43 

81-47 

*4267 

17-5 

31-79 

*1383 

43-5 

82*51 

*4328 

18 

32-72 

•1429 

44 

83  .56 

•4400 

18-5 

33-65 

*1474 

44-5 

84-62 

•4472 

19 

34  58 

■1520 

45 

85-68 

•4545 

19-5 

35-50 

•1566 

45-5 

86-74 

•4619 

20 

36-44 

•1613 

46 

87-81 

•4694 

20-5 

37-37 

•1660 

46-5 

88-88 

•4769 

21 

38-30 

•1707 

47 

89-96 

•4845 

21-5 

39-24 

*17.55 

47-5 

91-03 

•4922 

22 

40-17 

*1803 

48 

92-12 

•5000 

22-5 

41-11 

•1852 

48-5 

93-21 

•5079 

23 

42-05 

•1901 

49  . 

94-30 

•5158 

23-5 

4Z-99 

•1950 

49-5 

95,40 

•5238 

24 

43-94 

•2000 

50 

96-51 

*.5319 

24-5 

44-88 

•2050 

50-5 

97-62 

•5401 

25 

45-83 

•2101 

51 

98-73 

•5484 

25-5 

46-78 

•2152 

51-5 

99-85 

•5568 

A very  convenient  and  instructive  method  of 
comparing  one  juice  or  one  syrup  with  another  is  to 
determine  in  each  case,  first,  the  specific  gravity 
(and  hence  the  quantity  of  soluble  solids,  supposing 
they  all  had  the  same  density  as  sugar  in  solution), 
and  then  the  real  quantity  of  sugar  present.  The 
percentage  of  sugar  contiiined  in  100  parts  apparent 
solids  may  be  called  the  “ apparent  purity  coeffi- 
cient” of  that  juice  or  syrup,  and  serves  better  than 
any  other  number  as  a means  of  comparison  of  one 
with  another.  Of  course  the  real  “total  solids”  may 
be  determined,  and  the  real  purity  coefficients  found ; 
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but  in  practice  this  is  beset  with  great  difficulties, 
and  the  apparent  purity  coefficient  is  a more  practi- 
cally useful  datum. 

Beet-sugar  Manufacture. — Although  the  manu- 
facture of  sugar  from  the  beet  (Jieta  vuli/aris)  is  not 
practised  in  England,  and  to  but  a slight  extent  in 
any  of  her  colonies,  the  methods  of  extracting  the 
juice  and  subsequently  working  it  up  to  sugar  have 
been  so  perfected  by  the  application  of  the  highest 
skill  and  science,  that  a knowledge  of  them  cannot 
fail  to  afford  some  useful  and  pregnant  hints  to 
the  makers  of  cane  sugar.  It  therefore  seems 
useful  also  to  consider  this  branch  of  the  production 
of  raw  sugar. 

The  “ sugar  beet  ” is  an  improved  variety  of  the 
common  white  beet;  the  best  varieties  of  it,  such 
as  the  “ White  Silesian,”  the  “ Imperial,”  and 
“ Vilmorin’s  Imperial,”  are  characterized  by  having 
a root  of  moderate  size  (IJ  to  2^  lbs.),  a regular 
pear  or  spindle  shape,  without  ramifications  or 
secondary  roots ; a somewhat  hard,  compact,  white 
substance ; a small  neck  or  shoulder,  which  appears 
very  little  above  ground ; and  above  all,  a large 
percentage  of  sugar,  and  a small  one  of  other  soluble 
matters.  The  soil  best  suited  to  the  growth  of  good 
sugar  beet  is  a deep  calcareous  loam,  free  from  any 
large  number  of  loose  stones,  which  have  a tendency 
to  make  the  roots  fork,  and  themselves  sometimes 
get  so  imbedded  in  the  tissue  that  they  escape 
removal  during  the  cleansing,  and  then  work  ruin 
to  the  rasp.  Though  the  soil  described  is  the  best, 
the  beet  is  so  accommodating  that  it  will  flourish  in 
any  soil  of  sufficient  depth,  if  well  drained  and  not 
too  peaty.  Nitrogenous  manures,  particularly  nitrate 
of  soda,  in  large  quantities  produce  luxuriant  growth, 
but  unfortunately,  at  the  same  time,  increase  the 
proportion  of  soluble  non-saccharine  substances  in 
the  juice  to  such  an  extent  as  seriously  to  interfere 
with  the  subsequent  extraction  of  the  sugar.  It  is 
therefore  advisable  to  manure  the  previous  crop, 
say  wheat,  pretty  heavily,  and  to  give  the  beet  itself 
nothing  but  “ superphosphate.” 

In  order  to  grow  a paying  crop  of  the  small  roots, 
which  alone  are  of  sufficiently  good  quality  for  the 
factory,  it  is  found  that  the  best  method  is  to  plant 
very  close — at  least  twice  as  close  as  in  the  case  of 
mangolds — then  numbers  m:ike  up  for  want  of  size. 
It  must  never  be  forgotten  that  large  roots  are  bad 
roots,  with  watery,  salt  juice.  According  to  some 
experiments  made  a few  years  ago  in  England,  the 
crop  varied  in  different  localities  from  18  to  30  tons 
to  the  acre,  and  the  roots  contained  from  8 to  16 
per  cent,  of  sugar.  The  present  writer  carefully 
examined  the  roots  grown  in  different  places  in  the 
eastern  and  southern  counties,  and  found  that,  in 
regard  to  richness  in  sugar  and  purity  of  juice,  many 
were  far  superior  to  those  grown  and  worked  in 
France,  and  fully  equal  to  the  best  of  the  German. 
There  is  therefore  nothing  in  the  soil  or  climate  of 
this  country  to  prevent  this  useful  industry  finding 
a place  among  us.  For  details  of  the  method  of 
culture  and  preservation  of  the  root  the  reader  is 
referred  to  Stammer’s  “Traite  Complet  de  la  Fabri- 


cation du  Sucre.”  The  quantity  of  juice  contained 
in  beet-root  varies  but  little  from  the  standard  of 
94  per  cent. ; but  the  percentage  of  sugar  in  the 
juice,  and  the  proportion  of  soluble  foreign  bodies 
associated  with  that  sugar,  are  very  variable,  as  shown 
by  the  following  analyses,  quoted  from  the  above 
celebrated  authority,  as  far  as  the  French  and  German 
roots  are  concerned  : — 


Weight  of  the  Roots 
(each)  in  gi-amuiea. 

Apparent  Sugar 
from  specitic 
gravity  (Percent 
of  Balling). 

Per  cent  of 
Sugar  in  Juice, 
shown  by 
Polarization. 

Per  «ent.  of  Sugar 
on  tot^  apparent 
solids  (coefficient 
of  purity  .• 

f 350 

181 

14-9 

82-3 

g „•  1 760 

15-7 

12-9 

82-4 

1 o -1  640 

16-0 

12-8 

79-7 

2 1 532 

19- 

17-1 

90-0 

L 700 

16- 

13'6 

85  0 

j:  T2500 

13-3 

10-6 

79-7 

S S.  J 1876 

14-2 

11-6 

81-7 

t o 1 1375 

10-1 

4-6 

45'5 

L 523 

13-2 

120 

90-9 

r 682 

18-5 

15-5 

85-4 

•g  „•  1 961 

17-0 

14-0 

86  0 

fcx  o 680 

19-0 

15-36 

84-4 

\ 650 

15-8 

12-6 

83-2 

LI  147 

15-3 

12-0 

82-1 

When  the  purity  coefficient  falls  below  76  per  cent, 
the  roots  are  too  impure  to  work  with  profit. 

When  the  roots  are  delivered  at  the  factory,  the 
first  operation  is  to  wash  them  thoroughly,  to  remove 
dirt  and  stones.  This  washing  is  effected  by  the 
aid  of  mechanical  washers,  consisting  of  a drum  or 
cylinder  of  iron  laths  revolving  horizontally  in  a 
trough  of  water  about  half  its  diameter.  The  washed 
roots  are  then  taken  up  one  by  one  in  the  hand, 
examined  to  see  if  any  stones  still  adhere,  and  are 
trimmed  by  a knife,  by  having  the  neck  or  that  portion 
which  grew  out  of  the  ground  removed,  as  well  as 
any  small  or  secondary  roots. 

There  are  two  principal  methods  for  extracting  the 
juice  from  the  root:  the  one  based  on  rasping 
the  root  to  a fine  pulp  and  expressing  the  juice  by 
pressure,  and  the  other  on  slicing  it  and  extracting 
the  sugar  by  systematic  soaking  in  water.  The  first, 
which  is  almost  exclusively  used  in  France,  is  cer- 
tainly the  simplest,  and  on  the  whole  the  best,  when 
it  is  not  of  importance  to  extract  the  last  trace  of 
sugar.  As,  owing  to  the  absence  of  all  duty  on 
sugar,  this  would  be  the  case  in  England,  it  is  pro- 
bable that  any  one  erecting  a factory  there  would  find 
it  advantageous  to  extract  as  much  juice  from  the 
rasped  roots  as  he  conveniently  could  in  a rapid  and 
economical  manner,  and  to  utilize  what  remained  in 
the  pressed  pulp  to  feed  cattle. 

The  rasp  used  to  reduce  the  roots  to  pulp  consists 
of  a large  number  of  small  straight  saw  blades,  set 
along  the  face  of  a drum  at  about  a quarter  of  an 
inch  apart.  This  armed  drum  is  mounted  on  a 
horizontal  axis,  and  surrounded  with  a case  which 
approaches  the  drum  closely  at  its  sides,  and  which 
is  expanded  into  a hopper  at  its  upper  part.  The 
drum  is  caused  to  rotate  at  a velocity  of  600  to  lUOO 

* By  apparent  solids  is  meant  that  quantity  of  soluble  bodies 
which  is  shown  as  sugar  by  the  areometer,  j.e.,  the  per  cent, 
of  sugar  shown  by  the  specitic  gravity  float,  or  the  per  cent, 
balling,  as  given  in  the  second  column  of  the  table. 
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turns  a minute,  while  the  cleansed  roots  are  fed  into 
the  hopper  and  are  pressed  up  to  the  rasping  face, 
either  l>y  their  own  weight  or  by  a mechanical 
arrangement  which  is  not  necessary  to  describe.  At 
the  same  time  a stream  of  water,  equal  in  all  to  about 
50  per  cent,  of  the  weight  of  the  roots  rasped,  is 
allowed  to  run  on  the  face  of  the  rasp,  to  assist  in  keep- 
ing the  teeth  clear,  and  to  render  the  pulp  more  fluid- 
and  more  readily  pressed.  The  pulp  being  obtained, 
the  juice  is  extracted  from  it  either  by  pressing  in 
woollen  cloths,  by  means  of  an  ordinary  hydraulic 
press ; or  by  feeding  it  into  centrifugal  machines, 
and  when  the  greater  part  of  the  juice  has  been 
spun  out,  giving  a good  washing  with  a measured 
dose  of  water ; or  lastly,  by  passing  the  pulp  through 
one  of  the  so-called  continuous  presses. 

In  an  article  of  this  kind  space  fails  to  give  a 
usefully-detailed  description  of  the  plant  required 
for  each,  or,  indeed,  any  of  these  methods  ; it  must 
therefore  suffice  to  say  that  the  continuous  presses 
consist  essentially  of  three  or  more  rollers,  some- 
what similar  to  an  ordinary  cane-crushing  mill, 
between  which  the  pulp  is  fed  by  being  carried  on 
an  endless  band  of  cloth.  In  some  of  the  many 
forms  of  the  machine  one  or  more  of  the  rollers  are 
perforated,  to  facilitate  the  escape  of  the  juice  before 
it  can  be  re-absorbed  by  the  pulp  when  relieved 
of  the  pressure  of  the  rollers.  These  continuous 
presses  extract  less  of  the  juice  than  the  hydraulic 
presses  by  about  3 to  5 per  cent. ; but  this  is  not 
lost  where  cattle  are  fed  on  the  pulp,  and  the  labour 
of  many  hands  is  saved.  By  re-rasping  the  pulp 
with  further  addition  of  water,  and  passing  it  anew 
through  a second  press,  a large  proportion  of  the 
remaining  juice  is  extracted  in  a diluted  state,  and 
can  be  used  in  place  of  pure  water  on  the  rasp  with 
fresh  roots. 

In  this  last  case  the  yield  of  juice  is  almost  equal 
to  that  obtained  by  the  hydraulic  presses,  or  about 
80  to  83  per  cent,  out  of  the  94  per  cent,  which  the 
roots  contain.  The  last  and  perhaps  the  best  of 
the  continuous  presses  is  that  of  MM.  Manuel 
and  SociN,  which,  with  the  extreme  dimensions  of 
7 by  13  feet,  will  press  the  pulp  from  50  tons  of 
roots  per  day  of  twenty-four  hours. 

The  second  principal  method  of  extraction — the 
so  - called  diffusion  process  — is  employed  very 
largely  in  Austria  and  Russia,  where  it  is  of  the 
utmost  importance  to  the  manufacturer  to  extract 
the  greatest  possible  quantity  of  sugar  from  the 
roots,  because  he  pays  duty  on  the  estimated  weight 
of  the  latter,  and  obtains  from  his  Government 
such  a drawback  on  the  export  of  the  raw  sugar 
that  each  pound  of  sugar  which  he  wins  is  worth  to 
him  nearly  twice  its  intrinsic  value. 

The  roots  are  sliced  up  into  strips,  about  half  an 
inch  broad  and  one-quarter  thick  by  2 to  4 inches 
long,  by  help  of  a machine,  which  may  be  described 
as  an  improved  turnip  sheer.  The  strips  are  then 
fed  into  a series  of  iron  cylinders,  about  6 feet  high 
and  4 feet  diameter,  furnished  with  a false  bottom 
and  two  man-holes — one  just  over  the  false  bottom 
and  one  at  the  top.  These  diffusers  are  so  con- 


nected together  j?y  pipes  and  valves,  that  the  fluid 
contents  of  any  one  of  the  series  of  six  or  more  can 
be  forced  on  into  any  other  by  simply  driving  more 
liquid  into  it.  Suppose  all  to  be  filled  with  sliced 
roots  except  the  last,  and  that  cold  (or  slightly 
warm)  water  is  made  to  pass  into  the  top  of  the 
first,  and  after  tilling  it,  out  of  the  bottom  to  the 
top  of  the  second,  and  so  on  to  the  end  of  the  series. 
During  the  stay  of  the  first  portion  of  water  on  tlie 
sliced  root  in  the  first  diffuser  it  would  receive  a 
certain  quantity  of  sugar  by  exosmose  from  the 
cells — indeed,  if  it  stood  long  enough,  the  proportion 
of  sugar  to  water  would  be  the  same  inside  and 
outside  the  walls  of  those  cells.  This  weak  solution 
of  sugar  would  pass  on  to  a fresh  lot  of  root,  and 
become  stronger ; and  so  on  in  each  succeeding 
vessel.  But  the  first  diffuser  would  all  tWs  time  be 
receiving  fresh  quantities  of  water,  so  that  by  the 
time  the  sugary  liquid  began  to  run  from  the  last 
of  the  series,  the  whole,  or  very  nearly  the  whole, 
of  the  sugar  would  have  been  soaked  out  of  the 
strips  in  the  first  vessel.  When  this  point  has  been 
reached,  the  first  vessel  is  disconnected  from  the 
series,  to  be  emptied  and  refilled  with  fresh-sliced 
roots ; the  second  vessel  then  becomes  the  first  to 
receive  the  fresh  water;  while  the  spare  vessel, 
which  was  not  used  at  first,  is  brought  into  work  at 
the  end  of  the  series.  In  this  way  the  freshest  and 
least-exhausted  roots  are  always  soaked  in  a solution 
of  sugar  only  a little  less  concentrated  tlian  their 
own  juice,  while  those  which  are  nearly  freed  from 
sugar  find  themselves  in  fresh  water. 

The  extraction  of  juice  by  this  method  is  very 
perfect,  and  the  product  is  comparatively  pure, 
because  the  albuminous  and  gummy  bodies  asso- 
ciated with  sugar  in  the  juice  of  the  beet  are  not 
capable  of  diffusing  with  any  rapidity  through  the 
membranous  walls  of  the  plant  cells  in  which  they 
are  confined.  In  this  process  the  quantity  of  water 
used  is  about  two  and  a half  times  the  weight  of 
the  roots;  but  as  a very  large  proportion  of  this 
water  remains  in  the  exhausted  slices,  the  dilution 
of  the  juice  is  only  about  equal  to  50  per  cent.  The 
loss  of  sugar  by  imperfect  extraction  rarely  exceeds 
0-5  per  cent,  of  the  weight  of  the  roots. 

Defecation. — The  juice  having  been  obtained  by 
one  or  other  of  the  above  methods,  is  treated  with 
an  excess  of  lime,  which  ordinarily  amounts  to  one- 
half  to  three-quarters  per  cent,  of  the  weight  of  the 
roots  operated  on.  This  lime  is  added  to  the  juice, 
heated  to  about  85°  C.  (185°  Fahr.)  in  a copper  pan, 
provided  with  a steam  jacket.  The  admission  of  steam 
to  the  jacket  is  continued  till  the  liquid  is  just  on  the 
boil,  and  beginning  to  break  through  the  crust  of 
scum  formed  on  its  surface.  The  visible  effect  of 
this  treatment  is  to  change  the  dark,  blackish-green 
juice  to  a clear  light  yellow.  The  real  purifying 
effect  is  small  as  regards  the  separation  of  weighable 
quantities  of  foreign  bodies,  but  important  as  re- 
moving some  of  the  most  prejudicial,  and  so  altering 
others  that  they  are  either  rendered  less  noxious 
or  more  easily  removed  at  subsequent  stages  of  the 
manufacture. 
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The  clear,  highly-alkaline  juice  is  drawn  off  from 
below  the  scum,  and  while  still  hot  submitted  to 
the  action  of  a stream  of  carbonic  acid  gas,  obtained 
either  from  the  burning  of  coke  or  charcoal,  or 
drawn  from  the  top  of  a special  lime  kiln.  The 
carbonic  acid  unites  with  the  excess  of  lime  left  in 
the  defecated  liquor,  forming  insoluble  carbonate 
of  lime,  which,  in  precipitating,  carries  down  with 
it  some  of  the  organic  impurities  of  the  juice  as  a 
sort  of  “ lake.”  This  “carbonation  ” is  pushed  so  far 
as  still  to  leave  the  juice  slightly  but  distinctly 
alkaline.  The  right  point  is  marked  by  the  ready 
separation  of  the  carbonate  of  lime  in  granular 
flocks ; or  in  certain  cases,  is  found  by  means  of  a 
very  weak  solution  of  an  iron  salt,  from  which  a 
juice  which  is  still  alkaline  precipitates  an  oxide. 
The  turbid  liquid  is  then  allowed  to  settle  for  some 


time,  and  the  clear  portion  run  off  from  the  sedi- 
ment, and  either  again  limed  and  again  carbonated, 
or  passed  straight  to  the  charcoal  filters  after  being 
reheated.  Tlie  sediment  of  carbonate  of  lime,  to- 
gether with  the  juice  mixed  with  it,  is  passed  through 
filter  presses,  and  the  clear  filtrate  added  to  the  rest 
of  the  liquid.  At  the  present  time  the  defecation 
and  carbonation  are  combined  in  one  operation  {pro- 
cede  Jelineck,  or  carboiiatatioii  trouble)  in  a very  large 
number  of  factories.  Lime  in  considerable  quantity 
(1’5  to  2'5  per  cent,  on  the  roots)  is  added  to  the 
sHghtly-warmed  juice,  and  the  stream  of  carbonic 
acid  gas  turned  on,  while  the  temperature  is  allowed  to 
rise  at  such  a rate  that  a temperature  of  about  93°  C. 
(200°  Fahr.)  is  attained,  at  the  same  time  that  the 
elimination  of  the  excess  of  lime  becomes  sufficiently 
complete.  The  whole  mass  of  turbid  liquid  so 


* Fig.  1. 


produced  is  then  forced  through  filter  presses.  It 
is  found  that  the  total  purifying  effect  of  defecation 
and  carbonation  (saturation)  is  equal  to  the  removal 
of  about  40  per  cent,  of  the  soluble  impurities 
originally  present  in  the  juice ; and  as  the  alkaline 
salts  are  not  at  all  diminished,  this  purification  must 
mainly  consist  of  the  removal  of  the  albuminous 
and  gummy  bodies. 

The  filter  presses  alluded  to  above  have  many 
forms,  but  all  consist  essentially  of  a series  of  per- 
forated metal  plates,  covered  with  wire-gauze  and 
cloth,  and  so  arranged  between  movable  frames  of 
wood  or  iron  that  the  space  between  each  two  cloth- 
covered  surfaces  can  be  filled  with  the  liquid  to  be 
filtered  under  any  desired  pressure,  while  the  clear 
liquid  escapes  on  the  other  side,  and  is  conducted 
into  a channel  communicating  with  a reservoir. 


Fig.  1 represents  the  arrangement  of  this  filter 
press.  The  lime  scums  from  the  purification  of  beet 
juice  are  separated  with  great  ease  by  this  apparatus 
in  the  form  of  cakes,  which  only  need  to  be  again 
broken  up  with  water  and  dosed  with  carbonic  acid, 
and  passed  again  into  a fresh  filter  press,  to  be  almost 
entirely  freed  from  adhering  sugar.  It  is  not  too 
much  to  say,  that  without  this  most  valuable 
piece  of  apparatus  the  beet -root  sugar  industry 
would  never  have  attained  its  present  perfection. 
The  extreme  convenience  and  rapidity  of  working 
which  it  exhibits  in  the  beet  factory  have  naturally 
induced  repeated  trials  of  it  for  the  purpose  of  clari- 
fying cane  juice  and  the  liquors  of  the  refinery. 
These  attempts  have  hitherto  failed,  the  sliminess 
of  cane  juice  and  liquors  from  raw  cane  sugar 
causing  the  filtering  surfaces  to  become  rapidly 
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choked.  Further  trials  are,  however,  bein<^  now 
made  by  Bowing,  the  patentee  of  a new  form  of 
the  apparatus. 

Charcoaling. — The  thin  defecated  and  carbonated 
juice,  still  containing  a minute  percentage  of  lime 
and  all  the  potash  and  soda  originally  present, 
together  with  a considerable  proportion  of  non- 
saccharine  organic  bodies,  is  then  passed  through 
a deep  bed  of  animal  charcoal.  The  cisterns  of 
char  filters  are  usually  about  15  feet  deep,  and  only 
about  2^  to  3 feet  in  diameter,  but  have  otherwise 
the  form  and  disposition  of  parts  common  to  those 
used  in  the  refinery. 


The  char  is  used  in  grains  or  fragments  nearly  as 
large  as  small  beans;  and  before  the  juice  is  allowed 
to  flow  into  it,  it  is  thoroughly  steamed  out,  and  is 
used  hot.  As  such  precautions  are  found  in  prac- 
tice to  be  necessary  for  the  beet  juice,  though  not 
for  the  thick  liquors  of  a refinery,  it  is  worth  while 
for  those  manufacturers  of  cane  sugar  who  have 
met  with  difficulties  in  their  attempts  to  employ 
animal  charcoal,  to  take  this  hint  from  their  rivals. 

As  an  example  of  the  amount  of  purification 
effected  by  char  on  the  thin  juice  a determination 
by  Rare  may  be  cited.  The  juice  defecated  and 
carbonated  contained — 

Fis.  2. 


Before  Filtration. 

Sugar, 8'0  per  cent. 

Organic  matter, . . 0-56  “ 

Ash  salts, 0-59  “ 


0-48 

0-46 


Or  the  char  absorbed  14‘3  per  cent,  of  the  organic 
impurities  and  22  per  cent,  of  the  salts.  The  quan- 
tity of  char  used  daily  in  German  factories  is  about 
15  to  20  per  cent,  of  the  weight  of  the  roots 
worked  up. 

First  Concentration. — The  charcoaled  “thin  juice” 
is  next  concentrated  by  evaporation  to  about  20°  B. 
To  effect  this  the  so-called  “ double  ” or  “ triple 
effect”  vacuum  pan  is  employed.  In  this  instru- 
ment the  vapour  (steam)  rising  from  the  boiling 
solution  in  one  pan  is  made  to  pass  into  the  worms  or 
heating  tubes  of  the  next,  and  the  vapour  from  the 
second  into  the  worms,  &c.,  of  the  third.  In  theory 
the  number  of  pans  so  arranged,  one  after  the  other, 
might  be  largely  increased  with  corresponding  econ- 
omy; but  from  various  causes,  such  as  loss  of  heat 
by  radiation.  &c.,  three  are  found  to  be  as  many 
as  can  advantageously  be  worked  in  this  way.  In 
Fig.  2 it  will  be  seen  that  the  worms  of  an 
ordinary  vacuum  pan  are  here  replaced  by  a steam- 
chest,  which  is  traversed  by  a large  number  of 
vm,.  II. 


vertical  tubes  which  are  open  at  top  ami  bottom  to 
allow  the  boiling  solution  to  circulate  freely.  The 
steam  for  boiling  is  introduced  into  the  steam-chest 
so  as  to  surround  the  outsides  of  the  boiling  tubes. 
In  other  modifications  of  the  apparatus  the  bodies 
of  the  pans  have  a form  similar  to  locomotive  boil- 
ers, and,  like  them,  are  furnished  with  a large  number 
of  horizontal  copper  tubes,  which  in  this  case  con- 
vey the  heating  steam.  In  whichever  form  it  is 
used,  a fairly  good  vacuum  is  maintained  in  the  third 
pan  (about  a 25-inch  vacuum),  a less  vacuum  in  the 
second,  and  none  in  the  first.  In  consequence  of 
this  the  liquid  in  the  first  pan  boils  at  about  100°  C., 
that  in  the  second  at  about  15°  C.  lower,  and  that  in 
the  third  at  20°  C.  lower  still.  In  this  way  the  neces- 
sary difference  in  temperature  between  the  heating 
113 
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surface  and  the  liquid  to  be  boiled  is  maintained. 

differently  according  as  it  is  intended  to  make 

The  steam  from  the  boilers  (or  the  exhaust  steam 

yellow  refining  sugar,  white  crystals,  or  low-quality 

from  the  engines)  is  admitted  to  the  heating  surface 

loaf  sugar.  For  details  of  these  various  treat- 

of  the  first  pan  only,  at  k in  the  apparatus  shown ; 

ments  the  reader  is  referred  to  special  works. 

it  should  have  a temperature  of  about  106°  to  110° 

Supposing  white  crystals  are  to  be  made,  as  is  most 

C.  (=  about  5 to  7 lbs.  steam) ; this  causes  the  thin 

commonly  the  case  in  France,  the  masse  cuite  is 

juice  to  boil  rapidly  at  about  100°  C.,  giving  off,  of 

allowed  to  cool  somewhat  in  a shallow  tank  for 

course,  vapour  of  the  same  temperature.  This  cooler 

three  or  four  hours;  and  is  then  broken  up  in  an 

steam  (which,  however,  contains  nearly  the  same 

agitator  with  some  syrup,  and  fed  into  the  centri- 

quantity  of  heat,  sensible  and  latent  together,  as  an 

fugal  machines.  When  as  much  of  the  syrup  is 

equal  weight  of  steam  of  higher  temperature)  passes 

spun  off  as  possible,  the  contents  of  the  machine 

into  the  heating  chamber  of  the  second  pan,  and  is 

receive  a dash  of  water,  or  of  the  thick  juice  in 

condensed  into  water,  at  say  85°  C.,  which  runs  away 

the  state  in  which  it  goes  to  the  vacuum  pan ; this 

through  a special  arrangement  not  necessary  to 

removes  more  of  the  adhering  mother  liquor  from 

describe.  The  vapour  from  the  sugar  liquor  in  the 

the  crystals,  which  are  finally  cleansed  and  dried 

second  pan  passes  into  the  steam  chest  of  the  third. 

by  blowing  steam  into  the  basket  of  the  machine  by 

and  being  there  condensed  by  the  colder  liquid 

a suitable  arrangement. 

contained  in  the  tubes,  creates  the  partial  vacuum 

The  syrup  from  this  first  crop  of  sugar  is  again 

required  in  the  second  pan.  The  vapour  from  the 

boiled  in  the  vacuum  pan,  but  on  account  of  its  low 

third  pan  is  taken  straight  to  a condenser  and  vacuum 

quality,  only  to  “ string  ” — i.e.,  to  such  a degree  of 

pump,  such  as  are  used  with  an  ordinary  vacuum 

concentration  that  a few  drops  placed  between  the 

pan.  Space  fails  in  which  to  consider  scientifically 

finger  and  thumb  will  draw  out  to  a thread  two  or 

the  action  of  this  valuable  apparatus  or  its  detailed 

three  inches  long  before  breaking.  It  is  then  allowed 

construction.  The  thin  juice,  when  it  has  submitted 

to  stand  in  iron  tanks,  at  a temperature  of  about 

to  a certain  amount  of  concentration  in  the  first  pan. 

40°  C.,  for  ten  days  or  a fortnight  to  crystallize. 

is  passed  on  to  the  second,  and  then  in  turn  to  the 

The  grained  mass  is  then  dug  out,  broken  up  with 

third,  where  it  is  brought  to  about  20°  to  25°  B. 

more  syrup,  and  spun,  when  it  furnishes  a crop  of 

On  leaving  the  third  pan  it  is  heated  to  nearly 

second-running  sugar.  The  syrup  is  again  con- 

boiling  point,  and  again  passed  through  fresh  char- 

centrated  to  “string,”  and  allowed  to  stand  for  five 

coal  filters,  from  which  it  proceeds  to  the  vacuum 

to  eight  months  in  large  underground  iron  tanks  or 

pan  to  be  boiled  to  grain.  This  second  filtration  is 

brick  cisterns,  when  a third  crop  of  sugar  is  obtained. 

always  made  through  freshly-reburnt  char,  which 

The  syrup  from  this  last  constitutes  beet  molasses, 

removes  more  of  the  impurities  remaining  after  the 

which  have  hitherto  found  their  way  to  the  distillery, 

first  filtration.  As  an  example  of  the  purification 

but  are  now  being  treated  as  described  further  on. 

effected,  a determination  by  Rare  may  be  quoted. 

The  first  crop  of  sugar  being  crystallized  rapidly 

A “thick  juice,”  containing  47-5  per  cent,  sugar. 

at  a comparatively  high  temperature,  consists  of 

2-8  per  cent,  organic  impurities,  and  2-6  per  cent. 

almost  pure  sugar  crystals,  coated  more  or  less  with 

ash  before  filtration,  showed  after  filtration  2‘4  per 

their  mother  liquor,  which,  being  removed  as  de- 

cent,  of  organic  impurities  and  2‘0  per  cent,  ash ; 

scribed,  leaves  a “sugar”  rarely  containing  more 

or  the  char  had  absorbed  14'3  per  cent,  of  the  former 

than  one-half  per  cent,  of  impurity,  including 

and  23  per  cent,  of  the  latter.  As  the  vacuum  pan 

moisture.  The  crystals  of  the  second  crop,  and 

and  its  use  is  described  elsewhere,  it  needs  no  special 

still  more  those  of  the  third,  having  formed  slowly 

remarks  here,  except  that  owing  to  the  often  low 

in  presence  of  large  quantities  of  salts  of  the  alkalies. 

quality  of  the  juice  operated  on,  and  its  alkalinity. 

always  contain  a considerable  quantity  of  those 

the  boiling  is  sometimes  slow  and  difficult.  Mar- 

bodies  united  with  the  sugar,  as  explained  under 

GUERITE  has  found  that  the  addition  of  a mineral 

“Compounds  of  Sugar;”  consequently  there  is 

acid,  such  as  sulphuric  or  hydrochloric — in  quality 

afforded  a ready  means  of  distinguishing  between 

sufficient,  not  only  to  completely  neutralize  the  free 

first  and  second  or  third  running  beet  sugars,  or  of 

alkalies  present,  but  to  convert  most  of  the  salts  of 

detecting  any  considerable  fraudulent  admixture  of 

organic  acids  present  into  sulphates  or  chlorides — 

these  latter  with  the  former,  by  first  removing  all 

greatly  facilitates  the  boiling,  and  gives  a “ green 

adhering  syrup  from  the  grains  of  the  sugar,  by 

sugar  ” more  easily  and  better  cured  in  the  ceutri- 

washing  with  acidified  spirit  of  about  85  per  cent. 

fugals.  Moreover,  he  found  (and  extensive  practice 

(say  Scheibler’s  liquid.  No.  1),  and  then  ashing 

on  the  large  scale  quite  confirms  the  laboratory 

a known  weight  of  the  residue  with  sulphuric  acid. 

experiments)  that  at  the  temperature  due  to  the 

as  usual.  A pure  first-running  sugar  will  always 

decreased  pressure  in  the  vacuum  pan,  the  liberated 

give  less  than  0'2  per  cent,  of  soluble  ash,  while  a 

organic  acids  exert  little  or  no  inverting  power  on 

third-running  sugar  may  give  as  much  as  2 to  5 

the  sugar.  It  is  worthy  of  note  that  though  Mar- 

per  cent. 

GUERITE  was  the  first  to  publicly  advocate  the  use 

As  examples  of  the  composition  of  yellow  German 

of  strong  acids  in  this  way,  and  to  explain  the  safety 

beet  sugars  and  beet  molasses,  the  following  analyses 

of  the  process,  the  thing  itself  had  been  done  ex- 

are  given.  It  will  of  course  be  understood  that 

tensively  long  before  in  Demerara. 

there  is  very  great  variation  in  different  samples. 

The  grained  sugar,  as  it  leaves  the  pan,  is  treated 

according  to  their  origin,  &c. : — 

V 
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1st  Running.  2ii<l  Running.  3rd  Running.  Molasees. 


Sugar, 95-1  ..93-  . . 92  1 ..  .W-9 

Glucose, — ..  — ..  — ..  I'l 

Ash 1-41  ..  2-61  ..  2-76  ..  12-9 

Water 1-44  ..  2-72  ..  2-90  ..  19  0 


Organic  impurity,....  2'05  ..  l'G7  ..  2‘24  ..  16'1 

Elution. — One  of  the  most  promising  and  im- 
portant improvements  in  the  manufacture  of  beet 
sugar  that  has  been  made  for  some  time  is  the 
so-called  elution  process  of  Scheibler,  as  im- 
proved and  rendered  practical  by  Seyferth  and 
others.  The  object  of  this  process  is  to  recover 
the  sugar  contained  in  the  stinking,  black,  almost 
unsaleable  molasses  of  the  beet -sugar  factory. 
Good  ground  lime  is  added,  little  by  little,  to  the 
undiluted  molasses  contained  in  a vessel  provided 
with  stirring  gear,  in  the  proportion  of  84  parts 
pure  lime  for  each  171  parts  sugar  (3  molecules 
lime  to  1 of  sugar).  Combination  of  the  sugar  and 
lime  takes  place,  and  heat  is  evolved.  The  granular 
mass  which  ultimately  results  from  this  opera- 
tion is  then  extracted  with  alcohol  of  35  volume 
per  cent.,  which  dissolves  the  free  alkalies  and 
salt,  and  most  of  the  non-saccharine  organic  bodies, 
leaving  tribasic  sugar-lime  in  a tolerable  state  of 
purity.  The  alcohol  used  can  be  recovered  with 
but  little  loss  by  distillation,  and  the  sugar  can  be 
(and  is)  obtained  from  the  sugar-lime  either  by 
directly  saturating  it  with  carbonic  acid,  or  better, 
by  using  it  in  place  of  fresh  lime  for  defecating 
fresh  juice.  In  practice  about  four-fifths  of  the 
sugar  of  the  molasses  is  now  won  in  this  manner. 

Another  method  of  winning  a part  of  the  sugar 
of  molasses : Dubrunfaut’s  “ Osmose  process  ” 
is  at  present  attracting  much  attention  in  Austria 
and  Russia,  where,  as  before  explained,  each 
pound  of  sugar  recovered  has  a double  value.  It 
depends  on  the  removal  of  part  of  the  salts 
by  the  help  of  their  superior  power  of  diffusion 
through  organic  membranes.  In  principle  the 
molasses  are  confined  on  one  side  of  a sheet  of 
j)archment  paper,  and  clean  water  on  the  other. 
Salts  and  sugar  pass  through  to  the  water,  and 
water  passes  back  to  the  molasses;  but  the  salts 
diffuse  more  quickly  than  the  sugar,  so  that,  at  the 
end  of  a certain  period,  what  remains  on  the  molasses 
side  of  the  parchment  is  a diluted  solution  of  mo- 
lasses, containing  a smaller  quantity  of  salt  in  pro- 
portion to  the  sugar  than  originally.  The  removal 
of  this  salt  does,  in  fact,  allow  of  a fresh  quantity 
of  sugar  to  be  extracted  by  crystallization,  which  is 
very  direct  proof  that  salts  do  interfere  with  crys- 
billization  of  sugar,  which  has  been  denied.  The 
proportion  of  salts  to  sugar  in  cane  juice,  and  sugars 
made  from  it,  is  too  small  to  allow  of  their  profiUible 
removal  by  this  process;  and  the  glucose,  which  is 
the  characteristic  impurity  of  sugars  from  the  cane, 
diffuses  far  more  slowly  than  cane  sugar  itself. 

Manufacture  of  Sugar  from  the  Cane.  — 
] . Cultivation  of  the  Cane.  — The  sugar  cane  — 
Arunclo  saccharifera — is  an  indigenous  plant  of  the 
gramineous  family.  Cultivators  distinguish  three 
great  varieties — the  Creole,  the  Babivian,  and  the 
Otaheite  cane.  The  first  is  indigenous  to  India ; 


but  it  has  been  transplanted  to  other  soils,  such 
as  those  of  Sicily,  the  Canaries,  the  Antilles,  South 
America,  and  the  West  Indies.  It  is  known  by  its 
thin,  very  knotty  stem,  and  green  leaves.  The 
Batavian  cane  is  a native  of  Java,  but  is  met  with 
at  present  in  some  of  the  sugar  plantations  of  the 
New  World  and  the  West  Indies;  it  is  covered 
with  purple  stripes,  and  has  a heavy  foliage.  The 
Otaheite  variety  is  spread  over  the  West  Indies 
and  South  America,  and  is  esteemed  by  far  the 
richer  and  more  productive  of  the  several  species. 
There  are  besides,  the  purple-banded  and  the  purple 
Otaheitan  and  the  ribbon  cane.  The  Bourbon  is  said 
to  be  the  same  as  the  Otaheite  cane  of  Singapore. 

The  sugar  cane  in  a state  of  maturity  is  usually 
from  6 to  15  feet  in  length,  and  from  to  2 inches 
in  diameter.  It  is  jointed,  and  the  distance  of  the 
joints  from  one  another  is  from  3 to  7 inches.  These 
joints  correspond  to  the  extremities  of  hexagonal 
cells,  of  which  the  intermediate  portions  of  the  stem 
are  composed,  and  which  are  in  the  living  state  of 
the  plant  filled  with  a solution  of  sugar.  The  ex- 
terior of  the  cane  is  smooth,  hard,  and  cylindrical, 
and  is  covered  with  a coating  containing  a large 
quantity  of  silica.  Germination  occurs  at  the  joints, 
and  takes  place  at  the  opposite  sides  of  alternate 
joints. 

The  sugar  cane  grows  from  pieces  or  slips  of  itself 
containing  germs,  and  these  develop  rootlets  at  the 
joints,  which  draw  sustenance  to  the  young  shoot 
as  it  increases.  In  the  course  of  time  the  buds  in 
the  radicle,  or  root  joints,  of  the  first  caue  throw 
out  roots,  and  form  a radicle  for  a second  stem ; 
and  in  this  way  it  happens,  under  favourable  cir- 
cumstances, that  several  canes  are  produced  from 
the  parent  stock  for  a period  of  about  six  years, 
sometimes  even  for  twenty  years.  From  the  first 
and  second  year,  however,  the  canes  diminish  in  the 
length  of  joint  and  circumference,  and  so  the  quantity 
of  juice  decreases;  but  it, is  alleged  that  the  juice  is 
much  richer  than  when  younger,  and  also  produces 
a finer  sugar.  A common  mode  of  obtaining  succes- 
sive crops  is  as  follows: — Wlien  an  old  cane  has 
been  cut  for  its  sugar,  the  incision  is  made  some 
inches  below  the  ground,  and  the  stump  covered 
with  mould.  In  about  twelve  months’  time  the 
offshoots  from  the  original  cane  are  ready  for 
transplanting.  In  planting  these  slips  or  ratoons 
the  system  of  wide  planting  is  gradully  superseding 
the  old  close  planting.  In  addition  to  the  advan- 
tage which  the  former  kiud  offers  in  allowing  the 
use  of  the  horse-hoe  for  weeding,  the  great  length 
of  the  root  of  the  sugar  cane,  which  often  extends 
laterally  to  a distance  of  6 and  vertically  to  a depth 
of  2 feet,  makes  wide  planting  imperative,  when 
rapidity  of  growth,  as  determined  by  quick  absorp- 
tion, is  required.  The  cane  holes  are  advantageously 
formed  5 feet  from  one  another,  in  rows  which  are 
also  5 feet  apart ; or,  as  some  say,  even  8 feet. 

Of  late  years  the  system  of  cultivation  of  the 
sugar  Cime  has  attracted  considerable  attention,  as 
well  in  regard  to  the  preparation  of  the  soil  as  to 
the  manner  of  planting.  Formerly  the  custom  of 
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preparing  the  land  by  manual  labour  was  followed  ; 
it  is  sometimes  so  still,  and  the  consequence  of  not 
having  the  soil  sufficiently  disintegrated  to  the 
proper  depth  required  by  the  plant  made  itself 
apparent  in  the  defective  harvests  of  t’  e plantations 
which  followed  ; besides,  by  the  practice  of  utilizing 
for  fuel  the  megass  or  e.xpressed  cane,  called  cane 
straw  and  cane  trash,  instead  of  returning  it  to  the 
land,  the  latter  was  rendered  deficient  in  humus, 
and  therefore  not  suited  to  retain  the  proper  quantity 
of  moisture,  which  in  the  warm  climates  of  its 
growth  the  cane  absolutely  requires  for  its  proper 
development.  And  although  the  ashes  of  the  refuse 
might  be  consigned  to  the  sod,  yet  this,  instead  of 
improving,  rather  defeated  the  objects  which  the 
cultivators  had  in  view,  as  by  the  use  of  too  much 
mineral  matters  as  a marmre,  ti  e sugar  secreted  by 
the  plant  was  rendered  uncrys'.all  zable,  and  so,  in 
a comparative  sense,  lost  to  the  planter.  An  excess 
of  soluble  salts  should  always  be  guarded  against  in 
the  cultivation  of  the  sugar  plant ; but  the  fertilizer 
should  be  rich  in  humus  and  nitrogenous  con- 
stituents, as  the  consumption  of  both  these  classes 
of  bodies  by  the  plant  is  greater  in  a much  larger 
proportion  than  of  mineral  fertilizing  matters.  The 
knowledge  of  these  facts  has  led  to  the  desire  of 
employing  such  matters  as  blood,  decomposed  flesh, 
rotten  fish,  wool  refuse,  and  the  like,  for  manure  in 
the  sugar  plantations. 

The  frequent  droughts  which  occur  in  the  countries 
adapted  to  the  cultivation  of  the  sugar  plant,  render 
the  artificial  prevention  of  the  too  rapid  evaporation 
of  the  water,  which  would  be  very  injurious  to  the 
freshly-planted  ratoons,  of  the  highest  importance. 
The  great  bulk  and  solidity,  and  the  richness  in 
mineral  constituents  of  the  stem  of  the  sugar  cane, 
would  cause  a rapid  impoverishment  of  the  soil, 
were  not  some  adequate  return  made  to  it.  Both 
purposes  are  effected  by  surrounding  the  stems  of 
the  newly-planted  ratoons  with  the  megass,  or  cane 
from  which  the  sugar  has  been  extracted. 

Canes  require  a soil  well  drained,  but  still  rich 
and  moist.  Land  with  much  saline  matter  is  fre- 
quently found  to  prevent  the  canes  ripening  ; they 
remain  green  and  watery. 

One  variety  greatly  in  cultivation  in  Jamaica  came 
from  Otaheite.  When  this  cane  is  well  cultivated, 
and  in  favourable  soil,  it  rises  in  the  first  year  to 
12  or  14  feet  in  height,  being  6 inches  in  circum- 
ference, and  having  joints  6 inches  apart.  No  field, 
however,  will  give  an  average  so  high  as  this.  It 
sometimes  attains  maturity  in  ten  months.  Its 
foliage  is  of  a pale  green ; leaves  broad  and  much 
drooping,  and  flowering  or  arrowing  in  a manner 
graceful  and  ornamental.  It  requires  a rich  soil. 
The  yellow-violet  may  be  put  in  poorer  soil.  It  gives 
a fine  sugar,  but  not  so  much  as  the  Tahiti  cane. 
It  has  a dark-green  foliage.  The  purple-violet  is 
from  Java,  and  is  8 to  10  feet  high,  and  6 inches  in 
circumference.  On  the  joints  of  the  cane  there  is 
a large  amount  of  a resinous  film,  which  sometimes 
completely  siiades  the  purple  beneath.  This  resin 
is  very  hard  and  troublesome  to  grind.  The  cane 

itself  is  hardy,  and  is  sometimes  used  in  Jamaica  as 
a border  to  other  canes,  defending  them  against  the 
tr«siia’sing  of  cattle. 

I'he  large  red  cane  of  Assam  is  said  to  flower  in 
eight  months,  and  to  give  similar  sugar  to  the  Tahiti 
cane.  In  Bengal  a large  red  cane  is  cultivated  which 
gives  excellent  sugar.  The  China  cane  is  said  to  be 
extremely  hardy,  standing  both  cold  and  drought, 
and,  with  abundant  rain,  giving  out  as  many  as 
thirty  shoots.  It  resists  the  inroads  of  the  white 
ants,  which  cannot  penetrate  its  hard  crust,  whilst 
it  is  also  safe  against  the  teeth  of  the  jackals.  It 
requires,  however,  a stronger  mill  for  grinding  than 
the  other  varieties  mentioned.  Wrat  asserts  that 
the  Salangore  cane  is  the  finest  in  the  Straits  of 
Singapore,  and  perhaps  in  the  world.  He  says  that 
he  has  cut  five  from  one  stool,  which  were  of  a 
weight  of  from  17  to  25  lbs.  They  have  been  known 
to  produce  7200  lbs.  of  undrained  sugar  per  acre, 
equal  to  5800  of  dry  sugar  for  shipping. 

A dry,  smooth,  brittle  skin,  a heavy  cane,  a grey 
pith,  approaching  to  brown,  and  a sweet  glutinous 
juice,  indicate  the  maturity  of  the  cane.  The  canes 
should  be  cut  so  that  the  juice  may  not  be  diluted 
at  a dry  season.  The  canes  are  cut  as  close  to 
the  stole  or  root  as  possible,  as  well  because  the 
lower  joints  are  found  richer  in  sugar,  as  to  give 
vigour  to  the  ratoons  which  are  to  spring  from  the 
old  stock ; the  tops,  with  one  or  two  joints,  if  they 
be  not  sufficiently  ripe,  are  cut  off,  and  the  canes 
tied  in  bundles  and  conveyed  to  the  crushing  mill. 
It  is  absolutely  necessary  that  the  cane  be  cut  just 
before  being  expressed  in  the  mills ; for,  if  allowed 
to  remain  any  length  of  time  at  the  high  temperature 
of  the  climate,  the  sugar  ferments,  and  a considerable 
loss  is  consequently  occasioned.  The  following  tables 
are  from  Payen  : — • 

OTAHEITE  CANE  AT  MATURITY. 

Centesimally. 

Ceihilose,  ligneous  matter,  pectin,  and  pectic  acid,..  9-.56 

Albumen  and  three  other  nitrogenous  matters, 0-55 

Cerosin,  green  matter,  yellow  colouring  substance,  1 
substance  capable  of  being  dyed  brown,  and  car-  1 
mine,  fatty  matter,  resins,  essential  oil,  aromatic  j 

matter,  and  a deliquescent  substance, J 

Insoluble  salts  0-12;  soluble  0-16;  consisting  ofj 
phosphates  of  lime  and  magnesia,  alumina,  | 
sulphate  and  oxalate  of  lime,  acetates,  malate  of  }■  0-28 
lime,  potassa,  and  soda,  alkaline  chlorides,  and  [ 

100-00 

CAKE  ONLY  AT  A THIRD  OK  ITS  DEVEI.Ol’MENT. 

Ceutesimall^. 

Cellulose  and  incrusted  ligneous  matter, 7'03 

Albumen  and  three  other  nitrogenous  substances. ...  1-17 

Starch,  cerosin,  green  matter,  yellow  colouring  j 

substance,  and  bodies  colourable  to  brown  and  V 1'09 

Fatty,  aromatic,  and  hygroscopic  substances,  es- j 

sential  oil,  soluble  and  insoluble  salts,  alumina,  V 1-95 

100-00 
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The  amount  of  water  in  the  sugar-cane  increases, 
according  to  Casaseca,  towards  the  top ; the  greatest 
amount  of  sugar  is  found  in  the  lower  third  of  the 
cane,  but  much  less  in  the  upper  part;  the  centre 
third  contains  about  an  average  of  the  whole.  The 
water  even  of  the  joints  increases  on  rising. 

The  following  additional  analyses  indicate  an 
average  composition : — 


Centestmally. 


From  Martinique^ 

From  Guadaloupe, 

From  Cuba, 

by  Peligot. 

by  Dupuy. 

by  Casaseca. 

Water, 72-1  .... 

72-0 

...  65-9 

Sugar, 18  0 . . . . 

17-8  

Ligneous  matter, . . . 9-9  . , , , 

9-8 

Saits — 

0-4 

100-0 

100-0 

100-0 

Such  also  is  the  average  composition  of  the  cane  of 
the  third,  fourtli,  and  succeeding  years’  growth  from 
the  parent  stock,  as  shown  by  Peligot’s  researches 
on  this  subject. 

THE  MEOA88  OR  MILL  TRASH,  AFTER  PASSING  THE  ROLLERS. 


Sugar, 

7-9  ... 

Molasses, 

3-0  ... 

Ligneous  matter  and  earthy  salts. 

38-6  ... 

...  39-5 

Water, 

50-5  ... 

...  50  5 

100-0  1000 


Analyses  by  F.  N.  Gill  of  canes  grown  in  the 
Aska  district,  Ganjam,  Madras,  East  Indies — made 
in  the  first  fortnight  of  March  on  ripe  cane.  Average 
samples  of  chips  prepared  for  “ diffusion  ” from  the 
cutting  of  whole  bundles,  weighing  from  100  to  120 
lbs.,  taken  for  analysis : — 


A Good  Average  Bundleu 

A Buudie  of  Picked  Cane. 

A Bundle  of  Cane 

deteriorated  by 

Drought,  less 

2 feet  Top. 

2 feet  Middle. 

2 feet  Root. 

2 feet  Top. 

Next  2 feet. 

Last  3 feet. 

2 feet  of  Top. 

Megass  proper, .... 

7 63 

8-47 

8-3 

7-58* 

8-65f 

8-29 

8-47 

Sugar, 

10-63 

13-31 

13-37  ' 

9-49 

13-64  ■ 

13-85  ■ 

10-41  ■ 

Glucose, 

2-64 

.luice 

1-51 

Juice 

1-54 

Juice 

2-43 

Juice 

•736 

Juice 

•71 

Juice 

5-20 

Juice 

Ash 

-307 

92-37 

•259 

91-58 

•233 

91-7 

•545 

92-42 

•363 

191-35 

•349 

91-71 

•352 

91-53 

Water, 

78-334 

75-612 

76-122 

79-484 

75-628 

75-945 

75-1. 52 

Unknown, 

•459  J 

•839 J 

•455J 

•47  iJ 

•983  J 

•856 J 

•416. 

100-000 

100-000 

100-000 

100-000 

100-000 

100-000 

100-000 

THE  EXPRESSED 
JUICES  ANALYSING. 

Apparentsolids,i.e., 
degree  “ balling," 

1 15-2 

17-4 

17-0 

14-0 

17-2 

17-2 

17-9 

Sugar 

11-51 

14-55 

14-58 

10-27 

14-93 

15-11 

11-38 

Glucose, 

2-86 

1-65 

1-68 

2-63 

•806 

•775 

5-68 

Ash, 

•333 

•283 

•255 

•59 

•398 

•381 

•385 

Unknown, 

•497 

•917 

•485 

•51 

1-076 

•934 

•455 

EQUAL  TO,  IN  THE 

100  OP  APPARENT 
SOLIDS. 

Sugar, 

75-72 

83-62 

85-76 

73-35 

86-8 

87  84 

63-57 

Glucose, 

18-81 

9-48 

9-88 

18-78 

4-68 

4 -.50 

31  73 

Ash, 

219 

1-62 

1-50 

4-21 

2-31 

2-21 

2-15 

Unknown, 

3-28 

5-28 

2-86 

3-66 

6-21 

5-45 

2-55 

10000 

100-00 

100  00 

100-00 

100-00 

100-00 

100-00 

* Fibre,  &c.  7-36 ; Silica,  Lime,  and  Trace  Iron,  -22. 

These  analyses  show  a large  quantity  of  uncrystal- 
lizable  sugar  in  the  top,  as  compared  with  the  rest  of 
the  cane,  and  a large  quantity  of  “ unknown  ” in  the 
middle  as  compared  with  the  rest  of  the  cane. 

The  pure  or  nearly  pure  juice,  when  the  green 
matter  is  removed,  contains — 

Per  Ceut. 


Water, 81-00 

Sugar, 18--20 

Organic  matter,  precipitated  by  lead  salts,.. . 0-45 

Saline  matter 0-35 


100-00 

Cane  juice  has  a specific  gravity  of  1070  to  1090 
— 10°  to  13°  Beaume.  It  has  been  obtained  as  low 
as  1046,  and  as  high  as  1110,  at  80°  Fahr.  It  is 
opaque,  frothy,  and  of  a yellowish  green.  The  green 
part  may  be  filtered  out,  leaving  a pale  yellow  fluid, 
which  is  almost  pure  syrup.  The  green  scum  con- 
sists of  chlorophyll,  cellulose,  ligneous  fibre,  and 
albumen.  Its  analysis,  given  by  Avequin,  is — 


t Fibre,  &c,,  8-19  ; Silica,  Lime,  and  Trace  Iron,  -24. 

Per  Cent. 


Cerosin — a peculiar  wax, .50  0 

Green  matter, 10-0 

Albumen  and  ligneous  fibre, 22-7 

Phosphate  of  lime, 3-3 

Silica, 14-0 


100-0 

A gallon  of  juice,  weighing  about  ten  and  three- 
quarter  pounds,  contains  about  twenty-seven  grains 
of  this  greenish  scum. 

A few,  out  of  many,  analyses  made  by  Dr.  Sten- 


HOUSE  of  the  ashes  of  the  cane  may  be 

given : 

— 

Silica, 

46-46 

41-37 

46-48 

50-00 

Phosphoric  acid, 

8-23 

4’59 

8-16 

6-56 

Sulphuric  acid, 

4 '65 

10-93 

7-52 

6-40 

Lime, 

8-91 

9-11 

5-78 

5-09 

Magnesia, 

4-50 

6-92 

15-61 

13-01 

Potash, 

10-63 

15-99 

11-93 

13-69 

Soda, 

— 

— 

0-57 

1-33 

Chloride  of  potassium,.. .. 

7-41 

8-96 

— 

— 

Chloride  ot  sodium, 

9-21 

2-13 

3-95 

3-92 

100-00 

100-00 

100-00 

100-00 
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2.  Extraction  of  the  Juice. — The  sugar  exists  in 
the  cells  of  the  cane  in  the  state  of  solution  in  the 
fluid,  which  constitutes  the  juice  or  sap  of  the  plant. 

The  saccharine  liquid  is  extracted  from  the  cane 
by  pressure.  The  sugar  mills  employed  for  this 
purpose  are  chiefly  three,  namely,  the  horizontal  and 
the  vertical  roller  mill,  and  the  hydraulic  press. 
The  latter,  however,  has  not  received  general  adop- 
tion. The  accompanying  woodcut  (Fig.  3)  shows 
the  construction  of  the  horizontal  sugar-mill,  which 
is  almost  universally  used. 

The  mill — as  shown  in  the  annexed  Fig.  3 — con- 
sists of  three  heavy  cast-iron  rollers,  about  2 feet 
4 inches  in  diameter  and  4 feet  long,  fixed  in 
strong  cast-iron  frames.  The  canes  are  fed  from 
the  feeding  table,  B,  and  are  squeezed  twice  be- 
tween the  top  roller,  C,  and  each  of  the  two  lower 
rollers,  D and  E.  The  megass,  or  solid  part  of  the 
cane,  after  being  squeezed,  passes  from  the  mill  by 
the  shoot,  F.  A trash-turner,  G,  is  placed  between 


A cane  carrier  is  often  used  to  supply  the  canes  to 
the  horizontal  mill.  It  consists  of  two  endless  pitch 
chains  working  over  barrels,  the  upper  one  being 
driven  from  the  spindle  of  the  top  roller  by  spur- 
wheels  or  another  endless  pitch  chain.  On  the  outer 
side  of  the  chains  are  attached  boards  sliding  over  a 
wood  framing,  with  a ledge  on  each  side  to  keep  the 
canes  on  the  carrier.  The  top  of  the  carrier  is  level 
with  the  top  of  the  feeding  table,  and  extends  some 
30  feet  from  the  mill.  The  canes  are  delivered  on 
the  carrier  instead  of  on  the  feeding  table  of  the 
mill,  which  facilitates  the  work,  besides  causing  the 
mill  to  be  more  regularly  supplied  with  canes  than 
when  they  are  delivered  on  the  feeding  table  of 
the  mill. 

A great  deal  depends  upon  the  right  adjustment 
of  the  distances  of  the  three  rollers,  a too  near 
approximation  causes,  on  the  one  hand,  an  increased 
expenditure  of  force  in  the  working  of  the  mill,  and 
on  the  other,  a too  great  distance  allows  a portion 
of  the  juice  to  escape  extraction,  and  to  be  carried 


the  two  lower  rollers,  and  under  the  top  one,  to 
guide  the  canes  between  the  upper  and  second  lower 
roller.  The  spaces  between  the  upper  and  lower 
rollers  are  adjusted  by  the  screws,  H H ; the  space 
between  the  top  and  first  lower  roller  should  be  a 
quarter  of  an  inch,  the  second  lower  roller  being  set 
close  to  the  top  one.  The  juice  drops  into  a trough 
below,  from  which  it  runs  to  the  clarifiers,  directly  if 
possible;  but  if  the  mill  cannot  be  placed  sufficiently 
high  to  command  the  clarifiers,  a pump  is  used, 
worked  from  the  top  roller  spindle  and  fixed  in  a 
cistern  under  the  trough.  The  speed  found  most 
advantageous  for  expressing  the  juice  from  the  canes 
is  at  the  rate  of  20  feet  per  minute  at  the  periphery 
of  the  rollers.  The  two  lower  rollers  are  driven 
from  the  upper  one  by  spur  pinions,  ill,  keyed  on 
the  ends  of  the  spindles.  The  mills  are  driven  by 
steam,  as  shown  in  the  drawing.  Fig.  4;  butsometimes 
water  or  wind  power  is  used,  according  to  the 
physical  character  of  the  country  in  which  it  is  used. 


off  in  the  megass.  The  distance  between  the  feeding 
roller  and  the  upper  one  is  about  half  an  inch ; the 
delivering  roller  is  still  closer  to  the  upper  one.  In 
feeding  a horizontal  mill,  tlie  canes  are  cut  into 
lengths  of  about  3 feet,  and  so  spread  upon  the 
feeding  board  that  these  may  overlap  one  another  as 
little  as  possible.  Mills  have  also  been  constructed 
with  five  and  with  four  rollers.  When  five  rollers 
are  employed  tliree  are  placed  below  and  two  above. 
A five-roller  mill  is  said  to  extract  10  per  cent, 
more  juice  from  the  cane  than  a three-roller  one ; 
but  the  megass  is  thereby  much  broken,  and  a much 
greater  expenditure  of  mechanical  power  is  required 
to  work  the  mill. 

The  following  are  the  experiences  of  Dr.  Evans 
in  regard  to  the  advantageous  working  of  a sugar 
miU: — 1.  The  rollers  should  be  approximated  as 
closely  as  the  work  which  they  have  to  perform 
will  admit  of.  In  mills  in  which  the  rollers  observe 
a vertical  direction,  tlie  space  between  the  first  and 
second  should  scarcely,  if  at  all,  exceed  a quarter 
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of  an  inch,  whilst  a distance  of  one-sixth  of  an  inch 
is  tlie  most  that  should  be  allowed  between  the 
second  and  third.  When  they  are  placed  horizon- 
tally, the  upper  one  should  be  distant  a space  of 
one-fifth  to  a quarter  of  an  inch  from  the  two  lower. 
2.  The  velocity  of  the  rollers  should  be  rendered  as 
uniform  as  possible,  not  by  diminishing  the  amount 
of  the  motive  power,  but  by  a carefully  regulated 
supply  of  canes.  3,  4.  The  megass  should  be  in- 
variably repassed  between  the  rollers,  so  as  to  extract 
as  much  as  possible  the  juice  which  still  remains  in 
it.  When  canes  are  rich,  and  their  juice  of  con- 
siderable density,  the  megass  should  be  sprinkled 
with  a little  water,  or,  where  it  is  practicable,  exposed 
to  the  action  of  steam  before  it  is  submitted  to  the 
pressure ; but  when  the  canes  are  large,  green,  and 
watery,  this  may  be  dispensed  with. 

The  amount  of  juice  obtained  from  the  cane  is  not 
always  a criterion  of  the  comparative  yield  in  sugar. 
The  drought  or  humidity  of  the  season  preceding  the 
cutting  of  the  canes  determines  the  presence  of  a 
less  or  greater  amount  of  water  in  the  cane,  while 
the  quantity  of  sugar  remains  for  a time  unaffected. 
Between  moist  and  dry  seasons,  and  thorough  and 
imperfect  crushing,  the  yield  of  juice  may  vary  from 
50  to  75  per  cent,  of  the  weight  of  the  canes  employed. 

3.  The  Purification  of  the  Juice. — 'Fhe  removal  of 
impurities  from  the  juice,  as  it  is  delivered  from  the 
mill,  may  be  divided  into  two  processes,  defecation 
and  clarification. 

The  crude  cane  juice  contains,  besides  sugar  and 
water,  the  impurities — earthy  insoluble  particles, 
fragments  of  the  crushed  cane  or  megass,  albumen, 
caseine,  wax,  soluble  colouring  matter,  and  soluble 
salts.  The  coarser  of  the  insoluble  particles  are 
sometimes  removed  mechanically  previous  to  the 
process  of  defecation.  But  certain  of  the  nitrogen- 
ous impurities  of  the  crude  juice,  if  left  in  contect 
with  the  juice,  speedily  determine  its  fermentation, 
thereby  occasioning  loss  of  sugar;  and  owing  to  the 
subsequent  conversion  of  the  alcohol,  generated  by 
fermentation,  into  acetic  acid,  causing  the  corrosion 
of  the  metallic  portions  of  the  machinery,  and  the 
introduction  of  metallic  acetates  into  the  sugar.  It 
is  of  the  greatest  importance  that  the  process  of 
defecation,  whereby  the  nitrogenized  compounds  are 
removed,  should  follow  with  as  little  delay  as  pos- 
sible upon  the  extraction  of  the  juice.  For  this 
reason  the  storing  of  the  juice  in  tanks  until  a suffi- 
cient quantity  is  obtained  for  purification  is  to  be 
reprehended.  The  first  filtration  also  should,  for 
the  same  reason,  be  performed  as  rapidly  as  possible. 
This  filtration  is  effected  through  a double  sieve,  the 
metallic  meshes  of  the  first  sieve  being  about  one- 
twelfth,  those  of  the  lower  about  one-thirtieth  of  an 
inch  asunder.  The  juice  is  run  from  these  sieves, 
or  directly  from  the  crushing  mill,  through  a wooden 
gutter  lined  with  lead  to  the  clarifiers.  These  are  a 
series  of  copper  cauldrons  capable  of  holding  from 
3000  to  4000  gallons  each.  The  bottoms  of  the 
clarifiers  are  usually  concave,  being  bulged  inwards 
from  below.  Each  cauldron  is  provided  with  a 
separate  fire,  the  flues  from  which  run  into  a com- 


mon chimney,  and  each  fire  is  provided  with  a 
separate  damper  for  regulating  or  stopping  the 
draught. 

Defecation. — Lime  is  the  agent  most  frequently 
employed  in  defecating  the  juice.  The  lime  should 
be  thoroughly  burned  and  quickly  slaked  with  hot 
water,  enough  water  being  added  to  give  the  con- 
sistence of  a cream.  This  should  be  then  filtered 
through  a fine  wire  sieve  in  order  to  remove  silicious 
particles  and  fragments  of  unslaked  lime  or  unburned 
limestone.  When  the  juice  in  the  clarifiers  has 
attained  the  temperature  of  130°  Fahr.  successive 
portions  of  the  cream  of  lime  are  added,  until  the 
acids  in  the  juice — acetic  and  lactic,  &c.— have  been 
completely  and  exactly  neutralized,  which  is  shown 
by  the  neutrality  of  the  liquor  to  blue  and  red  litmus 
paper.  The  mixture  of  juice  and  lime  is  thoroughly 
incorporated  with  an  oar,  and  the  whole  left  to 
digest  for  about  a minute.  The  portions  of  cream 
of  lime  successively  added  to  effect  neutrality  should 
not  contain  more  than  about  4 ozs.  of  solid  lime  per 
gallon.  After  neutralization  by  cream  of  lime,  as 
above  described,  the  heat  is  urged  until  a tempera- 
ture just  below  the  boil  ng  point  of  the  liquor  is 
reached.  A thick  scum  is  then  formed  upon  the 
surface  of  the  liquor,  and  the  clarification  is  judged 
complete  when  this  scum  breaks  and  a white  froth 
appears  in  its  interstices.  In  all  cases  an  excess  of 
lime  is  to  be  avoided,  partly  because  nitrogenous 
matter,  upon  the  removal  of  which,  from  an  acid 
solution  by  heat  and  lime,  the  clarification  in  a 
great  measure  depends,  is  redissolved  by  an  excess 
of  this  agent,  but  mainly  because  of  the  destructive 
action  of  caustic  alkalies  on  the  glucose  present.  If, 
however,  an  excess  of  lime  has  been  added,  it  may 
be  remedied  by  the  addition  of  small  quantities  of  a 
solution  of  alum.  When  this  salt  is  added  to  any 
alkaline  solution  with  excess  of  lime,  its  alumina  is 
precipitated  and  rises  with  the  same,  fixing  a portion 
of  the  colouring  matter  of  the  juice  at  the  same 
time,  and  thus  assisting  in  the  clarification.  Of  the 
simultaneous  products  found  in  this  reaction,  vide- 
licet, sulphate  of  lime  and  sulphate  of  potassa,  the 
first  is  in  a great  measure  insoluble  and  rises  with 
the  scum ; the  second,  however,  is  soluble  in  the 
liquor,  and  cannot  be  subsequently  separated  from 
it ; and  this  is  the  only  drawback  in  the  employment 
of  alum  to  neutralize  overlimed  juice.  Sulphate  of 
alumina,  however,  is  not  subject  to  this  disadvan- 
tage, and  may,  therefore,  advantageously  replace 
alum  in  the  neutralization  of  overlimed  juice. 

Other  substances  have  been  employed  for  the 
defecation  of  cane  juice,  of  which  the  principal  are 
nut-galls,  sulphate  of  zinc,  alum,  sulphate  of  alu- 
mina, sulphuric  acid  and  lime,  and  subacetate  of 
lead,  but  as  they  have  not  found  their  way  into  use, 
a more  particular  description  of  their  application  is 
unnecessary. 

Though  the  defecation  by  lime  alone  is  still  that 
most  frequently  employed,  several  substantial  im- 
provements have  been  effected  during  the  last  few 
years — e.g.  the  process  of  Jcert — who  adds  to  the 
juice  an  excess  (j.e.  more  than  will  dissolve)  of  the 
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very  slightly  soluble  mono-sulphite  of  lime,  and 
heats  the  liquor  to  boiling  as  usual.  The  natural 
acids  of  the  juice  dissolve  and  decompose  an  equiva- 
lent amount  of  this  salt,  being  themselves  neutralized 
by  its  base  lime,  and  setting  free  their  equivalent 
of  sulphurous  acid,  which  in  its  turn  causes  a more 
complete  coagulation  of  the  albuminous  constituents 
of  the  juice  than  heat  alone,  and  also  exerts  an 
appreciable  bleaching  effect.  The  mono-sulphite  of 
lime  is  prepared  by  passing  the  fumes  of  burning 
sulphur  into  milk  of  lime  till  all  alkaline  reaction  is 
lost — the  pale  yellow  and  somewhat  sandy  product  of 
this  operation  is  the  body  in  question.  A modifica- 
tion of  Jcery’s  process,  now  much  employed,  consists 
of  treating  the  juice  with  sulphurous  acid  gas,  either 
in  the  defecating  pan,  o'  on  its  way  there  from  the 
mill,  and  subsequently  neutralizing  the  excessive 
acidity  so  produced  by  the  cautious  addition  of  lime. 

When  the  scum  has  risen  to  the  surface,  and  the 
clear  liquor  is  seen  through  its  cracks,  the  approach 
of  which  point  is  usually  judged  of  empirically  by 
the  equalization  in  size  of  the  bubbles  formed  in  the 
liquid,  the  defecation  is  complete.  The  defecated 
juice  is  then  removed  from  the  scum  by  tapping,  or 
the  latter  is  removed  from  the  clear  liquor  by  skim- 
ming, in  both  cases  sufficient  time  being  allowed  for 


of  mill  and  boiling-house  as  used  in  the  colonies. 
The  size  of  a sugar  plantation  in  the  West  Indies 
varies  from  150  to  2000  acres,  producing  from  100 
to  5000  hogsheads  of  sugar  per  annum.  The  boiling- 
house  should  be  situated  in  a central  position  on  the 
plantation,  to  avoid  loss  of  time  in  carriage  of  the 
canes  from  the  fields  to  the  mill  (the  mill,  a,  has  been 
already  described  in  detail). 

Clarifiers. — The  juice,  as  it  is  expressed  from  the 
canes,  runs  into  the  clarifiers,  one  of  which  is  shown 
at  B,  Fig.  4.  Two  are  generally  used,  one  filling 
while  the  juice  in  the  other  is  clarifying.  They  are 
generally  cylindrical  copper  pans,  with  crown  or 
arched  bottoms,  to  resist  the  action  of  the  fire.  They 
are  fitted  with  a large  cock  at  the  bottom  for  running 
the  juice  into  the  first  copper.  They  are  set  in 
brickwork  at  the  end  of  the  battery,  the  flame 
passing  under  them  previous  to  going  into  the 
chimney,  a damper  being  provided  to  each  to  direct 
the  flame  under  the  one  that  is  full.  Milk  of  lime  is 
added  sufficient  to  neutralize  the  acid  in  the  juice. 

The  battery  is  a range  of  pans,  C D E F,  with  the 
furnace,  G,  at  one  end.  The  fire  passes  under 
the  range,  and  under  either  of  the  clarifiers  to  the 
chimney.  The  pans  are  hemisjjherical  in  shape. 


the  heavier  portions  of  the  scum  to  subside.  As 
the  scum  always  contains  a considerable  portion  of 
liquor  in  its  pores,  it  is  generally  submitted  to  pres- 
sure in  a simple  lever  press,  and  the  extract  added 
to  the  liquid  which  has  been  tapped  off. 

In  those  countries  where  fuel  is  cheap,  and  especially 
in  those  manufactories  where  steam  is  employed,  either 
as  a motive  power  for  the  mill,  or  for  the  vacuum  pan 
— afterwards  to  be  described — or  for  other  pur- 
poses, the  heating  of  the  defecating  pans  is  sometimes 
effected  by  means  of  steam.  It  is  clear  that  as  the 
temperature  requisite  for  boiling  in  the  open  air  is 
above  that  of  boiling  water,  the  steam  by  which  it  is 
effected  must  be  either  superheated  or  high-pressure 
steam.  And  as  in  most  sugar  growing  lands  fuel  is 
scarce,  and  as  a great  use  of  fuel  attends  the  appli- 
cation of  superheated  steam,  high  pressure  steam  is 
employed.  This  is  usually  conveyed  by  a copper 
worm  through  the  pan,  the  steam  passes  downwards 
round  the  spirals  of  the  worm,  and  the  condensed 
water  is  discharged  under  pressure. 

Sugar  Mill. — Fig.  4 represents  the  arrangement 


Fig.  4. 


diminishing  in  size  from  the  first  copper,  C,  under 
the  clarifiers,  to  the  “ striking  teach,”  F,  in  which  the 
evaporation  is  completed.  As  the  juice  becomes 
concentrated  in  the  pans  nearer  the  furnace,  they 
are  filled  up  from  those  behind  them,  until  the 
striking  teach  is  sufficiently  full,  and  the  sugar  in  it 
concentrated  to  the  granulating  point.  It  is  then 
ladled  into  shallow  wooden  vessels,  where  it  is 
allowed  to  cool,  and  from  thence  it  is  conveyed  into 
the  hogsheads  in  the  curing-house.  An  improved 
method  of  ladling  from  the  striking  teach  to  the 
coolers  is  now  much  used.  A copper  pan,  H,  fitting 
the  inside  of  the  striking  teach  as  accurately  as 
possible,  has  a large  valve  opening  towards  the 
inside  worked  by  a lever,  i,  over  the  side,  and 
a chain  from  the  ground.  The  dipper  is  attached 
to  a crane,  J,  which  commands  the  striking  teach 
and  a gutter  to  the  coolers.  The  advantage  of 
the  dipper  is  that  the  striking  teach  can  be  emptied 
and  refilled  in  much  less  time  than  by  the  ladle, 
and  consequently  there  is  not  so  much  risk  of 
burning  the  copper  and  the  sugar.  A gutter  is 
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made  in  the  brickwork  at  the  side  of  the  battery, 
into  which  the  impurities  that  rise  to  the  surface  of 
the  liquor  are  skimmed.  The  skiinmings,  from  which 
are  distilled  the  best  rum,  are  conveyed  from  the 
gutter  to  a tank  previous  to  fermentation.  The 
floor  of  the  curing  house,  in  which  the  molasses  is 
drained  from  the  sugar,  is  composed  of  a series  of 
gutters  which  incline  to  the  centre  of  the  building, 
and  deliver  their  contents  to  a main  gutter  which 
communicates  with  a tank  for  the  mohisses.  Tlie 
hogsheads  are  placed  on  end  over  the  gutters,  small 
holes  being  bored  in  their  ends  for  the  passage  of 
the  molasses.  The  sugar,  after  remaining  in  the 
curing -house  about  fourteen  days,  is  ready  for 
shipment,  and  is  known  in  the  market  as  raw  or 
muscovado  sugar. 

The  megass,  after  pass- 
ing through  the  rollers  of 
the  mill,  is  dried  and  used 
as  fuel  for  the  battery; 
being  better  suited  for 
that  purpose  than  any 
other  convenient  fuel,  as 
far  as  heat  goes,  a very 
quick  fire  being  required. 

A saving  of  fuel  is  effected 
by  placing  the  boiler  of 
the  cane  - mill  engine  at 
the  end  of  the  battery,  so 
that  the  products  of  com- 
bustion may  pass  from  the 
battery  through  the  boiler  flues,  previous  to  going 
into  the  chimney.  A furnace  is  fitted  to  the  boiler 
for  use  before  the  battery  is  at  work  in  the  morning, 
and  which  can  be  shut  off  when  not  required,  the 
waste  heat  from  the  battery  being  almost  sufficient 
to  work  the  boiler  for  the  cane-mill  engine. 

In  the  striking  teach  of  the  ordinary  battery  there 
is  a liability  of  the  upper  part  of  the  teach  becoming 
overheated,  and  so  making  the  sugar  of  a darker 
colour  when  it  splashes  up  against  it,  depreciating 
its  value.  A pan  made  so  that  the  heating  surface 
is  entirely  covered  with  liquor  is  used  in  some  places, 
called  a bascule  or  “ tilt-pan.”  It  is  a shallow,  cylin- 
drical, copper  pan,  about  five  feet  diameter  and  two 
feet  deep.  It  is  furnished  with  a lip  to  run  off  the 
sugar,  and  works  on  a hinge  under  the  lip.  The 
pan  is  set  over  a fire,  and  when  the  sugar  is  boiled 
to  the  granul.ating  poiut,  it  is  tilted  up  by  a lever 
and  chain  fixed  to  it.  The  sugar  being  turned  out 
at  once  into  the  cooler,  there  is  not  the  same  risk  of 
burning  as  in  the  ordinary  fixed  pans. 

Rectangular  copper  pans  with  crowned  bottoms 
have  also  been  substituted  for  the  hemispherical 
pans  with  cocks  or  valves,  to  empty  them  from  the 
bottom.  They  are  ranged  side  by  side  over  the 
furnace,  so  that  the  flame  runs  under  them  from 
end  to  end ; and  there  being  no  side  flues,  the  metal 
of  the  pans  does  not  become  heated,  and  conse- 
quently the  quality  of  the  sugar  is  not  injured. 

The  rough  and  ready  method  of  boiling  down  the 
juice  over  the  open  fire  just  described,  results,  as 
might  be  expecteo,  in  great  de.struction  of  sugar,  and 
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production  of  those  brown  products  of  its  decom- 
position, which  go  by  the  collective  name  of 
“ Caramel.”  Accordingly,  many  attempts  have  been 
made  to  substitute  an  apparatus  which  should  con- 
centrate the  clarified  juice  at  a lower  temperature 
than  is  possible  in  the  train  of  open  fire-heated  pans. 
Three  only  of  the  many  forms  devised  have  held 
their  own.  The  triple-effect  vacuum  pan  (See  Beet- 
root Sugar),  Wetzel’s  pan,  and  Fryer’s  concretor. 

Wetzel's  Pan. — The  construction  of  this  useful 
piece  of  machinery  is  evident  from  the  cut  annexed, 
’i'he  juice  is  admitted  into  the  steam  jacketted 
trough,  a,  into  which  dips  about  half  the  circum- 


ference of  a cylinder  of  curved  copper  pipes,  6, 
which  communicate  at  each  end  with  the  hollow 
copper  dishes,  c c,  which  are,  with  the  connected 
pipe,  b,  supplied  with  low  pressure  steam  through  d. 
When  at  work,  a,  b,  c,  is  caused  to  rotate  by  the 
gearing  shown.  The  hot  liquor  is  thus  kept  moving, 
and  thin  films  of  it  spread  over  the  surface  of  the 
pipes  are  exposed  to  the  atmosphere,  so  that  evapora- 
tion takes  place  very  rapidly,  and  consequently  the 
temperature  does  not  rise  much  above  150°  to  170° 
Fahr. 

Fryer's  Concretor. — In  this  apparatus  (see  Plate  I.) 
the  clarified  juice  is  evaporated  very  rapidly,  by  being 
made  to  flow  in  a thin  film  over  a large  inclined 
surface,  mantained  at  a high  temperature  by  direct  fire 
heat.  The  extreme  rapidity  with  which  each  portion  of 
juice  is  concentrated  to  the  desired  point,  or  in  other 
j words,  the  very  short  time  during  which  the  juice  is 
! exposed  to  the  action  of  the  high  temperature,  pre- 
vents any  serious  amount  of  injury  to  the  quality  or 
colour  of  the  product.  The  details  of  the  construc- 
tion and  manipulation  of  this  simple  and  effective 
appliance  of  the  sugar  maker  are  best  given  in  the 
words  of  the  inventor,  Alfred  Fryer: — 

“This  machine  has  been  called  into  existence  by 
the  belief  that  it  is  not  the  interest  of  the  planter  to 
compete  with  the  refiner,  but  to  produce  the  largest 
possible  quantity  of  a material  suitable  for  him  to 
operate  upon.  The  end  aimed  at  by  the  concretor 
is  then  to  concentrate  as  cheaply  and  efficiently  as 
possible  the  juice  wliich  is  supplied  to  it ; turning 
it  at  once  into  a solid  substance,  which  is  easily 
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packed,  and  is  not  subject  to  loss  by  drainage.  To 
accomplish  this  end,  the  clarified  juice  is  first  run 
over  a series  of  shallow  trays,  A A,  in  a stream  of 
about  half  an  inch  deep,  these  trays  are  divided  by 
ribs  running  from  one  side  nearly  to  the  other,  so 
that  each  tray  forms  a continuous  narrow  serpentine 
channel,  in  traversing  which,  the  juice  passes  six 
times  from  side  to  side  of  the  tray. 

“In  the  largest  size,  there  are  ten  of  these  trays 
placed  end  to  end,  and  having  connections  so 
arranged  that  the  juice  can  flow  freely  Irom  end  to 
end  of  this  series,  thus  (the  length  of  the  series  of 
trays  being  about  48  feet)  the  juice  has  to  traverse 
nearly  six  times  this  distance  before  it  passes  away  to 
undergo  a further  process  of  concentration  in  the 
revolving  cylinder. 

“ Heat  is  applied  to  the  bottom  of  these  trays 
by  means  of  the  furnace  the  flame  of  which  passes 
under  the  whole  length ; the  juice  is  concentrated  by 
means  of  this  process  to  a density  of  from  30°  to  34° 
Beaume.  After  leaving  the  trays  the  juice  passes 
into  the  revolving  cylinder,  B,  where  it  is  made 
to  expose  a very  large  surface  to  the  action  of  heated 
air  drawn  through  the  cylinder  by  means  of  a fan. 
The  air  itself  is  heated  by  passing  amongst  and 
around  a number  of  tubes  in  the  air  heater,  c, 
through  the  inside  of  which  tubes  the  products  of 
combustion  pass  to  the  chimney. 

“ In  this  cylinder  the  concentration  is  continued 
until  the  material  has  attained  such  a consistency 
that  it  drops  in  large  flakes  instead  of  flowing  in  a 
continuous  stream.  When  this  degree  of  consistency 
is  attained,  it  is  discharged  from  the  cylinder  into 
casks,  or  any  other  convenient  receptacle,  and  in 
cooling  becomes  a solid  mass,  which  without  any 
further  manipulation  is  ready  for  shipment. 

“The  whole  of  the  operations  mentioned  above 
do  not  occupy  more  than  about  half  an  hour,  while 
the  supply  of  the  juice  to  the  machine  and  the 
discharge  of  concrete  from  it  are  each  of  them  con- 
tinuous, or  nearly  so,  both  objects  being  effected 
without  stoppage  and  without  any  interference  with 
the  working  of  the  machine. 

“No  molasses  is  made,  but  the  average  yield  of 
concrete  is  about  2 lbs.  to  the  gallon  of  juice,  gauging 
10j°Beaum4.  The  material  thus  produced  sets  into 
a solid  mass,  which  contains  uninjured  in  quality  or 
colour  all  the  saccharine  matter  held  in  the  juice 
from  which  it  is  made ; it  is  not  subject  to  any  per- 
ceptible drainage  on  the  voyage  to  England,  and  is 
precisely  the  article  required  by  the  European 
refiners.” 

If  the  juice  has  (after  defecation)  been  simply 
concentrated  to  30° — 33°  B.  by  the  use  of  the  Wetzel 
pan,  trijile  effect,  or  Fryer’s  concretor  used  with- 
out the  terminal  cylinder,  it  must  be  brought  to  a 
granulating  point  by  further  evaporation,  which  is 
sometimes  effected  in  an  open  fire-heated  pan,  as 
previously  described  in  connection  with  the  “Jamaica 
train,”  but  which  should  always  be  carried  out  in 
the  “ vacuum -pan.” 

Curing  the  Sugar. — Supposing  the  sugar  granulated, 
the  manufacturer  has  a pasty  mass  of  small  sugar 


crystals  imbedded  in  a coloured  adhesive  syrup,  and 
his  next  task  is  to  separate  the  latter  from  the  former 
so  far,  that  the  “sugar”  shall  not  retain  enough 
syrup  to  subsequently  drain  to  an  appreciable  extent 
during  travel  or  storage. 

The  old  and  still  largely  used  method  is  to  fill  the 
granulated  and  cooled  mass  into  open  hogsheads, 
standing  on  racks  over  a large  cistern,  and  allowing 
the  syrup  to  slowly  drain  away  by  gravitation  through 
holes  in  the  bottom,  which  are  loosely  stopped  by 
plantain  stalks.  The  other  method,  which  is  gene- 
rally employed  for  the  better  class  of  vacuum  pan 
sugars,  is  by  the  use  of  the  centrifugal  machine.  In 
the  latter  case  it  is  generally  advisable  to  render  the 
cool,  set  mass  of  granulated  sugar  somewhat  more 
fluid  by  mashing  it  up  with  some  extra  syrup,  in 
order  to  facilitate  its  even  distribution  in  the  sieve 
of  the  centrifugal,  so  as  to  promote  even  drainage, 
and  diminish  the  severe  vibration  which  occurs  when 
the  centre  of  gravity  of  the  rotating  mass  does  not 
coincide  with  the  centre  of  revolution. 

The  syrups  separated  from  the  first  crop  of  raw 
sugar  are,  when  good  enough,  reboiled  to  granulat- 
ing point,  and  a second  crop  of  sugar  obtained.  As 
this  syrup  is  more  impure  than  the  original  juice, 
crystallization  is  slower  and  less  perfect,  the  grains 
are  consequently  smaller,  and  finally  retain  a larger 
proportion  of  darker  and  still  more  impure  syrup, 
and  the  “ sugar  ” is  therefore  of  much  lower  quality. 
The  raw  cane  sugar,  prepared  in  one  or  other  of  the 
ways  described,  or  by  the  still  rougher  methods  in 
use  in  India  and  China,  varies  of  course  in  com- 
position with  the  quality  of  the  juice  brought 
into  working,  and  with  the  process  employed  in 
its  manipulation. 

The  juice  of  the  cane  contains,  as  a rule,  but  a 
very  small  proportion  of  solid  bodies  other  than 
sugar,  as  will  be  seen  on  reference  to  the  analyses 
previously  quoted ; and  among  these  bodies  other 
than  sugar  we  may  include  the  invert  sugar,  or  as  it 
is  sometimes  called,  the  fruit  sugar.  This  is  present 
in  the  juice  of  ripe  healthy  canes  in  relatively  small 
proportion,  yet,  nevertheless,  the  raw  sugar  and 
molasses  prepared  from  such  canes  contain  large 
quantities,  produced  by  the  destruction  of  the  valu- 
able cane  sugar.*  This  destruction  is  brought 
about  by  several  causes — first,  and  most  important, 
is  incipient  fermentation,  which  comes  on  with  great 
rapidity  under  the  influence  of  heat  and  moisture, 
firstly  in  the  cane  itself,  at  all  cut  or  bruised  surfaces, 
and  secondly  in  the  expressed  juice,  which  of 
course  contains  a leaven  of  already  formed  ferment 
from  the  before-mentioned  source.  As  fermenta- 
tion, once  begun, ' spreads  through  the  liquid  with 
great  rapidity,  it  is  evident  that  it  is  of  the  utmost 
importance  to  put  an  end  to  the  conditions  under 
which  it  can  take  place  with  the  least  possible  delay. 
Thirdly,  a slow  fermentation  occurs  frequently  in 
the  potted  and  even  in  the  cured  sugar,  resulting  in 

* The  glucose  found  in  “raw  sugars”  is  not  “ invert  sugar  ” 
simply,  for  as  a matter  of  fact  it  is  0[)tically  inactive,  or  nearly 
so,  in  the  large  majority  of  cases.  “ Concretes  ” not  unfrequently 
contain  Isevo-rotatory  glucose. 
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the  production  of  molasses,  which  drain  away  and 
cause  the  annoying  loss  of  weight  during  the  voyage 
to  market.  The  first  action  of  ferments  on  cane 
sugar  is  to  “invert”  it — i.e.,  to  change  it  into  a 
mikture  of  dextrose  and  laivulose — and  the  subse- 
quent one,  to  change  one  or  other,  or  both,  of  these 
sugars  into  some  quite  distinct  body,  such  as  alcohol, 
acetic  acid,  butyric  acid,  or  gum,  according  to  the 
nature  of  the  peculiar  ferment  in  action.  Acetic  acid 
is  one  of  the  substances  most  commonly  produced 
during  the  fermentation  of  cane  juice ; and  as  it  in 
its  turn  causes  the  “ inversion  ” of  a further  quantity 
of  sugar  when  the  liquid  containing  it  is  heated,  its 
formation  is  doubly  harmful.  The  only  available 
means  of  preventing  or  arresting  the  fermentation 
of  cane  juice  is  to  heat  it  at  once  to  a temperature 
of  at  least  160°  Fahr.  Sulphurous  acid  and  the 
sulphites  somewhat  check  and  delay  the  inversion  of 
the  sugar  at  ordinary  temperatures,  and  go  very  far 
in  preventing  the  subsequent  formation  of  acetic  acid. 

The  prolonged  action  of  water  at  a high  tempera- 
ture is  said  to  cause  a great  amount  of  inversion ; 
but  it  is  doubtful  whether  pure  water  has  any  con- 
siderable action  at  any  temperature  which  occurs  in 
the  process  of  sugar  making.  But  as  the  inverting 


power  of  all  weak  acids  increases  very  rapidly  with 
the  temperature,  and  is  proportional  to  the  time 
during  which  they  act,  it  is  obvious  that  it  is  of 
great  importance  to  evaporate  all  saccharine  solu- 
tions at  as  low  a temperature  and  with  as  great  a 
speed  as  possible. 

Diffusion  applied  to  Cane. — Here  and  there  of  late 
years  the  so-called  “diffusion  process”  has  been  applied 
to  the  extraction  of  sugar  from  the  cane.  It  was 
first  adopted  at  the  Aska  AVorks,  Gangam,  Madras, 
and  has  there  been  found  to  yield  results  far  superior 
to  the  mill — the  total  sugar,  with  molasses,  being  30 
to  45  per  cent,  greater,  owing  to  the  far  more  per- 
fect extraction  of  the  juice  in  the  first  case.  Not 
only  is  the  sugar  removed  more  perfectly  from  the 
trash,  but  the  juice  is  so  much  purer  than  ordinary 
mill  juice,  that  after  neutralization  with  lime  it  has  a 
pale  sherry  colour,  and  gives  an  insignificant  amount 
of  scum  on  boiling.  The  sole  difficulty  of  the  pro- 
cess lies  in  keeping  the  knives  which  slice  the  cane 
sufficiently  sharp. 

The  following  table  exhibits  the  actual  results 
of  some  comparative  experiments  carried  out  in 
Louisiana  on  the  comparative  yield  by  the  “mill” 


and  “diffuser”: — 


Provesa. 

Days 

Buuuing 

Lbs.  Cane 
Worked. 

Lbs.  Products. 

Per  Cent. 
Sugar 

Per  Cent. 
Syrup. 

Total 
Per  Cent. 

Surplus  Per  Cent. 

Cost  of  100 
lbs.  Sugar 
and 

Molasses. 

Per  Cent. 
Dry 

Substances 

Obtained. 

Sugar. 

Syrup. 

Sugar. 

Syrup. 

Total. 

Mill, 

6 

I,a86,730 

57.743 

43-17 

4-164 

3-U3 

7-277 







$46-88 

6-51 

Diff.  (1st), 

6 

987,945 

51.706 

50-778 

5-234 

5-139 

10-373 

25-7 

65-1 

42-54 

39-2 

9-14 

Diff.  (2nd), 

5 

91.5,515 

54,549 

38-752 

5-958 

4--233 

10-191 

43-0 

35-98 

40-0 

38-35 

9-15 

The  advantages  and  disadvantages  of  the  diffusion 
process  over  the.  mill  may  be  summed  up — the  cane 
gives  40  per  cent,  more  sugar  and  syrup,  but  about 
ten  extra  hands  are  required  in  the  mill  itself,  and 
the  juice  obtained  requires  25  to  30  per  cent,  more 
fuel  to  boil  it  down. 

The  following  analysis  of  megass  from  the  diffusers 
at  Gangam  should  be  compared  with  that  by  Peligot 
of  ordinary  mill  trash  already  given : — 


Just  out  of  Diffuser. 

After  Drying,  ready  to 
be  used  as  Fuei 

Mineral  matter  of  Me- 1 

gass f 

Fibre  and  cellulose,.. . 

• QQ  1 Megass 
L proper. 

2-33 

11-17  ) 11-5 

77-14  ■ 

Combustible 

Sugar 

-413  — 

2-85 

matter. 

Glucose, 

-076  — 

-526 

82  214 

Gums,  albumens,  &c.. 

•245  — 

1-698 

Ash, 

•066  — 

-456 

— 

Water, 

87-700  — 

15-000 

— 

SuGAK  Refining. — The  refining  of  raw  sugar  may 
be  treated  very  shortly,  since  it  resolves  itself  simply 
into  removing  solid  impurities  by  mechanical  filtra- 
tion of  its  solution ; colouring  matter,  and  other 
soluble  organic  matter,  more  or  less  completely,  by 
animal  charcoal;  and  then  causing  it  to  separate  as 
crystals  from  the  clean  solution  by  evaporation  at  a 
low  temperature,  and  removing  the  mother  liquor 
from  those  crystals,  more  or  less  completely,  by 
suitable  means. 

Blowing  Up. — The  “ raw  sugar,”  whether  cane  or 
beet,  is  turned  out  of  the  bags,  hogsheads,  &c.. 


in  which  it  arrives  at  the  refinery  into  cast-iron 
tanks,  holding  from  3 to  6 tons  of  sugar  at  a charge. 
These  “ blow-ups  ” are  as  a rule,  and  should  always 
be,  provided  with  mechanical  stirring  gear.  Water 
is  added,  and  steam  turned  on  to  the  close  copper 
worm  or  open  perforated  pipe,  with  which  each 
“ blow-up  ” is  provided,  and  the  agitator  kept  at 
work  till  the  sugar  is  all  “ melted  ” (dissolved). 
The  workman  brings  the  “liquor”  to  a fixed 
density  by  gauging  with  a Beaume  fioat,  and  adding 
more  sugar  or  more  water  as  required.  The  ques- 
tion whether  “ close  ” or  “ open  ” steam  is  the 
better,  is  not  of  much  importance ; for  if  the  open 
steam  makes  the  sugar  and  its  solution  locally 
hotter  than  the  close  worm,  it  does  its  work  in  half 
the  time,  so  the  gain  balances  the  loss.  The  “thick- 
ness” which  the  liquor  should  have  depends  on  the 
purpose  which  it  is  to  serve,  and  varies  from  25°  B. 
to  33°  B.  Blood  or  other  form  of  liquid  albumen  is 
still  largely  used  in  the  blow-ups  by  those  who  melt 
very  low  raw  sugar.  It  is  added  to  the  sugar 
solution  before  this  attains  a temperature  of  160° 
Fahr.,  and  well  mixed  in ; the  temperature  is  then 
raised  nearly  to  boiling  point,  when  the  albumen 
coagulates  and  forms  a network  of  glutinous  fibres, 
which  embrace  and  entangle  small  fioating  impuri- 
ties, and  carry  them  to  the  surface  in  the  form  of  a 
scum,  from  which  the  liquor  below  can  be  strained 
off  by  a sieve  or  perforated  pL.te,  thereby  relieving 
the  bag  filters  of  part  of  the  work  they  would  other- 
wise have  to  do.  Powdered  animal  charcoal  is 
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sometimes  used  in  addition  to  blood,  but  the  ad- 
vantages of  so  doing  are  doubtful.  Small  quantities 
of  lime,  chalk,  magnesia,  sulphate  of  alumina, 
phosphoric  acid,  &c.,  are  sometimes  added  to  im- 
prove the  clarification  ; but  with  the  exception  of 
lime  and  chalk,  none  of  them  seem  to  retain  their 
footing  in  the  refinery.  The  temperature  at  which 
the  raw  sugar  is  melted  (finally)  varies  in  different 
houses  from  140°  Fahr.  to  215°  Fahr. — the  makers 
of  the  half-refined  pieces  mostly  employing  the 
lowest  temperatures. 

Bag  Filters. — From  the  blow-ups  the  liquor  runs 
on  to  the  bag  filters,  which  consist  of  a number 
of  twilled  cotton  bags,  about  2 feet  wide  and  5 or 
6 feet  long,  drawn  into  an  outer  sheath  of  hemp 
meshing,  to  prevent  their  expansion  when  filled 
with  liquor.  Each  bag,  to  the  number  of  50  to 
200,  with  its  sheath,  is  tied  on  to  a bell -shaped 
copper  nozzle,  which  screws  into  holes  on  the 
lower  side  of  the  bottom  of  an  iron  tank,  which 
receives  the  liquor  from  the  blow-up.  The  bags 
are  surrounded  by  an  iron  casing  to  keep  them  hot, 
and  to  collect  the  clear  liquid  as  it  drains  through. 
The  outlet  of  each  filter-case  is  provided  with  means 
of  diverting  any  portion  of  liquid  which  runs  foul 
to  a separate  tank.  Fig.  G shows  a bag  filter  made 
by  Messrs.  D.  Stewart,  Glasgow. 

l is-  6 


The  washing  of  the  bags  and  the  solid  impurities 
(“  scum  ”)  which  they  have  retained  is  one  of  the 
most  troublesome  and  unsatisfactory  operations  of 
the  refinery.  One  method  generally  employed  to 
remove  the  sugar  in  the  scum  is  the  obvious  one  of 
running  hot  clean  water  on  to  the  filters  after  the 
sugar,  so  as  to  wash  the  latter  through.  This  is 
effective,  but  rots  the  bags,  and  makes  a large 


quantity  of  thin  water,  which  must  either  be 
evaporated  by  itself  or  used  for  dissolving  fresh 
raw  sugar.  The  other  method  is  to  turn  the  scum 
out  of  the  bags,  wash  the  latter  by  themselves,  boil 
up  the  scum  with  a small  quantity  of  water,  and 
then  press  it  in  cloths.  This  is  equally  effective, 
and  makes  much  less  thin  liquor. 

The  bag-filtered  liquor  next  passes  to  the  char- 
filters  to  be  more  or  less  decolorized.  In  English 
refineries  these  filters  are  generally  very  large — from 
5 to  9 feet  in  diameter  and  from  15  to  30  feet  deep, 
and  holding  from  7 to  50  tons  of  animal  charcoal 
each.  The  animal  charcoal  (“  char  ”)  with  which 
these  filters  are  filled  must  have  been  recently 
heated  to  redness,  and  then  allowed  to  get  quite 
cool  before  use.  How  or  why  char  used  too  recently 
burnt  and  warm  gives  bad-coloured 'liquor  is  not 
settled,  but  the  fact  seems  to  be  admitted. 

The  hot  liquor  is  run  on  to  the  top  of  the  char  in 
an  uninterrupted  stream,  till  it  begins  to  run  from  the 
cock  on  the  pipe  at  the  lowermost  end.  This  latter 
is  then  closed  for  two  or  three  hours  to  allow  the 
char  to  settle  into  its  place,  and  the  fine  particles  to 
attach  themselves  to  the  coarser,  so  as  not  to  flow 
off  with  the  liquor  and  render  it  turbid.  It  should 
liave  been  stated  that  in  filling  the  char  cisterns, 
the  false  perforated  bottom  is  first  covered  with  a 
moistened  blanket,  which  is  folded  in  carefully 
round  the  edge  of  the  cistern,  and  then  covered  by 
a few  inches  of  char  by  hand  before  emptying  the 
loose  char  in  from  the  top.  As  the  raw  liquor  is 
admitted  at  the  top  of  the  column  of  char  and  the 
filtered  liquor  flows  away  from  the  bottom,  the  first 
particles  which  get  through  come ‘in  contact  with 
successive  fresh  portions  of  char  which  have  not  yet 
done  work,  while  all  succeeding  portions  meet 
char  which  has  its  power  more  or  less  exhausted; 
consequently  the  first  portions  of  liquor  coming 
tlirough  are  the  most  perfectly  decolorized.  The 
uppermost  portion  of  the  char  column  has  its 
power  of  decolorizing  and  absorbing  rapidly  used  up, 
while  the  lowermost  layers,  from  coming  in  contact 
only  with  liquid  which  has  already  parted  with  a great 
part  of  those  constituents  which  are  readily  absorb- 
able by  animal  char,  is  comparatively  fresh.  Still 
though  more  than  half  the  char  may  have  its  original 
power  but  little  impaired,  the  cistern  has  to  be 
washed  off  and  the  whole  reburnt,  because  there  is 
not  enough  perfectly  fresli  charcoal  to  give  the 
required  amount  of  decolorization  (in  sugar-house 
language,  “ to  give  enough  colour”).  By  connect- 
ing the  bottom  of  a cistern  which  has  reached 
this  stage  with  the  top  of  a fresh  one,  and 
forcing  the  liquor  through  by  hydraulic  pres- 
sure, the  char  in  the  latter  receives  liquor  which 
has  been  partly  deprived  of  its  impurities  in  the  lower 
part  of  the  first,  and  con.sequently  has  but  little  work 
to  do.  This  working  in  battery,  as  it  is  called,  is 
but  little  practised  in  England,  though  very  common 
among  the  beet  sugar-makers  of  the  Continent. 

The  washing  off  of  the  char  cisterns  is  effected 
by  admitting  hot  water  at  the  top,  either  before  or 
after  expelling  most  of  the  thick  liquor  by  com- 


SUGAR. — Vacuum  Pan.  909 

pressed  air,  and  allowing  it  to  percolate  slowly 

at  all,  and  others  largely  and  freely.  The  liquor  as 

downwards,  carrying  before  it  the  thicker  and 

it  leaves  the  char  is  received  in  tanks,  from  whence 

heavier  sugar  liquor.  As  might  be  expected,  there 

it  goes  to — 

is  much  dilute  sugar  solution  (“sweet  water”)  made 

The  Vacuum  Pan. — The  vacuum  pan  is  universally 

in  washing  out  such  a porous  material  as  animal 

employed  for  evaporating  the  water  from  solutions 

charcoal  thoroughly  soaked  in  strong  sugar  solution ; 

of  sugar  in  refineries  and  in  beet-root  sugar  factories, 

and  this  “ sweet  water  ” constitutes  a difficulty  for 

and  is  largely  used  by  the  more  intelligent  and 

the  refiner,  for  the  water  does  not  dissolve  out  the 

enterprising  of  the  manufacturers  of  cane  sugar. 

sugar  alone,  but  unfortunately  extracts  from  the 

The  object  of  this  important  piece  of  apparatus  is 

char  a large  portion  of  those  impurities,  both 

to  effect  the  evaporation  of  the  water  rapidly,  and 

mineral  and  organic,  which  had  previously  been 

at  a lower  temperature  than  is  possible  by  heating 

absorbed  from  the  strong  sugar  solution,  as  if  the 

in  open  vessels.  At  ordinary  atmospheric  pressures. 

char  had  been  able  to  remove  them  from  a solution 

solutions  of  sugar  of  the  following  strengths  bod  at 

in  which  they  were  only  Just  soluble,  but  could  not 

the  temperatures  given  (Gerlach)  : — 

retain  them  in  presence  of  a more  powerful  solvent, 

Per  Cent.  Boiling  Point. 

like  water.  This  sweet  water  is  usually  treated  in 

SugftT.  Degrees  Fahr. 

the  same  way  as  the  scum  water  of  that  particular 

0, 212 

in 212  7 

factory. 

20i 213-4 

The  mode  of  action  of  animal  charcoal  in  effecting 

30, 213  8 

the  decolorizatioii  and  purification  of,  say,  sugar 

40, 214-7 

50, 215-6 

solutions,  is  a matter  of  constant  discussion,  if  not 

60i 217-4 

of  dispute.  As  animal  charcoal,  like  other  porous 

70, 223-7 

forms  of  carbon,  absorbs  and  condenses  in  its  pores 

91, 266-0 

many  times  its  own  volume  of  the  atmospheric 

gases,  and  retains  oxygen  with  special  obstinacy,  it 

While  the  most  concentrated  of  these  solutions  will 

has  been  imagined  that  the  decoloration  produced 

boil  vigorously  at  120°  Fahr.  in  a good  vacuum 

by  it  was  really  a bleaching  by  oxidation.  But  this 

pan,  and  will  consequently  suffer  less  from  the 

assumption  is  entirely  disposed  of  by  the  following 

action  of  a high  temperature  than  if  heated  over 

experiments: — A portion  of  animal  charcoal  inclosed 

an  open  fire. 

in  a test-tube,  which  was  drawn  out  and  connected 

Boiling  is  the  giving  off  of  bubbles  of  vapour  by 

with  a Sprengel  mercury  pump  at  the  open  end,  was 

a liquid,  and  this  will  occur  at  any  temperature. 

kept  ignited  to  redness,  while  the  pump  was  at 

when  the  tension  or  elastic  force  of  the  vapour  of 

work,  till  all  gases  so  removable  were  extracted 

that  liquid  exceeds,  by  ever  so  smidl  an  amount. 

(and  at  any  rate  all  oxygen  combined  with  carbon). 

the  pressure  on  the  liquid.  In  a first-class  air- 

1 The  drawn  off  portion  of  the  tube  was  sealed  while 

pump  vacuum,  water  will  boil  freely  at  freezing 

the  vacuum  was  mainfciined.  This  little  tubeful  of 

point  (32°  Fahr.),  while  under  great  pressure  it  may 

exhausted  char  was  dropped  into  a long,  wide  tube 

be  raised  to  300°  or  400°  Fahr.  without  boiling. 

1 closed  at  one  end,  and  containing  a solution  of  cara- 

The  general  construction  of  the  vacuum  pan  itself 

mel,  indigo,  or  carmine,  as  the  case  might  be.  This 

needs  little  description  beyond  reference  totheaccom- 

1 wide  tube  was  drawn  off  to  a neck,  the  air  exhausted 

panying  cut  (Fig.  7).  The  shape  of  the  pan  is  of 

by  the  mercury  pump,  the  liquid  boiled  for  a con- 

comparatively  small  importance,  except  for  specific 

siderable  time,  and  the  whole  sealed  up.  The  tube 

purposes;  thus,  a broad  shallow  pan  is  preferable  for 

containing  the  char  was  then  broken  by  shaking. 

those  cases  where  the  lowest  possible  temperature  is 

and  it  was  invariably  found  that  the  decolorization 

required,  since  a column  of  liquid  above  the  heating 

produced  was  as  great  as  that  by  an  equal  weight  of 

surface  increases  the  pressure,  and  consequently  the 

untreated  char  on  an  equal  volume  of  the  coloured 

boiling  point  of  the  mass  in  immediate  contact  with 

solution  in  the  air. 

the  worms,  to  an  amount  directly  proportionate  to 

Again,  Scueibler  has  shown  that  char  ignited  in 

its  height.  Thus,  if  the  liquid  in  the  “ pan  ” has  a 

hydrogen  decolorizes  solutions  in  an  atmosphere 

specific  gravity  of  1'4,  and  a height  of  6 feet  above 

of  hydrogen. 

any  given  point  of  worm  or  heated  bottom,  then 

The  absorption  of  lime  from  sugar  solutions  has 

these  60  inches  will  exert  a pressure  equal  to 

similarly  been  shown  to  be  independent  of  absorbed 

1*4 

60  X — 6’2  inches  of  mercury  nearly  on  the 

carbonic  acid.  But  when  animal  char  which  has 

13-6 

been  used  to  decolorize  a solution  of  carmine  is 

particles  of  liquid  in  contact  with  that  point;  and  con- 

digested  with  alcohol,  the  carmine  is  again  dissolved 

sequently  before  they  will  boil,  they  must  be  heated 

out  without  sensible  loss;  and  so  with  other  coloured 

to  a temperature  as  much  above  that  of  the  upper- 

and  colourless  bodies,  a sufficiently  powerful  solvent 

most  stratum  of  liquid  in  the  pan  as  is  equivalent,  in 

withdraws  them  from  the  charcoal.  It  seems,  there- 

sugar-house  language,  to  a vacuum  6-2  inches  worse. 

fore,  that  “char”  acts  like  linen,  cotton,  or  silk 

Though  this  excessive  heating  is  only  momentary. 

fibre  in  a dye  stuff,  and  abstracts  a portion  of  the 

because  of  the  general  violent  motion  of  the  boiling 

colour,  gets  dyed,  in  fact;  and  as,  say,  cotton  will 

mass  carrying  the  hot  portions  into  a position  where 

not  take  up  all  dyes  equally,  so  char  will  absorb 

they  attain  a temperature  corresponding  to  a less 

certain  colouring  matters  either  very  little  or  not 

pressure;  still  with  low  products,  which  are  delicate, 
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some  “loss  of  colour”  is  produced.  Pans  with 
rather  pointed  constricted  bottoms  are  to  be  pre- 
ferred when  it  is  desired  to  “ form  grain  ” in  a small 
“charge,”  with  the  view  of  building  the  compara- 
tively small  numbers  of  crystals  so  formed  in  the 
first  instance  up  to  the  maximum  size,  in  one  filling 
of  the  pan. 


Steam  and  Water  required  to  Work  a Vacwnn  Pan. 
— Let  it  be  supposed  that  30,000  lbs.  (about  13-6 


Fig.  7. 


tons)  of  green  sugar  (jnasse  - cuite'),  containing  10 
per  cent,  of  water,  be  boiled  out  of  liquor  of  50  per 
cent,  sugar  contents  (27;^°  B.)  in  two  hours:  then 
30,000  — 3000  = 27,000  lbs.  sugar  is  in  that  masse- 
cuite;  but  that  sugar  was  dissolved  originally  in  its 
own  weight  of  water,  or  27,000  lbs.,  of  which  3000 
lbs.  remain  unevaporated,  or  24,000  lbs.  of  w'ater 
have  been  converted  into  steam  in  the  two  hours. 
Assume  that  two-thirds  of  this  quantity  is  evapor- 
ated in  the  first  hour,  while  the  contents  of  the  pan 
are  comparatively  “thin,”  then  16,000  lbs.  of  water 
vapour  have  to  pass  through  the  neck  of  the  pan 
and  be  condensed  in  one  hour.  If  the  pressure  in 
the  pan  be  equal  to  2 inches  of  mercury  (“  a 28-inch 

30 

vacuum”),  the  volume  of  this  vapour  will  be  = 

15  times  as  great  as  at  the  atmospheric  pressure. 
According  to  Rkgnault’s  experiments,  saturated 
water  vapour  of  this  tension  weighs  0-003  lbs.  per 
cubic  foot ; and  leaving  out  of  sight  minute  correc- 
tions, we  may  take  it  that  under  the  conditions  given. 


the  16,000  lbs.  of  water  will  form 


16,000  X 1 
•003 


= 5,333,334  cubic  feet  of  vapour  to  pass  through 
the  neck  in  60  X 60  seconds,  or  1481-5  cubic  feet 
per  second ; and  if  the  neck  have  an  area  of  2 square 


feet,  the  velocity  of  the  vapour  must  be 


1481-5 

2 


740-75  feet  per  second.  With  a wider  neck,  the 
velocity  will  be  proportionately  less,  and  vice  vei-nd, 


and  the  resistance  caused  by  friction  will  vary  at 
the  same  time ; but  in  what  proportion  or  degree 
there  is,  as  far  as  I know,  nothing  determined.  In 
practice  wide  and  short  necks  are  found  to  facilitate 
the  maintenance  of  a good  vacuum. 

Condensing  Water  Required. — In  the  case  supposed 
24,000  lbs.  of  water  were  evaporated  in  two  hours, 
and  were  converted  into  vapour  of  one-fifteenth  of 
the  atmospheric  pressure.  Now,  as  tlie  minimum 
pressure  obtainable  in  any  apparatus  containing 
water  is  that  due  to  tension  of  the  vapour  in  the 
coolest  part  of  that  apparatus,  the  air-pump  must 
not  have  a temperature  exceeding  101°  Fahr.  in 
theory,  and  in  practice  to  get  such  a vacuum  not 
more  than  80°  Fahr.  The  colder  the  pump  is  kept, 
supposing  the  whole  apparatus  to  be  tight,  the 
better  will  be  the  vacuum,  and  consequently  the 
colder  will  the  pan  boil. 

Let  us  assume,  for  the  sake  of  simplicity,  that  all 
condensing  water  of  the  initial  temperature  of  60° 
Fahr.  runs  away  at  an  average  of  90°  Fahr.,  and 
that  the  vapour  from  the  pan  is  saturated  steam 
(it  is  actually  superheated),  1 lb.  vapour  of  a tension 
equal  to  2 inches  of  mercury  contains  1145-1  units 
of  heat.  The  pound  of  water  resulting  from  its 
condensation  at  90°  Fahr.  contains  90  of  those  units, 
leaving  1055  units  to  be  taken  up  by  the  condensing 
water.  Each  pound  of  water  heated  from  60°  to 

1055 

90°  Fahr.  absorbs  30  units  of  heat;  so  = 35-2 
lbs.  of  water  at  60°  Fahr.  are  required  to  condense 
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1 lb.  of  steam  of  the  tension  given,  or  24.000  X 
35*2  = 844,800  lbs.  = 84,480  gallons  required  for 
this  one  pan  of  sugar. 

For  all  technical  calculations  it  will  suffice  to 
assume  that  each  pound  of  vapour  from  the  pan 
contains  1150  units  of  heat;  and  then  knowing  the 
temperature  of  the  condensing  water  before  and 
after  use,  to  determine  the  quantity  of  it  required 
by  the  method  illustrated  above.  It  must  not 
be  forgotten  in  estimating  for  the  size  of  pumps, 
pipes,  &c.,  to  supply  the  water,  that  the  consump- 
tion will  be  much  larger  in  the  first  part  of  the 
boiling  than  in  the  last. 

Steam  Required. — Assuming  that  there  is  no  loss 
of  heat  by  radiation,  leakage,  «&c.,  and  that  the 
vapour  from  the  pan  is  saturated  steam  of  a tem- 
perature corresponding  to  its  tension  (this  last 
assumption  introduces  but  a slight  error),  the  heat 
to  be  communicated  by  the  “ boiler  steam  ” in  the 
worms  and  jacket  will  be,  first,  that  required  to 
raise  the  original  54,000  lbs.  of  liquor  (assuming, 
which  is  not  quite  correct,  that  it  has  the  same 
specific  heat  as  water)  from,  say,  100°  Fahr.  to  130° 
Fahr.,  or  about  1,620,000  units ; and  then  to  con- 
vert 24,000  lbs.  of  water  of  this  temperature  into 
steam,  containing  1145  units  of  heat*  per  lb.  (see 
supra) : (24,000  X 1145)  — (24,000  X 130)  = 

24.360.000  units  of  heat,  or  25,980,000  units  of 

heat  must  be  given  to  the  sugar  liquor  by  the  steam 
in  the  worms  and  jacket.  If  the  steam  used  has  a 
tension  of  30  lbs.  above  atmospheric  pressure,  and 
the  water  condensed  from  it  runs  away  through  the 
condense  box  at  a temperature  corresponding  to 
this  pressure,  or  274°  Fahr.,  then  as  steam  of  this 
pressure  contains  1197  units  per  lb.,  and  the  water 
resulting  from  its  condensation  at  this  pressure  con- 
tains 276  units,  each  pound  of  steam  affords  921 
units  of  heat  effective  for  evaporating  the  water  in 
, 25,980,000 

the  pan  = = 28,208-5  of  steam  are 

required,  without  allowing  anything  for  waste  in 
any  way — as  by  condensing  in  the  pipes,  radiation 
from  the  pans,  &c.  If  we  compare  with  this  the 
quantity  of  heat  required  to  evaporate  the  same 
quantity  of  water  at  atmospheric  pressure,  as  in  an 
open  pan,  we  shall  see  how  small  is  the  saving 
in  the  amount  of  heat  effected  by  the  use  of  the 
vacuum  pan. 

Assume  the  mean  temperature  of  the  boiling 
liquor  to  be  220°  Fahr.,  then 

Units  of  Heat 

54.000  lbs.  raised  from  160°  Fahr.  to)  , . a nnn 

220°  Fahr f — ®hout  6,480,000 

24.000  lbs.  water  at  220"  Fahr.  con.) 

verted  into  steam  of  the  same  tern-  ^ = about  23,040,000 

perature,  at  960  units  per  pound,. . . ) 

29,520,000 

which  is  only  14  per  cent,  more  than  that  required 
by  the  first. 

Boiling  to  Grain. — The  liquor  is  drawn  into  the  pan, 
at  first  high  enough  to  cover  the  bottom  worm  and 
* Reckoned  from  0°  Fahr. 


the  jacket,  if  there  be  one.  Steam  is  turned  on,  and 
the  liquor  boiled  down  rapidly  till  it  begins  to  grow 
somewhat  viscid,  as  shown  by  a drop  or  two  re- 
moved from  the  pan  by  the  “ proof-stick  ” drawing 
out  to  a thread  between  the  finger  and  thumb.  The 
higher  the  proof  (f.e.,  the  longer  the  thread)  the 
“ charge”  is  carried  to,  the  larger  will  be  the  number 
of  grains  of  sugar  made  when  granulation  does  take 
place,  and  consequently  the  smaller  will  be  the  ulti- 
mate size  of  the  grains  after  boiling  the  pan  full — 
other  things  being  the  same.  When  the  workman 
judges  the  proof  (and  this  will  vary  with  the  degree  of 
purity  of  the  liquor  he  is  using)  to  be  right  for  the 
particular  kind  of  grain  he  wishes  to  make,  he  lets 
the  temperature  of  the  mass  rise  somewhat,  runs  in 
a fresh  portion  of  unboiled  liquor,  which  disturbs 
the  state  of  supersaturation  in  which  the  boiled 
liquor  was,  and  induces  the  formation  of  more  or 
less  of  sugar  crystals.  These  first  appear  as  little 
bright  specks  (“  sparks  ”)  floating  in  the  “ proof,” 
and  afterwards  rapidly  increase  in  size.  They  are 
fed  by  the  constant  admission  of  fresh  unthickened 
liquor  till  they  attain  the  size  wished,  or  till  the  pan 
is  full.  In  the  first  case  the  admission  of  liquor  is 
stopped,  and  the  concentration  continued  to  a degree 
of  “ stoutness  ” as  great  as  is  compatible  with  the 
subsequent  working  of  the  mass,  which  is  then  let 
entirely  out  of  the  pan.  If  the  grain  (crystal)  has 
not  attained  the  required  size  when  the  pan  is 
full,  a portion — say  one-half  or  two-thirds — of  the 
contents  are  let  out,  and  then  boiling  resumed.  The 
comparatively  few  crystals  left  in  the  pan  now 
receive  on  their  surfaces  nearly  all  the  sugar  de- 
posited from  the  fresh  portions  of  liquor  as  they  are 
evaporated,  and  consequently  grow  fast.  This 
letting  out  (“  cutting”)  is  sometimes  repeated  seven 
or  eight  times,  so  that  the  final  panful  of  very  big 
crystals  has  been  as  much  as  twenty-four  hours 
boiling. 

The  actual  working  of  a pan,  as  applied  to  the 
boiling  of  various  qualities  of  raw  sugar  and  of 
syrups  of  varying  degrees  of  exhaustion,  can  only 
be  taught  or  learnt  at  the  pan  itself. 

Whether  large  crystals  or  small  have  been  made, 
their  mother  liquor  must  be  separated  from  them. 
The  most  obvious  and  most  simple  way  of  doing 
this  is  to  put  the  mass  into  a vessel  in  which  it  can 
drain.  This  is  done  in  loaf-sugar  making. 

LoaJ  Sugar. — The  granular  magma  of  sugar 
crystals  and  syrup,  which  is  a hot  saturated  solution 
of  sugar  plwi  the  impurities  of  the  raw,  as  it  leaves 
the  pan  is  received  in  heaters  or  jacketed  pans,  pro- 
vided or  not  with  mechanical  stirrers,  and  brought 
to  a temperature  of  about  180°  to  190°  Fahr.  It 
is  next  filled  out  into  a number  of  conical  moulds, 
each  holding  from  7 to  12  lbs.  of  it,  and  allowed 
to  stand  for  from  twelve  to  twenty  hours  to  cool. 
During  this  time  the  sugar  held  in  solution  in  the 
syrup  by  virtue  of  the  high  temperature  crystallizes 
out,  and  cements  the  existing  grains  of  sugar  firmly 
together. 

The  stopper  which  closed  the  hole  in  the  apex  of 
each  mould  is  then  removed,  and  a steel  pricker  is 
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driven  up  for  a few  inches  into  the  solid  mass  of 
sugar ; and  the  mould,  with  its  contents,  set  to  drain 
over  a gutter  of  some  kind,  which  will  take  the 
syrup  away  to  a store  tank. 

The  time  required  for  the  running  off  of  the 
syrup  will  obviously  vary  with  the  viscidity  of  the 
syrup  and  with  the  degree  of  fineness  of  the  grain  ; 
but  with  average  goods — such  as  are  made  for  the 
English  market  — twenty-four  to  thirty-six  hours 
may  be  taken  to  be  the  time  needed.  However 
perfectly  the  sugar  may  drain,  the  crystals  must 
remain  wet  with  the  syrup  which  bathed  them 
(“  green  syrup  ”) ; and  as  that  syrup  was  more  or 
less  coloured,  the  sugar,  though  white  in  itself,  will 
appear  yellow  or  brown. 

Liquoring. — To  remove  the  remainder  of  the  green 
syrup  it  is  necessary  to  displace  it  with  a more 
colourless  solution,  which  is  effected  by  pouring  on 
to  the  base  of  the  loaf  a clear  saturated  solution  of 
pure  sugar,  which,  as  it  sinks  downwards,  carries 
with  and  before  it  the  green  syrup.  This  “ liquoring ” 
is  repeated  till  the  sugar  is  quite  white  (“nett”) ; the 
loaf  is  allowed  to  drain  as  completely  as  possible  ; 
the  portion  of  liquor  retained  in  the  “ head  ” by 
capillary  attraction  is  drawn  off  by  help  of  a vacuum 
pump;  the  loaf  “knocked  out.”  papered,  and  set  in 
a hot-air  chamber  (stove)  at  about  130°  Fahr.  to  dry. 

Cryitlal  - making.  — When  large  grain  has  been 
formed  in  the  pan  with  the  intention  of  selling  the 
sugar  as  dry  white  crystals,  the  mass  is  filled  out 
into  the  baskets  of  centrifugal  machines,  which 
consist  essentially  of  a revolving  perforated  basket 
and  sieve.  The  centrifugal  force  due  to  rotation 
forces  the  syrup  through  the  perforation,  while  the 
solid  grains  of  sugar  are  left  behind. 

Centrifugah.  — These  invaluable  machines  take 
many  forms,  and  as  some  are  better  adapted  than 
others  for  particular  work,  it  is,  perhaps,  worth 
while  to  more  particularly  describe  some  of  the 
latest  improvements.  In  the  form  most  com- 
monly used  in  English  refineries  a vertical  axle 
spindle,  driven  by  a pulley  at  its  lower  end,  runs  in 
two  brasses,  one  at  its  extreme  lower  end,  and  an- 
other coned  and  widest  at  the  top,  which  takes  the 
upper  coned  end  of  the  spindle,  and  consequently 
carries  the  weight  of  the  basket  which  is  fixed  to 
the  extreme  upper  end.  No  lateral  motion  of  the 
basket  is  here  possible  without  the  axle  makes  room 
for  itself  by  destroying  the  upper  cone  brass,  and 
any  irregularity  of  loading  the  sieve  causes  a great 
deal  of  vibration,  which  has  to  be  taken  up  by  heavy 
and  solid  foundations.  These  machines  are,  there- 
fore, not  well  adapted  for  putting  on  upper  floors. 
The  best  form  of  this  type  of  machine  is  that  of 
Messrs.  Manlove  & Alliott. 

The  most  common  form  of  another  type  are 
the  machines  made  by  Fesca  of  Berlin.  Here  the 
spindle,  which  is  very  long,  rests  on  a steel  button 
at  its  lowest  end,  while  the  upper  brass,  which  is  not 
more  than  half-way  up,  is  not  rigidly  fixed,  but  is 
simply  held  in  its  place  by  six  tie  rods  coming  from 
the  casing  of  the  machine,  and  each  provided  with  a 
powerful  india-rubber  compression  spring  or  buffer 


at  its  outer  end.  This  arrangement  allows  of  a 
little  controlled  and  restricted  motion  of  the  spindle 
and  the  basket  fixed  to  it,  in  a lateral  direction,  so 
that  the  basket  can  revolve  round  its  real  centre  of 
gravity  even  when  loaded  to  some  extent  unevenly. 
This  machine,  which  is  almost  universally  used  in 
Germany,  and  latterly  to  a considerable  extent  in 
England,  may  be  put  on  any  floor  of  a house,  as  it 
requires  no  foundation,  but  only  a loose  frame  of 
timber  to  bolt  it  to. 

Another  form  of  machine,  which  allows  of  the 
self-balancing  of  the  irregularly  weighted  basket  in 
perhaps  a more  perfect  manner,  is  Weston’s  centri- 
fugal, as  made  by  Mirrlees,  Tait,  & Watson,  of 
Glasgow. 

Hepworth’s  centrifugal  machine  (Manlove  & 
Alliott),  Fig.  8,  differs  from  the  last  in  having  the 
casing  suspended  and  the  basket  spindle  fixed  to  it, 


Fig.  8. 


SO  that  the  swing  produced  by  irregular  loading  is 
shared  by  both  basket  and  casing,  and  the  former 
can  never  hit  the  latter,  and  so  produce  an  accident, 
even  in  the  most  extreme  case. 

The  sugar  grains  left  in  the  sieve  of  the  centri- 
fugal are  cleansed  either  by  dashing  water  or  colour- 
less syrup  on  them — which,  as  it  forces  its  way 
through  under  the  influence  of  the  centrifugal  force, 
takes  with  it  most  of  the  coloured  syrup — or  by  par- 
tially condensed  steam.  The  mode  of  use  of  this 
last  will  be  discussed  separately  at  the  end  of  this 
section. 

The  syrup  from  the  first  crop  of  sugar  (crystals  or 
loaves)  is  reboiled  either  with  or  without  previous 
refiltration  over  char,  and  when  “spun,”  gives  pure 
sugar  grains  coated  with  a syrup  containing  the 
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concentrated  impurities  of  the  original  liquor.  The 
reboiling  of  the  successive  syrups  is  continued  till 
the  last  left  is  so  poor  in  sugar  that  it  will  not 
readily  crystidlize  in  the  vacuum.  When  this  point 
is  reached  the  syrup  is  simply  concentrated  pretty 
highly  in  the  vacuum  pan  and  let  out  into  vessels,  in 
which  it  can  stand  and  cool  for  a week  or  so  to 
crystallize.  The  syrup  obtained  from  this  last  crop 
of  crystals  is  reheated  to  dissolve  floating  grains  of 
sugar,  slightly  concentrated,  if  necessary,  and  sold  as 
treacle. 

The  above  does  not,  of  course,  represent  the 
routine  in  all  houses.  In  some,  as  in  those  on  the 
Clyde,  it  is  the  custom  to  melt  fresh  raw  sug.ar  of 
lower  qualities  with  the  syrup  from  the  sugar  made 
from  fine  raw,  &c. 

Special  Procesnes — Cleatn'nr/  Raw  Sur/ar. — For  the 
manufacture  of  the  finest  class  of  refiners’  goods 
certain  raw  sugars,  especially  low  “beets,”  are 
wholly  unfit,  either  on  account  of  the  excessive 
quantity  of  syrup  adhering  to  the  grains,  or  to  the 
peculiarly  harmful  nature  of  that  syrup.  Accord- 
ingly, many  attempts  have  been  made  to  devise  a 
simple  and  economical  means  of  separating  sugar 
and  syrup  before  melting  the  former.  In  principle 
all  proposed  methods  are  alike.  The  syrup  on  the 
grains  is  more  or  less  diluted  and  warmed  to  render 
it  fluid,  and  is  then  removed  more  or  less  com- 
pletely from  the  grains  by  mechanical  force,  applied 
sometimes  by  pressure  of  screws  or  weights  (given 
up),  sometimes  by  exhaustion  of  the  air  from  below 
a false  perforated  bottom  on  which  the  moist  sugar 
rests  (not  practically  in  u«e — force  is  not  sufficient 
in  most  cases),  but  generally  and  largely  by  the 
centrifugal  machine.  The  particular  ways  of  warm- 
ing and  moistening  the  raw  sugar  have  been  made 
the  subjects  of  many  patents  from  the  time  of  Lord 
Howard  de  Walden,  who  in  18.53  anticipated  all 
that  has  been  done  since  in  this  direction,  and  the 
publication  of  whose  specification  ought  to  have 
prevented  the  granting  of  any  more  patents  for 
steaming  sugar  in  centrifugal  machines. 

Weivrich  Process, — One  form  of  this  cleansing  by 
steam  has  been  patented  in  this  country  by  Moritz 
Weinrich,  and  is  now  largely  in  use.  The  sugar  to 
be  cleaned — which  must  have  a fair  grain  and  be 
free  from  syrupy  lumjrs — is  packed  dry  by  hand 
into  the  annular  space  between  the  sieve  of  a cen- 
trifugal, having  a removable  top  ring  and  a loose 
central  metal  ring.  The  top  ring  of  the  sieve  is 
bolted  on,  and  the  machine  set  in  motion.  The 
centrifugal  force  compresses  the  sugar  against  the 
face  of  the  sieve,  and  holds  it  there,  while  the  central 
ring  is  simply  lifted  out  by  hand.  A blast  of  low- 
pressure  steam,  mixed  with  a large  quantity  of  cold 
air,  to  partly  condense  it  to  a wet  fog,  is  then  ad- 
mitted through  an  opening  in  the  cover  of  the 
centrifugal,  and  maintained  until  the  warm  wet 
mist  ceases  to  cause  a highly-coloured  syrup  to  run 
from  the  machine.  The  sugar  remaining  in  the 
sieve  is  hard  and  dry,  and  is  removed  by  tools  after 
taking  off  the  top  ring  of  the  sieve. 

Buiciu  and  Loiscaiis  Process. — In  the  refineries  of 
VOL.  II. 


M.  SoMMiER  at  Paris,  and  in  those  of  Messrs.  Tate 
and  Sons  of  Liverpool  and  London,  a process, 
invented  by  MM.  Boivin  and  Loiseau,  is  in  use 
for  the  purification  of  raw  sugar,  which  is  a modifi- 
cation of  the  ordinary  double  carbonation  of  the 
beet-root  factories.  One  portion  of  the  sugar  to  be 
treated  is  dissolved  up  to  about  20°  B.  thick  (or  the 
wash  waters,  bag  washings,  &c.,  are  used  here),  and 
mixed  with  so  much  lime  as  is  equal  to  about  20  per 
cent,  of  the  sugar,  and  the  mixture  cooled  to  a 
temperature  not  exceeding  30°  C.  Carbonic  acid, 
obtained  from  a lime  kiln  in  the  usual  way,  is  then 
pumped  through  the  cold  alkaline  solution,  which 
after  a certain  time  begins  to  get  somewhat  less 
fluid,  and  then  almost  suddenly  assumes  the  appear- 
ance of  an  opalescent,  gelatinized  paste.  MAL 
Boivin  and  Loiseau  say  that  this  is  caused  by  the 
formation  of  “hydro-sucro-carbonate  of  lime,”  but 
no  body  having  a definite  composition  has  as  yet 
been  obtained  to  justify  the  name.  The  paste  or 
jelly  is  mixed  with  the  rest  of  the  sugar  to  be  treated, 
and  the  whole  boiled  up.  This  causes  the  precipi- 
tation of  a large  portion  of  the  lime  as  carbonate, 
which  carries  down  with  it,  as  usual,  a considerable 
amount  of  the  organic,  non-saccharine  impurities  of 
the  liquor.  Another  portion  of  the  lime  is  left  in 
solution,  and  after  separation  of  the  first  precipi- 
tate by  filtration,  is  precipitated  in  its  turn  by 
another  dose  of  carbonic  acid  w’hile  hot.  Because 
of  the  lime  which  remains  in  solution  uncombined 
with  carbonic  acid,  when  the  liquid  is  heated,  any 
glucose  which  is  present  is  destroyed  as  such,  and 
converted  into  certain  weak  and  ill-defined  acids, 
which  remain  in  solution  combined  with  lime,  and 
are  subsequently  partly  precipitated  on  the  second 
carbonation.  This  process  has  been  adopted  and 
applied  by  Tooth  to  the  working  of  cane-juice. 

Langen  Process. — Herr  Eugen  Langen  of  Cologne 
has  worked  out  a rapid  method  of  preparing  loaf- 
sugar  from  the  masse-cuite,  which  will  no  doubt 
come  into  extensive  use  in  time.  He  fills  the  hot 
magma  of  crystal  and  syrup  into  moulds,  which  are 
segments  of  a ring  which  would  fit  a given  centri- 
fugal machine,  and  which  can  be  closed  on  the 
wider  face.  When  the  mass  is  cold  and  set,  the 
covers  are  removed,  and  the  moulds,  to  the  number 
of  ten  to  thirty,  as  the  case  may  be,  are  set  in  the 
centrifugal,  and  “spun”  till  all  the  “green  syrup” 
is  out.  They  are  next  set — narrow  face  first — over 
openings  through  which  “fine  liquor”  can  be 
forced,  and  a joint  is  mader  by  clamping  each  mould 
down  on  an  india-rubber  washer.  “Liquor”  is 
given  till  it  runs  clear  from  the  outer  (wider)  face, 
the  moulds  and  contents  are  returned  to  the  cen- 
trifugal machines,  and  the  excess  of  “fine  liquor” 
spun  out,  carrying  with  it  the  last  adhering  green 
syrup.  The  sugar  then  only  requires  drying  by 
some  appropriate  means.  Langen  divides  his 
moulds  by  a number  of  movable  plates,  so  that  the 
sugar  obtained  is  in  the  form  of  slabs  about  an  inch 
thick,  which  admit  of  rapid  drying  by  forcing  hot, 
dry  air  through  the  mould  coutiining  them  after 
removal  of  the  dividing  plates.  The  process,  as  a 
115 
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whole,  is  patented  in  Great  Britain  and  worked  by 
two  firms. 

Moulding  Sugar. — Great  numbers  of  patents  have 
been  taken  out  from  time  to  time  for  methods  or 
apparatus  for  moulding  moist,  white,  granular  sugar 
as  it  leaves  the  centrifugal  machine  after  a severe 
washing  or  steaming,  or  both,  into  solid  blocks  of 
various  size  in  imitation  of  ordinary  loaf-sugar. 
Noue  of  these  machines  had  any  practical  value 
until  MM.  Kohrig  and  Pzillas  brought  out  their 
ingenious  press.  In  this  machine  a brass  cylinder 
(about  seven-eighths  of  an  inch  tliick),  having 
eighteen  rectangular  slots  cut  through  it,  is  caused 
to  move  round  on  the  face  of  a half  ring  of  stout 
brass  disposed  inside  it,  and  supported  by  fixed 
points,  in  a series  of  eighteen  steps  or  separate 
motions.  Each  slot,  when  over  the  internal  half 
ring,  forms  a mould  into  which  moist  sugar  is  fed 
by  spiked  rollers  from  a hopper  resting  on  the  upper 
part  of  the  cylinder.  As  each  mould  containing 
the  loose  sugar  is  puUed  round  into  the  horizontal 
plane  of  the  cylinder,  a stamper,  driven  by  an 
excentrie,  comes  up  and  compresses  its  contents 
about  one-sixth.  The  compressed  sugar  in  the 
moulds  is  driven  out  on  the  other  side  of  the 
cylinder  on  to  boards  placed  to  receive  it,  by  a 
second  stamper  acting  from  the  inside  of  the 
cylinder.  Without  detailed  drawings  it  would  be 
impossible  to  give  a clear  idea  of  the  machine,  or 
the  ingenuity  of  the  various  contrivances  which 
render  it  such  a great  practical  success.  The  sticks 
of  sugar  are  carried  on  the  boards  on  which  the 
machine  places  them  to  drying  chambers,  where 
they  become  as  hard  as  ordinary  loaf-sugar,  and  are 
subsequently  cut  up  into  tablets  similar  to  those 
commonly  seen  at  cafes  in  Paris  and  elsewhere. 

Production  and  Consumption  of  Sugar. — Rueb  and 
Ledeboer  have  calculated  the  production  of  sugar 
for  the  whole  world  to  be  as  follows ; but  from  this 
estimate  they  have  omitted  China  and  India,  which 
both  produce  large  quantities,  and  export  no  incon- 
siderable amount; — 


1853. 

1863. 

1872. 

Tons. 

Tons. 

Tons. 

Java  and  Madeira,.. . 

100,000 

125,287 

207.842 

Surinam, 

16,520 

13.683 

12,291 

Cuba, 

322,025 

506.860 

711,795 

Manilla, 

40,000 

83,151 

91,701 

Porto-Eico, 

111,975 

63.000 

89.559 

Brazil, 

138,000 

238,280 

157,809 

Mauritius, 

80,811 

158,209 

124,806 

English  Antilles, .... 

61 ,000 

13,894 

21,279 

Katal, 

— 

1,317 

8,878 

21,361 

28,444 

26,296 

Barbadoes, 

25,556 

29,583 

37’762 

24,010 

37,421 

60,023 

British  Guiana, 

38,096 

53,'974 

73^556 

Australia 

2,485 

2,988 

4,920 

Louisiana 

224,662 

— 

69,800 

Martinique,.  

20,700 

30,4.59 

39,699 

Guadaluupe, 

14.800 

30.266 

31,786 

Reunion, 

33,100 

68,616 

30,450 

Cayenne, 

300 

420 

324 

Egypt 

1,303 

.341 

20,359 

Europe, 

200,000 

452,129 

1,142,896 

The  consumption  of  sugar  in  the  different  countries 
of  the  world  has  been  estimated  as  follows : — 


Country. 

Tons. 

Population. 

Lbs.  per  Head. 

Great  Britain, 

900,000 

31.629,300 

62-5 

Germany 

315,000 

42,756,900 

16-1 

France 

275,000 

36,377.600 

16-6 

Russia 

250,000 

82,135,700 

6-7 

Austria 

170,000 

20,395.000 

18-3 

Spain, 

50,000 

16,385.500 

6 4 

Belgium, 

50,000 

4.827.800 

22-7 

Holland 

30,000 

3,579,400 

18-4 

Turkey, 

25,000 

23,610,000 

2-3 

Sweden  and  Norway, 

20,000 

4,870,300 

7-4 

Portugal, 

15,000 

4,324,000 

7-4 

Denmark, 

15,000 

1,785,000 

18-2 

Switzerland, 

11,000 

2,6.50,600 

90 

Greece, 

3,000 

1,457,100 

4-6 

Europe 

2,129,000 

287.243,200 

16-8 

United  States, 

7,50,000 

38,925,000 

42-3 

English  Colonies  not  I 
producing  sugar, . . J 

200,000 

7,000,000 

64  0 

Total, 

3.079,000 

324,168,200 

20-9 

In  preparing  the  foregoing  pages  the  writer  has 
made  free  use  of  the  stores  of  information  collected 
in  the  works  cited  below,  wdiich  he  can  strongly 
recommend  to  the  attention  of  those  practically 
interested  in  the  question  of  sugar. 

Considerations  of  space  have  compelled  the  omis- 
sion of  much  that  would  have  been  both  interest- 
ing and  useful  to  those  who  have  no  acquaintance 
with  the  subject,  and  who  might  wish  to  render 
themselves  familiar  with  all  parts  of  it — e.g. : The 
construction  of  the  vacuum  pan,  the  air-pump,  and 
the  condenser  for  working  it ; the  analyses  of  vari- 
ous raw  and  refined  sugars  and  molasses  ; abstracts 
of  patents  relating  to  sugar,  &c.  But  to  go  into 
detail  on  all  points  of  interest  would  necessitate  the 
production  of  many  thick  volumes. 

There  is  no  good  book  on  sugar  in  English.  The 
volumes  of  the  “ Sugar  Cane  ” contain  several  valu- 
able papers,  and  should  be  consulted. 

Stammer’s  “ Traite  complet  de  la  Fabrication  du 
Sucre,”  published  in  French  and  German  (the  Ger- 
man edition  is  best) ; very  good. 

Walkhoff’s  “Der  Praktische  Rubenzucker  Fab- 
rekant  und  Raffinadeur,  ” also  published  both  in 
French  and  German  ; good,  but  not  so  recent. 

The  sixteen  volumes  of  Stammer’s  “ Jahres- 
bericht  fiber  die  Untersuchungen  und  Fortschritte 
auf  dem  Gesammtgebiete  der  Zuckerfabrication 
most  useful. 

The  twenty-eight  volumes  of  the  “ Zeitschrift 
des  Vereins  ffir  die  Rfibenzucker  - Industrie  des 
Deutschen  Reichs.” 

When  the  two  last-named  periodicals  are  not 
easily  to  be  obtained,  Dingler’s  Polylechnical  Jour- 
nal., which  is  to  be  found  in  most  Chemical  Libraries, 
and  in  some  of  the  Patent  Offices,  should  be  searched 
for  the  many  important  papers  and  abstracts  which 
it  contains. 

SULPHUE. — Brimstone.  Sou/re,  French  ; Schwe/el, 
German  ; Zolfo  or  Soljo,  Italian  ; Azufre,  Spanish. 
Atomic  weight,  32.  Symbol,  S.  Vapour  density 
32,  hydrogen  1 ; or  2'218  air,  1. 

Sulphur  is  a pale  yellow  solid,  very  brittle,  be- 
coming electrical  by  heat  or  friction.  It  was  at  one 
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time  used  as  a source  of  electricity,  being  formed 
into  globes  and  cylinders,  and  mounted  as  glass 
cylinders  and  plates  are  at  the  present  day. 

It  crystallizes  in  two  distinct  systems.  Native 
sulphur  is  found  crystallized  in  the  rhombic  system. 
The  simplest  form  is  that  of  a double  pyramid,  with 
a rhombic  base  (Fig.  1).  Fig.  2 (Naumann)  shows 

Fig.  1.  Fig.  2. 


the  horizontal  projection  of  a complicated  crystal, 
where  p,  s.  and  t are  the  faces  of  pyramids  of  various 
degrees  of  acuteness ; e e,  faces  of  the  macrodoma ; 
and  nn,  of  the  brachydoma,  c being  the  terminal 
plane. 

The  specific  gravity  of  sulphur  in  the  native 
crystalline  state  is  2’05.  It  is  insoluble  in  water, 
but  bisulphide  of  carbon  dissolves  it  readily,  as  do 
oil  of  turpentine,  benzine,  and  petroleum.  The 
crystals  left  by  the  evaporation  of  a solution  of 
sulphur  in  bisulphide  of  carbon  are  similar  to  those 
found  in  nature.  It  begins  to  melt  at  238°  Fahr. 
(114°-5  C.)  (Brodie),  and  at  248°  Fahr.  (120°  C.) 
becomes  a thin,  brownish-yellow,  transparent  liquid. 
If  now  cooled,  a transparent  mass  is  formed,  which 
gradually  becomes  opaque.  On  heating  stiU  further, 
a very  perceptible  change  takes  place.  The  sulphur, 
instead  of  remaining  in  the  liquid  state,  becomes 
of  so  thick  a consistence,  that  the  vessel  con- 
taining it  may  be  inverted  without  loss.  This 
occurs  at  a temperature  of  between  428°  and 
482°  Fahr.  (200°  to  250°  C.).  At  a still  higher 
temperature  the  action  is  reversed  ; the  melted  sul- 
phur becomes  thinner  and  thinner,  until  it  reaches 
its  boiling  point  at  824°  Fahr.  (440°  C.),  when  it 
begins  to  pass  off  as  an  orange-coloured  vapour. 
The  density  of  this  vapour  at  1000°  C.  is  32,  hydro- 
gen being  taken  as  unity. 

Other  phenomena  may  be  noticed  by  interrupting 
the  experiment  at  various  stages.  For  instance,  if 
it  be  wished  to  obtain  crystals  of  sulphur,  it  is  only 
necessary  to  take  the  sulphur  while  in  the  first 
liquid  stage,  to  pour  this  into  a basin  or  other 
vessel  with  sloping  sides,  and  there  allow  it  to  stand. 
In  a few  minutes  after  the  top  portion  has  solidified 
and  formed  a crust,  two  holes  are  broken  through 
this  crust  at  opposite  sides  of  the  vessel.  If  the  basin 
be  now  inverted  partially,  the  sulphur,  which  still 
remains  in  the  liquid  state  in  the  interior,  will  run 
out  of  one  hole  while  air  rushes  through  the  other. 
The  vessel  is  allowed  to  stand  until  cold,  when,  on 
dividing  the  solidified  mass  by  means  of  a saw,  it 
will  be  found  to  be  full  of  beautiful  crystals  of 
sulphur.  These  crj-stals  belong  to  the  oblique 
prismatic  system,  and  have  a lower  specific  gravity 
— viz.,  U982 — than  that  of  the  first-named  variety. 


If  the  sulphur,  immediately  after  passing,  or  per- 
haps better,  while  scarcely  through  the  thick  stage, 
be  poured  into  water,  it  does  not  solidify  and  assume 
the  ordinary  yellow  brittle  appearance  which  it 
would  do  were  it  so  treated  while  in  the  first  liquid 
state ; instead  of  doing  so  it  remains  in  the  plastic 
condition  even  when  cold.  In  this  state  it  is  per- 
fectly elastic,  may  be  pulled  out  to  a considerable 
length  without  breaking,  and.  in  fact,  does  not 
in  the  remotest  degree  resemble  sulphur.  But  for 
its  colour,  it  might  be  mistaken  for  wheat  gluten, 
possessing  the  same  soft  elasticity  as  that  body.  It 
will  remain  in  this  state  for  a short  period,  but  re- 
sumes its  ordinary  aspect  after  the  lapse  of  some  days. 

Another  variety  is  obtained  by  precipitating 
alkaline  polysulphides  by  an  acid.  The  so-called 
milk  of  sulphur  is  formed ; it  has  a greenish-white 
colour.  It  is  amorjjhous,  but  soluble  in  bisulphide 
of  carbon. 

Lastly,  there  is  a variety  known  as  amorphous 
insoluble  sulphur,  which  may  be  obtained  by  de- 
I composing  disulphide  of  chlorine,  ClgS^,  by  water. 

[ It  is  yellow  in  colour,  amorphous,  and  insoluble  in 
' bisulphide  of  carbon. 

i To  recapitulate,  therefore,  we  have  the  following 
varieties 

1.  Octahedral  sulphur. 

2.  Prismatic  sulphur. 

3.  Plastic  sulphur. 

4.  Amorphous  soluble  sulphur. 

5.  Amorphous  insoluble  sulphur. 

Occurrence. — It  is  found  in  nature  both  in  the 

free  state,  as  native  sulphur,  and  in  combination  in 
sulphides  and  sulphates.  Sulphur  forms  a con- 
stituent of  some  vegetable  and  animal  compounds. 

Native  sulphur  is  found  in  two  very  different 
ways: — 1st,  in  volcanic  districts,  where  it  is  often 
being  deposited  at  the  present  day  by  active  vol- 
canoes ; and  2nd,  interbedded  with  limestone,  shale, 
and  gypsum  in  Tertiary  rocks. 

Solfutaras  are  old  craters,  showing  no  other  sign 
of  volcanic  activity  than  sending  out  sulphurous 
and  other  vapours  from  holes  called  fumaroli.  The 
sulphur  is  deposited  in  cavities  in  the  rock  or 
at  the  surface,  mainly  from  the  oxidation  of  the 
sulphuretted  hydrogen  in  the  vapours,  thus  — 
HgS  + 0 = II^O  + S;  and  partly  by  the  action 
of  sulphur  dioxide  on  sulphuretted  hydrogen,  thus 
j — + 80^=  SHgO  + 3S.  The  result  of  this 
action  is  that  the  earth  in  the  neighbourhood  of 
a fumarole  becomes  sufficiently  impregnated  with 
sulphur  to  render  it  a useful  source  of  tliis  element. 
The  deposition  of  sulphur  is  sometimes  increased 
by  building  large  chambers  over  the  fumaroli,  and 
so  condensing  much  of  the  vapour  which  would 
otherwise  have  escaped. 

Not  only  is  sulphur  found  in  these  solfataras,  or 
semi-s]ient  volcanoes,  but  it  is  deposited  also  in  a 
similar  manner  by  some  active  volcanoes ; and,  again, 
deposits  are  found  in  craters  which  show  no  sign  of 
activity.  “ Some  spent  volcanoes,  which  have  pro- 
bably long  existed  in  the  condition  of  so-called 
solfataras,  abound  in  massive  deposits  of  pure 
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sulphur — e.9.,  some  of  craters  of  Lipari,  of  Iceland, 
of  Java,  of  Quito,  &c.”  (Scrope’s  “Volcanoes,”  1872, 
p.  143).  The  most  celebrated  solfatara  is  that  near 
Pozzuoli,  in  the  Bay  of  Naples,  which  has  attracted 
attention  in  all  ages,  and  where  small  quantities  of 
sulphur  are  still  being  extracted.  Mines  are  worked 
on  similar  deposits  at  Latera,  in  the  province  of 
Viterbo,  Italy.  At  Krisuvik,  in  the  south-west  of 
Iceland,  and  also  near  Lake  Myvatn,  in  the  northern 
part  of  the  island,  sulphur  is  being  deposited  in 
considerable  quantities  over  a large  area  hy  fumaroli 
(“Sulphur  Deposits  of  Krisuvik,”  Chas.  W.  Vin- 
cent ; Soc.  Arts  Journal,  vol.  xxi.,  1873,  p.  137 ; and 


“ Sulphur  in  Iceland,”  by  C.  Carter  Blake,  London. 
1874).  The  crater  of  the  Peak  of  Teneriffe  is  an 
immense  solfatara  (Von  Buch).  Sulphur  is  obtained 
from  the  volcano  Popocatepetl,  in  Mexico  ; from 
solfataras  in  Guadaloupe  and  Japan.  In  descrip- 
tions of  the  now  famous  Yellowstone  region  of  the 
Rocky  Mountains,  which  resembles  and  excels  Ice- 
land in  its  geysers,  we  find  frequent  mention  of 
deposits  of  sulphur  formed  by  springs  and  “steam 
vents  ” — i.e.,  fumaroli. 

Sulphur  Occurring  in  Sedimentary  Rocks. — It  is  in 
this  way  that  sulphur  is  found  in  Sicily,  the  Romagna, 
Croatia,  Galicia,  and  Poland.  The  sulphur  district 


of  Sicily  is  contained  in  the  provinces  of  Caltanis- 
setta  and  Girgenti,  and  part  of  that  of  Catania ; and 
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i Gypsum  veined  with  fib* 
i rous  gypsum. 


Shale. 


Sulphur  - healing  lime- 
stone or  sulphur  seam. 


Limestone  without  sul- 
phur. 


Shale  without  gypsum. 


there  are  two  isolated  patches  of  sulphur-bearing 
rocks  at  Lercara,  in  the  province  of  Palermo,  and 
Gibellina,  in  that  of  Traj)anL 


The  sulphur  occurs  interbedded  with  rocks  of 
Tertiary  age.  The  exact  horizon  is  in  the  Upper 
Miocene,  the  beds  of  which,  judging  from  their 
fossil  contents,  appear  to  have  been  deposited  in 
lakes.  The  sulphur  rock  itself  is  a slightly  marly 
limestone,  associated  with  sulphur.  Sometimes  the 
sulphur  is  disseminated  through  the  limestone ; in 
other  cases  there  are  thin  alternate  layers  of  lime- 
stone and  sulphur.  The  number  of  seams  of 
sulphur  rock  varies  according  to  the  locality.  The 
seams  are  separated  by  partings  of  black  marl,  from 
20  inches  to  6 feet  thick,  and  some  of  the  seams 
attain  a thickness  of  28  feet.  The  total  thickness 
of  all  the  sulphur  seams  put  together  in  one  case 
reaches  100  feet;  but  the  average  thickness  of  the 
sulphur-bearing  limestone  is  only  10  or  12  feet,  and 
the  ore  contains,  on  an  average,  20  to  21  per  cent, 
of  sulphur. 

At  their  outcrop  the  seams  are  thoroughly  decom- 
posed; the  sulphur,  in  presence  of  calcic  carbonate, 
oxj'gen,  and  moisture,  becomes  oxidised,  and  pro- 
duces sulphuric  acid,  which  decomposes  the  lime- 
stone and  forms  gypsum.  No  sulphur  therefore  is 
seen  at  the  surface  ; but  you  have  a whitish,  earthy, 
friable  rock,  the  hriscate  of  the  Sicilian  miner.  The 
occurrence  of  this  briscale  is  a sure  indication  of  the 
existence  of  a sulphur  seam  ; it  is  to  a sulphur  seam 
what  the  gossan  is  to  a lode  or  mineral  vein. 

The  sulphur  limestone  was  probably  deposited  in 
the  lakes  by  the  decomposition  of  calcium  sulphide, 
brought  down  by  springs.  For  details  about  the 
occurrence  of  sulphur  in  Sicily,  and  the  various 
theories  concerning  its  origin,  the  reader  is  referred 
to  a memoir  by  Mottura,*  entitled  “ Sulla  formazi- 

* For  a short  abstract  of  Mottura’s  memoir  see  Journal 
of  the  Society  of  Arts.  vol.  xxi.  p.  169,  January,  1873.  See 
also  article  in  the  Annales  des  Mines.  7e  S^rie.  Tome  vii., 
1875,  pp.  1-84.  It  contains  much  matter  taken  from  memoirs 
by  Mottura,  and  from  Pakodi’s  work,  “ Sull’  estrazione 
dello  Solfo  in  Sicilia,”  Firenze,  1873. 


SULPHUR. — Compounds. 


917 


one  terziaria  nella  zona  solfifera  della  Sicilia,”  “ Me- 
morie  del  R.  Comitato  Geologico  d’  Italia,”  vol.  i., 
1871.  Fig.  3 is  a cross-section  of  La  Crasta 
Sulphur  Mine  near  Delia,  copied  from  Mottup.a’s 
work,  and  shows  how  the  seam  of  sulphur  lies : 
«,  ferruginous  marls  and  clays  (Lower  Miocene)  ; 
h,  siliceous  limestone  (Upper  Miocene)  ; c,  sulphur 
seam,  decomposed  into  briscale  at  the  outcrop ; 
d,  gypseous  and  bituminous  marls ; e,  marly  lime- 
stone with  foraminifera. 

In  the  Romagna  there  are  some  large  and  impor- 
tant mines  near  the  town  of  Cescua.  The  geological 
horizon  is  the  same  as  that  of  the  Sicilian  sulphur. 
There  is  a bed  of  limestone  about  10  feet  thick,  part 
or  the  whole  of  which  is  sulphur-bearing.  The 
accompanying  section  (Fig.  4),  showing  the  rocks 
near  the  sulphur  seam  in  one  of  the  Boratella  mines, 
gives  a good  general  idea  of  the  mode  of  occurrence. 

At  Radoboi,  in  Croatia,  ‘’the  sulphur  is  inter- 
calated in  beds  full  of  remains  of  insects  and  plants, 
and  coloured  brown  by  mineral  resin  and  carbona- 
ceous matter”  (“Manual  of  Geology:”  Jukes  and 
Geieie,  1872,  p.  55).  At  Swoszowice,  in  Galicia, 
the  sulphur  is  found  irregularly  deposited  in  nests 
in  shale,  interbedded  and  veined  with  gypsum,  and 
is  worked  at  three  horizons.  The  sulphur  ore  yields 
about  10  per  cent,  of  sulphur  (“Denkbuch  des 
Osterreichischen  Berg  und  Hiittenwesens,”  Vienna, 
1873,  p.  261). 

Sulphur  Mining. — In  Sicily  the  sulphur  seams  are 
usually  reached  by  means  of  inclined  shafts,  at  angles 
of  from  30°  to  50°,  which  the  miners  ascend  by  steps 
cut  in  the  rocks.  The  miners  then  drive  out  galleries 
5 or  6 yards  apart  down  the  dip,  and  then  galleries 
along  the  strike,  leaving  pillars  5 or  6 yards  square. 
The  galleries  are  6 to  8 feet  wide.  The  pillars  are 
then  gradually  worked  away,  the  roof  being  allowed 
to  fall  in.  AVhen  there  are  two  beds,  one  above 
the  other,  the  pillars  are  supposed  to  be  left  one 
above  the  other ; but  from  absence  of  plans,  it  very 
often  happens  that  a pillar  has  a very  unsafe  footing. 
In  many  cases,  however,  especially  where  there  are 
very  thick  deposits,  the  workings  are  most  irregular; 
g.alleries  are  driven  out  in  all  directions,  huge 
caverns  of  all  shapes  and  sizes  are  excavated,  and 
are  kept  up  by  an  occasional  small  pillar,  which 
often  rests  on  the  roof  of  a cavern  underneath.  The 
consequence  is  that  after  a time  the  workings  fall  in. 
The  miners  then  make  a fresh  start  somewLere  else ; 
and  after  a time,  when  they  think  the  ground  has 
got  settled,  go  back  into  the  old  workings,  driving 
in  levels,  which  are  secured  by  masonry  all  round. 
They  then  extract  as  much  sulpiiur  as  they  can. 

The  sulphur  rock  is  worked  away  partly  by  the 
pick  and  partly  by  blasting.  The  state  of  mining  in 
Sicily  is  so  primitive  that  the  ore  is  generally  carried 
along  the  levels  and  up  the  shafts  on  the  backs  of 
boys  and  lads.  The  mines  are  drained  by  adit 
levels,  hand  pumps,  and  rarely  by  pumps  driven  by 
steam  engines. 

In  the  Romagna  the  system  of  mining  is  not 
so  rude  as  in  Sicily.  At  the  Boratella  mine,  for 
instance,  they  sink  shafts  till  they  reach  the  seam. 


drive  out  levels,  and  then  take  away  the  sulphur 
seam,  leaving  pillars,  10  or  12  feet  square,  at  dis- 
tances of  about  24  feet  apart ; the  pillars  gradually 
crumble  away,  and  the  roof  falls.  The  mineral  is 
conveyed  underground  by  wheel-barrows  and  tram- 
ways. and  is  raised  to  the  rurface  by  horse-whims, 
or  winding  apparatus  driven  by  a steam  engine. 
The  mines  are  worked  at  a depth  of  from  60  to  70 
fathoms.  When  sulphur  is  worked  in  solfataras, 
the  earth  is  simply  dug  up. 

Nahiral  Compounds  of  Sulphur.  — Sulphuretted 
hydrogen  is  given  off  from  volcanoes  and  solfataras, 
some  mineral  springs,  such  as  the  well-known  one 
at  Harrogate,  and  is  found  in  the  air  of  sulphur 
mines  and  in  some  coal  mines.  Sulphides  of  the 
metals  of  the  alkalies  and  alkaline  earths  are  also 
constituents  of  some  mineral  waters — such  as  those 
of  Aix-la-Chapelle,  Aix  in  Savoy,  Saint  Boes,  near 
Dax,  and  Bex,  in  Switzerland — which  afford  evidence 
of  the  deposition  of  sulphur  from  aqueous  solutions 
(“  Manual  of  Geology,”  Jukes  and  Geikie,  1872, 
p.  55). 

The  sulphides  of  the  heavier  metals  are  so  nume- 
rous that  it  will  be  impossible  in  the  limits  of  this 
article  to  enumerate  more  than  a few  of  them. 

Iron  pyrites,  FeSj,  crystallizes  in  the  cubical 
system  ; colour,  between  a brass-yellow  and  a gold- 
yellow.  It  is  a mineral  very  largely  diffused  in 
nature,  and  occurs  in  a great  variety  of  rocks  of 
all  ages. 

Marcasite  has  the  same  chemical  composition  as 
iron  pyrites,  but  crystallizes  in  the  rhombic  system, 
and  has  a much  lighter  colour.  Like  iron  pyrites, 
it  is  used  for  making  sulphur,  sulphuric  acid,  green 
vitriol,  and  alum. 

Pyrrho tinCj  or  magnetic  iron  pyrites,  Fe.^Sg,  has 
a peculiar  bronze  colour.  It  is  sometimes  important 
as  containing  a few  per  cent,  of  nickel. 

Mispickel,  FeAs  + FeSg,  is  useful  as  a source  of 
arsenic. 

Among  other  important  sulphides  which  constitute 
valuable  ores  of  the  respective  metals  are  Zinc- 
blende,  ZnS  ; Copper  - glance,  CugS  ; Bornite, 
3C1I2S  + FcjSg;  Copper-pyrites,  CugS  + Fe2Sg ; 
Galena,  PbS ; Cinnabar,  HgS. 

Silver-glance  is  a sulphide  of  silver,  AggS,  and 
there  are  numerous  sulpho-arsenides  and  sulpho- 
antimonides  of  silver — such  as  proustite,  pyrargyrite, 
stephanite,  and  polybasite. 

Sulphur  occurs  also  in  nature  in  sulphates.  In 
mineral  springs,  for  instance,  there  are  sulphates  of 
the  alkalies,  such  as  sodium  sulphate.  The  sulphates 
of  the  metals  of  the  alkaline  earths  are  widely  dis- 
tributed. Barytes,  or  barium  sulphate,  is  very  common 
in  mineral  veins ; gypsum,  CaSO^  + 2II2O,  is  found 
in  large  quantities  in  sedimentary  rocks.  The  sea 
forms  a vast  reservoir  of  sulphates,  containing,  as 
it  does,  0'162,  or,  roughly  speaking,  one-sixth,  per 
cent,  of  gypsum,  and  0'197  or  nearly  one-fifth 
per  cent,  of  sulphate  of  magnesium  (Epsom  salt). 
Natural  alums,  or  hydrated  double  sulphates  of 
aluminium,  and  another  metal — such  as  potassium, 
sodium,  magnesium,  or  iron — are  also  met  with. 


918  SULPHUR.- 


Sulphates  of  zinc,  cobalt,  iron,  copper,  and  lead  are 
minerals  found  in  nature,  and  have  no  doubt  all 
been  produced  by  the  oxidation  of  the  sulphides  of 
these  metals. 

In  the  vegetable  kingdom  some  of  the  essential 
oils — such  as  oil  of  mustard,  oil  of  garlic,  and  oil  of 
assafoetida — contain  sulphur. 

Among  the  components  of  animal  substances 
containing  sulphur  may  be  mentioned  the  proteoids 
or  albuminoids ; the  blackening  of  a silver  spoon  by 
a boiled  egg  is  a familiar  illustration  of  the  fact. 
Fibrin,  whether  of  blood  or  flesh,  also  contains 
more  than  1 per  cent,  of  sulphur ; and  sulphur 
enters  into  the  composition  of  casein,  protein, 
hsematocrystallin,  and  globulin,  as  well  as  of  hair, 
horn,  nails,  and  feathers.  Enough  has  therefore 
been  said  to  prove  that  sulphur  is  a very  widely 
distributed  element,  in  the  animal,  vegetable,  or 
mineral  kingdoms. 

Uses  of  Sulphur. — Sulphur  is  used  in  making  sul- 
phuric acid,  sulphurous  acid,  and  many  of  the  com- 
pounds of  sulphur,  such  as  hyposulphite  of  soda, 
bisulphide  of  carbon,  artificial  vermilion,  &c.  It  is 
one  of  the  constituents  of  gunpowder,  and  is  used 
in  the  manufacture  of  lucifer  matches.  Large  quan- 
tities of  sulphur  in  powder  are  used  in  Italy,  France, 
and  Spain,  for  sprinkling  vines  as  a preservative 
against  the  disease  known  as  o'idium.  Sulphur  is 
used  for  hops  in  the  same  way.  Some  is  used  in 
medicine,  and  it  is  finally  employed  as  a cement,  and 
for  taking  casts  of  coins,  medals,  &c. 

Direct  Extraction  of  Sulphur  from  Sulphurous  Earths. 
— This  extraction  may  be  performed  in  various 
ways : — 

1 Melting  in  pans. 

2.  Liquation  in  iron  cylinders. 

3.  Distillation  in  earthen  pots. 

4.  Liquation  in  small  kilns  (cal cardie'). 

h.  Liquation  in  large  kilns  (calcaroni). 

6.  Distillation  in  iron  retorts  (ilojjfpioui). 

7.  Liquation  by  means  of  steam. 

8.  Extraction  by  bisulphide  of  carbon. 

9.  Processes  of  Hirzel,  Gill,  and  Kayser.  * 

1.  Melting  in  Pans. — This  method  has  been  em- 
ployed for  rich  sulphur  ore.  and  stuff  that  is  in  too 
fine  a powder  to  be  treated  conveniently  by  liquation 
in  kilns.  The  accompanying  Fig.  5 f shows  the  kind 
of  pan  that  was  used  at  Lercara  in  Sicily.  The  ore 
was  thrown  into  the  pans  little  by  little,  and  as  it 
melted,  the  workman  drew  out  the  earthy  particles 
which  settled  at  the  bottom.  A high  heat  is  not 
advantageous.  This  may  be  inferred  from  what  has 
been  said  before  respecting  the  changes  which  take 
place  during  the  fusion  of  sulphur  at  different 
temperatures.  For  tlie  purpose  of  purification  the 
lowest  heat  consistent  with  perfect  fusion  had  to  be 
employed.  The  liquid  sulphur  was  thus  in  its 
thinnest  state,  easily  allowing  the  earthy  particles  tc 
subside.  When  the  pan  was  full  of  melted  sulphur 

* Described  by  Parodi  ; they  are  of  no  commercial  im- 
portance, and  need  not  be  further  noticed  here. 

t Copied  from  Parodi's  figure  in  his  work,  “ Sull’  estrazione 
dello  Sollo  in  bicilia  ” Florence,  1873. 
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the  workman  allowed  it  tO  settle  a little,  and  then 
ladled  out  the  sulphur  into  moulds.  The  two  or 
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three  last  ladles  were  very  impure,  and  had  to  be 
treated  in  the  kilns  together  with  the  residues  of  the 
operation,  which  stUl  retained  a considerable  quantity 
of  sulphur. 

2.  Liquation  in  Iron  Cylinders. — This  was  a method 
in  use  at  one  time  in  places  in  Sicily.  The  sulphur 
earth  was  heated  by  means  of  a wood  fire  in  iron 
cylinders  inclined  towards  the  front.  The  cylinders, 
containing  each  some  4 tons  of  ore,  were  closed 
during  the  operations,  and  there  was  thus  little  loss 
from  sublimation  or  oxidation.  However,  much  sul- 
phur remained  in  the  residues,  and  the  cast  iron  was 
rapidly  corroded.  At  Swoszowice,  near  Cracow,  the 
process  adopted  is  partly  liquation,  partly  distillation. 
The  ore  is  heated  in  cast-iron  sloping  tubes,  each  of 
which  holds  rather  more  than  1 cwt.  of  mineral. 
Some  sulphur  is  collected  by  tapping  it  off  at  the 
lower  end  of  the  tube,  and  the  rest  is  obtained  by 
the  condensation  of  the  vapours  that  escape.  For 
figures  and  description,  see  “Berg  und  Hiitten- 
mannische  Zeitung,”  1861,  pp.  1—15,  and  “Metal- 
lurgy,” by  Crookes  and  Roiirig,  p.  710. 

3.  Distillation  in  Earthen  Pots. — This  system, 
though  never  used  in  Sicily,  has  been  employed  in 
the  Romagna,  and  may  still  be  seen  at  the  Solfatara, 
near  Naples,  though  the  production  is  very  small 
indeed,  a a are  two  earthen  jars  standing  upon  a 
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raised  support  of  bricks.  The  mouths  of  these  jars 
protrude  slightly  over  the  top  of  the  furnace.  This 
is  for  the  purpose  of  allow’ing  the  operator  to  fiU 
in  the  charge  and  remove  the  earthy  residuum.  A 
hollow  tube  or  arm  projects  laterally  and  slightly 
downwards  from  each  of  the  pots  or  retorts,  which 
arm  is  thrust  into  another  pot  or  vessel  to  receive 
the  sublimed  sulphur  which  condenses  in  it.  When 
the  subliming  pot  has  received  its  charge  the  lid 
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fuse  the  remainder. 

The  kiln  * is  an  elliptical  or  circular  pit, 
lined  with  masonry,  and  having  the  bottom 
strongly  inclined  towards  the  front.  The 
angle  varies  from  10°  to  15°,  and  the  pro- 
portion between  the  average  depth  of  the 
pit  and  its  diameter  is  from  one-fourth  to 
one-fifth.  The  kilns  are  generally  built 
on  the  side  of  a hill,  and  advantage  is  then 
taken  of  the  form  of  the  ground  to  avoid 
unnecessary  excavation  and  have  conveni- 
ence for  charging  and  discharging.  In 
front  of  the  kiln  is  left  a rectangular  opening  4 
feet  high  by  10  inches  wide,  called  the  morte.  The 
interior  of  the  kiln  is  c.arefully  plastered,  so  as  to 
present  a smooth  surface  impermeable  to  the  fused 
sulphur.  The  bottom  of  the  kiln  is  formed  of  fine 
residues,  locally  called  ginese,  beaten  down  quite 
hard,  and  reposing  either  on  the  natural  soil,  or 
better,  on  brick-work.  In  some  districts  the  calcaroni 
are  not  built  exactly  as  shown  in  the  figure,  with  a 
wall  all  round.  At  Racalinuto,  for  instance,  there 
is  only  a breast  wall  in  front.  The  reason  of  this  is 
probably  that  the  Racalmuto  ores  require  more  air. 
Fig.  7 is  the  plan  of  a calcarone ; the  dimensions 
given  are  in  metres  and  centimetres.  Fig.  8 is  the 
section  along  a b. 

In  charging  the  kiln  large  pieces  of  ore  are  first 
put  on  the  bottom,  and  the  large  pieces  continued 
in  the  centre,  and  smaller  stuff  outside.  The  morte 
is  surrounded  by  large  blocks  of  sterile  rock.  The 
charging  is  continued  till  the  top  edge  of  the  kiln  is 
reached ; and  in  proceeding  upwards  three  to  five 

• The  following  description  of  the  calcarone  process  is 
mainly  taken  from  Signor  Parodi’s  very  valuable  work, 
already  mentioned,  on  the  “Kartractiou  of  Sulphur  in  Sicily.” 


Fig.  8. 

corresponds  to  rather  more  than  4 tons  of  sul- 
phur ore. 

Calcaroni  vary  considerably  in  size;  very  small 
ones  will  contain  10  cause,  others  20,  50,  100,  200, 
and  even  up  to  1000  casse.  One  cause  of  the  varia- 
tion in  size  is  the  length  of  time  liquations  can  be 
carried  on.  If  liquations  can  be  performed  all  the 
year  round  small  calcaroni  are  used;  but  if,  from 
fear  of  damage  to  growing  crops,  the  miners  have 
onlv  the  right  to  work  their  calcaroni  during  certain 
months  of  the  year,  larger  ones  must  be  employed. 
The  size  of  the  calcaroni  depends  also  on  the  quality 
of  the  ore. 

The  charging  completed,  the  surface  of  the  trun- 
cated cone  of  ore  is  covered  with  a layer  of  fine 
residues  derived  from  the  preceding  operations ; the 
morte  is  closed  by  a thin  wall  with  a few  holes  at 
various  heights,  which  are  luted  up  with  clay. 
Everything  is  now  ready  for  beginning,  and  the 
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cnlcarone  is  lighted  by  throwing  into  the  above- 
mentioned  chimneys  lighted  wisps  of  straw  dipped 
in  sulphur.  At  Racalmuto,  where  these  chimneys 
are  not  used  because  they  are  found  to  be  detri- 
mental, the  heap  is  lighted  at  the  back.  The  burning 
is  allowed  to  go  on  for  a few  hours,  and  then  every 
hole  is  closed  and  the  calcarone  left  to  itself. 

Seven  or  eight  days  after  lighting,  the  first  fumes 
of  sulphurous  acid,  mixed  with  aqueous  vapour, 
appear,  and  small  deposits  of  sublimed  sulphur  begin 
to  form  near  the  top  of  the  chimneys,  which  are 
closed  again  with  fresh  residues.  The  kiln  is  now 
watched  more  attentively,  and  particular  care  is 
taken  to  keep  the  morte  the  coolest  part  of  the  cal- 
carone ; the  shape  of  the  heap,  and  lighting  it  from 
behind,  so  that  the  heat  propagates  itself  from  the 
back  to  the  front,  help  to  effect  this  object.  The 
sulphur,  finding  its  way  along  the  bottom,  always 
traverses  a mass  that  is  relatively  cool  and  does  not 
burn ; and  when  the  fire  arrives  at  the  morte  all  the 
rest  of  the  ore  has  already  given  up  its  sulphur,  and 
the  operation  is  completed.  The  first  sulphur  that 
runs  down,  finding  the  morte  completely  cold,  solidi- 
fies, and  has  to  be  melted  by  opening  the  morte  in 
part  and  throwing  in  lighted  bunches  of  straw. 
When  the  solidified  mass  has  thus  been  removed 
the  rnm'te  is  built  up  again,  and  remains  hot  enough 
to  prevent  further  difficulties.  When  the  average 
temperature  of  the  kiln  is  too  low  the  sulphur  soli- 
difies on  coming  to  the  doors,  i.e.,  the  lumps  of 
sterile  lock  round  the  morte,  and  closes  them  up 
altogether.  The  calcarone  is  then  said  to  be  choked. 
This  difficulty  is  graver  than  the  preceding  one, 
as  the  workmen  cannot  reach  in  to  the  doors  with 
bundles  of  straw ; and  if  the  remedy  is  delayed  the 
sulphur  accumulates  behind  the  doors  and  comes  in 
contact  with  lighted  mineral,  burns,  the  heat  in  the 
calcarone  rises  rapidly,  and  the  sulphur  passes  into 
the  viscous  state,  and  ceases  to  run,  or  is  volatilized, 
causing  very  great  loss.  The  remedy  for  this  chok- 
ing consists  in  opening  the  morte  and  uncovering  the 
front  part  of  the  heap.  This  causes  a strong  draught, 
and  the  combustion  near  the  doors  is  rendered  more 
active. 

When  by  means  of  the  little  holes  in  the  morte  it 
is  ascertained  that  there  is  a quantity  of  melted 
sulphur  in  it,  a hole  is  made  at  the  bottom  of  the 
calcarone,  and  the  sulphur  is  allowed  to  run  out. 
Sometimes  the  sulphur  is  allowed  to  run  out  con- 
tinuously ; in  other  cases  there  are  two  or  three  tap- 
pings in  the  twenty-four  hours,  and  in  the  intervals 
the  liquid  sulphur  collects  in  the  morte.  The  sul- 
phur is  cast  in  wooden  moulds,  which  are  moistened 
with  water  to  prevent  adherence,  and  the  lumps  or 
cakes,  weighing  about  1 cwt.,  .are  known  as  balate. 

The  end  of  the  operation  is  announced  by  the 
mo7-te  taking  fire,  and  the  change  in  the  quantity  of 
the  sulphur.  The  calcarone  works  hot  towards  the 
end,  and  the  sulphur  takes  up  impurities,  which  it 
finds  near  the  morte. 

The  duration  of  a liquation,  from  the  beginning  of 
putting  in  the  charge  till  the  last  cake  has  been 
cast,  depends  of  course  on  the  size  of  the  calcarone,  j 


and  also  on  the  nature  of  the  stuff ; a porous  ore 
will  work  quicker  than  a compact  ore,  as  the  heat 
penetrates  it  more  readily. 

Atmospheric  conditions  have  a certain  influence 
on  the  duration  of  the  liquation  : wind  increases  the 
combustion  and  accelerates  the  production ; rain, 
on  the  other  hand,  cools  down  the  whole  mass  and 
retards  it.  On  an  average — 

For  a calcarone  of  50  to  60  casse,  the  liquation  lasts  30  to 
35  da}-s. 

For  a calcarone  of  200  to  250  casse,  the  liquation  lasts  50 
to  60  days. 

For  a calcarone  of  400  to  500  casse,  the  liquation  lasts  80 
to  00  days. 

When  the  liquation  is  finished,  the  calcarone  is 
allowed  to  cool  gradually;  if  it  were  uncovered  and 
allowed  to  cool  rapidly,  a large  quantity  of  sulphu- 
rous acid  would  be  evolved  all  at  once,  which  would 
be  injurious  to  crops  or  trees  in  the  neighbourhood. 

If  the  liquation  proceeds  properly,  the  first  sul- 
phur that  runs  out  does  not  exceed  in  temperature 
120°  to  130°  C.;  but  as  the  operation  goes  on,  and  the 
fire  approaches  the  morte,  the  calcarone  runs  hotter, 
and  the  sulphur  assumes  that  brown  colour  which  is 
peculiar  to  it  after  it  has  passed  through  the  viscous 
state.  In  some  places  the  temperature  must  exceed 
440°  C.,  as  little  deposits  of  sublimed  sulphur  are 
formed  on  the  outside  covering  towards  the  end  of  the 
operation.  When  a calcarone  nins  too  hot,  water  is 
thrown  in  at  the  morte,  which  may  cool  down  the 
sulphur  there,  and  prevent  its  burning,  but  cannot 
have  much  influence  on  the  general  temperature  of 
the  heap. 

■ With  regard  to  the  earthy  ingredients  of  the  ore, 
the  limestone  undergoes  a superficial  calcination, 
and  the  clayey  parts  get  a reddish  tint,  which  indi- 
cates an  incipient  baking.  The  ores  with  a gypseous 
gangue  give  the  worst  results,  because  gypsum  at 
a temperature  very  near  that  at  which  sulphur  fuses 
loses  its  water,  and  the  loss  of  sulphur  is  increased 
by  the  amount  that  has  to  be  burnt  to  evaporate 
this  water. 

Atmospheric  agencies  have  a most  sensible  in- 
fluence on  the  working  of  a calcarone.  If  the  mineral 
was  wet  before  it  was  charged,  the  loss  of  sulphur 
is  of  course  increased  by  the  extra  quantity  burned 
to  dry  the  ore ; if  heavy  rains  come  on,  the  water 
penetrating  into  the  interior  of  the  mass  may  so  lower 
the  temperature  as  to  cause  the  operation  to  be  a 
complete  failure.  The  violence  of  the  wind  may 
accelerate  the  combustion  too  much ; the  calcarone 
heats,  and  there  is  loss  of  sulphur  by  volatilization, 
besides  which  the  sulphur  obtained  when  a calcarone 
runs  too  hot  is  always  of  inferior  quality. 

In  a well-conducted  calcarone,  with  an  ore  con- 
taining 25  per  cent,  of  sulphur,  70  per  cent,  of  marly 
limestone,  and  5 per  cent,  of  hygrometric  water,  the 
combustion  of  one-fifth  of  the  sulphur  would  give 
heat  enough  theoretically  to  melt  the  remainder. 
In  reality  the  loss  of  sulphur  is  one-third,  or  even 
two-fifths.  The  difference  represents  the  loss  by 
sublimation,  by  sulphur  contained  in  the  residues, 
by  dispersion  of  heat,  and  by  chemical  reactions 
taking  place  during  the  operation. 
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At  the  sulpliur  mines  it  is  usual  to  speak  of  tlie 
number  of  lumps,  cakes,  or  ingots  (halate)  of  sul- 
phur produced  per  cassa  of  ore.  Rich  ore  gives  1 2 ; 
medium,  8 to  10;  poor,  6 ingots  per  cassa.  This 
corresponds  to  a yield  of  20,  15,  or  10  per  cent.,  or 
a real  contents  of  30,  23,  or  15  per  cent.  The 
expression  used  at  the  sulphur  mines  is,  however, 
very  elastic,  as  the  weight -of  the  ingots  and  size  of 
the  cassa  vary  considerably.  'I’he  cost  of  a calcarone 
of  medium  size — from  200  to  250  casse — is  6 to  7 
francs  per  cassa  of  capacity ; smaller  ones  cost 
more,  larger  less,  per  cassa.  Calcaroni  of  100  casse 
cost  8 francs  per  cassa  capacity ; those  of  500  casse 
cost  5 to  6 francs  per  cassa. 

The  small  ones  are  most  convenient.  From  what 
has  been  said  above,  it  is  easy  to  come  to  the  con- 
clusion that  the  simplicity  of  the  operation  and  the 
small  cost  of  labour  are  the  only  advantages  of  the 
calcarone,  which  otherwise  is  a very  imperfect 
apparatus,  for  the  following  reasons:  — 1.  In  the 
calcarone  a considerable  quantity  of  sulphur  is  burnt 
uselessly.  2.  The  apparatus  cannot  be  properly 
attended  to,  and  it  is  impossible  to  remedy  properly 
any  disturbances  which  may  be  observed  in  the  course 
of  the  operation.  3.  Large  quantities  of  sulphurous 
acid  are  evolved,  causing  sensible  damage  to  vege- 
tation— so  much  so  that  where  a calcarone  is  less 
than  200  yards  from  a house,  or  100  yards  from 
cultivated  land,  it  can  only  be  used  from'  1st  August 
to  31st  December.  The  consequence  is  that  many 
mines  have  to  liquate  in  four  or  five  months  all  the 
ore  extracted  in  the  year.  Some  have  not  space  to 
stock  all  their  ore.  The  ore  suffers  from  being 
exposed  for  so  long  a time  to  the  weather,  and  much 
capital  is  locked  up  and  rendered  useless  for  two- 
thirds  of  the  year. 

Cost  of  the  Sulphur. — The  average  cost  of  the  ore 
may  be  taken  as  follows  : — 


Breaking, 

Conveyance  to  the  surface, 

Oil  and  tools, 

Stacking  * and  sundries, 

Repairs  of  levels, 

Pumping  water, 

Prancs  per  Ton. 

..  0-20 
. O-GO 

5-10 

Tlie  average  yield  of  the  ore  in  the  calcarone  being 
about  14  per  cent.,  700  kilos,  of  ore  are  required 
to  yield  100  kilos,  of  sulphur.  Consequently  we 
obtain — 

Francs. 

700  kilos,  of  ore,  at  5-10  francs  per  ton, . . 3-57 

Cost  of  liquation, 0-53 

General  expenses  of  all  kinds, 1-00 

Rent  to  the  proprietor  of  the  soil, . . 

5-10 
..  1-50 

Total  cost  of  100  kilos,  of  sulphur 
at  the  mine, 

1 6-60 

• The  ore  is  stacked  when  brought  up  from  underground 
for  the  purpose  of  estimating  its  amount,  the  miners  being 
]>aid  according  to  the  quantity  excavated  or  amount  of  sul- 
phur produced.  This  stacking  has  been  very  properly  done 
away  with  at  the  Giuna  mines.  The  ore  is  trammed  directly 
from  the  shaft  to  the  calcaroni,  and  the  quantity  estimated 
at  the  rate  of  12  trams,  to  a cassa. 
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The  cost  of  100  kilos,  of  sulphur,  f.o.b.,  at  ports 
in  Sicily  may  be  taken  (1871)  at — 


Franca. 

Cost  at  the  mine, G-COO 

Carriage  to  tlje  coast 2-480 

Shipping  charges, 0-313 

Profit  of  lessee  of  mine, 1-G07 

Export  duty, 1-000 


12-000 

When  the  railways  and  provincial  roads  are 
completed,  as  well  as  the  harbours  at  Licata  and 
Girgenti,  there  will  be  a considerable  saving  in  the 
cost  of  carriage  and  shipping.  It  will  then  probably 
be  possible  to  put  the  sulphur,  f.o.b.,  at  these  ports 
for  10-50  francs  the  100  kilos.,  or  105  francs  per 
ton  (1000  kilos,  or  2240  lbs.). 

Durand's  Kiln.  * — This  is  merely  a modification 
of  the  ordinary  calcarone.  Durand’s  kiln  is  a 
rectangular  chamber,  6 feet  6 inches  square,  with 
an  inclined  floor,  and  covered  by  a vaulted  roof, 
which  has  a hole  in  the  centre,  through  which  the 
charge  is  introduced.  On  the  sides  are  two  doors 
for  removing  the  charge.  The  sulphur  runs  out  as 
in  any  ordinary  calcarone,  but  the  products  of  com- 
bustion are  carried  into  a long  flue,  where  some 
sublimed  sulphur  is  deposited. 

6.  Dbitillation  in  Iron  Retorts. — The  plan  used  in 
the  Romagna  is  as  follows : f — The  fireplace,  a,  and 
the  flue,  h (Figs.  9 and  10),  are  covered  by  a com- 
mon arch,  c,  of  fire-brick,  which  is  provided  with 
openings,  L The  side  wall  of  the  hearth  rises  3 
feet  3 inches  above  the  top  of  the  arch,  at  an  angle 
of  27°.  Into  the  open  space  formed  by  the  arch  and 
the  two  side  walls  and  end  of  the  hearth  eight  retorts 
are  placed,  as  shown  in  the  figure.  A second  arch 
covers  the  whole,  and  only  leaves  the  mouth  of  the 
retorts  free. 

These  retorts  are  of  cast  iron,  and  made  egg- 
shaped  ; close  under  the  mouth  is  a little  tubulure, 
f,  or  sometimes  two  such  tubulures.  This  allows  a 
retort  to  be  turned  round,  if  one  side  is  very  much 
worn.  Iron  pipes  are  cemented  into  these  tubulures, 
and  led  into  a condenser,  h,  common  to  two  retorts. 
Under  each  condenser  there  is  an  iron  basin,  i, 
standing  over  a cavity,  g,  which  communicates  with 
the  hearth  and  chimney  by  passages,  k,  k,  k.  By 
this  means  a current  of  hot  air  is  made  to  pass 
under  the  basins,  and  keep  the  sulphur  melted. 

When  the  retorts  have  been  filled  with  ore,  the 
covers  are  put  on  and  luted  with  clay.  The  flame 
draws  into  the  flue,  passes  through  the  holes,  /,  and 
heats  the  retorts.  The  moisture  in  the  ore  is  soon 
driven  off,  and  the  sulphur  begins  to  escape  as 
vapour.  The  vapour  goes  through  f and  /,  and 
condenses  in  h ; the  molten  sulphur  then  flows  into 
the  basin,  i,  when  it  is  ladled  out  and  poured  into 
moulds. 

d'he  removal  of  the  residues  from  the  retorts  is 

* Parodi — Op.  Cit.,  p.  57  and  Table  II.,  Figs.  1,  2,  3,  4. 

t The  following  account  is  taken  from  an  article  in  the 
“ Berg  und  Ilutteninannische  Zeitung,”  vol.  xxxiii.,  1874,  p. 
343,  which  is  itself  translated  from  the  “ Bulletin  de  la  Soc. 
de  I’iud.  min6r."  1873,  p.  G09. 
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troublesome,  as  tlie  workman  has  to  stand  in  a very 
inconvenient  position  in  order  to  reach  down  to  the 


Fig.  10. 


bottom  of  the  retort  with  a shovel ; whilst,  at  the 
same  time,  he  is  exposed  to  the  sulphurous  fumes 
which  are  still  being  given  off.  A complete  opera- 
tion lasts  twelve  hours,  and  each  retort  distils  in 
twenty-four  hours  300  kilos,  (about  6 cwts.)  of  ore. 

At  Radoboi,  in  Croatia,  the  mineral  is  heated  in 
a cast-iron  pan,  and  the  sulphur  vapour  at  once 
conducted  into  a large  chamber.  The  vapour  con- 
denses, and  flowers  of  sulphur  are  deposited  on 
the  walls. 

7.  Liquation  by  Means  of  Steam. — The  great  loss  of 
sulphur  in  the  calcarone  process  has  induced  the 
trial  of  numerous  other  plans ; and  a company  in 
Italy  has  introduced  Thomas’  apparatus,  in  which 
the  melting  of  the  sulphur  is  performed  by  steam, 
at  a pressure  of  from  3 to  5 atmospheres.*  Plate  I. 
shows  a modification  of  E.  Thomas’  apparatus, 
introduced  by  M.  Pirckhey  at  the  sulphur  mines 
ol  Latera,  in  the  province  of  Rome,  where  the  ores 
contain  13  to  14  per  cent,  of  sulphur. 

The  conical  vessel,  a,  made  of  -^-inch  iron  plates, 
is  provided  at  both  ends  with  cast-iron  flanges,  b b\ 
through  which  bolts  pass  for  making  the  joints. 
The  vessel  is  supported  by  means  of  flanges,  c c,  on 
iron  beams,  d,  which  are  carried  on  iron  columns,  f f. 
Inside  this  vessel  is  a second  cone,  /7,  made  of  f-inch 
plate,  and  pierced  with  holes.  It  is  fastened  by 
' “Journal  of  the  Society  of  Arts,”  1st  May,  1868. 


bolts  to  the  flange,  b'.  At  the  lower  part  of  tl>e 
vessel,  a,  there  is  a grating,  a'",  formed  of  two  semi- 
circular cast-iron  plates,  perforated  with  holes,  and 
movable  about  a hinge.  Two  screws,  h,  keep  the 
grating  horizontal  during  the  filling;  and  when 
they  are  withdrawn,  the  two  halves  hang  down 
vertically. 

The  inner  cone,  g,  serves  to 
receive  the  ore.  The  arrangement 
of  the  holes,  their  size,  and  the 
conical  form  of  the  apparatus  are 
of  the  greatest  importance,  both 
for  the  liquation  and  subsequent 
removal  of  the  residues. 

The  top  of  the  vessel,  a',  is 
closed  by  means  of  a cast  - iron 
cover,  i,  and  india-rubber  washer ; 
the  iron  ring,  /,  is  used  in  moving 
it.  To  the  -under  part  of  the 
vessel,  a",  is  fixed  a cast-iron 
receiver,  with  a steam  jacket. 
It  can  be  moved  away  on  a trolly, 
running  on  rails,  when  the  opera- 
tion is  finished,  so  as  to  allow  the 
residues  to  be  emptied.  This  re- 
ceiver is  provided  inside  with  a 
perforated  plate  of  cast-iron,  w. 
At  its  base  is  a pipe,  o,  with  a 
specially  - shaped  iron  tap  for 
drawing  off  the  condensed  water 
and  molten  sulphur.  The  ex- 
ternal vessel,  a,  is  provided  with 
two  pipes: — One,  p,  carries  the 
valve  and  steam  pipe,  besides  a 
steam-gauge  and  pyrometer  ; the 
other,  q,  is  the  outlet  of  the  steam. 

The  pipe  and  valve,  r,  connected  with  ?•'  by  a 
pipe  with  screw  joints,  leads  the  steam  into  the 
space,  /,  and  keeps  the  receiver  at  the  temperature 
of  melting  sulphur.  The  cocks,  s,  serve  for  clean- 
ing. The  outer  vessel,  the  reservoir,  and  pipes  are 
all  surrounded  with  a bad  conductor  of  heat,  kept 
together  by  wooden  staves.  The  tube  and  cock  for 
the  outlet  are  so  arranged  that  the  steam  from  an 
apparatus  that  has  finished  a charge  can  be  drawn 
off  and  led  into  another.  The  exhaust  steam  is 
used  for  warming  the  feed  water. 

The  pillars,  f,  prolonged  above  the  beams,  d, 
carry  the  beams  which  form  the  working  floor,  t. 
A tramway,  x.  with  the  trolly,  x',  serves  to  connect 
all  the  apparatuses.  The  tram-waggons  from  the 
picking  floors  come  in  at  the  level,  z,  are  carried  by 
the  trolly,  and  tipped  into  any  apparatus.  Under 
each  apparatus  there  is  a shaft,  26  feet  deep  ; these 
shafts  are  connected  with  the  mine  by  a level,  and 
serve  for  carrying  off  the  residues. 

This  arrangement  may  naturally  be  modified 
according  to  the  position  and  requirements  of  the 
mine.  The  important  point,  however,  is  that  this 
arrangement  allows  the  residues  to  be  removed  very 
rapidly.  Above  the  top  of  tlie  apparatus,  and  on 
a frame  not  shown  in  the  figure,  there  is  a small 
carriage,  with  a differential  pulley,  which  serves 
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for  moving  the  grating,  a"',  and  the  cover,  i. 
Tiie  six  apparatuses  at  Latera  are  suf>f»lied  by  a 
cylindrical  boiler,  fired  with  wood,  4 feet  5 inches 
(1-35  metre)  in  diameter,  and  43  feet  8 indies 
(13'30  metres)  long. 

From  the  above  description  the  method  of  work- 
ing is  easily  understood.  The  cover,  i,  is  lifted  off, 
the  grating,  a",  brought  into  a horizontal  position, 
and  three  waggons  of  ore  are  tipped  into  the  appar- 
atus. The  cover  is  then  firmly  bolted  on.  Whilst 
this  is  being  done  above,  the  receiver,  k,  is  brought 
under  the  apparatus,  the  joint  made  tight,  and  the 
cocks,  r r',  connected.  Steam  is  now  let  in ; it  first  of 
all  condenses  on  meeting  with  the  cold  damp  ore, 
and  the  temperature  of  the  ore  gradually  rises  till  at 
last  it  reaches  that  of  the  steam  (125°  to  13.5°  C.,  or 
257°  to  293°  Fahr.);  the  condensed  water  is  run  out 
of  the  receiver,  and  soon  the  sulphur  melts  and 
runs  out  of  the  ore. 

After  a lapse  of  thirty  to  fifty  minutes  the  ore  is 
desulphurized,  and  the  sulphur  has  collected  in  the 
receiver.  The  steam  is  now  shut  off,  and  turned  on 
into  an  adjoining  apparatus.  On  opening  the  cock, 
o',  the  sulphur  runs  out  into  a wooden  mould  stand- 
ing in  the  pit,  z\  and  the  operation  is  finished.  The 
connection  with  the  adjoining  apparatus  is  broken, 
and  any  steam  remaining  allowed  to  escape.  The 
cover  and  the  receiver  are  removed,  and  the  screws, 
A,  drawn  back.  The  grating  opens,  and  the  desul- 
phurized ore  falls  down  into  the  shaft  and  is  used 
in  the  mine  for  filling  up  the  excavations. 

The  whole  operation  lasts  from  one  and  a half  to 
two  hours ; it  does  not  do,  however,  to  reckon  upon 
more  than  eight  operations  in  the  twenty-four  hours. 
Each  apparatus  will  take  53  cubic  feet  (1^  cubic 
metre)  of  ore.  The  temperature  required  varies 
with  the  ores,  but  293  Fahr.  (135°  C.)  is  generally 
sufficient.  The  mine  at  Latera  furnishes  a very 
compact  ore,  which  is  not  thoroughly  acted  on  by 
this  temperature.  The  average  contents  at  Latera 
amount  to  about  13  per  cent.;  the  yield  is  11^  to 
Ilf.  so  that  1^  to  1^  per  cent,  of  sulphur  remains  in 
the  residues.  Each  operation,  with  about  25  to  27.|- 
cwtfi.  (1300  to  1400  kilos.)  of  ore  yields  about  3J 
cwts.  (165  kilos.)  of  sulphur,  and  requires  as  fuel  2^^ 
cwts.  (130  kilos.)  of  medium  quality  oak,  with  10 
per  cent,  of  water.  The  amount  of  fuel  will  vary 
very  little  with  the  yield;  it  would  be  more,  per- 
haps, in  treating  very  compact  ores. 

In  order  to  compare  the  steam  and  calcarone  and 
doppione  processes  exactly,  we  assume  that  it  is  the 
case  of  a mine  furnishing  yearly  30,000  tons  of  ore 
with  20  per  cent,  real  contents  of  sulphur,  the  cubic 
yard  weighing  19^  cwts.  (1  cubic  metre  weighing 
1300  kilos.).  In  reality,  it  is  only  the  steam  appa- 
ratus and  calcarone  that  come  into  com[)etition, 
because  the  doppioni  are  only  fit  for  a small  output, 
require  ore  with  very  little  or  no  moisture  and  much 
fuel,  and  are  soon  worn  out  as  the  iron  gets  eaten 
away. 

A furnace  with  eight  retorts,  working  20  per  cent, 
ore,  yielding  17  per  cent.,  can  make  two  distillations 
in  twenty-four  hours,  working  over  2400  kilos.  (47 


cwts.)  of  ore,  and  producing  408  kilos.  (8  cwts.)  of 
sulphur.  Omitting  a sinking  fund  and  general  ex- 
penses, a ton  of  sulphur  under  these  circumstances 
would  cost : — 

Francs. 

5,900  kilos.  20  ])er  cent,  ore,  with  20  per  cent. 


yield,  at  4 francs  60  cents.  * per  ton, 27 ‘14 

2,500  kilos,  wood,  at  15  francs  per  ton, 37’.50 

Wages, 18'75 


83-39 

This  holds  good  for  ores  like  those  found  at 
Latera.  In  the  case  of  the  more  fusible  ores  in 
the  Romagna  three  distillations  may  be  made  in 
the  twenty-four  hours,  and  the  cost  of  fuel  and 
wages  becomes  less,  so  that  the  cost  price  is  reduced 
from  83  francs  39  cents,  to  64  francs  63  cents. 

A doppione  furnace,  with  eight  retorts  and  a shed, 
will  cost  from  3500  to  4000  francs. 

Cost  of  1 ton  of  sulphur  by  the  calcarone  process, 
excluding  sinking  fund  and  general  expenses  : — 

Franca. 

7,140  kilos.  20  per  cent,  ore,  yielding  14  per 


cent,  at  4 francs  60  cents., 32'84 

Filling,  liquation,  &c., 6'75 

fauperiuteudence,  storing,  &c. , 1 "35 


40-94 

Cost  of  1 ton  of  sulphur,  with  the  steam  appa- 


ratus : — 

Francs. 

5,405  kilos,  of  20  per  cent,  ore,  yielding  18J 
per  cent.,  at  4 francs  60  cents,  per  ton,....  24-86 

Filling,  liquation,  <Ssc., 5-65 

360  kilos,  oak,  with  10  per  cent,  moisture,  or 

160  kilos,  coal  at  65  Irancs  per  ton, 10-40 

Superintendence,  storing,  sundries, 2-50 


43-41 

It  has  been  assumed  that  the  eight  apparatuses 
will  make  57  liquations  in  twenty-four  hours,  three 
charges  being  put  through  every  eight  hours.  Each 
apparatus  working  through  1950  kilos,  of  ore  as  a 
charge  would  give  360  kilos,  of  sulphur ; in  twenty- 
four  hours,  therefore,  20,502  kilos,  of  sulphur  would 
be  obtained,  and  the  assumed  annual  out-put  of 
30,000  tons  would  be  worked  through  in  270  days. 

Taking  100  francs  as  the  value  of  the  ton  of 
sulphur  at  the  mine,  we  get  for  the  calcaroni — 


Francs. 

4‘200  tons,  at  100  francs, 420.000 

Expenses,  4200  X 40-94, 171,948 

Profit, 248,0,52 

For  the  steam  apparatuses — 

Francs. 

5.500  tons,  at  100  francs, 5.50,000 

Expenses,  5500  X 43-41, 238,755 

Profit, 311,245 


We  have  therefore  a sum  of  63,193  francs  in  favour 
of  the  steam  process.  However,  the  original  cost 
and  expense  of  repairs — i.e.,  the  sinking  fund — alter 
this  result  considerably. 

Working  with  calcaroni  on  the  scale  above  men- 
tioned would  require  at  least  30  apparatuses,  at 

• This  is  50  centimes  less  than  the  sum  mentioned  by 
Signor  Pakodi  as  the  cost  of  the  ton  of  ore  on  the  mine. 
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1400  francs  = 42,000  francs,'  which  might  be  paid 
off  in  eiirht  years,  with  a yearly  sinking  fund  of 
4398  francs. 

The  steam  process  in  Sicily  requires — 

Francs. 

Eight  apparatuses  (40  tons  each), 50  000 

Two  steam  boilers  and  chimney, 28,000 

Jacketing,  pump,  framework, 4,000 

Masonry,  rooting,  &c., 12,000 

94,000 

These  figures  are  estimated  according  to  the  prices 
of  ironwork  in  Sicily  in  1873,  including  carriage 
and  duty. 

The  cost  of  the  apparatuses  should  be  paid  off  in 
five  years,  that  of  the  boilers  and  sheds  in  ten  years. 
This  would  require  an  annual  sinking  fund  of  16,473 
francs;  therefore  the  above-mentioned  profit  of 
63,193  francs  would  be  reduced  to  46,720  francs. 
The  steam  process  therefore  still  effects  a very  con- 
siderable saving.  The  ores,  too,  can  be  v orked  over 
as  fast  as  they  are  raised,  and  there  is  no  necessity  for 
storing  the  ore  for  a considerable  time,  as  is  cus- 
tomary in  Sicily.  Finally,  the  workmen  can  easily 
be  paid  according  to  the  amount  of  sulphur  pro- 
duced. The  process  is  carried  on  in  inclosures, 
and  there  is  no  fear  of  any  sulphur  being  stolen. 

The  mode  of  leasing  mines  in  Sicily  prevents 
many  lessees  from  introducing  these  apparatuses. 
The  mines  are  let  out  for  a certain  number  of  years 
on  condition  of  giving  up  20  to  35  per  cent,  of  the 
produce  in  kind.  Under  these  circumstances  the 
steam  process  would  be  particularly  advantageous 
to  the  proprietor  or  “ lord  ” of  the  mine,  but  not  so 
much  so  to  the  lessee. 

If  the  rent  were  30  per  cent,  of  the  out-put,  the 
profit  of  the  lessee  would  only  be  increased  13,448 
francs,  whilst  the  lessor  or  “lord”  of  the  mine 
would  get  1665  tons  of  sulphur  instead  of  1260 
tons,  and  would  thereby  gain  40,500  francs. 

We  have  not  taken  into  consideration  any  royalty 
for  the  use  of  the  patent.  It  may  now  be  seen 
what  an  error  inventors  made  who  only  looked  at 
the  higher  yield,  and  not  at  the  total  cost  of  work- 
ing, and  asked  for  a royalty  of  4000  to  5000  francs 
for  each  apparatus.  With  the  expensive  fuel  in 
Sicily  and  the  Romagna,  the  steam  process  will  only 
be  possible  where  the  patent  royalties  are  very 
small,  as  at  Latera,  or  where  the  patent  rights  have 
lapsed. 

The  steam  apparatus  now  used  at  Castel  Termini 
differs  from  that  of  Pirckiiey.  It  consists  of  a 
cylindrical  vessel  of  cast  iron,  about  16  feet  long  by 
4 feet  in  diameter,  closed  at  one  end.  It  is  mounted 
like  a gun  on  trunnions.  The  cylinder  is  charged 
with  the  open  end  uppermost,  the  cover  is  then 
fastened  on,  and  the  cylinder  turned  to  a horizontal 
position ; steam  is  let  in,  and  the  liquation  of  the 
sulphur  effected.  The  sulphur  is  run  off  by  tilting 
the  cylinder,  and  finally,  the  spent  residues  are  dis- 
charged by  removing  the  cover.  The  horizontal 
position  during  fusion  is  found  to  be  preferable,  as 
the  melted  sulphur  has  only  to  drain  through  a height 
equal  to  the  diameter;  whilst,  if  it  were  maintained 

in  a vertical  position,  it  would  have  four  times  that 
distance  to  drain,  and  the  time  for  a fusion  would 
be  considerably  lengthened.  There  is  a great  loss 
of  time  in  loading  and  unloading,  and  as  compared 
with  the  calcaroni,  a very  small  quantity  of  ore  can 
be  treated  at  one  time.  Admitting  all  the  defects 
of  the  calcaroni,  it  is  doubtful  whether  anything  has 
yet  been  invented  to  supersede  them  entirely,  for 
the  cost  of  liquation  is  so  small,  only  about  5 francs 
per  cflssa  of  6'40  cubic  metres  (8^  cubic  yards). 

8.  Extraction  of  Sulphur  hy  Bisulphide  of  Carbon. — 
The  process  proposed  by  Bollmann  consists  of  three 
operations; — 1st.  Desulphurization  of  the  ore  by 
means  of  successive  washings  with  bisulphide  of 
carbon  in  a series  of  vessels  communicating  with 
one  another.  The  ore  and  the  solvent  should  pass 
regularly  from  one  vessel  to  another  in  the  inverse 
sense ; that  is  to  say,  the  first  vessel  should  contain 
nearly  exhausted  ore  and  pure  bisulphide  of  carbon, 
and  the  last  bisulphide  of  carbon  all  but  saturated,  and 
fresh  ore.  2nd.  Distillation  of  the  saturated  solution 
of  sulphur  in  a retort  heated  gently.  The  sulphur 
is  obtained  as  a residue,  and  the  bisulphide  of  carbon 
condensed  at  the  same  time  serves  for  another  opera- 
tion. 3rd.  Separation  of  the  bisulphide  of  carbon 
mechanically  mixed  with  the  sulphur  by  means  of  a 
jet  of  superheated  steam.  The  bisulphide  is  con- 
densed with  the  steam,  and  separates  itself  as  a 
layer  floating  on  the  water.  The  process  was  tried 
in  1868,  near  Naples,  but  it  has  not  been  introduced 
at  any  sulphur  mines ; indeed,  it  is  doubtful  whether 
it  could  be  worked  profitably  on  a large  scale. 
Pelouze  * proposes  to  dissolve  out  the  sulphur 
from  poor  ores  and  Laming’s  mixture  by  means  of 
coal-tar  oils. 

Determination  of  Sulphur  in  Sulphurous 
Earths. — A rougli  and  ready  method  of  deteiunining 
the  quantity  of  native  sulphur  is  to  weigh  out  a 
quantity  of  the  ore  and  set  fire  to  it.  The  loss  of 
weight  by  burning  gives  roughly  the  amount  of 
sulphur.  A more  exact  method  is  to  use  bisul- 
phide of  carbon  to  dissolve  out  the  sulphur;  in 
fact,  the  method  proposed  for  extracting  sulphur 
on  a large  scale.  According  to  Anthon,  f “ 2 grams, 
of  coarsely  pulverized  ore  are  heated  in  a glass  tube 
of  10  to  16  inches  in  length  and  4 lines  in  width, 
which  is  closed  on  one  side,  and  into  the  open  end 
of  which  another  tube,  also  closed  on  one  side,  is 
introduced  up  to  within  3 inches  of  the  ore.  When 
no  more  sulphur  issues  from  the  ore,  that  piece  of 
the  latter  tube  in  which  the  sulphur  has  been  con- 
densed is  cut  off  and  weighed.  The  sulphur  is  then 
removed,  and  the  empty  tube  weighed  again,  the 
difference  of  the  two  weights  giving  the  available 
amount  of  sulphur  in  the  ore.”  For  treating  larger 
quantities  an  earthen  retort  is  used,  and  the  sulphur 
that  distils  over  is  collected  and  weighed. 

Direct  Extraction  of  Sulphur  from  Iron 
Pyrites  and  other  Sulphides. — The  immense 
quantity  of  sulphur  stored  up  in  the  shape  of 

* Berg  und HuUenmdnnische  Zeitung,  vol.  xxxi.  p.  184. 1872. 

t Statistics  of  Mines  and  Mining  K.  W.  Raymond,  Wash- 
ington, 1873. 
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sulphate  of  lime  and  baryta,  as  well  as  the  sulphides 
of  iron,  zinc,  lead,  and  copper,  is  almost  beyond 
calculation.  There  is  good  reason  to  suppose  that 
at  some  future  time  little  of  the  sulphur  combined 
with  these  metals  will  be  lost.  The  sulphur  that 
is  used  in  the  manufacture  of  suljihuric  acid  is  now 
mainly  derived  from  the  metallic  sulphides,  and  the 
element  itself  can  also  be  obtained  from  some  of 
them.  Iron  pyrites,  FeSg,  when  heated  in  a close 
vessel,  yields  a part  of  its  sulphur,  some  chemists  say 
one-third,  others  three-sevenths.  The  reactions  being 
3FeS2  = FcgS^  -f  2S  and  TFeS^  = FeSg.bFeS  + GS. 
Copper  pyrites  also  evolves  some  of  its  sulphur 
under  the  influence  of  heat.  Sulphur  may  be  ex- 
tracted from  iron  pyrites — 1st,  by  roasting  in  heaps 
and  kilns ; 2nd,  by  distillation  in  closed  vessels. 

Rnantimj  in  Heaps  and  Kilns. — In  roasting  pyritous 
ores  in  heaps  some  sulphur  is  obtained  by  making 
little  pits  or  holes  in  the  top.  The  sulphur  which 
is  set  free  from  the  pyrites  by  the  heat  of  the  roast- 
ing condenses  in  the  pits,  and  is  ladled  out  from 
time  to  time.  It  is  by  this  means  that  sulphur  has 
been  got  from  the  Rammelsberg  ores,  treated  at 
Oker  in  tlie  Lower  Hartz. 

At  Agordo,  in  Venetia,*  a cupriferous  pyrites  is 
roasted  either  in  heaps  or  kilns.  Round  holes  are 
made  in  the  upper  surface  of  a heap  about  11  inches 
in  diameter  by  4 inches  deep,  and  the  liquid  sul- 
phur is  taken  out  by  iron  ladles.  Obtained  in  this 
way  the  sulphur  is  very  impure,  being  contaminated 
with  arsenic,  as  well  as  with  other  metallic  and 
earthy  matters  carried  off  during  the  distillation, 
or  brought  away  mechanically  during  the  ladling 
out.  In  order  to  purify  it  somewhat  it  is  remelted, 
the  floating  scum  skimmed  off,  and  the  sulphur 
poured  into  wooden  moulds.  This  operation  effects 
the  separation  of  the  earthy  and  some  of  the  metal- 
lic matter,  but  not  of  the  arsenic  with  which  it  is 
largely  contaminated. 

The  Styrian  kilns  used  at  Agordo  have  a rectangu- 
lar base  about  56  feet  long  by  13  feet  wide.  The 
side  walls  care  about  10  feet  high,  with  two  sets  of 
openings  left  in  them  ; the  one  to  let  in  .air  to  supply 
the  combustion,  and  the  other  leading  into  little 
niches  or  chiunbers  for  collecting  sulphur  that  is 
volatilized.  Kilns  have  also  been  employed  for 
roasting  cupriferous  pyrites  of  Wicklow,  Fahlun, 
.and  Huelva,  f and  a small  proportion  of  the  sulphur 
obtained  as  a by-product. 

Distillation  or  Pip'ites  in  Retorts,  f — In  the  neigh- 
bourhood of  Falkenau  in  Bohemia  iron  pyrites  and 
marcasite,  containing  about  50  per  cent,  of  sulphur, 
are  distilled  in  fire-cl.ay  retorts,  .and  about  20  per 
cent,  of  sulphur  is  obtained.  The  residues  are 
piled  up  in  heaps  and  exposed  to  the  weather,  and 
after  the  l.apse  of  from  one  to  three  years  the  heaps 
are  lixiviated,  and  green  vitriol  obtained. 

* Statistica  del  Regno  d’ltalia,  Industria  mineralia,  Re- 
laziune  degl’  Ingegneri  del  Real  Corpo  delle  Miniere. 
Florence,  18G8. 

Beig  will  HUttenm&nnische  Zeitung.  vol.  xxiv.,  1865,  p. 

‘202. 

J Deukbuch  cits  Oaterreichischen  Berg  und  Hiittenvxsens. 
1873,  p.  140. 


A similar  process  is  used  for  distilling  pyrites  in 
Silesia. 

Extraction  of  Sulphur  from  Alkali  Waste. — 
See  Soda,  vol.  ii.  p.  843. 

Refining  of  Crude  Sulphur. — The  sulphur  ob- 
tained by  liquation  from  the  calcaroni  is  not  suf- 
ficiently pure  for  all  purposes,  and  has  sometimes  to 
be  submitted  to  a process  of  refining.  In  1815  a 
manufacturer  named  Michel,  of  Marseilles,  devised 
an  apparatus  which,  with  some  slight  modification,  is 
used  up  to  the  present  day.  The  drawing  (Fig.  11) 
represents  a retort  wherein  the  sulphur  is  con- 
verted into  v.apour,  and  a condensing  chamber  in 
which  this  is  reconverted  into  solid  sulphur.  The 
apparatus,  as  in  the  drawing,  consists,  first,  of  a 
retort,  C,  beneath  which  is  a furnace,  a;  this  retort 


Fig.  11. 


is  filled  with  liquid  sulphur  from  the  reservoir,  B, 
wherein  the  crude  sulphur  is  melted  by  the  waste 
heat  of  the  furnace  to  facilitate  its  introduction  to 
the  retorts.  When  the  retort  has  become  suf- 
ficiently hot,  the  sulphur  begins  to  pass  as  vapour 
through  the  tube  or  opening,  D,  into  the  condensing 
chamber,  E.  This  chamber  is  built  entirely  of  brick, 
with  a well-cemented  brick  floor.  On  its  upper  part 
a small  chimney  is  erected ; this  chimney  contains  a 
sort  of  wooden  valve  or  door,  cap.able  of  opening 
outwards,  to  allow  the  expanded  air  to  escape,  and 
in  case  of  explosion  to  allow  the  gases  produced 
immediate  exit.  This  apparatus  when  cold  allows 
solid  sulphur  to  form  at  once  in  the  shape  of  the 
ordinary  commercial /foice?’.?  of  sulphur;  the  vapours 
i immediately  on  coming  into  contact  with  the  cold 
' chambers  are  chilled,  and  fall  as  a minutely  divided 
solid.  These  flowers,  as  they  are  called,  are  removed 
before  the  chamber  gets  hot,  which  is  the  case  after 
a few  days’  working,  the  whole  of  the  heat  which 
the  sulphur  had  taken  up,  in  order  to  become  v.apour, 
being  given  out  to  the  walls ; they  thus  acquire  so 
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high  a temperature  as  to  fuse  sulphur,  therefore  it 
can  no  longer  become  solid  in  contact  with  them, 
but  condenses  on  their  surface  in  a liquid  form,  and 
runs  to  the  bottom,  where  it  collects.  When  tlie 
operator  is  satisfied  that  sufficient  has  distilled  over, 
he  proceeds  to  remove  it ; this  he  does  by  means  of 
the  plug  apparatus,  figured  at  r,  which  is  simply  an 
iron  plug  with  a tolerably  long  shank  or  handle,  as 
is  shown  in  the  drawing.  By  pushing  this  plug 
inwards  he  opens  the  passage  for  the  flow  of  the 
liquid  sulphur,  which  runs  into  suitable  moulds,  to 
form  the  stick  or  roll  sulphur  of  commerce.  The 
residue  is  raked  out  of  the  retort,  which  is  imme- 
diately charged  again  by  removing  the  plug  which 
closes  the  tube  or  passage  between  the  vessel,  B, 
and  the  retort. 

A better  apparatus  is  figured  in  Paten’s  Precis 
de  Chimie,  in  which  two  retorts  are  attached  to 
one  condensing  chamber ; these  retorts  are  cylin- 
drical, and  resemble  to  a certain  extent  ordinary 
gas  retorts.  A portion  of  the  door  which  closes  the 
outer  end  of  the  retort  is  movable,  to  enable  the 
operator  to  rake  out  the  debris  after  distillation ; 
the  other  end  of  the  retort  rises  like  a swan’s  neck 
before  opening  into  the  condensing  chamber.  Over 
these  openings  or  orifices  within  the  chamber  hangs 
a damper  or  register  in  such  a manner  that  it  can, 
from  the  outside,  be  placed  over  them,  thus  cutting 
off  all  communication  between  the  retort  and  the 
chamber.  A fusing  vessel  heated  by  the  waste  heat 
is  attached,  as  in  the  drawing  just  given.  This 
description  of  apparatus  has  the  advantage  that  by 
its  means  the  operations  can  be  rendered  continuous. 
For  instance,  let  one  retort  be  called  A,  the  other  b; 
suppose  retort  A charged  at  a certain  hour,  and 
retort  b charged  some  two  hours  later,  it  is  certain 
that,  if  charged  with  an  equal  weight  of  raw 
material,  the  retort  a would  be  ready  for  recharging 
two  hours  before  retort  B.  Supposing  this  to  be 
the  case,  the  damper  or  sliding  plate  is  allowed  to 
fall  over  the  opening  of  retort  B,  thus  closing  the 
passage  between  it  and  the  condenser,  and  preventing 
the  rushing  back  of  any  sulphur  vapour.  The  cover 
is  removed  from  the  front  opening,  the  impure 
residue  raked  out,  after  which  it  is  again  closed ; 
the  entrance  into  the  condensing  chamber  is  again 
opened ; a charge  of  sulphur  is  run  in  from  the 
fusing  vessel,  and  the  distillation  again  commences. 
During  the  whole  of  these  operations  retort  B has 
been  uninterruptedly  at  work ; but  eventually  the 
same  operations  have  to  be  performed  in  connection 
with  it  as  have  been  detailed  with  respect  to  retort  A. 
Thus  between  the  two  a constant  stream  of  sulphur 
vapour  is  being  perpetually  driven  into  the  con- 
densing chamber ; the  work  going  on  almost  without 
interruption,  as  the  retorts  never  want  charging 
simultaneously. 

Sulphur  thus  produced  is  almost  pure.  It  is 
true  that  the  sublimed  sulphur  in  powder — that 
is,  the  flowers  of  sulphur — contains  a small  quantity 
of  sulphur  dioxide,  which,  when  the  sulphur  has 
to  be  applied  to  certain  purposes,  must  be  removed 
by  washing  with  water.  This,  however,  is  the  only 


body  with  which  it  is  contaminated;  the  roll  sulphur 
is  free  from  sulphur  dioxide. 

Combinations  of  Sulphur. — Sulphur  enters  into 
many  combinations,  both  simple  and  complex ; it 
combines  with  hydrogen,  and,  with  a few  exceptions, 
with  all  the  metals,  with  oxygen  in  several  propor- 
tions, with  carbon,  phosphorus,  chlorine,  iodine,  and 
bromine. 

Sulphides. — Sulphide  of  hydrogen,  sulphydric  acid, 
or  sulphuretted  hydrogen,  H2S,  is  the  transparent 
colourless  gas,  well-known  for  its  nauseous  odour, 
which  is  most  offensive  when  in  very  small  quantity. 
It  exists  in  many  mineral  springs,  such  as  Harrogate 
and  others.  It  is  a product  of  the  decomposition 
of  many  organic  bodies,  and  is  evolved  by  putrid 
bodies,  and  is  the  cause  of  the  smell  of  rotten  eggs, 
the  albumen  of  which,  in  undergoing  decay, 
gives  off  its  sulphur,  or  a part  of  it,  as  sulphide 
of  hydrogen. 

The  density  of  sulphuretted  hydrogen  is  17, 
hydrogen  being  1.  It  may  be  liquefied  by  pres- 
sure of  17  atmospheres,  at  50°  Fahr.  (10°  C.),  and 
even  solidified  by  a powerful  refrigeration.  It  is 
a most  poisonous  gas;  air  containing  one-tenth  of  a 
per  cent,  of  this  gas  causes  the  death  of  some  small 
animals.  It  acts  as  a powerful  narcotic.  It  burns 
with  a blue  flame. 

The  gas  is  soluble  in  water,  which,  when  cold, 
takes  up  about  its  own  volume  ; this  solution  forms 
a useful  laboratory  reagent. 

Sulphuretted  hydrogen  may  be  prepared  by  add- 
ing an  acid  to  any  soluble  sulphide,  such  as  those 
of  the  alkalies  or  the  alkaline  earths,  or  to  an 
insoluble  sulphide,  such  as  sulphide  of  iron  or  sul- 
phide of  antimony.  The  most  general  method  consists 
in  adding  dilute  sulphuric  acid  to  sulphide  of  iron. 

The  decomposition  which  produces  this  gas  is  very 
simple — 

FeS  + HjS04  = FeS04  + HjS. 

Finely  powdered  antimony  trisulphide  yields  sul- 
phuretted hydrogen  when  acted  on  by  boiling 
hydrochloric  acid.  The  reaction  is  thus — 

SbjSj  + 6HC1  = 2SbCl3  + SHjS. 

Persulphide  of  hydrogen  (HgSg  or  HgSg)  is  pro- 
duced in  the  form  of  oily  drops,  when  a solution  of 
potassium  pentasulphide  is  poured  into  dilute  hydro- 
chloric acid.  It  is  very  unstable;  the  greatest  care 
and  precaution  cannot  preserve  it  more  than  a few 
weeks,  even  though  it  be  sealed  hermetically  in  a 
glass  tube.  It  simply  forms  a link  in  the  chain  of 
combinations  that  sulphur  is  capable  of  forming. 

Metallic  Sulphides. — In  speaking  of  the  natural 
compounds  of  sulphur  many  of  these  have  been 
named,  and  attention  need  here  only  be  called  to 
the  fact,  that  the  artificial  formation  of  the  metallic 
sulphides  is  of  constant  occurrence  in  analysis.  By 
the  property  of  forming  soluble  or  insoluble  sul- 
phides chemists  are  able  to  separate  the  metals  into 
three  classes.  The  following  metals  are  thrown 
down  as  sulphides  by  sulphuretted  hydrogen  from  an 
acid  solution — gold,  platinum,  mercury,  silver,  lead. 
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bismuth,  and  copper,  black  precipitates;  antimony, 
orange;  arsenic,  tin,  and  cadmium,  yellow.  The  follow- 
ing metals,  though  not  precipitated  from  their  acidi- 
fied solutions,  are  thrown  down  as  sulphides  when 
sulphuretted  hydrogen  is  passed  through  their 
alkaline  solutions — nickel,  iron,  cobalt,  yellow;  man- 
ganese, flesh-coloured;  zinc,  white.  The  sulphides  of 
barium,  strontium,  calcium,  lithium,  sodium,  and 
potassium,  are  soluble  in  water. 

Compounds  0/  Sulphur  and  Oxygen. — Sulphur  forms 
two  compounds  with  oxygen  — sulphurous  oxide, 
SOj,  and  sulphuric  oxide,  SO3.  The  latter  will  be 
treated  in  the  article  on  Sulphuric  Acid. 

Sulphurous  Oxide,  SulfAur  Dioxide,  Sulphurous  Anhy- 
dride, Sulphurous  Acid,  SOg. — The  irritating  vapour 
or  gas  given  off  by  burning  sulphur.  It  is  a 
transparent  colourless  gas,  thirty-two  times  heavier 
than  hydrogen ; it  is  capable  of  assuming  the 
liquid  form,  like  carbonic  anhydride,  sulphuretted 
hydrogen,  and  sundry  other  gases,  at  an  increased 
pressure  with  a very  low  temperature.  Faraday 
liquefied  it . with  a pressure  of  from  three  to  five 
atmospheres.  Its  boiling  point  is  — 10°  C.  (14° 
Fahr.).  The  rapid  evaporation  of  the  liquid  anhydride 
under  an  air-pump  generates  enough  cold  to  freeze 
it.  Solid  sulphurous  anhydride  is  heavier  than  the 
liquid,  and  melts  at  about  — 79°  C.  Sulphurous 
anhydride  may  be  produced  either  by  the  oxidation 
of  sulphur  or  the  abstraction  of  oxygen  from  sul- 
phuric acid. 

When  sulphur  is  made  to  burn  in  oxygen  gas  or 
common  air  sulphurous  anhydride  is  obtained.  If 
it  is  desired  to  pass  a stream  of  the  gas  through 
any  liquid  intended  to  absorb  it,  the  sulphur  must 
be  burnt  in  a close  vessel  or  apparatus,  which  has  a 
strong  asi>irator  attached;  the  vessel  containing 
the  liquid  to  be  treated  being  placed  between 
the  gas  generator  and  the  aspirator.  The  method 
generally  adopted  for  procuring  .sulphurous  oxide  is 
that  of  depriving  sulphuric  acid  of  one  equivalent 
of  oxygen  by  any  convenient  reagent.  A mixture 
of  strong  oil  of  vitriol  and  sulphur  heated  in  a 
flask,  which  has  a delivery  tube  attached,  serves 
very  well. 

Sulphurous  anhydride  as  nearly  pure  as  possible, 
in  fact,  quite  pure  if  made  to  traverse  a little  water 
to  take  up  any  sulphuric  acid  carried  over,  may  be 
obtained  by  heating  sulphuric  acid  with  one-third  its 
weight  of  copper  turnings  or  clippings.  The  re- 
action is  as  follows — 

2H2SO4  + Cu  = C11SO4  4"  2HgO  4~  SOg. 

Mercury  may  be  substituted  for  the  copper,  when 
a like  reaction  takes  place.  As  water  dissolves  at 
the  ordinary  temperature  thirty-three  times  its  bulk 
of  sulphurous  anhydride,  the  gas  cannot  be  collected 
over  water.  Its  high  specific  gravity,  more  than 
double  that  of  air,  allows  the  method  of  displacement 
to  be  employed,  and  it  may  also  be  collected  by 
means  of  the  mercurial  trough. 

Sulplmrous  acid,  HoSOg,  has  been  obtained  in 
crystals  by  cooling  a saturated  solution  of  the  acid 
obtained  by  passing  the  anhydride  into  w'ater.  A 


hydrated  sulphurous  acid  is  also  known.  The  acid 
is  considered  to  exist  in  all  solutions  of  sulphurous 
anhydride  in  water.  The  acid  and  the  anhydride 
are  powerful  reducing  agents.  Acid  solutions  of 
the  manganates  and  chromates  are  decolorized  by 
them — in  the  latter  case  green  chromous  salts  are 
formed.  For  analyzing  the  commercial  sulphites, 
it  is  only  necessary  to  weigh  out  a stated  quantity 
of  the  sulphite  or  hyposulphite  to  be  examined, 
dissolve  it  in  water,  make  it  acid  with  hydrochloric 
acid,  and  then  to  note  the  number  of  measures  of  a 
normal  solution  of  potassium  bichromate  required  to 
be  added  to  convert  the  sulphurous  into  sulphuric 
acid,  and  data  are  obtained,  from  which  the  amount 
of  sulphurous  acid  in  the  sample  may  be  easily 
calculated.  This  reducing  property  of  sulphurous 
acid  has  been  turned  to  advantage  by  Bunsen  in 
the  indirect  analysis  of  various  bodies ; for  instance, 
in  the  valuation  of  manganese.  He  places  the 
manganese  in  a flask,  treats  it  with  hydrochloric 
acid,  and  passes  tlie  evolved  chlorine  into  a solution 
of  potassium  iodide , each  atom  of  chlorine  sets  free 
an  atom  of  iodine.  When  the  operation  is  over,  he 
disconnects  the  vessel  containing  this  iodine,  and 
adds  from  a burette  a normal  solution  of  sulphurous 
acid  until  the  precipitated  iodine  has  disappeared. 
Two  equivalents  of  iodine  convert  an  equivalent  of 
sulphurous  into  sulphuric  acid,  as  follows — 

HjSOj  + H2O  + 21  = H.;jS04  + 2HI. 

Thus,  tracing  the  reaction  back,  one  equivalent  of 
sulphurous  acid  represents  an  equivalent  of  binoxide 
of  manganese.  This  principle  is  applied  in  a variety 
of  ways.  The  deoxidising  power  of  sulphurous  acid 
is  taken  advantage  of  by  the  chemist  in  the  estimation 
of  arsenic.  When  arsenic  exists  as  arsenic  acid,  it  is 
very  slowly  thrown  down  by  sulphuretted  hydrogen, 
whereas  arsenious  acid  is  easily  precipitated.  Sul- 
phurous acid  possesses  the  power  of  abstracting 
oxygen  from  arsenic  acid,  and  reducing  it  to 
arsenious  acid,  so  that  if  a stream  of  sulphurous 
anhydride  be  passed  through  the  arseniate  to  be 
analyzed,  after  making  it  acid  with  hydrochloric 
acid,  it  is  converted  into  arsenious  acid,  which 
facilitates  its  precipitations  when  one  comes  to 
employ  sulphuretted  hydrogen. 

Sulphurous  anhydride  passed  through  a dilute 
solution  of  ferric  chloride  quickly  reduces  it  to  the 
ferrous  salt — 

FejClj  + SOj  + 2H.p  = 2FeCl2  + H.JSO4  + 2HC1. 

Sulphurous  acid  reduces  salts  of  gold,  throwing 
down  the  gold  in  the  metallic  state.  It  is  capable 
of  taking  up  the  second  equivalent  of  oxygen  from 
almost  every  metallic  binoxide. 

Sulphites. — Acid  sodium  sulphite  was  at  one  time 
an  article  of  commerce  under  the  half-fanciful  and 
half-true  ajjpellation  of  antichlore.  It  is  now  almost 
superseded  as  such  by  sodium  hyposulphite.  The 
name  antichlore  is  derived  from  the  use  to  which  it  is 
applied,  viz.,  to  correct  the  evil  effects  of  an  over- 
dose of  chlorine.  In  tlie  bleaching  of  paper  pulp,  if 
any  excess  of  chlorine  or  hypochlorite  has  been  used. 
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the  sulphite,  on  being  added,  neutralizes  it.  If,  for  was  a sulphite  ; if  the  precipitate  is  persistent,  a 
the  sake  of  illustration,  we  imagine  chlorine  to  have  sulphate  is  indicated.  Of  course,  both  may  be 
been  used,  then — l present. 

2C1  + NaHSO,  + HoO  = NaHSO,  + 2HC1.  specimen  of  sulphite  is  sure  to  contain  a 

1 quantity  of  sulphate,  formed  by  oxidation,  even 
This  hydrochloric  acid  can  be  taken  up  by  any  | though  pure  originally.  To  determine  absolutely 
alkali,  or  will  itself  decompose  a fresh  portion  of  the  : the  presence  or  absence  of  sulphurous  acid  in  a 
sulphite,  driving  off  sulphurous  acid.  body,  it  is  only  necessary  to  dissolve  it  in  hydro- 

Sulphites  are  used  by  some  in  the  manufacture  ; chloric  acid,  if  solid ; or  if  a liquid,  make  it  acid  to  the 
of  beet  sugar.  Pp,oust  recommended  them  and  a j same  extent,  and  add  a few  scraps  of  zinc.  If  the 
sulphurous  acid  solution  as  being  antiferments,  and  body  under  examination  contain  sulphurous  acid, 
having  also  other  advantages.  The  following  method  the  hydrogen  going  off  will  be  accompanied  by 
of  procuring  it  in  large  quantities  was  proposed  by  sulphuretted  hydrogen,  which  may  be  detected  by 
CALVEP.T,  in  a lecture  delivered  before  the  Society  the  smell,  or  by  its  blackening  paper  dipped  in  a 
of  Arts.  He  constructs  a sulphur  oven,  such  as  is  solution  of  a lead  salt.  This  test  will  discover  very 
used  in  the  manufacture  of  sulphuric  acid.  Within  minute  quantities  of  sulphurous  acid.  Such  is  its 
this  oven  the  sulphur  is  burned,  producing  sul-  delicacy  that  sulphurous  acid  may  be  detected  in 
phurous  acid.  An  earthenware  tube,  immersed  in  much  of  the  commercial  hydrochloric  acid ; it  arises 
water,  leads  from  this  burner  or  oven  to  a tall  from  the  action  of  the  strong  sulphuric  acid  on  the 
wooden  column  filled  with  pumice-stone,  or  other  iron-decomposing  vessel  employed.  The  reaction 
suitable  porous  body.  A cistern  of  water  is  placed  may  be  explained  as  follows — 
on  the  top  of  this  column,  to  which  cktern  a tap  or  ^ ^ 6HCl=3ZnCl,  + 3H,0  + H,S. 

valve  IS  attached,  by  means  of  which  a shower  of 

water  can  be  sprinkled  on  the  pumice-stone,  keeping  One  method  of  estimating  sulphurous  acid  has 

it  in  a moist  or  wet  state.  The  mixture  of  gases  been  given ; but  the  ordinary  method  is  to  convert  it 
issuing  from  the  burner,  consisting  of  sulphurous  into  sulphuric  acid,  and  then  proceed  in  the  manner 
acid,  atmospheric  air,  and  residual  nitrogen,  pass  followed  in  the  estimation  of  that  acid.  This  may 
along  the  conducting  tube,  enter  the  column  near  be  effected  by  several  oxidising  bodies.  It  is  some- 
the  bottom,  and  pass  up  its  whole  length,  thus  times  recommended  to  employ  nitric  acid,  but  there 
meeting  with  the  descending  water.  The  sulphurous  is  a chance  of  error  by  doing  so,  inasmuch  as  a 
acid  is  absorbed,  and  a constant  stream  of  the  solu-  quantity  of  the  sulphurous  acid  may  escape  whilst 
tion  issues  into  a cistern  placed  at  the  bottom  for  its  heating  it.  Perhaps  the  best  method  is  to  pass 
reception,  while  the  residual  gases  pass  out  into  the  through  the  sulphurous  acid  or  the  sulphite  to  be 
atmosphere.  analyzed  a current  of  chlorine  until  the  liquid  smells 

Some  brewers  employ  a solution  of  sulphurous  of  the  latter  gas,  placingrit  on  a sand  bath  until  all 
acid  to  rinse  out  beer  barrels  after  washing,  as  it  smell  has  disappeared,  then  precipitate  with  a salt  of 
possesses  the  property  of  arresting  the  acetic  fer-  barium,  collect,  wash,  ignite,  &c.,  exactly  as  indicated 
mentation.  under  the  head  Sulphuric  Acid. 

Sulphurous  acid,  when  present  in  a free  state  in  The  conversion  of  a sulphite  into  a sulphate  may 

small  amounts,  is  easily  detected  by  its  suffocating  also  be  effected  by  the  dry  way,  by  heating  the  salt 
odour.  It  does  not,  like  sulphuric  acid,  give  any  in  a platinum  crucible  with  4 parts  of  a mixture 
reactiou  with  a salt  of  barium,  except  when  com-  of  equal  parts  of  sodium  carbonate  and  potassium 
bined  with  a base.  This  is  on  account  of  the  sul-  nitrate  (Fresenius). 

phite  of  barium — unlike  the  sulphate — being  soluble  Corresponding  to  sulphurous  acid  is  a series  of 

in  free  acid.  When  sulphuric  acid  is  added  to  a salt  salts  called  sulphites,  one  of  which  has  been  already 
of  barium,  s uphate  of  barium  is  formed,  and  the  mentioned,  the  sulphite  of  sodium.  These  sulphites 
acid  corresponding  to  the  barium  salt  is  set  free.  But  have  been  shown  by  Dr.  Muspratt  to  bear  a strong 
this  acid  can  exert  little  or  no  action  on  the  sulphate  resemblance  to  carbonates,  being  also  isomorphous 
of  barium.  Now,  on  adding  sulphurous  acid  to  a with  the  latter  salts.  The  following  list  proves  the 
salt  of  barium,  the  sulphite  of  barium  would  dissolve  analogy : — 

in  the  acid  set  free.  But  in  the  case  of  a salt  being  sulphites  Carbonates, 

added,  this  does  not  occur.  No  acid  is  set  free  to  K2SO., -p  2H2O  K2CO3-H2H2O 

exert  a solvent  action.  For  instance,  if  to  a solution  KHSO3  KHCO3  „„  „ 

• jii  i+*  £ 1 i,‘*  NaoSOo  + lOHoO  Na.>COo  + lOH.jO 

of  cnlonde  of  barium  is  added  a solution  of  sulphite  NaH.''0  ' NallCO^ 

of  sodium,  a white  precipitate  of  sulphite  of  barium  NaIlS03  + NaHCOj  + 4HjO 

will  be  produced — 

^ SrS03  SrCOo 

Na2S03  + BaClj  = BaS03  + 2NaCl.  + SH^O  MgCOg  -f-  3H.,0 

^ ^ ^ ■*  MnS03  + 2H2O  M11CO3  + 2II3O 

Supposing  it  to  have  been  doubtful  whether  the  salt 
employed  was  a sulphite  or  a sulphate,  one  can  now 

determine  the  point  by  the  addition  of  an  acid,  say  Sulphite  of  sodium  is  the  only  salt — with  the  ex- 
hydrochloric  acid.  Sulphite  of  barium  being  soluble  ception  of  a mixed  sulphite  of  calcium  and  mag- 
in  this  acid,  the  precipitate  will  disappear  if  the  salt  nesium — which  is  manufactured  on  a large  scale 
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Sulphite  of  sodium  is  made  by  passing  a stream 
of  sulphurous  anhydride  through  a solution  of  car- 
bonate of  sodium ; carbonic  anhydride  is  displaced, 
and  sulphite  of  sodium  is  formed. 

On  the  large  scale,  the  same  method  as  is  pursued 
in  the  manufacture  of  bicarbonate  may  be  followed 
for  the  production  of  the  sulphite.  A chamber 
or  suitable  large  vessel  is  so  constructed  that  a 
stream  of  sulphurous  anhydride  from  burning  sul- 
phur may  be  drawn  through.  This  chamber  or 
vessel  is  filled  with  crystals  of  carbonate  of  sodium  ; 
the  stream  of  sulphurous  anhydride  in  its  passage 
through  the  interstices  of  the  mass  is  taken  up, 
carbonic  anhydride  being  evolved.  The  passage  of 
the  gas  must  be  continued  until  a sample  taken  out 
of  the  chamber,  on  being  dissolved,  has  an  acid 
reaction  with  litmus  paper.  The  mass  of  what  was 
originally  carbonate  of  sodium  has  now  become  a 
mixture  of  sulphite  and  bisulphite  of  sodium.  This 
is  now  dissolved  in  water,  and  brought  to  the  boiling 
point ; a solution  of  carbonate  of  sodium  must  now 
be  added,  until  the  last  addition  causes  no  evolution 
of  carbonic  anhydride ; the  whole  is  now  brought  to 
the  state  of  neutral  sulphite ; and  after  standing 
to  deposit  any  mechanical  impurities,  may  be  run  off 
into  a suitable  vessel  to  crystallize. 

The  sulphites  of  potassium  and  ammonium  may 
be  prepared  in  a similar  manner  to  that  of  sodium, 
by  passing  sulphurous  anhydride  through  a solution 
of  the  alkalies  or  their  carbonates. 

The  sulphites  of  the  metals  of  the  alkaline  earths 
are  prepared  either  by  exposing  the  moistened,  or 
better,  the  hydrated  oxides,  to  gaseous  sulphurous 
anhydride,  when  this  gas  is  absorbed  ; or  the  oxides 
or  carbonates  may  be  suspended  in  water,  and  a 
Stream  of  sulphurous  anhydride  passed  through  , or 
they  may  be  produced  by  double  decomposition 
from  a soluble  alkaline  sulphite,  and  a chloride  of 
the  earthy  metal.  These  sulphites  are  all  nearly 
insoluble  in  water  and  alcohol,  but  are  rendered 
somewhat  soluble  by  an  excess  of  sulphurous  acid, 
in  this  respect  resembling  the  carbonates.  The 
only  practical  purpose  to  which  any  of  these  earthy 
sulphites  have  been  applied  is  as  disinfectants.  For 
this  purpose  a mixture  of  the  sulphites  of  calcium 
and  magnesium  is  used.  Mr.  M ‘Doug all  seems  to 
have  a method  of  producing  sulphites  much  more 
readily  than  any  other  maker. 

The  sulphites  of  the  metals  proper,  such  as  iron, 
zinc,  lead,  bismuth,  &c.,  are  produced  by  analogous 
processes ; they,  like  the  earthy  sulphites,  are  more 
soluble  in  a solution  of  sulphurous  acid  than  in  pure 
water. 

Hypomlpliurniix,  Pentathioiiic,  Tetrathionic,  Trithionic, 
and  Hyposnlphwic  Acidi. — In  addition  to  sulphurous 
and  sulphuric  acids  there  are  other  acids  of  sulphur, 
in  fact,  the  whole  series  is  shown  thus : — 

Tliiosiilphnric  or  hyposulphurous  acid,  ITjS.203 

Pentatliionic  acid, 

Tetrathioiiic  acid, H-^S^Ug 

Trithionic  acid H-^SjOg 

Sulphurous  acid, 

Ditnionic  or  hyposulplmric  acid, HjSjOg 

Sulphuric  acid, 
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Thiosulphuric  acid  can  scarcely  be  said  to  be 
known  in  the  free  state ; when  set  free  it  splits  up 
gradually  into  sulphur  and  sulphurous  acid.  The 
sodi’im  salt,  Na2S20g  + 5H2O,  commonly  called 
hyposulphite  of  soda,  is  of  considerable  commercial 
importance.  It  is  used  as  an  antichlore  for  finishing 
bleached  goods;  and  by  photographers  to  dissolve 
unreduced  silver  salts.  It  may  be  prepared  in 
various  ways : — 

1.  By  boiling  the  sulphite  with  sulphur.  The 
reaction  is  most  simple — 

NajSOg  + S = NajSjOg. 

2.  By  heating  carbonate  of  sodium  with  sulphur. 
Small  quantities  may  be  prepared  thus; — 1 lb.  of 
pure  crystallized  carbonate  of  sodium  is  dried  as 
perfectly  as  possible.  When  powdered,  this  is 
mixed  with  6 ozs.  of  pure  sulphur,  the  mixture 
heated  in  a glass  or  porcelain  basin  to  the  melting 
point  of  sulphur,  and  kept  at  that  temperature  for 
some  time,  stirring  constantly  in  order  to  bring 
every  part  into  contact  with  the  air.  The  sulphide 
of  sodium  formed  at  first  absorbs  oxygen  from  the 
air,  and  is  converted  with  feeble  incandescence 
into  sodium  thiosulphate.  The  mass,  when  cold, 
is  dissolved  in  water,  and  boiled  with  sulphur  for 
some  time,  and  the  liquid  evaporated  to  the  crystal- 
lizing point.  Very  fine  and  pure  crystals  are  obtained 
in  this  manner.  If  the  heat  be  too  strong,  part  of 
the  sulphur  is  burned  off,  and  carbonate  of  sodium 
remains  undecomposed.  In  this  case  a second 
crystallization  is  requisite. 

3.  By  passing  a current  of  sulphurous  anhydride 
through  a solution  of  sulphide  of  sodium,  boiling, 
filtering,  and  evaporating  to  the  crystallizing  point. 

4.  The  earthy  thiosulphates  are  formed  by  ex- 
posing their  sulphides  to  the  air ; and  this  fact  forms 
the  basis  of  Losh’s  patent  for  the  manufacture  of 
hyposulphite  of  soda.  Losh  exposes  alkali  waste 
to  the  atmosphere,  lixiviates  the  weathered  mass, 
dissolving  out  calcic  thiosulphate.  To  this  is  added 
sodium  carbonate,  and  by  double  decompositions 
calcium  carbonate  and  sodium  thiosulphate  are  the 
results.  The  latter  crystallizes  on  evaporating  the 
solution. 

5.  According  to  E.  Kopp’s  method,  carried  out 
industrially  by  Max  Schaffner  at  Aussig,  hypo- 
sulphite of  lime  is  first  prepared  by  causing  sul- 
phurous acid  to  aci  upon  calcium  sulphide  (soda 
waste).  The  lixiviated  mass  is  treated  with  sulphate 
of  soda,  the  result  being  the  formation  of  soluble 

j hyposulphite  of  soda,  and  practically  insoluble  sul- 
I phate  of  lime.  Very  recently  the  pentathionic  acid 
(H2SjOg)  obtained  as  a by-product  of  the  reaction 
between  sulphuretted  hydrogen  and  sulphurous  acid 
in  separating  sulphur,  has  been  converted  into 
hyposulphite  of  soda  by  boiling  with  soda  lye — 

2II2S5O8,  + 3H„0  = SIIjSsOj. 

Sodium  thiosulphate  is  used  to  a small  extent 
in  analysis  as  a reducing  agent ; also  as  a means  of 
separating  iron  and  aluminium,  dependent  on  the 
fact  that  aluminium  thiosulphate  is  not  stable  at 
117 
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much  above  the  ordinary  temperature.  For  instance, 
suppose  iron  and  aluminium  are  both  contained  in  a 
solution ; to  this  solution  is  added  as  much  sodium 
thiosulphate  as  will  convert  these  bases  into  thio- 
sulphates; this  is  done  while  cold.  The  solution 
is  now  heated  to  boiling.  Aluminium  thiosulphate 
decomposes  at  this  temperature  into  sulphur,  sul- 
phurous acid,  and  alumina,  while  the  iron  being 
more  stable  remains  intact.  The  whole  is  now 
thrown  on  to  a filter,  when  the  iron  salt  passes 
through,  while  the  alumina  remains  on  the  filter; 
it  is  then  washed,  dried,  and  ignited.  The  iron  is 
separated  from  the  filtrate  in  the  usual  manner. 

This  reaction  is  used,  though  to  a very  small  ex- 
tent, in  calico  printing.  Aluminium  thiosulphate  is 
formed  in  the  cold  by  adding  a solution  of  chloride 
of  aluminium  to  a solution  of  hyposulphite  of  soda. 
The  result  is  a solution  of  chloride  of  sodium  and 
thiosulphate  of  aluminium.  This  is  thickened  in 
the  regular  manner,  and  printed  on  the  fabric.  The 
piece  is  then  exposed  to  a temperature  of  212°  Fahr. 
by  means  of  steam,  when  the  salt  is  decomposed, 

( alumina  being  deposited  on  or  in  the  cloth.  This 
alumina  so  deposited  dyes  up  with  madder  precisely 
like  the  alumina  precipitated  in  the  ordinary  manner 
from  the  acetate. 

The  value  of  hyposulphate  of  soda  in  photo- 
graphy consists  in  its  power  of  dissolving  the 
chloride,  bromide,  and  iodide  of  silver.  The  photo- 
j graphic  paper  or  plate,  after  exposure  in  the  camera 
or  printing  frame,  is  “ fixed  ” by  a solution  of  sodium 
thiosulphate,  which  dissolves  all  the  silver  salt  that 
has  not  been  acted  on  by  light.  This  property  has 
been  turned  to  practical  account  in  metallurgy  by 
j Dr.  Percy,  followed  by  the  Austrian  chemist  Patera. 
At  Joachimsthal,  in  Bohemia,  the  silver  ores,  which 
contain  also  copper,  lead,  iron,  zinc,  nickel,  cobalt, 
and  bismuth,  were  roasted  with  salt,  and  the  chloride 
of  silver  was  dissolved  out  by  hyposulphite  of 
soda  and  then  precipitated  by  sulphide  of  sodium. 
Calcium  thiosulphate  has  been  employed  for  a similar 
purpose,  and  also  as  an  antiehlore. 

The  other  acids  and  their  corresponding  salts  are 
of  no  practical  importance,  though  of  interest  in  a 
scientific  point  of  view. 

Sulphur  and  Carbon. — Sulphur  forms  several  com- 
binations with  carbon  ; the  one  most  marked  and  of 
the  greatest  importance^  inasmuch  as  it  is  used  in 
the  arts,  is  the  bisulphide  of  carbon  or  carbon  disul- 
phide— CS2.  It  is  formed  by  passing  the  vapour  of 
sulphur  over  or  through  red-hot  charcoal.  This 
is  effected  by  filling  an  iron  or  porcelain  tube 
placed  across  a furnace  with  fragments  of  charcoal. 
One  end  of  this  tube  is  connected  with  a condensing 
apparatus  plentifully  supplied  with  cold  water.  The 
other  end  of  this  tube  must  be  capable  of  being  closed 
tightly  with  a cork.  When  the  tube  is  sufficiently 
hot  the  cork  is  removed,  and  small  pieces  of  sulphur 
are  pushed  through  near  to  the  charcoal.  The 
orifice  being  again  closed,  the  sulphur  is  converted 
into  vapour,  and  in  passing  through  the  interslices  of 
the  incandescent  carbon,  combines  with  a portion  of  it, 
forming  bisulphide  of  carbon,  which,  passing  on  to 


the  condensing  apparatus,  collects  as  a liquid.  After 
sufficient  time  has  elapsed  a fresh  portion  of  sulphur 
must  be  introduced,  the  operation  being  continued 
in  this  manner  until  sufficient  has  been  prepared. 
This  product  is  by  no  means  pure,  containing  more 
or  less  sulphur  wdiich  has  escaped  combination,  and 
from  which  it  must  be  freed  by  distillation  in  a glass 
retort  placed  in  a water  bath. 

In  preparing  bisulphide  of  carbon  on  a large  scale 
the  apparatus  employed  is  a modification  of  that 
described  above.  A clay  retort  fixed  vertically  is 
filled  with  pieces  of  coke,  and  sulphur  is  introduced 
from  the  top  by  a porcelain  tube  which  passes  down 
nearly  to  the  bottom  of  the  retort;  the  sulphur 
vapour  that  forms  is  then  obliged  to  traverse  the 
incandescent  coke,  becomes  converted  into  bisul- 
phide of  carbon,  escapes  by  a tube  at  the  top,  and 
is  condensed,  (The  apparatus  is  figured  in  Wagner’s 
“ Chemical  Technology,”  translated  by  Crookes.) 

Bisulphide  of  carbon  has  a density  of  1*272.  It 
is,  as  obtained  above,  a transparent,  colourless  1 
liquid,  of  a strong  disagreeable  odour.  This  odour  ! 
is  due  to  a foreign  body,  the  true  smell  being  of  a j 
vinous  or  ethereal  character.  A considerable  por-  | 
tion  of  this  smell  may  be  removed  by  shaking  it  up 
in  a bottle  with  a quantity  of  strong  sulphuric  acid 
and  bichromate  of  potassium.  Bisulphide  of  carbon 
is  ver}'  volatile,  its  boiling  point  being  43°  C. 

It  rapidly  evaporates,  almost  equalling  sulphuric 
ether  in  this  respect,  diffusing  its  odour  through  the 
apartment.  It  is  a very  effective  solvent  of  fatty 
matter.  Grease  stains  may  be  removed  by  it  from 
paper  or  woven  fabrics.  The  extraction  of  fat  and 
oils  from  various  substances  by  means  of  bisul- 
phide of  carbon  is  performed  commercially  on  a 
large  scale. 

Among  other  substances  soluble  in  bisulphide  of 
carbon  are  phosphorus,  sulphur,  camphor,  iodine,  and 
india-rubber.  As  has  already  been  stated,  a process 
for  the  extraction  of  sulphur  from  some  of  its  ores 
is  founded  upon  the  high  dissolving  power  of  the 
bisulphide,  which  will  take  up,  if  warm,  about  60 
per  cent,  of  sulphur,  and  cold,  from  25  to  30  per 
cent.  Mixed  with  a little  chloride  of  sulphur,  bisul- 
phide of  carbon  is  used  for  sulphurizing,  or,  as  it  is 
commonly  called,  vulcanizing  india-rubber.  The 
addition  of  a few  drops  of  bisulphide  of  carbon  to  a 
silver  bath  is  found  to  facilitate  the  production  of  a 
bright  deposit  in  electro-plating. 

Sulphur  and  Chlorine. — There  are  three  chlorides 
of  sulphur — monochloride,  SCI  or  SgClg*,  dichloride, 
SCI,;  and  tetrachloride,  SCl^.  The  monochloride  is 
used  in  the  manufacture  of  india-rubber.  It  is  pre- 
pared by  passing  chlorine  gas  through  melted  sul- 
phur. The  deep  orange-coloured  liquid  that  distils 
over  is  found  to  contain  sulphur  in  solution.  From 
this  it  must  be  freed  by  distillation,  at  a low  tem- 
perature, and  if  necessary,  the  rectification  repeated 
until  its  boiling  point  is  stationaryat  136°  C.,  Fownes; 
139°  C.,  Odling;  144°  C.,  Wagner.  This  chloride 
of  sulphur  has  some  curious  properties ; by  means 
of  it  a species  of  artificial  india-rubber  may  be  pro- 
duced. To  procure  this  body  take  a quantity  of 
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vegetable  oil,  say  linseed  or  rape,  and  mix  it  with  one- 
tenth  its  bulk  of  chloride  of  sulphur,  and  slightly 
warm  the  mixture ; a strong  reaction  takes  place, 
hydrochloric  acid  is  disengaged,  and  a mass  remains 
which,  when  washed  with  water,  becomes  white,  and 
is  as  elastic  as  genuine  caoutchouc,  with  precisely 
the  same  appearance.  This  curious  body  resists  the 
action  of  boiling  alkalies;  ammonia  and  concentrated 
acids  are  without  action  on  it,  and  it  resists  the  sol- 
vent powers  of  alcohol,  ether,  bisulphide  of  carbon, 
and  oils. 

The  dichloride  is  produced  by  passing  chlorine 
into  the  monochloride  whilst  cooled  by  a freezing 
mixture  of  ice  and  salt.  If  the  temperature  be 
reduced  to  — 20°  C.  still  more  chlorine  is  absorbed, 
and  the  tetrachloride  is  formed. 

Iodide  of  Sulphvr,  SIj,  is  used  in  medicine. 

SULPHURIC  ACW.— Vitriolic  Acid— Oil  of  Vitriol 
Acide  Sulphurique  (French)j  Schwefelzdure  (Ger- 
man), HgSO^.  A colourless,  transparent,  oily  liquid, 
of  specific  gravity,  1‘848:  it  freezes  at  — 26°  C. 
( — 15°  Fahr.),  boils  at  327°  C.  (620°  Fahr.),  and 
when  heated  passes  off  in  colourless  vapours,  which 
produce  a thick  white  cloud  in  contact  with  the 
mixture  in  the  air.  It  is  inodorous,  and  at  ordinary 
temperatures  it  does  not  fume.  It  corrodes  organic 
matters  very  strongly,  and  is  coloured  brown  by  them. 

Geber,  an  Arab  of  the  eighth  century,  obtained 
sulphuric  acid  by  distilling  alum ; and  Basil  Valen- 
tine of  Erfurt  (born  1394)  is  the  first  to  mention 
its  properties  as  extracted  from  green  vitriol  (sul- 
phate of  iron).  It  was  known  also  to  Paracelsus, 
a Swedish  chemist,  who  died  in  1541.  Gerard 
Dormeat  gives  an  account  of  it  in  1570.  The 
formation  of  anhydrous  sulphuric  acid  (sulphuric 
anhydride  (SOg))  by  the  burning  of  sulphur  was 
first  brought  into  notice  in  England  in  1720.  The 
composition  of  the  anhydrous  acid  was  examined  by 
Richter,  Klaproth,  Bucholz,  and  Berzelius,  and 
again  very  carefully  by  Stahl,  and  by  Scheele  in 
1771;  by  Priestley  in  1774,  who  first  collected  it 
as  a gas  over  mercury;  in  1782  by  Bertholet;  and 
in  1797  by  Fourcroy. 

Sulphuric  acid  exists  in  volcanic  springs.  It  is 
found  in  large  quantities  in  a torrent  flowing  from 
the  volcano  of  Pared  in  the  Andes,  and  Boussin- 
GAULT  has  calculated  that  this  stream  carried  down 
15,000  tons  of  sulphuric  acid  yearly,  and  11,000 
tons  of  muriatic  acid.  A stream  from  an  active 
volcano  in  New  Granada  has  been  found  by  Dagaul- 
hardt  to  contain  even  greater  quantities  of  sulphuric 
acid.  Roberts  has  found  sulphuric  acid  in  the  hot 
springs  of  the  Solfatara  Krisovik  in  Iceland.  Free 
sulphuric  acid  (produced  by  the  decomposition  of 
iron  pyrites)  has  occasionally  been  found  in  the  coal 
mines  of  Northumberland.  It  exists  in  both  the 
organic  and  inorganic  kingdoms  in  combination 
with  ammonium,  potassium,  sodium,  barium,  stron- 
tium, calcium,  magnesium,  aluminium,  zinc,  lead, 
copper,  iron,  &c. 

Anhiidroux  Sulphuric  Acid  (^Sulphuric  oxide  or  anhy- 
dride, SOg.)  can  be  produced  by  heating  fuming  oil 
of  vitriol  in  a retort,  the  neck  of  which  passes  air-tight 


into  a perfectly  dry  receiver  surrounded  by  ice  : the 
sulphuric  oxide  distils  over  first,  and  then  hydrated 
sulphuric  acid.  Sulphuric  anhydride  forms  thin 
needle-shaped  crystals,  arranged  in  feathery  groups, 
and  of  a white,  opaque,  asbestos-like  mass.  It  is 
tough,  and  difficult  to  cut.  Specific  gravity,  1-954, 
and,  in  a liquid  state,  1-97.  It  fuses  at  about  18°  C., 
and  boils  at  35°  C.  when  recently  prepared;  but 
subsequently  assumes  an  allotropic  condition,  in 
which  it  remains  solid  up  to  100°  C.,  when  it  melts 
to  a colourless  liquid,  whilst  being  heated  to  this 
temperature  it  volatilizes,  and  returns  to  its  normal 
condition. 

Sulphuric  anhydride  may  be  held  for  a time 
between  the  dry  fingers,  but  soon  produces  a 
penetrating  sensation.  It  hisses  violently  when 
thrown  into  water,  forming  sulphuric  acid  with 
evolution  of  heat.  It  produces  dense  white  fumes 
in  the  air.  It  is  very  corrosive  and  poisonous.  Its 
solution  in  water  has  a strongly  acid  taste,  and 
reddens  litmus  paper,  whereas  the  anhydrous  sul- 
phuric acid  does  not  redden  dry  litmus  paper. 
When  sulphuric  oxide  (SOg)  is  passed  through  a 
red-hot  porcelain  tube,  it  is  resolved  into  a mixture 
of  2 volumes  of  sulphurous  oxide  (SOg)  and  1 volume 
of  oxygen  (Berzelius).  Phosphorus  takes  fire  in 
the  vaj)Our  of  anhydrous  sulphuric  acid  at  ordinary 
temperatures,  and  deposits  sulphur  in  the  form  of  a 
thick  crust  (Vogel).  At  ordinary  temperatures  the 
vapour  of  sulphuric  anhydride  does  not  act  upon 
zinc,  tin,  lead,  iron,  copper,  mercury,  or  silver. 

F.  C.  Vogel  has  discovered  that  sulphuric  oxide 
combines  with  sulphur  in  several  proportions, 
forming  a brown,  green,  and  a blue  compound,  the 
first  containing  the  most  and  the  last  the  smallest 
quantity  of  sulphur.  Wach  prepared  these  sub- 
stances by  placing  washed  and  well-dried  flowers 
of  sulphur  and  anhydrous  sulphuric  acid  in  alternate 
layers  in  a bent  tube,  which  was  sealed,  and  leaving 
them  to  act  upon  each  other  at  a temperature 
between  16°  and  19°  C.  The  sulphur  was  first 
converted,  with  slight  rise  of  temperature  and  evolu- 
tion of  gas,  into  a thick  red-brow-n  liquid,  which,  by 
taking  up  more  acid,  assumed  a brown,  green,  or 
blue  colour.  Similar  colours  can  be  observed 
frequently  in  the  strong  “drops”  of  the  ordinary 
sidphuric  acid  chamber.  • 

Sulphuric  acid  (IlgSO^)  is  intensely  acrid  and 
caustic ; it  acts  rapidly  upon  the  cuticle,  occasioning 
a biting  sensation  and  a soapy  feel  of  the  part,  even 
when  diluted.  It  is  extremely  sour,  and  it  powerfully 
reddens  litmus.  It  has  a strong  attraction  for  water, 
and  in  moist  weather,  if  exposed,  3 parts  increase 
to  4 in  twenty-four  hours.  This  property  makes 
it  useful  in  drying  gases  and  other  substances. 

When  sulphuric  acid  is  suddenly  mixed  with 
water  much  heat  is  evolved,  it  can  even  be  made 
to  boil;  4 parts  of  acid,  specific  gravity  1-8,  and 
1 of  water  at  32°  Fahr.  (0°  C.)  produce,  when  mixed, 
a temperature  of  212°  Fahr.  (100°  C.)  The  greatest 
heat  is  evolved  by  mixing  73  parts  of  acid  with  27 
parts  of  water  (Ure).  Even  a boiling  temperature 
does  not  prevent  sulphuric  acid  from  taking  up 
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moisture  from  the  air,  on  which  account  it  is  neces- 
sary to  use  glass  retorts  or  platinum  stills  in  the 
place  of  open  pans,  to  bring  the  acid  to  its  highest 
strength.  Four  parts  of  acid  and  1 of  ice  produce 
heat,  but  4 parts  of  snow  and  1 of  acid  produce 
cold  (Brande). 

Oil  of  Vitriol  from  Copperas.  — Ordinary  strong 
sulphuric  acid  of  about  150°  Tw.  (specific  gravity 
1'750),  easily  freezes  when  standing  in  a carboy  at 
about  40°  Fahr.  or  under,  and  is  difficult  to  liquefy 
again. 

Sulphuric  acid  displaces  the  greater  part  of  the 
other  acids  from  their  combinations,  and  at  ordi- 
nary temperatures  decomposes  phosphates  and 
I borates ; but  at  a red  heat  the  phosphoric  and 
boracic  acids  expel  sulphuric  and  its  bases.  In  con- 
sequence of  its  strong  affinity  for  water  it  chars 
most  organic  matters,  and  it  acquires  a brown  tinge 
from  the  smallest  particles  of  straw  or  dust,  &c. 
It  dissolves  small  quantities  of  charcoal,  as  well  as 
sulphur,  tellurium,  and  selenium ; and  these  bodies 
give  it  various  shades  of  brown,  red,  and  green,  or 
blue.  In  consequence  of  its  extensive  use  in  manu- 
factures, it  is  important  to  the  consumer  to  have  a 
ready  method  of  ascertaining  its  strength.  Several 
valuable  tables  have  been  drawn  up  by  Dalhou, 
Parkes,  and  Dr.  Urk,  to  show  its  strength  and 
commercial  value;  the  table  by  Dr.  Ure  is  generally 
referred  to  as  the  standard.  Glass  hydrometers  are 
used  in  large  works  to  ascertain  its  strength,  and 
are  sufficiently  trustworthy  for  general  purposes. 
In  taking  the  specific  gravity  of  sulphuric  acid  it  is 
very  inqc)rtant  to  take  the  temperature  into  account, 
as  it  greatly  influences  the  density.  On  removing 
a thermometer  from  the  acid  it  rises  to  75°  or  80° 
Fahr. ; by  absorption  of  water  it  afterwards  slowly 
falls  to  the  temperature  of  the  air.  Again,  if  the 
thermometer  has  its  bulb  covered  with  a film  of 
water,  and  be  plunged  into  a strong  acid,  it  will  rise 
10°  Fahr.  more  beyond  the  real  temperature.  An 
elevation  equal  to  10°  Fahr.  diminishes  the  density 
of  oil  of  vitriol  by  0'005 : 1000  parts  being  heated 
from  60°  to  212°  Fahr.  becomes  1043  parts  in  volume, 
and  the  specific  gravity,  which  was  1‘848,  falls  to 
1‘772,  being  equal  to  a dilution  of  14  per  cent,  of 
water. 

Nordhausen  Sulphuric  Acid. — Fuming  Acid.  (HgSg 
O^?)  A thick  oily  liquid,  generally  of  a brown  colour. 
It  is  produced  from  dry  ferrous  sulphate,  which  is 
placed  in  a glazed  earthenware  or  sometimes  a green 
glass  retort,  which  is  exposed  to  a nearly  white  heat. 
The  distillate  (sulphuric  oxide)  is  received  in  a 
small  quantity  of  water,  or  better,  in  oil  of  vitriol, 
and  forms  a dark -coloured  liquid  of  a specific 
gravity  of  about  1'9.  It  boils  at  120°  to  130°  Fahr. 
When  cooled,  it  deposits  crystals  of  a compound  of 
11280^  with  SO3.  It  smokes  when  exposed  to  the 
air,  from  the  escape  of  volatile  sulphuric  anhydride. 
When  heated  it  gives  off  sulphurous  oxide,  and 
sulphuric  oxide  remains. 

Fuming  sulphuric  acid  is  now  chiefly  manufac- 
tured in  Bohemia,  and  is  in  great  request  as  a 
solvent  for  indigo ; it  is  also  largely  used  in  the 
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manufacture  of  alizarine.  When  the  brown  acid  is 
kept  at  a temperature  of  32°  Fahr.  it  readily  forms 
crystals,  which  are  a definite  compound  of  2 atoms 
of  anhydrous  sulphuric  acid,  and  1 atom  of  water. 
The  sulphuric  anhydride  may  be  separated  from  the 
brown  acid,  by  careful  distillation  in  a retort,  into  a 
dry  and  cold  receiver.  It  passes  over  in  drops,  which 
concrete  on  cooling  into  a tenacious  mass  of  crystals. 

By  careful  management  the  calcined  sulphate  pro- 
duces sometimes  up  to  30  or  40  per  cent,  of  acid. 

It  may  be  safely  stated  that  up  to  1730  all 
sulphuric  acid  produced  for  commerce  in  England, 
was  made  from  copperas  (ferrous  sulphate).  The 
consumption  was  small,  and  the  price  was  about 
two  shillings  per  lb.,  or  £220  per  ton.  The  present 
price  for  similar  acid  is  £4  10s.  per  ton. 

Sulphur. — The  next  mode  of  making  sulphuric 
acid  was  by  the  oxidation  of  sulphurous  acid  (pro- 
duced by  burning  sulphur)  in  presence  of  vapour 
of  water.  This  was  the  suggestion  of  two  French 
chemists,  Lefevre  and  Lemery,  who  added  nitrate 
of  potash  to  the  sulphur  in  burning  it ; and  the  pro- 
cess was  adopted  in  England  by  Dr.  Ward  about 
1736,  as  follows: — The  sulphur  and  nitrate  of  potash 
were  suspended  on  an  iron  tray  in  a large  wide- 
mouthed glass  globe,  partly  filled  with  water;  the 
mixture  was  set  fire  to  by  a red-hot  iron,  and  then 
the  mouth  of  the  globe  was  closed.  As  soon  as  the 
charge  was  burnt  another  was  iu.serted  and  fired,  and 
this  was  repeated  till  the  acid  was  found  to  be  suf- 
ficiently strong,  when  it  was  removed  into  a glass 
retort  and  was  concentrated.  This  acid,  which  was 
termed  “ oil  of  vitriol  from  the  bell,”  sold  for  two 
shillings  per  lb.,  and  was  in  much  demand  on  account 
of  its  purity.  In  1746  Dr.  Roebuck  of  Birmingham 
put  up  the  first  leaden  chamber  in  England,  which 
was  employed  as  a substitute  for  glass  globes.  It 
was  small  in  dimensions,  being  about  6 feet 
square,  and  the  charges  of  sulphur  and  nitre  were 
burned  in  the  chambers,  much  in  the  same  way  as 
in  the  glass  globes.  The  success  of  this  mode  of 
making  acid  was  so  great,  that  others  were  erected 
at  Preston  Pans  in  Scotland,  in  1749,  by  Roebuck 
and  Garbett.  Acid  works  were  erected  in  London 
by  Kingscate  and  Walker  in  1772,  and  at  Eccles 
near  Manchester  in  1783.  (R.  C.  Clapham). 

In  1797  there  were  in  Glasgow  alone  six  or  eight 
acid  works,  and  the  following  is  a note  of  the  cost  of 
manufacturing  950  bottles : — 


25  tons  of  sulphur  at  £40, £1000  0 0 

7 tons  of  nitre  at  £100, .• 700  0 0 

Coals 105  0 0 

Wages  and  houses  for  workmen, 250  0 0 

Tear  and  wear, 30  0 0 

Kent  and  buildings 70  0 0 

Cartage, 40  0 0 


2195  0 0 

142,500  lbs.  of  oil  of  vitriol  at  &\d.  £3859  17  6 


3473  17  9 


Say  the  cost  was  £32  per  ton,) 
and  the  selling  price  was  > Profit  1278  17  9 
£54  per  ton  nett,, ) 


(J.  MacTear). 
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Bealy  and  Kadcliffe  had  works  in  Manchester 
in  1799  : there  were  six  chambers,  12  feet  X 10  feet 
X 10  feet.  Each  chamber  had  a valve  which  was 
opened  to  allow  the  escape  of  the  waste  gases 
between  the  burnings.  In  these  chambers  1386  lbs. 
of  sulphur  and  198  lbs.  of  nitre  were  burned  weekly 
on  iron  plates  or  trays,  of  which  there  were  two  sets 
in  each  chamber,  one  placed  over  the  other  about 
3^  inches  apart.  The  produce  of  oil  of  vitriol,  of 
specific  gravity  1'800,  was  1800  lbs.,  equal  to  130  per 
cent,  on  the  sulphur  and  14'3  per  cent,  on  the  nitre. 
The  charge  was  burned  off  in  about  an  hour,  and  then 
a new  one  was  introduced  every  four  hours.  The 
strength  of  the  acid  in  six  days’  working  was  50°  Tw. 
or  specific  gravity  T250,  and  it  was  then  run  off  and 
concentrated.  The  cost  of  this  acid  was  £21  10s. 
jier  ton.  and  the  selling  price  about  £60  per  ton. 
(J.  MacTear). 

Sulphuric  acid  chambers  were  erected  at  St. 
Rollox,  Glasgow,  in  1803;  the  sizes  being  12  feet 
X 10  feet  X 10  feet,  and  the  sulphur  burned  in 
them  weekly  was  about  10  cwts.  and  the  nitre  equal 
to  14  per  cent.  The  residues  or  sulphur  ashes  in 
most  works  at  that  time,  from  a single  burning, 
which  was  the  usual  practice,  contained  from  25  to 
30  per  cent,  of  sulphur  left  as  waste,  and  it  became 
a serious  question  what  to  do  with  them.  C.  Tennant 
& Co.  of  Glasgow  were  the  first  to  begin  to  use 
them  over  again,  and  they  purchased  the  ashes  from 
other  makers  at  £5  per  ton.  (J,  MacTear). 

The  manufacture  of  oil  of  vitriol  by  the  new 
method  of  acid  chambers  gradually  superseded  the 
old  one  from  copperas,  and  the  total  produce  of  lead 
chamber  acid  so  far  increased,  that  in  1790  England 
became  for  the  first  time  an  exporter  (to  the  extent 
of  2000  tons),  instead  of  a large  importer  of  the  oil 
of  vitriol.  In  the  year  1788  a great  stimulus  was 
given  to  the  manufacture  of  sulphuric  acid  by 
Berthollet’s  application  of  chlorine  (discovered  in 
1774  by  Scheele)  to  the  bleaching  of  cotton  goods, 
rags,  t&c. ; and  stiU  more  in  1798  by  the  introduction 
of  chlorine  in  the  form  of  bleaching  powder  by 
C.  Tennant  & Co.  of  Glasgow. 

The  first  acid  chambers  were  erected  on  the  Tyne 
in  1812,  by  Uoubleday  & Easterby.  The  acid 
was  sold  for  3«‘.  per  lb.,  and  at  that  date  the  plan 
still  adopted  was  to  burn  the  sulphur  and  nitre 
together;  but  improvements  had  so  far  advanced  that 
this  operation  was  conducted  in  a separate  furnace, 
and  the  gases  evolved  were  conveyed  by  a pipe  to  the 
chamber.  At  that  date  however,  there  was  no  steam 
used  in  the  chamber.  They  brought  the  acid  up 
to  about  70°  or  80°  Tw.  (specific  gravity  1-35  or  1'40), 
and  then  it  was  run  off,  and  a fresh  supply  of  water 
>1  added  to  the  bottom  of  the  chamber.  The  produce 
of  acid  in  these  chambers  was  not  more  than  36  or 
40  cwts.,  of  specific  gravity  T80,  from  a ton  of  sul- 
phur, or  180  to  190  i>er  cent.  (11.  C.  Clapham). 

[ In  1821  Losh  put  up  acid  chambers  at  Walker, 

I which  were  25  feet  long,  10  feet  wide,  and  10  feet 

I high.  The  price  of  sulphur  at  that  date  had  fallen 

to  £7  per  ton  (the  duty  of  £15  per  ton  having  been 
remitted),  and  nitrate  of  potash  was  £32  per  ton. 


Improvements  had  so  far  advanced  that  the  nitrate 
of  potash  was  decomposed  by  sulphuric  acid,  and  a 
gre.it  saving  was  effected  by  the  introduction  of 
steam  into  the  chambers,  as  suggested  by  Chaptel, 
which  enabled  a continuous  working  of  the  process 
to  be  carried  on,  and  resulted  in  a much  larger 
production  of  acid  from  the  sulphur  used.  The 
strength  of  acid  in  the  chamber  was  increased  to 
about  100°  to  120°  Tw.  The  cost  in  these  chambers 
at  that  time,  with  sulphur  free  of  duty,  was  about 
£7  per  ton.  The  sulphur  was  all  imported  from 
Sicily.  The  duty  of  £15  per  ton  was  reduced  in 
1825  to  10s.  per  -ton,  and  the  price,  delivered  in 
England,  was  about  £6  to  £8  per  ton.  This  state 
of  things  continued  till  1838,  when  the  then  king 
of  Sicily  entered  into  an  agreement  with  Taix  & Co. 
of  Marseilles  for  the  exclusive  sale  of  all  the  sulphur 
produced  in  his  dominions.  The  effect  was  an  im- 
mediate advance  to  £13  or  £14  per  ton,  which  was 
the  cause  of  great  depression  and  stagnation  in  the 
chemical  trade.  It  was  under  these  circumstances 
that  the  attention  of  chemists  and  manufacturers 
was  directed  to  pyrites  as  a substitute  for  sulphur. 

Sulphur  Kiln. — Sulphur  is  still  burnt  in  some 
works;  a form  of  kiln  which  answers  all  the  pur- 
poses required  of  it,  and  for  which  we  are  indebted 
to  John  Rilly  of  Hapton  Chemical  Works,  is 
shown  in  Plate  I.  Fig.  1 shows  the  elevation. 
Fig.  2 longitudinal  section.  Fig.  3 plan,  a is 
a cast  iron  funnel  firmly  fixed  in  the  brickwork, 
and  of  the  form  of  a (segment)  Fig.  2.  This 
funnel  is  filled  with  a definite  amount  of  sul- 
phur, which  a rod  prevents  from  descending  too 
rapidly  upon  the  iron-plate,  h,  on  which  it  is  burnt. 
I)  contains  the  sulphuric  acid  necessary  for  the 
solution  of  nitric  acid  gas  from  the  nitrate  of  soda, 
which  is  placed  in  the  cast  iron  dishes,  i i.  One  of 
these  dishes,  i i,  is  charged  at  a time,  and  when 
completely  used  is  withdrawn  and  emptied,  whilst 
the  other  takes  its  place — a continual  supply  of  gas 
being  thus  kept  up.  These  dishes  are  inserted  into 
the  kiln  by  means  of  the  doorways,  d d,  whilst  the 
sulphuric  acid  is  run  upon  them  by  means  of  the 
funnels,  e e,  seen  in  segment  in  Plate  I.  Fig.  2. 

The  sulphur  being  burnt  on  the  iron-plate,  h,  the 
sulphurous  acid  gas  passes  in  the  direction  of  the 
arrows  through  the  perforated  brickwork,  the  draft 
being  under  complete  control  by  means  of  the  draft- 
hole,  c.  After  passing  through  the  perforated  brick- 
work, it  comes  in  contact  with  the  nitric  acid  gas, 
which  is  being  evolved  from  the  iron-pots,  i i,  as 
seen  in  Fig.  2.  The  mixed  gases  now  pass  through 
another  diaphragm  of  perforated  brickwork  by 
which  they  are  more  thoroughly  mingled;  from  this 
they  escape  to  the  lead  chamber  by  means  of  the 
chimney-flue,  g. 

Oil  of  Vitriol  from  Pyrites. — This  mineral  abounds 
in  Cornwall  and  Ireland,  and  the  first  importation 
into  the  Tyne  took  place  in  1840,  by  the  late 
John  Allan.  MacTear  states  that  Hill  of 
London  used  pyrites  as  early  as  1820.  Perhaps 
nothing  can  give  a more  correct  impression  of  the 
progress  of  chemical  manufacture  than  the  in- 
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creased  production  of  sulphuric  acid.  From  private 
I sources  the  writer  concludes,  that  not  more  than 
200  or  300  tons  of  acid  per  annum  were  produced 
on  the  Tyne;  and  Parker  states  that  in  1815  not 
more  than  5000  tons  of  acid  were  made  in  the  whole 
of  England.  In  1830  the  production  on  the  Tyne 
had  increased  to  3300  tons,  in  1876  to  about  200,000 
I tons  per  annum ; and  tiie  total  production  in  all 
England,  according  to  Roscoe  and  Schorlemmer, 

I had  increased  to  850,000  tons.  (R.  C.  Clapham). 

1 The  following  analyses  (taken  from  a large 
number)  will  show  the  composition  of  Cornish  and 
I Irish  pyrites: — 

CORNISH  PYRITES. 


Sulphur, 

. 24-01  . 

. 34-34  . 

. 30-89  . 

. .32-56 

Iron, 

. 32-67  . 

. 32-20  . 

. 32-67  . 

. 30-71 

Copper, 

....  4-60. 

. 1-33  . 

. 0-80  . 

. 0-53  . 

. 2-45 

Zinc, 

....  9-08. 

. 3-22  . 

. 1-32  . 

. 0-40  . 

. 2-61 

Arsenic, 

....  0-71  . 

. trace  . 

. 0-91  . 

. 0-43  . 

. 1-51 

Silica, 

. 38-67  . 

. 29-00  . 

. 33-33  . 

. 27-15 

Lead, 

. 0-60  . 

. 0-40  . 

. 1-20  . 

. 2-21 

99-93 

lOu-50 

98-97 

99-45 

99-20 

IRISH  PYRITKS. 

Iron, 

, . 35-00  . 

. 34-65  . 

. 4-2-40  , 

. . 41  -50 

Lead, 

Copper, 

Sulphur, 

. 1 -60  . 

. 1-08  . 

. 1-59  . 

..  1-60 

....  4-13  . 

. 2-40  . 

. 2-40  . 

. 1-33  . 

, . 2-50 

....  40-41  . 

,.  37-1-2  . 

. 37-97  . 

. 34-67  , 

,.  35-60 

Zinc, 

,.  1-50  . 

. 0-40  . 

, . . 

, . 1 -20 

Arsenic, 

, . 1-60  . 

. 0-40  . 

. 0-18, 

..  1-40 

Silica, 

....  17-67  . 

,.  21-67  . 

. 22-50  . 

,.  20-00  , 

..  16-20 

98-51 

100-89 

99-40 

100-17 

100-00 

(R,  C.  Clapham). 

Owing  to  the  large  percentage  of  silica  in  both 
classes  of  ore,  it  was  found  to  be  necessary  that  the 
kilns  should  be  kept  working  at  a moderate  heat  to 
prevent  the  ores  from  slagging  up  in  the  burners ; 
and  in  consequence  of  this  the  burnt  pyrites  or 
“ cinders  ” frequently  contained  from  4 to  6 per 
cent,  of  sulphur  left  unconsumed  (as  FeS  and 
ultimately  FeSO^,  7 H2O). 

The  following  is  the  mode  of  burning  these  ores  in 
1845.  Fig.  1 (Pyrites  burners),  shows  a front  elevation 
and  section — a a,  are  the  charging  doors  for  pyrites ; 
B,  is  the  charging  door  for  nitrate  of  soda ; C C C C, 
are  the  poking  doors ; D D,  are  the  doors  for  drawing 
the  burnt  ores. 

Fig.  1. 


From  From 


Cornish  Pyrites. 

Irish  Pyrites. 

Silica, 

..  18-50  ... 

...  30-50  .. 

30-64 

Ferric  oxide, 

..  61-50 

..  67-00  ... 

...  56-00  .. 

57-00 

Sulphur, 

..  4-67  ... 

...  4-76  .. 

4-20 
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...  0-32  .. 

0-42 
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(R.  C.  Clapham.) 

Foreign  pyrites,  imported  from  Spain,  Portugal, 
Belgium,  and  other  countries,  soon  superseded  the 
English  and  Irish  pyrites,  chiefly  owing  to  their 
much  higher  percentage  of  sulphur.  Spanish  pyrites 
were  imported  in  1856,  Belgian  in  1858,  Westphalian 
and  Norwegian  in  1861.  The  cost  of  working  the 
richer  ores  was  found  to  be  less,  and  the  propor- 
tionate produce  of  acid  was  greater  than  with  any  of 
the  English  ores,  and  the  smaller  quantity  of  silica 
which  the  pyrites  contained  enabled  the  manufac- 
turers to  work  the  burners  at  a greater  heat,  and 
leave  less  sulphur  in  the  cinders;  and  from  the 
same  cause  the  cinders  became  commercially  saleable 
for  the  extraction  of  copper  by  the  “ wet  method,” 
while  the  ferric  oxide  (“Blue  Billy”)  contained  in 
the  cinders  became  a valuable  product  for  “ fettling” 
in  puddling  furnaces,  and  in  the  making  of  pig  iron. 

The  pyrites,  from  whatever  source,  contain 
arsenic  in  variable  amounts,  a part  of  which  is  de- 
posited from  the  gases  of  the  burners  in  the  pipe 
leading  to  the  chambers,  and  the  remainder  in  the 
sulphuric  acid,  chiefly  in  No.  1 chambers. 

The  deposit  in  the  burner  pipe  tested  as  under:  — 
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Oxide  of  lead 1‘603  ' " > 

Ferric  oxide, 3'700  

Arsenious  acid, 68  777  44'66— 42"23— 45'33 

Sulphuric  acid, 25'666  

Copper, traces  

Oxide  of  zinc, 0'210  

Water, S'OOO 

Insoluble,  &c., 2’333  


100-289 


Pyrites  obtained  from  the  coal 
measures  are  sometimes  used,  called 
“coal  brasses,”  of  which  the  follow- 
ing are  an  average  analysis,  after  they 
The  following  are  analyses  of  average  samples  of  I have  been  partly  freed  from  coal  by  the  breakage 
the  “ cinders,  ” “ burnt  ore”  : — | of  the  ore  : — 


The  following  is  an  analysis  of  a 
sulphurous  ore  imported  to  the  Tyrol 
from  Milo  in  the  Grecian  Archipelago, 
in  1860,  and  used  in  making  sulphuric 
acid : — 


Sulphur, 24-00 

Gypsum 62-20 

Silica,  &c., 6 00 

Water, 7-00 


99-20 
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Sulphur, 40'50  32'4I 

Iron, 46'35  35’83 

Coal 7-90  30-uO 

Silica, 1'55  0'66 

Carbonate  lime  and  sulphate ' 
of  lime, j 


4 00 


2-08 


100-30  100-98 


All  pyrites  imported  into  this  country  consists 
of  large  pieces  or  blocks;  and  before  these  can 
be  used  in  the  burners,  it  is  necessary  to  have  them 
broken  to  the  size  of  road  stones,  which  is  effected 
either  by  an  ordinary  hand-hammer  or  by  a Blake’s 
crushing  macliine,  the  latter  method  being  both 
more  expeditious  and  less  costly.  By  either  method, 
however,  as  well  as  by  the  mere  friction  caused  by 
the  rolling  of  the  vessel  during  transit  to  this 
country,  and  also  in  the  loading  and  unloading 
of  the  cargoes,  there  is  a considerable  quantity  of 
small  or  dust  produced,  which  amounts  to  10  or  15 
per  cent.,  and  in  some  cases  even  more,  according 
to  the  hardness  or  softness  of  the  ores.  The 
“ smalls  ” are  separated  from  the  other  parts  by 
riddling,  and  are  then  ground  in  a pug-mill  with  a 
little  water  till  the  whole  is  in  a pasty  mass,  when 
it  is  formed  into  “ bricks  ” or  “ balls,  ” which  are 
dried  by  the  waste  heat  of  the  burners;  and  it  is 
found  that,  as  a rule,  the  small  per  centage  of  sul- 
phates of  copper  and  of  iron  which  exist  in  the 
pyrites  from  oxidation  are  quite  sufficient  to  make 
the  gi’ound  materials  stick  or  adhere,  so  as  to  form 
a hard  and  compact  “brick”  when  dried,  and  in  this 
form  they  are  well  adapted  for  use  in  the  burners. 
The  broken  pyrites  and  the  “ bricks  ” are  then 
ready  to  be  charged  to  the  burners,  and  the 
usual  method  adopted,  is  best  illustrated  by  the 
sketches.  Figs.  2 and  3,  of  pyrites  burners  now 
in  use : — 

Fig.  2. 


Fig.  2,  A,  is  the  charging  door  of  a burner  which 
is  about  4 feet  square,  and  which  can  burn  from  3 


grates  or  bars  upon  which  the  burned  pyrites  rests 
are  shaken  by  means  of  an  iron  bar  made  for  the 
purpose ; and  this  agitation  causes  the  burnt  ores 
near  the  kiln  to  fall  between  the  bars,  and  they  can 
then  be  removed  to  the  depot.  The  doors  marked 
c are  next  opened,  and  the  whole  mass  inside  the 
burners  is  well  stirred  by  means  of  a strong  iron 
poker,  and  at  the  same  time  any  “slags”  which 
have  been  formed  are  removed.  The  burners  are 
then  ready  for  another  charge  of  pyrites.  The 
doors  on  the  top  of  the  burners,  marked  d,  are  for 
charging  the  pots  with  nitrate  of  soda.  Sometimes 
these  are  placed  at  the  end  of  the  flue  leading  into 
the  burner  pipe.  A great  part  of  the  success  in 
working  a burner  depends  upon  its  being  kept  at  a 
proper  heat,  and  at  the  same  time  properly  and 
regularly  “ poked  ” or  opened  out,  to  allow  of  a free 
current  of  air  to  pass  through  the  mass  for  the 
purpose  of  oxidising  the 
sulphur  and  the  metallic 
ores.  The  burned  pyr- 
ites should  be  tested 
daily  for  sulphur,  and 
when  properly  worked 
should  not  contain  more 
than  2-5  to  4 per  cent, 
of  sulphur  (calculated 
both  from  the  FeS  and 
the  FeSO^  and  CuSO^, 
&c.).  If  too  high  a heat 
is  maintained,  the  ores 
are  liable  to  “scar  or 
flux,”  and  to  close  up  the 
burner,  and  in  some  cases  the  nitrate  of  soda  is 
decomposed  too  rapidly  to  be  useful,  or  the  gases 


Scale,  I inch  to  1 foot 


cwts.  to  4 cwts.  of  ore  each  twelve  hours.  After 
charging,  the  ores  are  carefully  and  equally  spaced 
over  the  surface  of  the  kiln  with  a rake,  and  the 
door  is  then  tightly  closed.  It  remains  for  twelve 
hours,  when  the  door,  marked  B,  is  removed,  and  the 


Fig.  3. 
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may  even  be  reduced  to  nitroTen  monoxide  and 
nitrogen,  which  are  useless  in  the  chambers. 

The  following  are  analyses  of  Spanish  and  Belgian 
pyrites : — 

SPANISH  PyiilTES  (TH arsis). 

CUpha..  (“a."’- 

Sulphur, 45-21  ..  47-50  ..  43-52  ..  48-11  ..  49-80 

Iron 43  50  ..  41-92  ..  46-20  ..  40-20  ..  42-80 

Lead, 0-22..  1.52  ..  2-11..  2-20  ..  — 

Zinc — ..  0-22  ..  0-32  ..  0-81  ..  0-10 

Copper, 2-21..  4 21..  3-12..  3-11..  2-26 

Arsenic, 0-41..  0-38..  1-10..  1-21..  028 

Silica 7-10..  3-42..  2-00..  2-26  ..  2-94 

Water, 1-21  .,  0-56  ..  1-54  ..  1-00  -.  0-95 

— — ..  0-18* 

99.86  99-66  99-91  99  00  99-36 

• CaCOj. 

Belgian  Pyrites.  Norwegian. 

(Clapbam).  (M‘CuUoch)« 

Sulphur, 42-80  ....  3.5-50  ....  46-15 

Iron 36-70  38  60  44-20 

1 Ferric  oxide, ... . 7-23  ....  4-24  ....  — 

1 Lead, 0-92  ....  0 65  . . . . — 

Zinc 0-40 5-26 210 

Arsenic, 0-20  ....  0-31  ....  trace 

! Silica 8-86  ....  14-90  ....  3-20 

Carbonate  of  \ ____  2-55 

lime, J 

Water, 1-46  ....  0-56  ....  0-40 

— ....  — ....  1-20  Copper 

99  41  100-02  99-80 

The  mixed  gases  from  sulphur  and  nitre,  as  they 
leave  the  burners,  are  conveyed  through  a large 
metal  pipe  lined  with  brioks  to  the  Glover’s  tower, 

1 or  denitrating  tower,  which  will  be  explained  here- 
after, and  from  thence  to  the  chambers,  where  they 
come  in  contact  with  a due  supply  of  steam.  Ac- 
cording to  theory,  100  parts  of  sulphur  should  give 
306  parts  sulphuric  acid ; but  in  practice  this  result 
is  not  obtained,  as  some  sulphurous  acid  is  almost 
necessarily  lost  in  the  gases  escaping  from  the  cham- 
bers, and,  as  has  already  been  stated,  there  is  2j  to 
4 per  cent,  sulphur  left  in  the  burnt  ores.  Many 
manufacturers  calculate  on  290  to  300  parts  pure  acid 
from  100  sulphur  used,  so  that  there  may  be  about 
570  of  sulphur  actually  lost ; but  only  part  of  this 
j-asses  away  into  the  air.  Dr.  Smith,  in  his  report 
for  1871,  gives  the  result  of  an  examination  of 
twenty-three  chemical  works,  which  show  an  average 
escape  of  7-606  per  cent. ; but  this  includes  several 
very  imperfectly  managed  works.  In  well-conducted 
works  the  escape  is  not  more  than  1-5  to  2-5  per 
cent,  on  the  average. 

Chambers. — It  has  been  shown  in  a former  part  of 
this  article  that  the  sulphuric  acid  chambers  at  the 
early  stage  of  their  construction  were  of  small  dimen- 
sions, say  only  12  feet  long,  10  feet  broad,  and  6 feet 
high;  of  late  years  they  have  been  made  very  much 
larger,  both  as  to  length  and  height  -,  in  some  cases 
200  feet  long,  30  feet  broad,  and  30  feet  high.  But 
it  is  not  at  all  satisfactorily  demonstrated  yet, 
whether  the  excessively  large  chambers  which  are 
sometimes  now  put  up  in  Lancashire  are  any  real 
improvement  on  the  more  moderate  size  of  100  feet 
long,  20  feet  broad,  and  18  feet  high,  and  worked  in 

a series  of  four  or  six  cnambers  together,  A cham- 
ber of  the  above  dimensions  has  a working  capacity 
of  36,000  cubic  feet.  The  first  chamber  of  a series 
(No.  1)  is  usually  constructed  of  7 lbs.  lead,  and 
the  other  chambers  (Nos.  2,  3,  4,  and  5),  are  made 
with  5 to  6 lbs.  lead.  The  wear  and  tear  of  the 
chambers  depends  on  the  quantity  of  pyrites  which 
is  burned  for  each  100  cubic  feet  of  space,  and  the 
degree  of  heat  which  is  maintained  in  them.  No.  1 
chamber  usually  requires  rebuilding  in  three  or  four 
years ; but  the  other  chambers  in  the  series  may  be 
expected  to  last  from  five  to  seven  years,  or  even 
longer.  When  any  of  these  chambers  are  taken 
down  at  the  end  of  the  times  named,  a large  quan- 
tity of  sulphate  of  lead  is  found  at  the  bottom  of 
the  chamber,  caused  by  the  action  of  nitric  acid  on 
the  sides  and  top  of  the  chamber,  and  which  is 
nearly  equal  in  weight,  when  smelted,  to  the  loss  of 
lead.  This  precipitate  is  dried  and  furnaced,  and 
then  sold  to  the  lead  smelter.  Each  chamber  is 
supplied  with  a glass  float  to  show  the  depth  of  acid 
in  the  chamber,  and  a hydrometer  and  thermometer 
are  used  to  give  the  strength  of  the  acid  and  heat  of 
the  chamber.  In  all  well  regulated  works  the  pro- 
duction of  acid  is  carefully  ascertained  at  frequent 
intervals. 

When  pyrites  testing  47  per  cent,  sulphur  are 
used,  the  production  of  sulphuric  acid,  specific  gravity 
1-848  (170°  Tw.),  should  equal  132  to  136  parts  from 
100  parts  of  ore.  The  practical  results,  however, 
vary  in  accordance  with  the  construction  and  ar- 
rangement of  the  burners  and  the  chambers,  the 
draught,  the  supply  of  steam,  and  the  heat.  Although 
we  are  indebted  to  the  labours  of  Clement- 
Desormes,  Davy,  Provostaye,  Peligot,  and  others, 
for  much  theoretical  knowledge  on  sulphuric  acid 
making,  still  there  is  a wide  field  open  for  the 
investigations  of  the  rising  generation  of  chemists. 
The  late  H.  A.  Smith  recently  made  many  care- 
ful experiments  in  this  direction.  The  chamber 
in  which  the  trials  were  made  was  a large  Lan- 
cashire chamber  140  feet  long,  30  feet  high,  and  25 
feet  broad ; and  the  object  in  view  was  to  ascertain 
at  which  part  of  the  chamber  the  largest  produc- 
tion of  acid  took  place.  The  tests  were  made  at  3 
feet  from  the  bottom  and  at  15  feet  from  the 
bottom — one  being  below  and  the  other  above  the 
entrance  pipe  for  the  gases  from  the  burners,  and 
at  every  10  feet  in  length  of  the  chamber.  In  the 
first  experiment  the  amount  of  sulphurous  acid  was 
examined,  in  the  second  the  amount  of  sulphuric 
acid,  and  in  the  third  the  amount  of  nitrous  acid. 

(1).  Sulphurous  Acid,  3 fiet  from  bottom. — At  10  feet 
from  the  entrance  the  sulphurous  acid  was  only  3 
per  cent,  (which  was  the  highest  point),  and  from 
thence  it  decreased  till,  at  130  feet,  it  fell  to  8 per 
cent. 

(1).  Sulphirous  Acid,  15  feet  from  bottom. — At  10 
feet  from  the  entrance  there  was  72  per  cent,  of 
sulphurous  acid,  and  this  continued  for  another  10 
feet.  There  was  then  at  30  feet  a rapid  fall  to  46 
per  cent.,  and  at  40  feet  to  31  per  cent. ; and  after 
this  the  variations  were  not  so  marked,  and  the  sul- 
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phurous  acid  became  less  and  less,  till  its  lowest 
point  was  reached  at  120  feet,  where  it  was  13  per 
cent. 

In  the  experiments  at  3 feet  from  the  bottom  the 
differences  are  not  so  great  as  at  15  feet  from  the 
bottom,  the  latter  being  more  affected  by  the  steam 
entering  the  chamber,  which,  as  far  as  could  be 
determined,  was  equal  to  about  one-quarter  of  the 
mixed  gases.  This  result  appears  to  show  that  the 
upper  portion  of  the  chamber  is  chiefly  used  as  a 
reservoir  for  sulphurous  acid,  whence  it  descends 
to  the  working  portion  of  the  chamber,  next  the  acid 
at  the  bottom,  for  condensation  as  sulphuric  acid. 
This  was  checked  in  another  way,  by  placing  a col- 
lector in  the  chamber  at  4 feet  from  the  bottom, 
and  at  16  feet  from  the  bottom.  From  the  former 
there  was  a regular  and  fairly  large  make  of  acid ; 
but  from  the  latter  tliere  was  scarcely  any  produc- 
tion, there  being  only  one-sixteenth  of  an  inch  after 
standing  nine  days. 

(2).  Sulphuric  Acid,  3 Jeet  from  bottom. — Beginning 
at  10  feet  from  the  entrance  the  acid  was  81  per 
cent.,  then  a sudden  rise  brings  it  to  89  per  cent,  at 
20  feet  from  the  entrance,  after  which  the  per- 
centage falls  regularly  till  at  100  feet  the  quantity 
is  30  per  cent.,  and  it  remains  nearly  at  this  to  the 
end  of  the  chamber. 

(2).  Std/ikuric  Acid,  15  feet  from  bottom. — At  10 
feet  from  the  entrance  there  is  no  sulphuric  acid, 
and  this  is  the  case  up  to  140  feet,  with  very  little 
variation.  The  highest  is  reached  at  50  feet,  where 
it  is  23  per  cent. ; on  .the  whole  showing  very  little 
production  at  this  height  compared  to  the  3 feet 
from  the  bottom,  where  the  acid  was  in  marked 
contrast.  In  the  sulphurous  acid  experiment  the 
largest  amount  is  at  the  top  of  the  chamber,  and  the 
smallest  at  the  bottom ; but  in  the  sulphuric  acid 
experiment  the  largest  amount  is  at  the  bottom,  and 
the  smallest  amount  at  the  top. 

Nitric  Acid. — Tlie  variations  were  found  not  to  be 
so  marked  as  in  the  above,  the  differences  being 
between  8 per  cent,  and  26  per  cent.  At  100  feet 
from  the  entrance  it  was  highest,  and  at  140  feet  it 
rapidly  sank  to  3 per  cent. 

II.  A.  Smith  concludes  that  a chamber  should  be 
divided  into  two  parts,  the  working  portion  and  the 
resei-voir  for  the  stock  of  gases;  and  that  if  the  height 
of  the  chamber  was  lowered,  and  at  the  same  time 
its  length  was  increased,  we  should  have  a better 
condensing  surface,  as  most  of  the  acid  appears  to  be 
produced  next  the  already  formed  acid  at  the  bottom, 
and  he  suggests  as  a good  size  for  a chamber,  to 
have  it  about  150  feet  long,  25  feet  broad,  and  12 
feet  high. 

The  heat  at  which  a chamber  is  worked  is  an 
important  part  of  the  operation  of  an  acid-maker, 
and  it  is  generally  admitted  that,  to  do  well  in  the 
production  of  acid,  the  working  part  of  the  chamber 
should  never  be  below  about  200°  Fahr.  Under 
that  heat  little  or  no  production  takes  place ; a 
fair  working  heat  may  be  considered  to  be  about 
220®  Fahr.  This  applies  especially  to  the  lower 
regions  of  the  chamber ; but  the  upper  part,  nearer 
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the  roof,  is  seldom  or  never  so  high,  and  ranges 
from  120°  to  150°  Fahr.  Many  of  these  results, 
however,  as  to  heat  and  production,  depend  very 
much  upon  the  size  of  the  chamber  and  the  way 
it  is  worked ; and  some  manufacturers  believe  that 
surface  as  well  as  space  has  much  to  do  with  the 
rapid  and  large  formation  of  sulphuric  acid.  Ward 
took  out  a patent  for  the  use  of  sheet-glass,  which 
he  placed  in  a chamber  200  feet  long,  3 feet  high, 
and  3 feet  wide,  and  each  sheet  was  placed  about  1 
inch  apart,  so  that  the  mixed  gases  passed  between 
the  damp  sheets  of  glass  and  were  rapidly  condensed. 
Steam  was  introduced  at  certain  points,  so  as  to 
produce  an  acid  standing  about  135°  Twad.  (specific 
gravity,  1-675),  which  contained  a good  deal  of 
nitrous  acid,  and  was  aU  taken  to  the  Gay-Lussac 
denitrating  column,  to  free  it  of  its  nitrous  fumes. 
The  patentee  claimed  for  his  method  a greater  make 
of  acid  in  a given  space,  a larger  production  of  acid 
from  a given  weight  of  pyrites,  a smaller  quantity  of 
nitrate  of  soda,  and  the  wear  and  tear  of  the  chamber 
reduced.  This  class  of  chamber  was  tried  on  the 
Thames  by  the  late  T.  Bell,  but  has  not  come  into  | 
general  use. 

In  1844  a great  saving  was  effected  in  the 
manufacture,  by  the  adoption  of  Gay-Lussac’s 
process  for  the  recovery  of  the  nitrous  compounds,  i 
which  had  hitherto  been  allowed  to  escape  into 
the  air  and  were  wasted.  This  important  improve- 
ment consisted  of  absorbing  the  nitrous  gases  by 
means  of  strong  oil  of  vitriol.  It  was  intro-  | 
duced  into  England  by  De  Couecy;  and  its  adop- 
tion has  lead  to  a decrease  in  the  consumption 
of  nitrate  of  soda,  equal  to  more  than  one-half  of  I 
the  quantity  formerly  used.  The  method  which  is 
usually  adopted  in  chemical  works  is  as  under: — 
The  whole  of  the  hot  sulphurous  gases  from  the  ^ 
burners  is  made  to  pass  under  and  over  a metal  ; 
pot  inclosed  in  tight  brick  work,  in  which  is  placed 
a charge  of  nitrate  of  soda  and  sulphuric  acid.  The 
length  of  time  required  to  decompose  the  nitre 
depends  on  the  weight  used ; but  the  pot  is  usually 
run  off  every  three  or  four  hours,  and  a fresh  charge 
is  made  to  enable  the  supply  of  nitrous  fumes  to  the 
chamber  to  be  continuous.  Fig.  4 is  a section  of 
one  of  the  nitre  pots  now  in  use : — | 

Fig.  4. 


.< 4:  9 — » 


The  sulphate  of  soda  formed  from  the  decomposi- 
tion of  the  nitre  is  in  a semi-fiuid  condition,  and  is 
run  off  from  the  pot  by  means  of  a plug,  p ; and 
after  cooling,  is  broken  up  and  used  in  the  soda 
process.  The  analysis  is  as  under : — 


Sulphate  of  soda, 81-25 

Free  sulphuric  acid 17-10 

Salts  of  lime,  iron,  &c., 1-75 

Water  (uDcombined), 0-50 


100-60 
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The  mixed  gases  from  the  burners  pass  along  a 
large  metal  pipe  lined  with  fire  bricks  to  a lead 


Fig.  6. 


Fig.  6. 


tower,  called  a denitrating  column,  or  Glover 
tower  (shown  in  Figs.  5,  6,  and  7),  and  constructed 


of  lead  about  14  lbs.  to  31  lbs.  to  the  foot,  and  say 
about  20  to  25  feet  high  X 10  feet  square.  This 
tower  is  filled  with  bricks  or  fire-clay 
blocks  to  a certain  height  from  the 
bottom,  and  then  with  flints  or  hard 
coke  to  within  about  2 feet  of  the  top. 
The  hot  gases  from  the  burners,  stand- 
ing about  350°  Fahr.,  pass  into  the 
column  at  a,  and  are  met  by  a stream 
of  nitro-sulphuric  acid  from  the  Gay- 
Lussac  absorbing  column  (which  it 
thoroughly  denitrates),  and  also  a 
stream  of  weaker  acid  from  the  cham- 
bers ; the  gases  finally  pass  into  the 
vitriol  chambers,  considerably  cooled, 
by  the  flue,  b.  It  is  usual  to  have 
two  cisterns  for  the  supply  of  the  acid 
— one  to  contain  the  nitro-sulphuric 
acid,  and  the  other  the  weak  aciil. 
The  two  streams  of  acid  are  made  to 
meet  on  entering  the  top  of  the  column, 
and  the  weak  acid  assists  in  liberating 
the  nitrous  fumes  held  in  the  stronger 
acid,  and  each  acid  is  in  turn  con- 
centrated on  its  way  through  the 
column,  and  runs  out  at  the  foot  at 
about  150°  T.  (1'750  specific  gravity), 
and  after  cooling  is  again  available  for 
the  absorption  of  more  nitrous  acid. 
The  weak  acid  referred  to  above,  the 
sulphurous  acid,  and  the  heat  in  the 
column,  all  act  together  in  separating  from  the 
Strong  acid  from  the  absorbing  column  its  nitrous 
gases  for  use  in  the  chamber.  The  acid  is  cooled 
by  causing  it  to  run  through  a long  coil  of  lead  pipe 
about  2 inches  in  diameter,  which  is  placed  in  a 
trough,  through  which  continually  pours  a running 
stream  of  cold  water.  Another  advantage  derived 
from  this  tower  is,  that  all  the  evaporated  water  is 
economically  employed  as  steam  in  the  chambers. 

The  nitrate  of  soda  used  at  the  burners,  with  a 
well-regulated  Gay-Lussac  apparatus  at  work,  need 
not  be  more  than  1'75  to  2 per  cent,  when  using 
pyrites  testing  about  47  per  cent,  of  sulphur,  or 
about  3-72  to  4-25  per  cent,  on  the  sulphur  in  the 
ore ; whereas,  before  the  Gay-Lussac  apparatus  was 
used,  the  nitrate  of  soda  was  about  4 per  cent,  on 
the  former  and  9 to  10  per  cent,  on  the  latter.  With 
all  the  care  taken,  however,  a certain  weight  of 
nitre,  or  its  equivalent  in  nitrous  acid,  is  almost 
necessarily  lost.  This  loss  varies  in  different  works, 
but  may  be  said  to  be  from  3 to  6 per  cent. ; and 
the  chief  sources  of  loss  occur  in  the  acid  on  the 
floor  of  the  chamber,  which  absorbs  some  nitric 
oxide  from  a small  escape  at  the  exit  pipe  of  the 
Gay-Lussac  column,  already  referred  to,  and  a 
small  waste  at  the  burners.  The  Glover  tower 
is  sometimes  so  placed  that  the  nitro-sulphuric 
acid  from  the  Gay-Lussac  tower,  and  the  weak 
acid  from  the  chambers,  will  both  run  to  it  without 
pumping,  and  are  mixed  as  they  enter  together  at 
the  top. 

The  final  stage  in  the  operations  connected  with 
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gas  kept  always  of  a reddish-brown  colour,  and  the 
“ drop  ” from  the  last  pipe  leading  to  the  Gay- 
Lussac  column  should  be  about  90°  or  100°  Tw.  The 
column  in  which  this  important  operation  takes 
place  is  called  an  “ absorbing  column,”  and  is  usually 
constructed  about  40  or  50  feet  high,  6 feet  square, 
and  of  10  lbs.  to  14  lbs.  lead.  An  escape  pipe  for 


the  acid  chambers  is  the  absorption  of  the  nitrous 
acid  fumes  as  they  escape  from  the  last  chambers  of 
the  series ; and  at  this  point  it  is  e.xpected  that  all, 
or  all  within  a small  trace  of  the  sulphurous  acid, 
has  been  obtained  as  sulphuric  acid  in  passing 
through  the  chambers.  The  last  chamber  (we  will 
suppose  to  be  No.  6 in  the  series)  should  have  its 

Fig.  8. 


draught  leads  from  near  the  top  to  the  flue  or 
chimney;  a cistern  is  placed  above  aU,  which  holds 
a supply  of  cold  and  strong  sulphuric  acid,  standing 
about  150°  Tw.,  and  the  supply  of  acid  to  the  column 
is  regulated  by  a “ catch  siphon  ” or  “ tumbling 
box,”  which  maintains  a regular  and  continuous 
supply  of  acid.  The  nitrous  acid  fumes  are  absorbed 
by  the  strong  acid,  and  the  gas  which  at  last  escapes 
to  the  flue  should  show  no  trace  of  colour.  The 
amount  of  escape  may  be  tested  very  accurately  by 
J.  MacTear’s  method,  as  described  under  Hydro- 
chloric Acid,  and  which  is  equally  applicable  to 
this  purpose.  Fig.  8 is  an  elevation  of  a Gay- 
Lussac  absorbing  column. 

The  column  is  30  feet  high  X 6 feet  square,  and 
filled  with  hard  burnt  coke.  The  cistern  on  the 
top  supplies  the  strong  acid,  as  already  explained. 

Sulphuric  acid  is  pumped  up  to  the  cisterns  by 
means  of  compressed  air,  and  the  arrangement  is  well 
illustrated  by  the  sectional  drawing.  Fig.  9. 

Fig.  9. 


8oale,  I Inch  » 1 fool* 


A is  a metal  vessel  2^  inches  thick,  6 feet  long, 
and  3 feet  diameter,  into  which  the  acid  is  run,  and 
which  holds  57^  cubic  feet  of  acid,  or  about  300 
gallons.  B is  a pipe  through  which  the  supply  of 
acid  is  received  into  the  vessel,  c is  the  air  pipe 
through  which  the  compressed  air  is  forced  from  the 
engine.  D is  the  exit  pipe  which  conveys  the  acid 
to  the  absorbing  column.  E is  a door  or  manhole  to 
enter  the  vessel  for  repairs,  &c. 

An  excellent  acid  pump,  invented  by  George  S. 
Hazlehurst,  is  shown  in  Fig  10.  It  is  in  use  at 

Fig.  la 


his  works  at  Runcorn,  and  pumps  acid  nearly  50 
feet  high.  A a',  an  ordinary  water  pump  barrel ; 
bb',  two  saucers  of  cast  iron,  with  india  rubber 
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diaphragm,  C ; D D,  india  rubber  ball  valves ; E is  a 
water  tub  connected  with  a'  by  F.  As  the  ram  works 
backwards  and  forwards,  the  diaphragm,  C,  waves  to 
and  fro,  drawing  and  forcing  the  acid  through  the 
valves,  D D ; at  each  hack  stroke  the  water  in  a' 
shoots  up  the  pipe  and  delivers  into  the  top  of  E ; 
at  each  front  stroke  the  water  fills  a'  from  the  bottom 
of  the  tub,  through  F.  Thus  the  water  is  constantly 
changed  without  any  valves  whatsoever:  this  circula- 
tion is  necessary  because  of  the  inevitable  entangle- 
ment of  air  passing  through  gland  K.  The  feed 
cistern  may  be  placed  either  below  or  above  the 
pump:  in  the  latter  case  an  air  vessel  is  required 
on  the  suction  pipe.  Of  course,  all  necessary  parts 
are  lined  with  india  rubber.  By  this  means  weak 
acids  from  wash  towers  may  be  profitably  re-pumped, 
and  in  some  cases  more  than  half  the  water  saved, 
more  bleaching  powder  made  per  ton  of  salt,  and  a 
source  of  pollution  of  streams  avoided. 

A point  of  some  importance  in  connection  with 
the  economizing  powers  of  the  Gay-Lussac  column, 
is  the  regularity  of  the  stream  of  acid  which  runs 
down.  This  is  secured  by  a valve  attached  to  a 
float  in  a subsidiary  feed  cistern,  so  arranged  as  to 
keep  the  acid  at  one  level. 

The  quantity  of  sulphuric  acid  used  in  the  Gay- 
Lussac  tower  is  rather  variable,  some  manufacturers 
being  more  successful  in  this  respect  than  others. 
Many  who  employ  this  apparatus  recommend  one- 
third  of  the  make  to  be  run  down  every  twenty- 
four  hours.  In  this  case,,  for  every  100  tons  of 
acid  made  per  week,  nearly  5 tons  would  be  run 
down  per  day.  One  manufacturer  finds  in  practice 
that  about  400  gallons,  or  7000  lbs.,  run  down  the 
column  every  twelve  hours,  will  absorb  the  nitrous 
I gas  from  a set  of  chambers  which  are  converting  18 
} tons  of  sulphur  weekly  into  sulphnric  acid, 
j Chamher  Reactions — The  theory  of  the  formation 
of  sulphuric  acid  in  the  chambers  has  occupied 
the  attention  of  many  learned  chemists.  Clement- 
Desop.mes  was  amongst  the  first  to  trace  the  com- 
plicated reaction  in  the  lead  chambers.  He  showed 
that  nitric  acid  vapour  and  sulphurous  oxide,  when 
mixed,  react  on  each  other  in  the  presence  of 
moisture  in  the  form  of  steam,  and  thence  follows 
the  formation  of  sulphuric  acid.  The  nitric  acid 
parts  with  oxygen  and  becomes  nitrogen  tetroxide 
(N,Oj  = (or  2NO2)  + O).  The  reaction  con- 
tinues however,  oxygen  is  parted  with,  and  the 
tetroxide  becomes  nitrogen  dioxide,  or  nitric  oxide 
(N,0,j  = 2NO)  -f  20).  Nitrogen  dioxide 

NgOg  is  reoxidised  by  the  atmospheric  air,  which  is 
always  present  in  a chamber,  into  nitrogen  tetroxide 
^2^4’  becomes  available  again  for  further  action 
on  the  fresh  supply  of  sulphurous  acid  gas  from  the 
burners.  The  crystalline  substance,  so  often  referred 
to  by  older  chemists,  = (2N203,2H20g)  bSOg,* 
always  appeared  in  the  absence  of  a proper  supply 
of  steam,  but  was  instantly  decomposed  by  more 
water  into  sulphuric  acid,  nitrogen  dioxide,  and  nitric 

* De  la  Pkovostaye  has  shown  the  existence  of  a crys- 
talline coiniiound  having  the  same  properties  containing 
N203.2S03. 


acid.  Clement-Uesormes  ascertained  that  the  action 
continued  either  till  the  sulphurous  acid  or  the 
oxygen  of  the  air  became  exhausted,  and  he  veri- 
fied this  proposition  as  to  what  occurred  in  the 
chambers  by  mixing  in  a glass  globe  three  gases 
(nitric  and  sulphurous  oxides,  and  air).  The  im- 
mediate production  of  red  vapour  showed  the  for- 
mation of  nitrogen  tetroxide  (NO2);  and  now  the 
introduction  of  a very  little  water  caused  the  proper 
reaction,  and  opaque  vapours  were  seen,  which 
deposited  white  crystals  on  the  surface  of  the  glass. 
The  gases  were  then  colourless ; but  on  another 
aildition  of  water  the  crystals  melted  with  produc- 
tion of  ruddy  vapours.  The  same  chemist  tried 
important  experiments  on  the  requisite  heat  for 
the  above  reactions.  He  took  a glass  globe,  into 
which  was  placed  a piece  of  ice,  and  which  was 
furnished  with  three  openings  ; into  one  was  passed 
sulphurous  acid  gas,  and  into  the  second  nitrogen 
dioxide,  and  into  the  third  oxygen.  The  globe  was 
kept  cool  by  being  immersed  in  iced  water.  No 
sulphuric  acid  was  formed;  but  on  exposing  the 
same  to  a heat  of  100°  Fahr.,  the  gases  began  to 
react  on  each  other,  and  sulphuric  acid  was  produced. 
These  facts  are  now  well-known  to  practical  manu- 
facturers. 

The  formation  of  sulphuric  acid  in  the  leaden  cham- 
bers may  be  simply  expressed  by  saying  that  although 
sulphurous  oxide  (SO2)  in  presence  of  water  or  steam 
is  unable  rapidly  to  absorb  atmospheric  oxygen,  it  is 
able  to  take  up  oxygen  from  such  combinations  with 
nitrogen  as  these  oxides  are  formed 

in  the  chamber  they  give  up  part  of  their  oxygen  to  the 
sulphurous  acid,  and  are  reduced  to  nitrogen  dioxide 
(NgOg).  This  gas  is,  however,  able  to  absorb  free 
oxygen,  and  is  at  once  reconverted  into  N2O5  or 
N20^.  This  continuous  reaction  may  be  represented 
as  follows : — 

(1.)  NO2  -F  SO.3  + HjO  = H2SO4  + NO. 

(2.)  NO  -F  0 = NO'j. 

It  is  thus  clear  that  nitrous  fumes  act  as  a carrier 
between  the  oxygen  of  the  air  and  the  sulphurous 
acid,  so  that  theoretically  an  infinitely  small  quantity 
of  these  fumes  will  be  sufficient  to  cause  the  com- 
bination of  an  infinitely  large  quantity  of  sulphurous 
acid,  oxygen,  and  water  to  form  sulphuric  acid 
(Dr.  Roscoe). 

Practically,  however,  this  is  not  the  case,  because 
instead  of  pure  oxygen,  air  must  be  used,  and  four- 
fifths  of  this  consists  of  nitrogen,  which  so  dilutes 
the  other  gases  that  in  order  to  obtain  the  necessary 
action  a considerable  quantity  of  the  oxides  of  nitro- 
gen must  be  added;  and  as  this  nitrogen  must  be 
removed  from  the  chamber,  it  necessarily  carries 
with  it  a large  quantity  of  the  nitrous  gases,  which 
are  dealt  with  as  already  described. 

In  producing  acid  in  the  chambers  it  takes  about 
220  parts  of  water  in  the  fonn  of  steam,  to  con- 
vert 100  parts  of  sulphur  into  sulphuric  acid. 
Sprengel  has  suggested  the  use  of  a jet  of  water 
in  the  chambers  in  the  place  of  steam,  as  less 
costly ; but  it  has  not  yet  come  into  general  practice, 
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and  has  the  disadvantage  of  not  at  the  same  time 
adding  heat  to  the  chamber,  which  is  done  by  steam. 

Concentration  of  Sulphuric  Acid. — Sulphuric 
acid  is  concentrated  in  leaden  pans  until  it  has 
attained  the  specific  gravity  of  1'750 ; beyond  this 
point  it  is  not  considered  safe  to  push  the  concentra- 
tion in  lead.  In  order  to  bring  it  up  to  its  maxi- 
mum degree  of  concentration,  it  is  rectified  in  vessels 
of  glass  or  platinum. 

With  respect  to  its  concentration  in  lead,  a variety 
of  plans  are  in  use  for  this  purpose.  Much  differ- 
ence of  opinion  exists  on  this  head  amongst  sulphuric 
acid  manufacturers ; their  choice  probably  depend- 
ing on  convenience  and  situation.  Alkali  makers 
prefer  to  concentrate  the  vitriol  by  passing  the  fiame 
and  products  of  combustion  of  a reverberatory  fur- 
nace over  the  surface  of  the  weak  acid,  &c. ; but  as 
the  concentrated  acid  resulting  from  this  mode  of 
working  is  almost  invariably  very  black  and  turbid, 
such  acid  does  not  suit  calico-printers,  bleachers, 
and  other  such  consumers. 

The  following  describes  the  plant  of  a manufacturer 
who  makes  for  sale  only.  It  consists  of  two  pans, 
placed  side  by  side,  one  being  placed  so  much  higher 
than  the  other  that  its  contents  can  be  emptied 
completely  by  means  of  a siphon  into  the  lower  pan. 
Each  pan  must  be  formed  out  of  one  solid  sheet  of 
lead,  the  sides  and  ends  being  simply  turned  up: 
the  lead  is  half  an  inch  thick,  the  other  dimensions  of 
the  sheet  being  33  feet  by  7 feet  6 inches.  These 
pans  are  bedded  on  brickwork,  and  heated  by  fines 
passing  beneath  them ; but  they  are  protected  from 
direct  contact  with  the  flame  by  a course  of  fire-tiles 
and,  at  a greater  distance  from  the  fire,  iron  plates. 

The  mode  of  working  is  as  follows : — ^The  vitriol 
in  the  lower  pan  being  of  the  proper  strength,  the 
workman  proceeds  to  run  it  off  into  a ve.ssel  called 
a cooler,  where  it  remains  until  cold.  He  runs  it 
empty  to  within  2 or  3 inches ; when  this  is  accom- 
plished, he  proceeds  to  set  a siphon  into  the  upper 
pan,  running  the  contents  into  the  lower  one, 
which  he  fills  to  within  2 or  3 inches  of  the  top. 
When  the  upper  pan  is  empty  he  refills  it  with  the 
weak  acid  from  the  chamber;  he  then  proceeds  to 
fire  the  pan  until  next  day,  when  he  will  repeat  the 
operations  just  described. 

Fig.  11, 


A surface  concentrator,  in  vertical  section  length- 
ways, is  shown  at  Fig.  11 , the  fireplace  is  at  a,  the 


flame  proceeding  in  the  direction  of  the  arrows  over 
the  surface  of  the  dilute  acid  at  h,  when  it  descends 
into  the  flue,  carrying  with  it  the  evaporated  water; 
d d is  a section  of  the  leaden  pan.  The  lead  is 
protected  from  fusion  by  being  inclosed  in  brick- 
work. The  side  of  the  pan  is  brought  up  to  the 
furnace  dam,  e ; and  within  it  a close  row  of  fire- 
bricks, h,  are  placed  on  end,  but  not  cemented 
in  any  way.  Thus  the  sides  of  the  pan  are  inclosed 
between  brick  walls;  it  only  remains  to  cover  up 
the  space,  and  this  is  done  by  placing  firebricks 
on  the  top,  resting  partly  on  the  furnace  dam,  and 
partly  on  the  rows  of  bricks  just  mentioned.  Some 
manufacturers  employ  covering  bricks,  expressly 
made  for  the  purpose,  with  an  indentation  or  channel 
formed  in  them  ; this  channel  being  for  the  purpose 
of  inclosing  the  upper  edge  of  the  pan. 

The  lead  of  which  vitriol  pans  are  made  is  in 
some  cases  one  inch  thick.  They  are  covered  in  by 
an  arch  of  firebrick,  through  which  a hole  is  pierced 
over  one  corner  of  the  pan ; through  this  hole  the 
pan  is  filled  and  emptied.  Samples  are  taken  from 
time  to  time,  cooled,  and  tested  with  the  hydrometer. 
When  finished  it  must  be  of  the  density  of  1-750, 
or  of  the  strength  of  150°  Tw.,  when  at  a tempera- 
ture of  60°  Fahr.  When  of  this  density,  the  fire 
is  drawn  and  the  vitriol  run  into  shallow  lead  ves- 
sels almost  identical  with  the  first-described  pans, 
formed  out  of  an  entire  sheet  of  lead,  sometimes 
half -inch,  often  of  quarter-inch  thick.  These 
“ coolers  ” are  set  on  iron  plates  in  the  manner 
described  with  reference  to  the  upper  pan ; but  the 
ends  of  the  flues  are  open  to  the  air,  which,  circu- 
lating through  these  passages,  carries  off  the  heat. 
The  sides  and  ends  are  held  up  by  brick  walls  or 
other  convenient  supports. 

Very  good  and  efficient  coolers  are  constructed  of 
cast-iron  plates  lined  with  quarter-inch  lead.  The 
lead  must  be  turned  over  the  upper  edge  and 
flattened  down  so  as  to  prevent  any  infiltration  of 
acid  between  the  iron  and  the  lead.  They  are 
set  on  two  low  brick  walls,  so  that  almost  the  whole 
surface  of  the  iron  is  exposed  to  the  cooling  influence 
of  the  atmosphere. 

The  system  just  described  is  not  by  any  means 
universal,  each  manufacturer  arranging  his  apparatus 
according  to  his  wants. 

The  sulphuric  acid  thus  made  is  called  brown  oil 
of  vitriol;  its  colour  is  due  to  a certain  amount  of 
organic  matter  which  finds  its  way  into  it,  and  which, 
subjected  to  the  joint  action  of  the  acid  and  heat, 
becomes  carbonized,  and  colours  the  whole  of  a 
dingy-brown  hue.  If  the  colour  is  too  strong,  it  is 
usual  to  destroy  it  by  sprinkling  a small  quantity  of 
some  highly  oxidizing  body  into  the  vitriol  while 
hot  in  the  pan;  either  nitrate  of  potassium  or  sodium 
answers  well  for  this  purpose.  Finely  powdered 
black  oxide  of  manganese  may  be  used. 

Sulphuric  acid  of  commerce  invariably  contains 
lead  and  arsenic.  Lead  always  makes  its  appearance 
as  sulphate  when  strong  acid  is  diluted  with  water, 
the  concentrated  liquid  being  able  to  dissolve  a 
portion  of  this  salt  which,  when  diluted,  it  is  not 
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able  to  retain.  Nitrous  compounds  also  are  found, 
together  with  traces  of  hydrochloric  acid.  Traces  of 
selenium  have  also  been  detected.  Arsenic  is  a com- 
mon impurity,  derived  usually  from  the  iron  pyrites. 
Traces  of  arsenic,  too,  have  been  detected  even  in 
vitriol  made  from  commercial  sulphur.  For  the 
great  majority  of  purposes  these  impurities  are  not 
found  inconvenient  in  the  arts ; while,  on  the  other 
hand,  for  some  special  uses  a process  of  purification 
must  be  had  recourse  to. 

Sulphuric  Acid — Rectified  Oil  of  Vitriol — English 
Oil  Oj  Vitriol. — It  has  been  stated  previously  that 
the  concentration  cannot  be  safely  conducted  in  lead 
beyond  the  density  of  1‘750.  The  further  concen- 
tration, then,  must  be  performed  in  vessels  made  of 
a material  which  will  withstand  the  corrosive  action 
of  the  boiling  acid,  and  which  is  comparatively 
infusible.  Glass  at  once  suggests  itself  or  some 
variety  of  earthenware,  such  as  porcelain,  or,  amongst 
the  metals,  platinum  or  gold.  Of  the  former  two 
glass  offers  most  advantages;  and  of  the  two  latter 
materials  platinum  is  preferable,  inasmuch  as  it 
resists  acids  quite  as  well,  and  is  much  cheaper 
than  gold.  Glass  has  been  employed  in  the  con- 
centration of  vitriol  from  very  early  times,  perhaps 
from  the  period  when  sulphuric  acid  began  to  be 
understood,  and  its  manufacture  attempted  on  a 
very  small  scale,  doubtless  before  the  introduction 
of  leaden  pans.  Platinum,  on  the  other  hand,  is  a 
comparatively  late  introduction.  The  glass  vessels 
employed  in  the  last  concentration  of  sulphuric  acid, 
or,  as  they  are  technically  known,  retorts,  resemble 
very  much  the  bottles  or  carboys  used  to  transport 
vitriol  from  place  to  place.  Fig.  12  represents  the 

Fig.  12.  „ 


whole  arrangement  when  at  work.  The  retorts 
vary  in  size ; those  in  use  at  the  present  day  are 
capable  of  holding  more  than  20  gallons  of  liquid. 

The  mode  of  working  can  be  gathered  from 
the  drawing,  where  A represents  the  fireplace;  the 
flame  from  the  fire  plays  round  a cast-iron  pot, 
finally  making  its  exit  into  the  flue.  On  the  bot- 
tom of  the  iron  pot  just  mentioned  a quantity  of 
dry  sand  is  laid ; and  on  this  the  retort,  B,  is  placed, 
the  sand  serving  as  a steady  support  for  it.  The 
retort  is  not,  as  is  sometimes  supposed,  surrounded 
with  sand ; for,  if  this  were  done,  it  would  run  some 
risk  of  being  broken,  besides  materially  retarding 
the  cooling  when  the  rectification  was  over. 


The  retort  being  placed,  as  in  the  drawing,  it  is 
filled  with  warm  brown  vitriol,  and  when  this  is 
done  the  fire  is  lighted;  the  arm,  E,  is  put  into  its 
place ; eventually  the  acid  boils ; water,  with  a little 
sulphuric  acid,  distils  off.  The  vapour  passes  off  by 
the  stoneware  arm,  e,  into  the  leaden  draught-pipe, 
F,  where  a quantity  of  it  condenses ; but  the  greater 
portion  finds  its  way  from  thence  into  the  chimney. 
The  contents  of  the  retort  are  kept  boiling  for  some 
hours,  or  until  the  brown  colour  entirely  disappears ; 
for  this  appears  to  be  the  only  reaction  by  which  to 
determine  the  conclusion  of  the  rectification.  It 
would  appear  that  the  organic  matter  resists  the 
destroying  or  oxidising  action  of  the  acid,  until  it 
has  reached  its  highest  point  of  concentration  and 
temperature.  When  the  clearing  has  taken  place, 
the  fire  is  withdrawn  from  beneath  the  pot;  and 
the  whole  arrangement  is  allowed  to  cool  down  to  a 
safe  temperature,  when  it  is  drawn  off  in  carboys.  This 
drawing  off  is  effected  by  a siphon,  with  the  shorter  of 
its  two  legs  turned  back  upon  itself.  In  order  to 
withdraw  the  concentrated  acid  from  the  retort  the 
workman  first  removes  the  earthenware  arm ; the 
siphon  is  filled  with  water,  the  man  keeping  his 
thumb  firmly  closed  over  the  orifice  of  the  longer 
leg.  The  shorter  leg  is  inserted  into  the  retort, 
and  gently  placed  on  the  bottom ; the  workman 
then  removes  his  thumb  for  a few  seconds,  until 
the  acid  has  driven  before  it  the  water  with  which  the 
siphon  was  charged ; when  this  is  done,  the  end  is 
directed  into  a carboy  which  has  been  placed  in 
readiness  by  an  assistant.  When  the  carhoy  is  full 
the  orifice  is  again  closed  by  the  thumb,  while  the 
fuU  carboy  is  removed  and  replaced  by  another 
empty  one.  The  whole  range  of  retorts  are  emptied 
in  this  manner. 

The  product  is  the  strongest  English  sulphuric 
acid;  it  is  colourless  or  nearly  so,  and  is  of  the 
density  1-850,  or  170°  on  Twaddell’s  hydrometer. 

In  1871  an  entirely  new  process  was  devised  by 
J UNI  us  Gridlet  of  New  York,  and  was  patented  in  this 
country  as  a communication  by  Henry  Chance,  of  the 
firm  of  Messrs.  Chance  Brothers,  & Co.,  of  Birming- 
ham. To  the  ordinary  system  of  working  with  glass 
retorts,  unconnected  with  each  other,  in  which  the 
rectifying  is  commenced,  continued,  and  finished  in 
one  retort  (as  described  above),  there  exist  many 
objections.  The  acid  in  each  individual  retort,  after 
being  rectified,  has,  together  with  the  surrounding 
brickwork,  to  be  cooled  down  before  it  can  be  drawn 
off  into  carboys.  This  necessitates  a large  consump- 
tion of  coal  in  reheating  the  brickwork  each  time  the 
retort  is  filled  with  crude  acid.  In  bringing  the  acid 
to  the  boiling  point  at  the  commencement,  and  in 
cooling  it  down  again  at  the  close  of  the  operation, 
the  very  greatest  care  has  to  be  taken  to  avoid 
breakage ; while  the  liability  to  accident,  and  the 
labour  required  in  filling  and  emptying  each  retort, 
are  material  objections  to  the  process. 

Under  the  new  system  these  diflficulties  are  obvi- 
ated by  making  the  process  continuous.  The  retorts 
are  set  in  beds  of  four  each.  They  are  arranged, 
as  shown  in  Fig.  13,  on  different  levels,  and  are 
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connected  together  by  tubes  of  glass,  as  will  be  shortly 
described.  A constant  stream  of  acid  from  the 


Fig.  18. 


leaden  concentrating  pans  is  run,  by  means  of  a 
leaden  pipe,  into  the  topmost  retort  of  the  series, 
the  supply  being  regulated  by  a tap.  After  under- 
going a certain  degree  of  concentration  in  this  retort, 
the  acid  flows  through  the  glass  tube  into  the  retort 
next  below ; and  so  on  through  each  succeeding 
retort  of  the  series,  undergoing  a further  degree  of 
concentration  in  each,  until  it  leaves  the  lowest  in  a 
continuous  stream  of  fully  concentrated  acid.  After 
passing  through  a leaden  cooler  placed  in  a trough 
of  water,  the  acid  runs  direct  into  the  carboys  and 
is  ready  for  delivery. 

Fig.  14  shows  the  retort  used  in  detail  a is  the 


Fig,  14. 


glass  head  for  conveying  the  mixed  vapours  of  acid 
and  water  to  the  draught-pipe  ; at  b,  in  the  shoulder 
of  the  retort,  there  is  an  opening  through  which  the 
funnel,  c,  passes,  and  by  which  the  acid  enters  the 
retort ; d shows  the  level  of  the  acid  ; e is  the  tubule 
attached  to  retort,  by  whicli  the  acid  leaves  retort ; 
and  ff  shows  the  glass  connector  which  conveys  the 
acid  from  one  retort  to  another.  The  retorts  are 
set  in  sand,  in  shallow  iron  pots,  g. 

The  strength  of  the  acid  is  regulated  by  increasing 
or  diminishing  the  supply  from  the  acid  pans,  and 
is  under  constant  supervision  as  it  flows  into  the 
carboys,  thus  obviating  any  possibility  of  error  as  to 
strength. 

The  escaping  mixed  vapours  of  acid  and  water 
are  conveyed  by  the  draught-pipe  to  small  leaden 
towers  packed  with  coke,  and  are  there  condensed. 

Four  beds  of  retorts,  i.e.,  sixteen  retorts,  will 
produce  from  six  a.m.  on  Monday  till  twelve  noon 
on  Saturday,  600  carboys,  equal  to  46  tons.  For 
this,  the  labour  required  consists  of  two  retort  men 
(day  and  night  turns),  and  two  labourers.  The 
retort  man  on  each  turn  has  the  charge  of  the 
retorts ; the  labourer  attending  to  the  concentrating 
pans,  wheeling  coals  and  ashes,  and  removing  the 
finished  acid. 

Taking  the  result  of  many  months’  working,  the 
nvemge  consumption  of  coal  is  28  lbs.  per  carboy  of 
175  lbs. 

There  being  no  loss  of  heat  in  the  repeated  cooling 
and  re-heating  of  the  brickwork  which  are  necessary 


under  the  old  system,  and  no  labour  required  in 
filling  and  emptying  retorts,  coal  and  manual  labour 
are  reduced  to  a minimum. 

This  process  has  for  some  years  been  in  most 
successful  operation  in  nearly  all  the  vitriol  works 
in  the  United  States,  and  is  now  being  largely 
adopted  by  manufacturers  in  England. 

A platinum  retort,  with  its  appendages,  is  shown 
in  Figs.  15  and  16.  The  former  is  a vertical  section 
in  front ; a,  is  the  body  of  the  retort ; b,  the  head ; 
c,  a platinum  tube  leading  from  the  head  to  a leaden 
worm,  which  worm  is  kept  immersed  in  water ; e,  is 
a platinum  funnel,  the  tube  of  which  is  S-shaped, 
to  prevent  the  return  of  any  vapour.  The  brown 
acid  which  is  kept  in  the  cistern,,^  under  which  the 
waste  heat  passes,  is  run  into  the  body  of  the  retort 
without  the  aid  of  any  tap  or  valve  by  means  of  the 
at-first  sight  rather  complicated,  but  really  simple 
apparatus  shown  in  the  figure,  where  g represents  a 
round  vessel  in  which  a tube,  h,  is  inserted  very 
near  to  the  bottom ; i,  is  another  leaden  vessel, 
which  has  a slit  in  the  side  from  the  top  nearly  to 
the  bottom,  along  which  slit  the  tube,  h,  slides, 
when  the  vessel,  g,  is  moved  up  or  down  by  means 
of  the  chain  and  pulley.  A siphon,  which  is  kept 
constantly  set,  connects  the  stock  cistern,  f,  with 
the  vessel,  g.  The  apparatus  when  in  the  inactive 
state,  as  represented  by  the  dotted  lines,  is  as 
follows: — ^The  siphon  is  full  of  vitriol,  but  the 
surface  of  the  acid  in  the  cistern  being  on  a level 
with  that  in  vessel  g,  no  flow  can  take  place.  When 
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the  vessel,  g,  is  lowered,  the  levels  become  altered; 
and  as  the  leg  of  the  siphon,  which  is  in  vessel  g, 
becomes  the  longer,  the  acid  begins  to  run  into  this 
vessel,  and  from  this  into  vessel  i,  and  thence  into 
the  funnel. 

The  other  portions  of  the  apparatus  being  at  the 
back,  are  shown  in  Fig.  16,  which  is  a side  view;  o, 
as  before,  is  the  body  of  the  retort ; is  a platinum 
tube  about  three-fourths  of  an  inch  in  diameter,  in 


0 


Fig.  15. 


d 


Fig.  16, 


which  a glass  float  is  placed  to  indicate  the  depth  of  ^ 
liquid  in  the  still ; c is  a siphon,  also  of  platinum, 
of  the  same  diameter  as  the  tube  just  mentioned. 
This  siphon  is  inclosed  in  an  iron  tube,  and  between 
these  two  tubes  a current  of  water  can  be  passed. 
The  siphon  terminates  in  a platinum  tap  at  d.  The 
body  of  the  still  rests  on  a circular  tile  of  refrac- 
tory clay;  the  fire  being  below  this  tile,  the  flame 
rises  at  the  back  of  the  still,  circulates  round 


the  sides,  and  finally  passes  from  thence  under  the 
stock-pan.  When  sufficiently  concentrated,  if  the 
running-off  siphon,  c,  is  not  set,  the  workman  pro- 
ceeds to  do  this  by  closing  the  tap,  d.  The  two 
plugs  are  removed  in  the  funnel,  and  the  siphon 
is  filled  with  vitriol ; the  plugs  are  replaced.  It 
now  only  remains  to  open  the  tap,  when  the  con- 
tents of  the  still  begin  to  run  off.  The  tap  is 
allowed  to  remain  open,  until  from  3 to  4 inches 
of  the  still  contents  are  drawn.  The  workman 
is  guided  in  this  by  the  indications  of  the  glass 
float  before  spoken  of,  which  serves  as  a gauge. 
The  acid  falls  into  the  cup,  g,  thence  it  flows 
through  the  serpentine  coil  of  pipe,  h,  h,  h,  which 
is  immersed  in  water;  and  finally  it  emerges  still 
slightly  warm  at  the  end  of  the  coil,  and  runs 
into  the  receiving  vessel,  i,  which  vessel  stands, 
within  another  one,  a stream  of  cold  water  from 
the  tap,  k,  circulating  between  the  two.  The  water 
tap,  ;,  is  also  turned,  when  running  off,  so  that 
a stream  of  cold  water  cools  the  siphon  itself. 
When  the  operation  is  over,  the  workman  proceeds 
to  repeat  the  course  of  opera- 
tions just  described  ; be  fills  up 
his  still  to  its  former  level, 
attends  to  his  fire,  heats  it  up 
to  the  proper  point,  and  again 
allows  the  acid  to  run  off. 

Such  an  apparatus,  the  still 
itself  having  a capacity  of  from 
70  to  80  gallons,  is  capable  of 
producing  thirty  carboys  of  rec- 
tified oil  of  vitriol  in  twelve 
hours.  A retort  of  the  above 
dimensions,  with  the  siphon 
and  float  case,  costs  about  £1500,  the  price  vary- 
ing according  to  the  thickness  of  the  metal,  and 
consequent  weight  of  platinum;  yet  it  is  generally 
admitted  to  be  a more  economical  plan  of  operating 
than  the  glass  retort  system.  But  it  is  not  free 

from  disad- 

■ vantages ; it 

is  necessary 
to  be  careful 
that  the  vit- 
riol contains 
no  nitrous 
compound, 
for  if  this  be 
the  case,  the 
platinum  is 
rapidly  at- 
tacked. To 
obviate  this 


it  is  usual  to  add  a quantity  of  sulphate  of  ammonia 
to  the  acid,  while  in  the  leaden  concentrating  pan, 
before  it  enters  the  still. 

The  strength  of  oil  of  vitriol  is  almost  always  de- 
termined by  a reference  to  its  spec.  grav.  Twaddell’s 
hydrometer  is  that  which  is  most  commonly  used. 

The  following  table,  by  Ur.  Ure,  gives  the  amount 
of  sulphuric  acid  and  of  sulphuric  anhydride  in  oil 
of  vitriol  of  different  degrees  of  density : — 


TARTARIC  ACID. 


HUS04. 

Spedflo 

Gravity. 

803. 

H-ISOa. 

Speciflo 

Gravity. 

S03. 

100 

1-8485 

81-54 

50 

1-3884 

40-77 

99 

1-8475 

80  72 

49 

1-3788 

39-95 

98 

1-8460 

79-90 

48 

1*3697 

39-14 

97 

1-8439 

79-09 

47 

1*3612 

38-32 

96 

1-8410 

78-28 

46 

1-3530 

37-51 

95 

1-8376 

77-46 

45 

1*3440 

36  69 

94 

1-8336 

76  65 

44 

1 3345 

35-83 

93 

1-8290 

75-83 

43 

1-3255 

35  06 

92 

1-8-333 

75*02 

42 

1-3165 

34  25 

91 

1-8179 

74-02 

41 

1 3080 

33-43 

90 

1-8115 

73-39 

40 

1-2999 

32  61 

89 

1-8043 

7-2  57 

39 

1--2913 

31  80 

88 

1 7962 

71-75 

38 

1-28-26 

30-98 

87 

1-7870 

70-94 

37 

1*2740 

30-17 

86 

1*7774 

70-12 

36 

1-2654 

‘29  35 

85 

1-7673 

69-31 

35 

1-2572 

28-54 

84 

1-7570 

68-49 

34 

1-2490 

27-72 

83 

1-7465 

67-68 

33 

1-2409 

26-91 

82 

1*7360 

66-86 

32 

1-2334 

26-09 

81. 

1-7-245 

66-05 

31 

1-2-260 

‘25  28 

80 

1-71-20 

65-23 

30 

1-2184 

24  45 

79 

1-6993 

64-42 

29 

1-2108 

23  65 

78  j 

1-6870 

63-60 

28 

1-2032 

22-83 

77 

1-6750 

62-78 

27 

1-1956 

22-01 

76 

1-6630 

61-97 

26 

1-1876 

21-20 

75 

1 65-20 

61-15 

25 

1-1792 

20-38 

74 

1-6415 

60-34 

24 

1-1706 

19-57 

73 

1-6321 

59-52 

23 

1-1626 

18  75 

72 

1-6204 

58-71 

22 

1*1549 

17-94 

71 

1-6090 

57-89 

21 

1*1480 

17-12 

70 

1-5975 

57-08 

20 

1-1410 

16-31 

69 

1-5868 

56-26 

19 

1-1330 

15-49 

68 

1-5760 

55-45 

18 

1-1246 

14  68 

67 

1-.5648 

54-63 

17 

1-1165 

13-86 

66 

1-5503 

53-82 

16 

1-1090 

13-05 

65 

1*5390 

53-00 

15 

1-1019 

12-23 

64 

1-5280 

52  18 

14 

1-0953 

11-41 

63 

1*5170 

51-37 

13 

1-0887 

10-60 

62 

1*5066 

50-55 

12 

1-0809 

9-78 

61 

1-4960 

49  74 

11 

1-0743 

8-97 

60 

1*4860 

48-92 

10 

1-0682 

8-15 

59 

1-4760 

48-11 

9 

1-0614 

7-34 

58 

1-4660 

47--29 

8 

1-0544 

6*52 

.57 

1-4560 

46-48 

7 

1-0477 

5 71 

56 

1-4460 

45  6.5 

6 

1-04  5 

4*89 

55 

1-4360 

44-85 

5 

1-0336 

4-08 

54 

1*4  65 

44  03 

4 

1-0268 

3 26 

53 

1 4170 

43-22 

3 

1 0-206 

2-45 

52 

1-4073 

42-40 

2 

1-0140 

1-63 

51 

1-3977 

41-58 

1 

1-0074 

0-82 

To  bring  the  degrees  of  Twaddell’s  hydrometer 
to  those  of  the  real  specific  gravity,  consider  them  as 
decimals,  multiply  by  0'5,  and  add  1-000;  thus,  sup- 
posing a sample  of  vitriol  to  stand  160°  on  Twad- 
dell’s hydrometer: — (-150  X -5  + I'OOO  = 1*750). 

! Now,  to  ascertain  the  amount  of  real  sulphuric 

j acid  in  this  sample,  it  is  only  necessary  to  run 

j through  the  table  and  find  the  density  1*750°,  or  the 
nearest  approach  to  it,  which  in  this  case  is  1*746°. 

I It  will  be  found  then  that  the  sample  would  contain 
'"“SS  per  cent,  of  the  inonohydrated  acid,  or  67*68 
per  cent  of  dry  acid. 

This  method  of  arriving  at  the  value  of  a sample, 
though  very  convenient,  is  liable  to  error.  For 
instance,  the  sample  might  contain  foreign  matter 
dissolved  in  it ; this  would  augment  the  density,  and 
cause  it  to  appear  of  more  value  than  it  really  is. 
A slight  change  of  temperature  also  will  alter  the 
density  considerably.  The  following  table,  the  pro- 
duction of  Paukes,  shows  the  gradual  lowering  of 
the  density  as  the  temperature  increases,  so  that, 
even  though  the  sample  may  be  free  from  foreign 
' VOL.  II. 
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bodies,  error  may  creep  in.  From  this  table  it  is 
evident  that  the  density  of  all  samples  of  vitriol 
should  be  taken,  as  in  the  case  of  Dr.  Uee’s  table, 
at  as  near  as  possible  60°  Fahr. : — 


PARKES’ TABLE  OP  VARIATIONS  IN  PENSITV  OP  CONCENTRATED 
SULPHURIC  ACID  THROUGH  CHANGE  OF  TEMPERATURE. 


Temperature. 

DeDsity. 

Temperature. 

DenMty. 

Degrees  Fabr. 

30 

1-8593 

Degrees  Fahr. 

52 

1-8511 

32 

1 8563 

56 

1-8500 

36 

1 8546 

60 

1-8468 

38 

1-8532 

63 

1-8449 

40 

1-85-27 

68 

1*8435 

42 

1-8520 

70 

1-8430 

44 

1-8522 

74 

1-8413 

46 

1-8519 

80 

1-8381 

48 

1-8517 

84 

1-8343 

Again,  when  the  density  of  a sample  is  high,  it  is 
difficult  to  estimate  it  with  suflBcient  accuracy.  Thus 
on  Ure’s  table,  acid  of  1*8439  specific  gravity  con- 
tains 97  per  cent,  of  monohydrated  acid,  while  the 
density  of  the  monohydrated  acid  itself  is  but 
1*8485 — thus  the  slight  difference  of  *0046,  or  rather 
less  than  1°  on  the  hydrometer,  equals  3 per  cent. 
To  obviate  this.  Dr.  Dalton  proposed  that  the  boil- 
ing point  should  be  taken  as  the  guide,  instead  of 


In  addition  to  these  methods  a very  common  mode 
of  testing  the  value  of  vitriol  is  by  an  acidimetrical 
process,  with  a standard  solution  of  alkalL 

TARTARIC  ACID. — Dextro  - tartaric  Acid,  Dex- 
tro-racemic  Acid.  Acid  Tartrique,  French;  Tarter 
Sdure,  Tartryl  Sdure,  Wein  Saure,  Weinstein  Sdure, 
German  (C^HgOg). 

Tartaric  acid  was  isolated  by  Scheele  in  1770. 
It  exists  largely  in  grape  juice  as  acid -tartrate 
of  potassium,  and  is  widely  diffused  through  the 
vegetable  kingdom.  In  tamarinds,  in  the  berry 
of  the  mountain  ash,  in  madder,  potatoes,  cucum- 
bers, quassia,  squills,  mulberries,  pine  apples,  arti- 
chokes, sorrel  girkins,  black  pepper,  &c.,  it  is  found 
in  the  free  state,  or  as  a potassium  or  calcium  salt. 

Dextro-tartaric  acid  forms  anhydrous,  hemihedral, 
rhombic  crystals,  which  turn  the  plane  of  polariza- 
tion of  a ray  of  light  to  the  right. 
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the  specific  gravity,  inasmuch  as  it  permits  a range 
of  10°  or  12°  for  1 per  cent,  of  real  acid.  For  this 
purpose  he  drew  up  the  following  table : — 


DR.  Dalton’s  table  of  boiling  points  of  sulphuric 

ACID  AT  DIFFERENT  STRENGTHS. 


Speciflo 

Gravity. 

Dry  Acid 
Per  Cent. 

Bolling 

Point 

Speciflo 

Gravity. 

Dry  Add 
Per  Cent 

Bolling 

Point 

1-850 

81 

Degreee. 

620 

1-769 

67 

Degree*. 

422 

1-849 

80 

605 

1 757 

66 

410 

1-848 

79 

590 

1-744 

65 

400 

1-847 

78 

575 

1-730 

64 

391 

1-845 

77 

560 

1-715 

63 

382 

1-842 

76 

545 

1-699 

62 

374 

1-838 

75 

530 

1-684 

61 

367 

1-833 

74 

515 

1-670 

60 

360 

1 -827 

73 

501 

1-650 

58-6 

350 

1-819 

72 

487 

1-5-20 

50 

290 

1-810 

71 

473 

1 408 

40 

260 

1-801 

70 

460 

1-300 

30 

240 

1-791 

69 

447 

1-200 

20 

224 

1-780 

68 

435 

1 100 

10 

218 
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A modification  exists  having  the  same  formula, 
the  same  crystalline  form,  but  inclined  the  opposite 
way,  which  turns  the  plane  of  polarization  to  the 
left;  this  is  called  Lsevo-tartaric  or  Anti-tartaric 
acid. 

Other  forms  of  tartaric  acid  are : — Para-tartaric 
or  Racemic  acid  (C^HgOg),  optically  inactive,  but 
capable  of  being  separated  into  equal  quantities  of 
dextro  and  Isevo  tartaric  acids: — Inactive  tartaric 
acid  or  Meso- tartaric  acid  (C^HgOg),  optically  inac- 
tive, and  incapable  of  yielding  dextro  and  Isevo 
tartaric  acid.  Para-tartaric  and  Meso-tartaric  acids 
form  hydrated,  holohedral,  triclinic  crystals. 

Meta- tartaric  acid  (C^HgOg)  is  produced  by  heat- 
ing dextro  - tartaric  acid ; it  is  deliquescent  and 
uncrystallizable. 

Manufacture.— Dextro-tartaric,  Le.,  ordinary  tar- 
taric acid,  is  prepared  from  acid  tartrate  of  potassium 
(cream  of  tartar),  on  the  large  scale,  from  crude 
tartars. 

Potassium  tartrate  is  deposited  from  wine  dur- 
ing vinous  fermentation.  Its  solubility  diminishes 
as  the  percentage  of  alcoliol  increases ; hence  the 
iunoLuit  of  argol  or  crust  is  to  some  extent  a 
measure  of  the  strength  of  the  wine.  In  the 
Rnine  provinces  a considerable  amount  of  argol 
is  extracted  from  the  skins  and  other  solid  por- 
tions of  the  grape. 

The  materials  from  which  tartaric  acid  is  made 
may  be  classed  as  “lees,"  “argol,”  and  “tartar.” 
Lees  is  the  solid  matter  collected  from  the  bottoms 
of  the  fermenting  vessels.  Argol  is  the  thin  crys- 
talline crust  deposited  on  the  sides  of  these  vessels. 
Tartar  is  manufactured  from  the  two  former  by  a 
rough  process  of  extraction  with  hot  water  and 
crystallization. 

Lees. — Italy  is  the  great  producer  of  the  tartar 
manufactured  in  England  ; a smaller  quantity  comes 
from  France.  In  countries  where  the  wine  is  plas- 
tered the  lees  contain  calcium  tartrate  instead  of 
acid  tartrate  of  potassium,  and  consequently  there 
is  little  material  from  which  tartar  can  be  made. 
Robert  Warington  gives  the  following  analyses  of 
lees  received  at  J.  B.  Lawes’  Citric  and  Tartaric 
Acid  Works : — 


Tax*tAric  Acid  as 

Tota 

Potassium 

Bitartrate. 

Calcium 

Tartrate. 

Acid. 

Italian  lees,  33  samples, 

Greek  lees,  14  “ 

24-1 

6-1 

30-2 

19-9 

11  8 

31-7 

French  lees,  9 “ 

17-3 

60 

23-3 

“ 30  “ 

5-3 

20-5 

25-8 

Yellow  Spanish  lees,  59  samples, 
lied  Spanish  lees,  17  “ 

8-7 

18-2 

26-9 

8’8 

17-4 

26-2 

Argol  exhibits  a wide  range  of  composition,  con- 
taining from  40  to  70  per  cent,  of  tartaric  acid. 
Very  low  argols  resemble  superior  lees,  while  first 
class  argols  are  equal  to  ordinary  tartar.  In  argol 
even  of  low  quality  the  tartaric  acid  is  chiefly 
present  as  potassium  bitartrate. 

Tartar,  as  already  mentioned,  is  manufactured 
from  lees  or  argol  by  extraction  with  hot  water  and 


crystallization.  The  highest  quality  tartars  are  those 
of  South  Italy  and  Messina;  they  contain  about  76 
per  cent,  of  tartaric  acid,  and  in  some  instances 
reach  as  much  as  77  per  cent,  (pure  potassium  bitar- 
trate would  contain  797  per  cent,  of  tartaric  acid). 
Of  this  tartaric  acid  1 j to  3^  is  present  as  calcium 
tartrate.  The  tartars  of  St.  Antimo  or  Naples  con- 
tain 74  to  75  per  cent,  of  tartaric  acid  of  which 
3 to  4^  exists  as  calcium  tartrate.  Vinaccia  tartar 
is  made  in  various  parts  of  Italy  and  France,  from 
the  solid  matter  of  the  grape  remaining  after  the 
must  is  expressed.  This  solid  matter  is  fermented, 
distilled,  and  tartar  made  from  the  residue  ; it  con- 
tains 70  to  73  per  cent,  of  tartaric  acid,  of  which 
5 to  7 per  cent,  are  neutral  tartrates.  French  tar- 
tars contain  more  calcium  tartrate  than  good  Italian 
tartars.  (Robert  Warington,  Chem.  Sue.  Jour., 
vol.  xxviii.). 

Tartaric  Acid. — In  England,  2 tons  of  tartar  are 
placed  in  a vat  holding  about  4000  gallons,  and 
dissolved  in  about  2000  gallons  of  water ; chalk 
or  whiting  is  then  added  till  effervescence  ceases 
(100  parts  of  potassium  acid  tartrate,  C^H^KOg, 
requires  24  parts  of  chalk).  The  mixture  is  kept 
in  motion  by  a steam  jet,  and  by  rotating  arms, 
to  prevent  coagulation  of  the  calcium  tartrate.  The 
reaction  is : — 

Potasf^ium  acid  Calcium  Potassium  Calcium 

tai'trate.  carbonate.  tartrate.  tartrate. 

2 C4HgKOg  + CaC03  — + C4H40aOg  + HgO  + COg 

The  potassium  tartrate  is  decomposed  by  boiling 
for  two  hours,  with  constant  agitation  with  calcium 
sulphate  from  a previous  operation,  a slight  excess 
being  employed.  The  result  is  that  the  whole  of 
the  tartaric  acid  combines  with  the  calcium,  leaving 
potassium  sulphate  in  solution. 

The  “ generator,”  as  the  vat  is  termed,  is  allowed 
to  cool,  and  the  supernatant  liquid  run  off  and  set 
aside  to  crystallize,  the  potassium  sulphate  being  a 
valuable  bye-product. 

The  calcium  tartrate  is  well  washed  in  cold  water 
(it  is  slightly  soluble  in  hot),  and  then  decomposed 
by  addition  of  sulphuric  acid.  The  results  are  free 
tartaric  acid  and  calcium  sulphate.  The  amount  of 
acid  required  is  estimated  from  the  weight  of  chalk 
used  and  the  calcium  contained  in  the  tartrate  of 
lime. 

The  mixture  is  next  run  into  a tank  having  a 
perforated  false  bottom,  lined  with  thick  flannel,  or 
into  some  other  filtering  apparatus.  The  sulphate 
of  lime  must  be  carefully  washed  to  secure  the  whole 
of  the  tartaric  acid. 

The  filtrate  is  evaporated  in  leaden  pans,  heated 
by  steam  coils  or  in  the  steam  vacuum  pan  invented 
by  Edmund  E.  Pontifex.  Tartaric  acid  is  decom- 
posed, especially  in  presence  of  sulphuric  acid,  at  150° 
Fahr.  In  the  vacuum  pan  the  temperature  of  the 
first  solutions  need  not  exceed  120°  to  130°  Fahr. 

The  first  crop  of  crystals  is  highly  coloured ; it  is 
therefore  dissolved  and  heated  with  animal  charcoal, 
and  freed  from  phosphates  by  long  boiling  with 
hydrochloric  acid. 
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Tartaric  acid  crystallizes  in  large  transparent 
oblique  prisms,  having  the  specific  gravity  T739. 
It  has  an  agreeable  sour  taste,  is  very  soluble  in 
water  and  alcohol,  insoluble  in  ether;  after  long 
standing  in  the  air  its  solution  becomes  covered 
with  a fungus. 

Tartaric  acid  melts  at  170°  to  180°  C.  (338°  to 
35C°Fahr.),  and  is  converted  into  metatartaric  acid  ; 
on  increasing  the  lieat,  water  is  given  off,  and  tar- 
tralic  (isotartaric  or  ditartaric  acid)  is  formed — 

Tartaric  acid.  Tartralic  acid. 

2C4HgOt(  = ^8^10^11  HgO. 

At  a further  stage  tartrelic  acid  is  formed  thus ; — 

Tartaric  acid.  Tartrelic  acid. 

C^HgOg  = 0411^05  + HjjO. 

Continuing  to  heat,  ultimately  tartaric  anhydride 
isomeric  with  tartrelic  acid  is  produced. 

A further  increase  of  heat  decomposes  tartaric 
acid  into  a variety  of  compounds,  whose  composi- 
tion is  dependent  on  the  temperature  and  mode  of 
heating.  A sharp  sudden  heat  causes  evolution  of 
acetic  acid,  carbonic  acid,  and  carbonic  oxide. 

Tartaric  acid  is  used  by  dyers  and  calico-printers, 
in  medicine,  and  for  the  preparation  of  effervescent 
draughts.  In  the  blood,  tartrates  are  changed  to 
carbonates.  Tartaric  acid  is  dibasic,  its  salts  are 
tartrates. 

Potassium  Acid  Tartrate. — Bitartrate  of  Potash, 
Cream  of  Tartar,  Argol. — C^H^KOg. — This  salt  is  pre- 
pared from  argol  or  lees  of  wine.  The  crude  tartar 
is  ground  to  powder,  wetted  with  water,  and  thrown 
into  vats  heated  to  212°  Fahr.  After  two  or  three 
days  the  clear  liquor  is  run  off  into  earthenware  pans 
to  crystallize.  The  crystals  are  redissolved,  4 to  6 
per  cent,  of  clay  and  animal  charcoal  added,  and  the 
solution  evaporated  till  a thin  crust  forms  on  the 
surface ; it  is  then  run  into  conical  coolers.  In  a 
week  or  ten  days  the  cream  of  tartar  is  found  to 
have  crystallized  on  the  sides  of  the  vessel,  whilst 
the  clay  and  charcoal,  and  most  other  impurities, 
have  settled  to  the  bottom.  The  crystals  are  dried 
on  tiles,  in  the  sunlight  if  possible,  to  improve 
their  colour. 

At  Venice  the  acid  tartrate  of  potassium  is  purified 
by  repeated  crystallizations ; white  of  egg  and  wood 
ashes  are  added,  causing  effervescence  and  the 
upheaval  of  impurities,  which  are  then  skimmed  off. 

Cream  of  tartar  crystallizes  in  hard,  opaque,  oblique 
rhombic  prisms,  of  snowy  whiteness  wlien  pure,  and 
of  sour  taste;  soluble  in  180  parts  of  cold  and  6 of 
boiling  water.  Its  hot  concentrated  solution,  if  sud- 
denly cooled,  is  covered  with  a layer  of  dense  fine 
white  crj-stals  ; hence  the  term  “cream  of  tartar.” 

Potassium  tartrate,  C^II^K^Og,  the  neutral  salt,  is 
prepared  by  adding  carbonate  of  potassium  to  the 
acid  salt.  The  addition  of  most  acids  to  a solution 
of  tills  salt  precipitates  the  acid  tartrate.  In  alcohol 
it  is  nearly  insoluble.  Heated  to  redness  in  close 
vessels,  a mixture  of  carbonate  of  potassium  and 
charcoal  results — much  used  as  black  flux.  Calcined 
with  its  own  weight  of  nitre,  ichite  flux,  or  carbonate 
of  potassium,  is  obtained. 


R0CFIEI.1.E  Salt.  — Seignette  Salt,  Potassium  awl 
Sodium  Tartrate,  C^H^KNaOg  -f  4H.,0. — This 
beautiful  salt  was  discovered  by  Seignette  at 
Rochelle.  It  is  prepared  by  forming  a concentrated 
solution  of  cream  of  tartar,  neutralizing  the  acid 
with  sodium  carbonate,  and  evaporating  till  a skin 
forms  on  the  surface ; the  liquor  is  then  run  into 
coolers  and  allowed  to  crystallize.  The  mother 
liquors,  if  concentrated,  yield  a second  crop  of 
crystals. 

Rochelle  salt  forms  large  transparent  right 
rhombic  prisms,  with  hemihedral  faces,  which 
effloresce  in  the  air.  It  dissolves  in  3'3  parts  of 
water  at  3°  C.,  2*4  at  11°  C.,  and  1'50  at  26°  C. 
It  is  chiefly  used  in  medicine. 

Tartar  Emetic. — Potassio -antimoniovs  Tartrate, 
Tartarus  stibiatus.  Brechweinstein,  Speissglanziceinstein, 
German.  C^H4K(SbO)Og  + ^HgO.  The  discovery 
of  this  salt  was  attributed  to  Mynsicht  (1631), 
but  it  was  mentioned  by  Basil  Valentine  two 
hundred  years  earlier,  and  was  probably  known 
long  before  that  time. 

It  is  prepared  by  boiling  3 parts  of  antimonious 
oxide  with  4 parts  potassium  acid  tartrate  for  about 
half  an  hour,  filtering  the  hot  solution,  and  crystal- 
lizing. The  salt  is  purified  by  repeated  solution 
and  crystallization.  The  crystals  form  colourless, 
shining,  rhombic  octabedra;  their  taste  is  at  first 
sweetish,  then  metallic.  They  are  soluble  in  14 
parts  of  water  at  15°  C.,  in  2 parts  at  100°  C. 

TIN. — Etain,  French  ; Zinn,  German  ; Stannum, 
Latin  ; Kaaahipoi,  Greek,  (,/upiter  of  the  alchemists). 
Symbol,  Sn.  Atomic  weight,  118.  A malleable 
white  metal,  having  a yellow  tinge;  when  warm  it 
possesses  a peculiar  odour.  It  is  not  readily  oxidized 
by  moist  air.  It  possesses  little  tenacity,  but  can 
nevertheless  be  hammered  out  into  thin  sheets, 
barely  inch  in  thickness.  This  tin  foil  when 

amalgamated  with  mercury  forms  the  “silvering”  of 
mirrors.  The  specific  gravity  of  tin  is  7-29.  Tin  melts 
at  222°  C. ; 237°  C.  (Person.)  It  boils  at  a white  heat, 
and  burns  in  the  air  with  a dazzling  flame  ; at  a red 
heat  it  decomposes  steam,  hydrogen  being  given  off. 

Tin  is  not  soluble  in  concentrated,  but  is  rapidly 
attacked  by  dilute  nitric  acid.  Strong  hot  hydro- 
chloric acid  forms  tin  dichloride  with  evolution  of 
hydrogen. 

This  metal  is  of  high  antiquity ; it  was  employed 
by  the  Egyptians,  is  mentioned  in  the  books  of 
Moses,  and  has  been  known  to  the  Chinese  from  time 
immemorial.  From  the  writings  of  Dioscorides, 
Diodorus,  Pliny,  and  others,  as  well  as  from  Celtic 
records,  it  appears  that  a considerable  trade  with 
Cornwall  and  Devon  for  tin  existed  as  long  ago  as 
1040  B.C.  The  Phoenicians,  the  principal  carriers 
of  the  metal,  called  it  stan,  whence  the  stannum  of 
the  Romans,  and  also  the  term  Stanneries,  which  is 
still  apjilied  in  Cornwall  to  the  districts  where  the 
tin  is  pro<luced. 

The  earliest  direct  evidence  is  that  given  by 
Herodotus,  who,  writing  in  the  4th  century  B.C., 
stated  that  tin  was  brought  from  the  Cassiterides, 
under  which  name  parts  of  Cornwall  and  Devon 
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were  intended.  R.  N.  Watts  (Royal  Cornwall 
Polytechnic  Society,  42nd  Report)  considers  that 
inferential  geological  evidence  carries  back  the  com- 
mencement of  tin -working  to  a time  when  the 
mammoth  either  stiU  existed  or  had  not  long  dis- 
appeared, and  when  the  general  level  of  Cornwall 
and  Devon  was  at  least  some  30  feet  higher  than 
it  is  at  present. 

Previous  to  the  thirteenth  century  England 
enjoyed  a monopoly  of  the  tin  trade ; but  in  that 
age  rich  veins  of  tin  ore  were  discovered  in  Misnia 
and  Bohemia,  and  about  the  year  1250  the  English 
trade  was  much  reduced  by  the  low  price  at  which 
the  Germans  were  able  to  sell  their  tin.  At  present 
tin  mines  are  wrought  in  Bohemia,  Saxony,  and 
Austria ; in  Galicia,  on  the  borders  of  Portugal ; 
at  Piriac,  in  the  Loire  Inferieure  ; and  at  Vaulry,  in 
the  department  of  Haute  Vienne  in  France ; but  the 
mines  of  French  localities  are  of  very  little  import- 
ance. Large  quantities  of  tin  ore  occur  in  the 
Siberian  mining  district  of  Nertschinsk,  and  it  is 
found  in  Dalecarlia  in  Sweden ; but  the  richest 
deposits  that  have  hitherto  been  found  are  those  in 
the  province  of  Tenasserim,  on  the  east  side  of  the 
Gulf  of  Martaban,  in  the  Malayan  peninsula ; these 
have  been  worked  for  many  centuries,  and  consider- 
able quantities  are  still  obtained.  In  the  early  part 
of  the  last  century  (1710)  large  quantities  of  very 
pure  ore  of  tin  were  discovered  in  the  island  of 
Banca,  whence  as  much  as  3500  tons  of  the  metal 
have  some  years  been  abstracted.  Minerals  of  tin 
exist  also  in  Brazil,  in  Mexico  and  Chili,  in  South 
America,  in  the  United  States,  and  very  largely  in 
Tasmania  and  Australia.  The  extent  of  tin-bearing 
country  in  New  South  Wales  is  about  8500  square 
miles.  Of  this  area  only  about  8 square  miles  had 
up  to  1877  been  opened ; the  value  of  the  tin  raised 
amounted  to  £2,376,000. 

The  chief  tin  ore  is  cassiterite  (tin  stone,  stream 
tin,  &c.)  SnOg ; it  is  found  in  veins  and  drift  deposits 
accompanied  by  wolfram.  In  the  alluvial  deposits 
native  gold  is  found  with  the  tin. 

The  tin  mining  districts  of  Cornwall  and  Devon- 
shire are  three  in  number,  viz. — 1,  that  included  in 
the  south-west  of  Cornwall  beyond  Truro ; 2,  the 
neighbourhood  of  St.  Austell ; and  3,  of  Tavistock  in 
Devonshire.  The  chief  tin  mines  in  these  districts 
are  Wheal  Vor,  near  Helston ; Polberrow,  near  St. 
Agnes:  Polgooth,  near  St.  Austell;  Drake  Walls, 
near  Tavistock,  on  the  Cornish  side  of  the  Tamar ; 
and  Birch  Tor,  also  near  Tavistock,  but  on  the 
eastern  side  in  Devonshire.  Ores  of  tin  are  found 
in  the  form  of  regular  lodes  or  veins  disseminated 
in  granite  and  in  felspar — porphyry  or  elvan — and  in 
alluvial  formations,  “stream  tin,”  on  the  slopes  of 
hills,  or  in  the  valleys.  In  the  former  instances  the 
veins  frequently  cross  one  another,  either  horizontally 
or  in  their  perpendicular  descent ; occasionally  they 
ramify  through  the  rock  in  all  directions,  producing 
at  the  point  of  intersection  masses  of  ore  called  by 
the  Germans  stockwerk,  such  as  the  Altenberg  mine 
in  Saxony.  In  the  other  instance  of  the  occurrence 
of  tin  ore,  namely,  in  alluvial  deposits,  it  is  usually 


called  stream  tin,  as  well  from  the  nature  of  the 
deposit,  as  from  the  fact  that  in  these  cases  the 
workings  are  generally  in  the  course  of  rivulets  or 
streams.  It  is  found  either  in  a pulverized  sandy 
state,  in  separate  stones,  called  shades  in  Cornwall, 
or  in  a continued  course  of  stones,  which  are  some- 
times found  together  in  large  numbers. 

It  is  probable  that  the  deposits  of  stream  tin  were 
first  discovered.  Rivers  swollen  by  the  rain  would 
cut  deep  gullies  through  the  alluvium  of  their  valleys, 
and  expose  the  layers  of  tin  stone,  pebbles,  and 
gravel ; but  as  the  searchers  worked  upwards  they 
could  not  fail  to  discover  some  traces  of  the  veins 
from  which  the  stream  tin  had  been  derived,  and 
regular  mining  would  result.  Hence,  unquestion- 
ably, arose  the  practice  of  “ shoding,”  the  oldest 
method  of  search  for  mineral  veins  of  which  there 
is  any  record.  Three  centuries  since  both  stream 
and  lode  works  were  thus  sought  after.  R.  Carew, 
in  his  “Survey  of  Cornwall,”  1602,  describes  the 
finding  of  tin  stones  “ lying  on  the  face  of  the 
greund,  which  they  term  ‘ Shoad,’  as  shed  from 
the  main  ‘Load,’  and  made  somewhat  smooth  and 
round  by  the  waters  washing  and  wearing,  . . . 

affordeth  a tempting  likelihood;  the  Tynners  go  to 
worke,  casting  up  trenches  before  them  in  depth 
5 or  6 foote,  more  or  lesse,  as  the  loose  ground  went, 
and  3 or  4 in  breadtli,  gathering  up  such  shoad  as 
this  turning  of  the  earth  doth  offer  to  their  sight.” 

This  was  the  way  to  find  stream  tin.  In  search- 
ing for  a “lode”  a different  plan  was  pursued. 
The  shode  lay  open  on  the  grass,  or  but  slightly 
covered ; guessing  at  the  place  where  it  had  broken 
off,  they  sunk  a shaft  5 to  6 feet  long,  2 or  3 broad, 
and  7 or  8 deep.  If  they  found  the  lode,  well ; if 
not,  they  tried  again. 

Similar  in  principle,  though  more  methodical  in 
practice,  was  the  mode  of  search  carried  on  a hun- 
dred years  later.  After  any  great  land-flood  the 
banks  of  the  streams  were  carefully  searched  for 
shode  stones ; when  found,  the  first  step  taken  was 
to  sink  an  assay  “ hatch  ” or  shaft,  6 feet  long  and 
4 feet  broad,  to  the  rocL  If  shode  was  found 
therein,  the  distance  from  the  lode  was  estimated 
by  the  distance  of  the  shode  from  the  rock.  More 
hatclies  were  then  sunk  higher  up  the  hill,  not 
following  each  other,  but  alternately  on  either  hand. 
When  the  lode  was  attained,  that  hatch  was  called 
a “ tin  hatch,”  and  sinking  was  commenced. 

“Costeaning”  was  an  economical  development  of 
this  process.  Little  pits  were  sunk  from  6 to  12 
feet  deep,  and  drifts  carried  from  one  to  the  other 
across  the  direction  of  the  veins. 

The  art  of  shoding  and  its  allied  operations  has  now 
almost  died  out,  so  far  as  Cornwall  is  concerned, 
since  there  are  now  few  districts  in  that  county  in 
which  the  direction  and  nature  of  the  lodes  are  not 
known ; but  in  Australia  and  Tasmania,  where  the 
mines  are  as  yet  almost  unknown,  the  old  processes 
of  exploitation  might  with  profit  be  revived. 

The  stream  works  were  the  chief  sources  of  tin 
supply  down  to  late  in  the  last  century.  At  present 
streaming  is  all  but  extinct,  though  there  are  still 
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some  stream  works  in  out-of-the-way  localities ; and 
the  refuse  of  the  hatches,  carried  by  the  “ red  rivers  ” 
that  run  down  to  the  sea  in  West  Cornwall,  is 
washed  over  and  over  again  by  successive  operations 
to  the  water’s  edge. 

Lodes  were  at  first  wrought  in  open  workings, 
and  this  method  has  been  followed  almost  continu- 
ously ever  since  the  date  of  its  adoption. 

Carclaze,  near  St.  Austell,  is  an  open  excavation 
of  this  kind,  in  which  tin  has  been  raised  for  centuries. 
Another  work  of  the  same  character  is  now  in  full 
operation  at  Rock  Hill,  about  four  miles  north  of 
St.  AustelL 

“ Shamnieling,”  or  “shambleing”  is  intermediate 
between  open  working  and  mining  proper.  The 
lode  being  found,  the  miner  went  down  about  1 
fathom,  and  there  left  a square  platform  called  a 
“shamble;”  he  then  descended  again  and  continued 
thus  from  east  to  west,  leaving  shambles  at  each 
descent,  until  the  lode  grew  too  small  or  degenerated 
into  mundic,  maxy,  &c.  A drift  was  then  made 
into  the  hill  to  follow  the  lode,  ITius  the  shaft 
was  divided  into  a series  of  step-like  stages,  each  of 
such  a height  that  a man  could  conveniently  heave 
the  stuff  with  a shovel  from  one  to  the  next  above. 

Large  stream  works,  as  clay  works  often  are  now, 
were  wrought  in  stages  or  steps ; and  shammeling 
was  an  adaptation  of  this  method. 

Shaft  and  level  mining  have,  at  the  present 
day,  superseded  all  other  methods.  Originally 
the  lodes  were  followed  from  the  shafts  at  points 
where  they  were  rich,  without  any  attention  to  order 
or  regularity.  Many  of  the  early  shafts  were  so 
narrow  that  they  could  be  ascended  and  descended 
by  climbing,  like  chimneys.  “Stoping”  downwards 
from  the  shaft  was  the  next  stage ; then  came  the 
introduction  of  “winzes,”  and  “stoping”  downwards 
from  the  levels;  finalR,  stoping  upwards,  as  now 
practised.  Both  systems  of  stoping,  the  under  and 
the  over  hand,  were  practised  in  Germany  long 
previous  to  their  introduction  into  this  country. 
The  advantages  of  overhand  stoping  caused  it  to 
be  rapidly  adopted,  but  the  old  method  of  working 
was  continued  in  Wheal  Alfred  till  1816,  and  is 
occasionally  followed  even  now. 

Three  hundred  y^ars  ago  40  to  60  fathoms  was 
the  greatest  depth  attained ; the  lode  was  then 
followed  as  it  lay,  ventilating  shafts  being  driven 
and  the  earth  propped  up  by  timber.  In  1775 
Dolcoath  had  been  sunk  90  fathoms.  Since  then 
the  extreme  depth  of  Cornish  mines  has  been  nearly 
quadrupled,  and  continues  to  increase. 

Dressing  the  Ore. — The  order  of  treatment  is  much 
the  same  as  that  for  copper  ores.  The  clay  and 
other  light  impurities  are  washed  away  by  a stream 
of  water ; the  stones  containing  the  ore  are  then 
“ spalled,”  I.C.,  broken  into  small  pieces  by  a stone- 
breaking machine,  and  the  whole  separated  into 
heaps  of  different  classes,  according  to  the  nature 
of  the  gangue.  The  richest  lumps  are  called  “ best 
worL” 

The  several  heaps  are  further  reduced  by  a 
stamping  mill  to  a fine  powder.  The  old  stamp 


consists  of  a wooden  shaft  connected  with  a water 
wheel  or  steam  engine,  in  which  are  arranged 
a number  of  cams,  that  catch  the  lifting  arms 
of  a series  of  pestles  heavily  shod  with  iron,  and 
working  in  an  iron-lined  box.  Four  stampers, 
weighing  2|  to  3 cwts.  each,  are  worked  in  each 
box,  and  each  pestle  is  so  lifted  that  the  strokes 
follow  in  succession.  A stream  of  water  entering 
the  box  from  above  conveys  the  reduced  ore,  through 
gratings,  over  an  inclined  plane  to  a tank.  Here 
the  ore,  in  consequence  of  its  gravity,  arranges  itself 
into  three  kinds ; the  heaviest,  and  therefore  the 
richest,  rests  on  the  upper  part  of  the  inclined  plane, 
a less  rich  ore  in  the  middle,  and  the  poorest  or 
gangue  parts  are  carried  over  into  the  tank  or  slime 
pit,  where  it  settles  to  the  bottom  to  be  occasionally 
collected. 

There  are  many  different  forms  of  stamps  at 
present  at  work ; amongst  others  may  be  mentioned 
Ennor’s,  in  which  power  is  economized  by  reduction 
of  friction,  and  which,  by  means  of  a sloping  stamp’s 
grate,  allows  the  stuff  when  broken  sufficiently  fine 
to  escape  at  once.  Husband’s  pneumatic  stamper 
and  Willoughby’s  spring  stamper  are  in  use  at 
several  important  mines.  The  Chatwood  & Stur- 
geon’s steam  stamper  is  on  the  principle  of  the  steam 
hammer;  the  steam  not  only  raises  the  head,  but 
impels  it  downwards.  As  the  effect  of  the  blow 
increases  as  the  square  of  the  velocity,  an  enormous 
battering  power  is  added  to  the  stamp  by  a moderate 
increase  in  its  velocity. 

The  ram  works  in  a closed  cistern  or  coffer, 
entirely  surrounding  the  ram  bead,  and  having  a 
series  of  openings  in  which  sieves  or  gratings  are 
fitted,  and  through  which  the  ore  passes  when 
sufficiently  crushed.  These  are  fixed  a little  above 
the  level  of  the  anvil  face,  in  order  to  avoid  liability 
to  breakage ; but  the  material  is  lifted  to  the  height 
of  the  gratings  by  the  action  of  the  blow,  and  passes 
out  with  the  stream  of  water  which  is  kept  con- 
tinually fiowing  through.  The  ore  is  fed  under  the 
stamp,  in  just  the  quantity  suitable  for  one  blow. 
The  ram  weighs  about  15  cwts.,  and  will  strike  150 
blows  per  minute  with  a force  of  about  300  tons  to 
each  blow. 

The  Husband’s  stamp  is  thus  described  by  R. 
Goldsworthy.  It  consists  of  a piston  working  in  a 
gun-metal  cylinder,  actuated  by  a crank  driven  by 
a belt  and  pulley  from  an  engine.  The  piston  and 
piston-rod  are  in  one,  with  a chilled  shoe  attached. 
The  cylinder  is  provided  with  holes  above  and  below 
the  piston,  for  egress  and  ingress  of  air.  The  air 
confined  in  the  cylinder  on  the  up  stroke  becomes 
compressed,  and  on  the  return  stroke,  like  a spring, 
reacts  on  the  piston,  giving  impetus  and  force  to 
the  blow.  The  piston  rod  is  hollow,  having  a pipe 
inserted  in  the  upper  end,  conveying  a constant 
flow  of  water  for  the  purpose  of  keeping  the  piston 
and  cylinder  cool,  and  supplying  water  to  the  coffer. 
The  stuff  is  never  operated  on  after  it  is  once  fine 
enough  to  go  through  the  screen,  which  is  extended 
the  whole  length  of  the  coffer. 

In  the  United  States  revolving  stamps  are  much 
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used.  The  lifters  work  in  guides  in  the  ordinary 
way ; but  instead  of  the  usual  “tappets,”  or  tongues, 
a round  collar  is  fitted  tightly  on  them.  A separate 
cam  is  provided  for  each  head.  The  cams  are 
constructed  in  the  form  of  an  involute  curve  with 
an  increasing  radius,  and  act  upon  the  side  of  the 
collar  in  close  proximity  to  the  lifter ; the  con- 
sequence is  that  the  lifter  and  head  are  not  only 
raised,  but  a rapid  whirling  motion  is  given  to  them 
which  continues  after  release,  so  that  the  head  both 
pounds  and  grinds  the  ore. 

Rolls  are  also  used  for  crushing.  To  produce 
good  jigger  work  there  should  be  a series;  the 
upper  set  crushing  the  larger  stuff  may  be  fluted. 
They  should  be  30  inches  diameter  by  18  inches 
face,  speed  of  periphery  50  feet  per  minute,  pro- 
vided with  revolving  screens  or  sizing  “ trommels,” 
say,  72  inches  by  24  diameter,  and  erected  at  an 
angle  of  25°  to  that  of  the  driving  roller,  working 
in  water  at  a depth  of  2 inches,  which  will  effect  a 
good  separation  and  prevent  balling  of  the  earthy 
matter.  By  using  sizing  trommels  only  such  por- 
tions are  sent  back  as  cannot  be  jigged.  The 
ordinary  “ raff-wheel,”  or  elevator,  is  used  instead  of 
the  sizing  trommels;  it  takes  the  stuff  from  the 
riddles  and  lifts  it  again  to  the  hopper,  so  that 
nothing  escapes  which  cannot  pass  through  the 
riddle.  If  Blake’s  stone-crusher  be  used  the  flute 
rolls  may  be  dispensed  with.  The  best  method  of 
driving  rolls  is  by  strong  spur  gearing. 

Before  passing  the  stuff  to  the  crusher  it  may  be 
raked  over  a series  of  screens  or  riddles  under  a 
stream  of  water,  which  will  result  in  a great  saving 
of  fine  stuff,  if  caught  by  elevators  or  other  suitable 
apparatus  and  carried  direct  to  the  sizing  trommels. 
The  great  point  to  be  observed  is  to  granulate  and 
not  pulverize  the  stuff.  The  rolls  should  be  set  for 
different  sizes  and  the  stuff  well  screened  between 
each  crushing,  in  order  that  the  fine  may  not  be 
again  subjected  to  pressure.  The  more  fine  or 
slime  produced  the  more  difficult  to  dress,  and  the 
greater  the  loss. 

There  appears  to  be  some  necessity  for  a machine 
to  pulverize  and  grind  the  “roughs”  or  “tin  rows,” 
of  which  there  are  great  accumulations  at  many  of 
the  Cornish  mines.  Dingey’s  is,  perhaps,  the  most 
successful.  This  machine  consists  of  a cast-iron 
circular  dish,  C feet  in  diameter,  fitted  with  grate- 
plates  around  its  sides,  15  inches  by  5 inches.  In 
this  pan  four  cast-iron  runners  revolve,  2 feet  in 
diameter,  and  weighing  cwt.  each,  making  240 
revolutions  per  minute,  whilst  the  pan  revolves 
slowly  against  the  runners,  changing  their  relative 
positions,  and  presenting  a different  surface  of  the 
pans  to  the  shoes  at  each  revolution.  The  ore  is 
fed  into  the  machine  from  the  centre,  and  the  stuff 
is  carried  down  to  the  grinding  surfaces  through 
grooves  cast  in  the  discs.  The  power  is  derived 
from  the  engine  by  a belt,  and  the  discs  are  worked 
by  spur  gear.  The  machine  will  grind  10  tons  of 
roughs  ill  ten  hours,  consuming  IJ  cwt.  of  coal  per 
ton  of  stuff  produced. 

Carr’s  disintegrator  consists  of  four  cylindrical 


iron  cages,  arranged  within  each  other,  and  revolv- 
ing on  two  shafts,  one  solid  and  the  other  hollow. 
The  first  and  third  cages  are  caused  to  rotate  to  the 
right,  and  the  second  and  fourth  to  the  left,  with 
I great  rapidity,  by  means  of  an  open  and  cross  belt. 
The  machine  is  fed  from  the  centre,  and  the  stuff  is 
thrown  by  centrifugal  force  from  the  first  to  the 
second  cage,  which  is  revolving  in  a contrary  direc- 
tion ; lirom  thence  to  the  third,  and  so  on  ; until  fine 
enough  to  pass  through,  when  it  flies  off  as  powder 
from  the  outer  cage.  The  cages  travel  at  different 
velocities,  from  40  to  60  feet  per  second,  and  so 
keep  up  a rapid  and  continuous  agitation,  striking 
ail  incalculable  number  of  blows  per  minute.  The 
machine  will  disintegrate  50  to  100  tons  per  day, 
according  to  the  nature  of  the  ore. 

A self-acting  ore-dressing  machine,  by  G.  Green, 
of  Aberystwith,  lately  received  the  first  silver  medal 
of  the  Cornwall  Polytechnic  Society.  It  consists  of  a 
crushing  mill,  with  rollers  about  28  inches  diameter 
by  about  16  inches  wide,  into  which  the  stuff  is  put 
after  being  “ spalled  ” or  broken  down  by  the  stone- 
breaker.  This  mill  is  above  the  dressing  machines, 
so  that  the  crushed  and  classified  ore-stuff  may  be 
carried  partly  by  gravitation,  but  principally  by  the 
force  of  the  water  current,  into  each  of  the  machines 
provided  for  its  separate  treatment,  according  to  the 
grade  of  its  classification. 

The  classifier  is  a revolving  sieve,  or  riddle,  made 
in  the  form  of  a cylinder;  it  contains  within  it  a 
perforated  pipe,  corresponding  in  length  with  the 
extent  of  the  perforated  surface,  from  which  a spray 
of  water  is  made  to  play  upon  the  ore  stuff.  This 
washes  through  the  sides  of  the  classifier  all  the 
“slimes”  and  particles  which  are  finer  than  the 
holes. 

The  size  of  the  perforations  is  determined  by  the 
nature  of  the  stuff.  The  richer  it  is  in  mineral  the 
larger  the  holes,  and  vice  versa.  The  ore  stuff  which 
remains  in  the  classifier  is  returned  to  the  rollers,  to 
be  further  crushed,  while  all  that  passes  through  the 
holes  is  delivered  into  a trough  which  conveys  it  to 
a slime  cone.  The  dead  slimes  are  here  extracted 
from  the  coarser  portions  of  the  crushed  stuff.  All 
the  stuff  which  passes  through  is  washed  by  the  water 
into  a second  classifier,  whilst  the  extracted  slimes 
overflowing  at  the  top  are  conveyed  by  a separate 
“ launder,”  or  duct,  to  another  series  of  classifiers. 

The  classifiers  are  so  arranged  that  each  one  turns 
out  a finer  stuff  than  that  above  it.  More  or  fewer 
are  used,  according  to  the  nature  of  the  stuff  to  be 
treated,  and  the  quantity  to  be  worked  in  a given 
time.  The  sized  product  is  discharged  at  the  end  of 
each  classifier  into  iron  shoots,  which  convey  it  to  a 
jigging  machine  to  suit. 

The  jiggers  are  horizontal  hutches,  made  of  wood 
or  iron,  and  divided  into  two,  three,  four,  or  more 
compartments,  by  transverse  partitions.  A vertical 
partition  extends  along  the  upper  part  of  the  com- 
partments, having  on  one  side  of  it  a set  of  plungers 
to  produce  the  jigging  motion,  whilst  the  series  of 
sieves  are  placed  on  the  other  side,  each  at  a slightly 
lower  level  than  the  one  above  it.  The  separation 
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of  the  materials  in  the  jigger  is  effected  by  the  motion 
of  the  water  with  which  the  hutch  is  filled,  and  which 
is  made  to  work  up  and  down  through  the  sieves  on 
the  other  side  of  the  jiggers  by  the  plungers.  A 
layer  of  ore  is  deposited  in  the  sieves,  which  has 
the  effect  of  allowing  particles  of  the  s.ame  specific 
gravity  to  pass  through  it  and  the  sieves,  while  it 
keeps  back  any  particles  of  less  specific  gravity,  which 
last  are  gradually  washed  over  the  end  from  one 
compartment  to  another,  the  light  waste  from  the 
last  compartment  finally  pa.ssing  aw’ay. 

The  granular  heterogeneous  composition  separated 
by  the  jiggers,  and  known  as  “raggings,”  is  sub- 
jected to  a series  of  stamps,  and  the  pulverized 
material  returned  to  one  of  the  riddles. 

Buddies,  or  other  effieient  slime  machines,  are 
attached  to  the  larger  classifiers,  and  the  stuff  flowing 
in  a perfectly  even  current  from  the  bottom  of  each 
classifier  on  to  each  separate  buddle  makes  them 
quite  self-acting,  and  very  effective.  All  the  labour 
required  is  to  raise  the  deposited  ore  out  of  the 
jigger  receiving  box,  and  off  the  beds  of  buddies,  to 
make  room  for  other  deposits.  The  finest,  or  “ dead  ” 
slimes,  are  worked  by  an  ordinary  paddle  trunk,  or 
other  slime  washer. 

The  whole  apparatus  is  complete  and  continuous, 
each  distinct  sized  product  having  an  apparatus 
suited  in  speed  and  action  for  its  treatment,  which 
is  so  situated  that  the  materials  treated  are  con- 
veyed through  from  stage  to  stage  by  streams  of 
water,  and  with  the  least  possible  manual  labour. 

Three  propositions  have  to  be  observed  in  ore 
dressing.  1.  The  separation  of  minerals  cannot 
be  secured  by  gravity  alone,  owing  to  the  irregular 
cleavage  or  fracture  of  the  stone.  If  flaky,  a greater 
surface  will  be  exposed  to  the  water ; and  this  will 
to  some  extent  overcome  its  specific  gravity,  and 
the  particle  will  not  find  its  proper  place  in  the 
settlement. 

2.  Ores  must  not  be  reduced  to  too  great 
fineness,  or  the  heavier  material  will  be  separated 
with  great  difficulty.  The  stone  should  not  be 
stamped  lower  than  is  requisite  to  separate  tlie  ore 
from  its  matrix.  To  effect  this  the  first  grates 
should  be  large  enough  to  pass  the  granular  ore, 
and  finer  ones  should  be  used  for  the  roughs. 

8.  The  best  macliinery  is  that  which  reduces 
to  a proper  size,  and  classifies  by  trommels  having 
a mesh  suitable  to  the  kind  of  ore  under  treat- 
ment. 

The  above  principles  may  be  carried  out  by  the 
use  of  the  machinery  already  described;  but  the 
ore-dresser  must  be  a man  of  j>ractical  experience, 
having  a knowledge  of  most  machines  and  the  kind 
of  ore  tliey  are  best  suited  for,  since  it  is  in  this 
department  that  the  mine  is  either  made  to  pay  or 
the  reverse. 

Trommtls  are  for  collecting  the  stuff  together  in 
various  sizes,  after  which  it  is  separated  by  one  or 
otlier  of  the  many  ore-separating  machines,  such  as 
jigs,  buddies,  cases,  and  trunks,  sleeping  tables, 
round  tables,  shaking  tables,  &c.  Good  classifica- 
tion is  essential,  but  if  carried  too  far  (as  on  the 


Continent  it  sometimes  is),  it  may  entail  a loss  in 
working. 

The  clearing  trommel  deprives  the  vein  stuff  of 
earthy  or  clayey  matter.  Separating  trommels 
divide  coarse  and  fine  - grained  stuff  for  sizing 
trommels,  which  latter  prepare  stuff  for  jiggers  and 
buddies. 

The  trommel  may  be  either  one  long  steel,  iron, 
or  zinc,  conical  perforated  tube,  divided  into  sec- 
tions, or  it  may  consist  of  a series  of  tubes.  In 
either  case,  the  tube  sections  or  tubes  are  pro- 
vided with  meshes  of  different  sizes,  suitable  to  the 
class  of  stuff  under  treatment,  and  worked  by  one 
continuous  shaft — all  being  so  arranged  as  to  be 
self-acting  in  every  particular,  so  as  to  lessen  labour 
on  the  dressing  floor. 

The  washing  trommels  are  about  4 feet  in  diame- 
ter by  9 feet  long,  fixed  at  an  angle  of  1°  per  foot. 
They  make  fourteen  revolutions  per  minute,  using 
25  gallons  of  water  per  minute,  and  will  deal  with 
about  60  tons  of  stuff  in  a day  of  ten  hours. 

Jigging. — A machine  very  generally  used  is  Peth- 
erick’s  Plunger  Jig,  with  the  Kley  slide  motion. 
It  consists  of  a plunger  worked  in  a cistern  of  water 
by  a beam  attached  to  a shafting  supplied  with  spuu 
gear.  When  the  plunger  is  forced  down  the  water 
in  the  cistern  rises  through  copper  sieves,  perforated 
with  holes  suitable  to  the  stuff  under  treatment, 
usually  about  y^^th  of  an  inch  diameter.  By  this 
means  the  stuff  which  has  been  laid  on  the  sieves 
is  kept  in  suspension,  the  lighter  is  forced  to  the 
top,  and  the  heavier  sinks  to  the  bottom.  The 
plunger  works  sixty  strokes  per  minute  for  about 
ten  minutes,  is  then  allowed  to  rest  for  a moment ; 
the  top  stuff  is  skimmed  off  and  thrown  aside,  the 
bottom  layer  or  ore  is  collected,  and  the  operation 
repeated.  A portion  of  the  top  stuff  may,  in  some 
cases,  be  reworked. 

Hunt’s  ore  separator  works  on  the  same  principle  ; 
it  will  treat  40  tons  of  low  quality  ore  in  ten  hours, 
and  uses  very  little  water.  The  ore  is  supplied  to 
the  hopper  with  the  water,  which  carries  it  into  a 
copper  sieve,  perforated  with  conical  holes  about 
one-sixteenth  of  an  inch  on  the  under  side,  and  very 
fine  on  the  top.  A plunger  forces  a steady  flow  of 
w'ater  through  the  sieve,  and  keeps  the  stuff  in 
suspension.  The  sieve  is  sloping  and  provided  with 
low  partitions ; in  these  the  ores  of  different  specific 
gravity  settle,  according  to  their  respective  specific 
gravities.  Even  precious  stones,  which  are  fre- 
quently found  in  alluvial  gold,  are  saved  by  the 
delicate  action  of  this  machine.  It  has  been 
extensively  used  for  washing  waste  heaps. 

Air  jigs  have  been  devised,  which  are  emploj^ed 
where  water  is  scarce ; there  are  also  other  devices 
for  separation,  such  as  causing  the  ores  to  fall 
through  a column  of  water;  there  are  also  settling 
tubs,  sorting  boxes,  slime  separators,  shaking  frames 
or  tables,  &c. 

Btt/hl/es. — Many  forms  are  in  use  : Borlase’s  may 
be  taken  as  an  example  of  the  concave,  or  slime 
buddle.  The  ore  is  received  on  a central  revolving 
pan,  from  w’hich  it  is  carried  through  pipes  to  the 
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circumference,  and  equally  and  regularly  distributed 
from  the  outside  to  the  centre.  The  huddle  is  17 
feet  diameter,  14  inches  deep,  with  an  incline  of  1^ 
inch  in  1 foot;  a pipe  1^  inch  diameter  conveys 
clean  water.  Rittinger’s  huddle  is  an  obtuse 
wooden  funnel,  16  feet  in  diameter.  The  surface  is 
divided  by  strips  of  wood,  three-fourths  of  an  inch 
high,  into  thirty-two  segments,  each  of  which  is 
terminated  by  a square  iron  shoot,  through  which 
the  substance  is  washed  and  passed  to  parallel  ring 
launders  below.  Eleven  distributors  are  fixed  above 
it,  and  discharge  their  contents  at  the  periphery  of 
the  funnel.  The  ores  are  passed  into  a box  and 
puddled  by  a rotating  paddle.  Other  buddies  are 
Zenner’s,  Rule’s,  Williams’,  Boyn’s,  Huet  & 
Getler’s,  &c. 

The  convex,  or  outward  flow,  is  the  ordinary  round 
Cornish  huddle ; it  is  still  used  in  most  English 
mines.  It  is  built  about  24  feet  in  diameter,  and 
usually  has  a 7 feet  run  from  cone  to  circumference. 
The  incline  must  be  adapted  to  the  ore  to  be  treated. 
The  cone,  or  distributor,  is  about  10  feet  in  diameter, 
and  much  more  acute.  This  buddle  requires  a 1^ 
inch  pipe  to  supply  it  with  water;  brushes  are 
connected  to  the  pipes  attached  to  the  cone  pan, 
and  make  three  or  four  revolutions  per  minute. 
The  ore  having  the  greatest  specific  gravity  settles 
nearest  the  distributor.  This  buddle  is  better 
understood,  more  easy  of  construction,  lighter,  and 
less  expensive  than  most  others. 

It  is  to  be  remarked  that  in  all  dressing  opera- 
tions the  cost  of  production  is  greatly  increased  by 
the  huge  quantity  of  water  employed.  R.  Golds- 
worthy. Cornwall  Polytech.  Journal,  41st  Report. 

The  ore  is  now  devoid  of  most  of  its  earthy 
constituents,  and  is  ready  for  smelting,  except  when 
associated  with  copper  and  iron  pyrites,  arsenic,  &c., 
in  which  case  roasting  is  resorted  to.  The  mode  of 
treatment  has  been  already  described,  and  the 
calciners  figured  under  Arsenic  and  Copper, 
which  see. 

In  some  districts  the  ores  are  moistened  with 
hydrochloric  acid  and  sulphuric  acid,  or  a mixture 
of  both,  to  assist  in  removing  the  copper  and  iron ; 
but  they  must  not  be  covered  with  acid,  as  the  air 
plays  a considerable  part  in  the  oxidation. 

Smelting. — The  ores  are  assayed  by  fusion  with 
powdered  charcoal  and  ground  borax  glass,  casting 
in  an  ingot  mould.  When  cold  the  button  of  tin  is 
detached  and  weighed.  The  flux  may  be  equal 
parts  of  borax  glass  and  sodium  carbonate,  or  three 
parts  sodium  carbonate  and  one  of  lime.  When  the 
ores  are  very  poor  the  wet  assay  is  preferable. 

The  furnace  commonly  employed  is  shown  in 
Figs.  1 and  2.  Sometimes  two  casting  pots  are 
added,  a,  grate ; B,  fire  door ; c,  bed ; D,  arch, 
having  an  air  passage  through  it  to  prevent  over 
heating ; E,  bridge ; F,  draught-hole,  opened  whilst 
skimming  slags ; G,  working  door ; H,  charging  door ; 
i,  flue ; K,  casting  pot ; L,  casting  gutter  closed  by 
a clay  plug. 

The  ore  is  mixed  with  12  to  18  per  cent,  of 
anthracite  coal  in  powder  “culm  a small  quantity 


of  lime  or  fluor  spar  is  also  added  if  it  contains 
much  silica;  20  to  25  cwts.  of  this  mixture  con- 
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stitute  a charge,  which  is  spread  on  the  furnace 
bed,  the  doors  closed,  and  the  fire  gradually  raised 
to  its  highest  intensity.  In  six  or  eight  hours  the 
door,  G,  is  opened,  and  the  charge  well  rabbled  and 
mixed.  The  doors  are  again  closed  to  permit  the 
furnace  to  recover  its  temperature.  After  a short 
time  some  moist  slack  is  thrown  on  the  surface  of 
the  fused  mass,  the  draught-hole,  F,  opened  to  allow 
of  the  inspection  of  the  furnace,  and  the  scoriae  and 
slag  carefully  skimmed  off.  The  last  skimmings  are 
sent  to  be  restamped,  since  they  contain  about  5 per 
cent  of  metal.  The  first  are  thrown  away. 

When  the  bath  is  clean  the  plug  at  L is  removed, 
and  the  tin  flows  into  the  cast-iron  pot,  K,  where  it 
remains  long  enough  to  allow  the  slag  and  impurities 
to  rise  to  the  surface  and  be  skimmed  off — the 
furnace  being  in  the  meantime  recharged.  The  tin 
is  finally  cast  in  ingots  of  about  3 cwts.  each  in  iron 
moulds,  in  each  of  which  a piece  of  wood  is  fixed  to 
form  a hole  in  the  ingot  by  which  to  hook  it  out 
when  cold. 

Small  blast  furnaces  were  formerly  used ; but  the 
loss  of  metal  and  the  consumption  of  fuel  were 
found  to  be  so  large  in  comparison  with  that  of 
the  reverberatory  furnace,  that  they  have  long  been 
abandoned  in  England, 

Tin  is  sent  to  market  as  “block  tin,”  cast,  as 
already  described,  in  strips  2 feet  long,  1 inch  wide, 
and  half  an  inch  thick ; and  in  the  form  of  “ grain 
tin,”  the  last  being  produced  by  heating  block  tin 
to  near  the  melting  point,  and  dropping  it  upon  a 
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hard  substance,  or  striking  it  with  a heavy  hammer. 
The  tin  is,  by  either  method,  broken  up  into  long 
crystalline  fibrous  columns. 

Rejining. — Blocks  of  tin  are  loosely  piled  in  a 
reverberatory  furnace,  and  a moderate  heat  applied; 
the  pure  tin  melts  and  flows  into  the  receiver,  leaving 
in  the  furnace  an  alloy  containing  the  more  refractory 
metals.  As  the  process  goes  on  fresh  blocks  of  tin 
are  supplied,  until  5 or  6 tons  have  run  off. 

The  tin  in  the  casting  pot  is  then  “boiled,”  or 
“tossed.”  “Boiling.” — Billets  of  green  wood  are 
suspended  over  the  casting  pot  by  a crane,  and 
forced  down  into  the  molten  metal.  Part  of  the 
tin  is  oxidised  by  the  steam  generated,  but  reacts 
on  the  particles  of  the  more  oxidisable  alloyed 
metals,  and  eliminates  them  as  oxide,  being  itself 
reconverted  into  the  metallic  state. 

The  scum  which  forms  on  the  top  is  remelted 
with  the  next  charge. 

“ Tossing  ” consists  in  taking  up  the  metal  in  ladles 
and  allowing  it  to  fall  back  through  the  air  into  the 


casting  pot,  the  oxidised  matters  being  removed  as 
formed. 

After  subsidence  the  metal  is  carefully  dipped  off, 
the  top  layer  being  set  aside  as  the  best  metal  for 
grain  tin,  the  middle  cast  into  moulds  for  common 
tin,  and  the  bottom  returned  to  the  furnace  for 
further  purification. 

The  principal  uses  of  tin  are  for  the  manufacture 
of  various  alloys  which  are  used  in  the  arts,  such  as 
bronze,  bell  metal,  solder,  &c.,  and  for  making  tin 
plates — i.e,  sheet  iron,  coated  with  tin. 

Tinfoil  is  made  by  passing  slabs  of  tin  backwards 
and  forwards  under  a pair  of  rollers,  the  tempera- 
ture of  the  metal  being  kept  as  nearly  as  may  be 
212°  Fahr. 

Tin  Plates  or  Sheet  Tin. — Iron,  when  perfectly 
clean,  forms  an  alloy  with  molten  tin,  which  enables 
it  to  be  coated  with  the  latter  metal.  As  tin  oxi- 
dises very  slowly,  it  forms  a beautiful  and  enduring 
coating  to  the  more  perishable  metal. 

The  iron  plates  are  prepared  with  very  great  care 
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from  the  purest  metal.  When  required  for  tinning 
they  are  immersed  in  a bath  of  warm  dilute  oil  of 
vitriol  during  fifteen  or  twenty  minutes,  are  next 
rubbed  with  sand  and  water,  and  afterwards  washed, 
when  they  are  ready  for  annealing,  which  is  con- 
ducted thus: — The  plates  to  the  number  of  about 
eighteen  hundred — for  common  sizes — are  placed 
in  piles,  within  a cast-iron  box  about  2 feet  square, 
the  lid  carefully  luted  on  to  prevent  air  entering, 
and  then  placed  with  several  similarly  filled  ones  in 
a stove  constructed  very  much  in  the  shape  of  a 
reverberatory  furnace,  but  considerably  larger,  and 
having  its  bed  on  a level  with  the  ground.  The 
fire-bridge  being  tolerably  high,  the  flame  from  the 
grate  rolls  slowly  over  the  boxes,  .and  raises  them 
gradually  to  a cherry-red  heat,  at  which  temperature 
they  are  maintained  during  twelve  hours,  and  then 
withdrawn.  After  being  subjected  to  this  process, 
the  plates  have  a deep  plum-colour  bloom  on 
tlieir  surfaces,  due  to  a very  thin  film  of  ferric 
oxide  upon  them.  They  are  now  passed  three  times 
through  a pair  of  hard,  smooth,  and  brilliantly 
polished  rolls  placed  in  close  proximity,  so  that  the 
plates  passing  between  them  are  subjected  to  a very  | 
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great  pressure,  but  not  sufficient  to  enlarge  them. 
After  having  been  thus  cold  rolled,  as  it  is  termed, 
the  plates  possess  a lustrous  and  dappled  appear- 
ance. They  are  again  annealed,  but  the  heat  is 
milder,  and  the  time  reduced  to  five  or  six  hours.  i 

They  are  again  immersed  in  a warm  but  more  ^ 

dilute  bath  of  oil  of  vitriol  than  that  already  used,  | 

during  ten  minutes,  then  removed  and  well  rubbed  i 

with  sand  and  water,  to  detach  all  dirt  and  scale. 
They  should  now  have  a smooth,  perfectly  clean,  | 

greyish  metallic  surface,  in  which  state  they  can  be  I 

kept  in  cold  water  without  injury  for  some  time,  and  ' 

are  re.ady  for  the  tinning. 

The  apparatus  or  “ stow  ” — Fig.  3 — for  this  pro- 
cess consists  of  a series  of  baths  set  side  by  side, 
each  bath  having  a fire  beneath  it,  to  keep  the 
materials  they  severally  contain  in  a fluid  state. 
These  baths  or  pots  are  six  in  number — namely,  1, 
the  tinman’s  pot ; 2,  the  tin  pot ; 3,  the  washing  or 
dipping  pot;  4,  the  grease  pot;  5.  the  cold  pot; 
and  6,  the  list  pot.  The  tinman’s  pot  is  full  of 
melted  grease,  and  into  this  the  plates  are  immersed 
and  left  till  all  moisture  upon  them  is  evaporated, 
and  they  become  completely  covered  with  the  grease. 

1-0 
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It  is  about  2 feet  long,  15  inches  wide,  and  20  The  colouring  matters  sometimes  added  are  aloes, 
inches  deep.  They  are  next  plunged  into  a bath  of  annotto,  cochineal,  dragon’s  blood,  gamboge,  indigo, 
melted  tin,  protected  with  a layer  of  grease,  and  saffron,  turmeric,  &c. 

remain  in  it  for  about  twenty  minutes.  This  pot  Spirit  varnishes  are  made  by  dissolving  gums  and 
has  a capacity  of  22  X 18  X 16  inches.  In  the  first  resins  in  a perfectly  volatile  medium,  such  as  alcohol, 
dipping  the  alloy  is  imperfect,  and  the  surface  turpentine,  benzine,  ether,  and  like  fluids ; they  dry 
not  uniformly  coated ; consequently  the  plates  are  by  evaporation  of  the  solvent,  and  leave  the  gum 
removed  to  the  dipping  or  wash  pot,  which  is  upon  the  body  varnished  in  a hard,  lustrous  coating, 
divided  into  two  compartments.  The  first  immer-  i which  is,  however,  apt  to  crack  and  peel  off. 
sion  takes  place  in  the  larger  division,  which  con-  j Oil  varnishes  are  mixtures  of  drying  oils  with 
tains  molten  tin  covered  with  grease  like  the  last,  gums  and  resins  subsequently  dissolved  in  a spirit, 
and  here  the  plate  is  left  sufficiently  long  to  make  They  dry  slowly  in  two  stages.  The  evaporation  of 
the  alloy  complete,  and  to  separate  any  super-  the  spirit  leaves  a thin  sticky  film  of  the  mixture 
fluous  tin  which  may  have  adhered  to  the  surface,  of  gum  and  drying  oil,  which  in  turn  becomes  by 
Eacli  plate  is  then  taken  separately  to  a table,  and  , oxidation  of  the  oil  a firm,  slightly  elastic,  continuous 
is  wiped  on  each  side  with  a brush  of  hemp  to  coating  of  the  article  varnished.  The  elasticity  of 
remove  any  excess  of  tin  ; to  obliterate  the  marks  of  ' the  varnish  when  dry  depends  on  the  amount  of  oil 
the  brush,  it  is  dipped  quickly  into  the  second  com-  : which  it  contains. 

partment  of  the  wash  pot,  and  then  at  once  into  the  The  chief  gums  employed  in  the  manufacture  of 
grease  pot.  Tliis  second  compartment  of  the  wash  varnish  are  described  below. 

pot  always  contains  the  purest  tin ; and  as  it  becomes  I Amher  gives  the  most  durable  varnish  known  ; it 
alloyed  with  iron,  it  is  removed  to  the  first  compart-  ; is,  however,  a very  costly  gum  and  hard  to  dissolve, 
ment  of  the  same,  and  thence  to  the  tin  pot.  The  ^ so  that  its  use  is  very  limited.  Amber  is  a hard, 
grease  pot  is  filled  with  melted  grease ; and  great  j transparent  or  opaque,  moderately  tough  body,  with 
care  is  necessary  to  maintain  it  at  the  proper  tern-  I a smooth  glassy  surface.  Its  specific  gravity  is  1‘06 
perature.  Its  purposes  are  to  allow  any  superfluous  , to  1'07 ; hardness,  2 to  2*5 ; insoluble  in  water  or 
tin  to  run  off,  and  especially  to  prevent  the  alloy  on  ^ alcohol  and  oils  without  decomposition.  Alcohol 
the  surface  of  the  plate  cooling  more  rapidly  than  the  j extracts  succinic  acid  and  resin  and  a volatile  oil 
iron.  If  this  were  neglected,  its  surface  would  be  ' from  pounded  amber,  when  treated  with  ether, 
cracked.  After  ten  minutes’  immersion  in  the  grease  In  fact  amber  is  a mixture  of  at  least  two  resins, 
pot  the  plate  is  removed  to  the  cold  pot,  which  is  In  order  to  prepare  varnish  from  it,  it  must  be  fused 
filled  with  tallow  heated  to  a comparatively  low  tern-  for  some  time,  and  heated  oil  gradually  added, 
perature.  The  pots  4 and  5 serve  the  purpose  of  Various  processes  have  been  tried  for  making 
annealing  the  plates,  and  of  cooling  them  down  to  varnish  from  amber  without  loss  of  gum ; the  plans 
a low  temperature.  The  last  one  in  the  series  is  the  described  below  have  of  late  years  been  revived, 
list  pot,  and  is  a small  cast-iron  bath  kept  at  a suffi-  “ Powdered  amber,  with  twice  its  weight  of  olive 
ciently  high  temperature,  its  bottom  covered  with  oil,  was  put  into  a wide-mouthed  glass  vessel ; and 
tin  to  the  depth  of  a quarter  of  an  inch.  The  edges  a digestor  or  strong  copper  vessel  being  filled  about 
of  the  plates  are  dipped  in  this  layer  and  left  till  one-third  with  water,  the  glass  was  placed  in  it,  the 
the  wire  of  tin,  which  usually  forms  on  them  in  the  cover  of  the  digestor  screwed  down  tight,  and  a 
course  of  the  foregoing  processes,  can  be  removed  moderate  fire  continued  for  an  hour  or  more ; when 
by  a quick  blow  on  the  plate  with  a stick.  cold,  the  amber  was  found  dissolved  into  a gela- 

The  plates  are  now  carefully  rubbed,  first,  tinous  mass.” — (Hoffman,  Obs.  Phys.  Ckem.,  1736.) 
with  bran  to  clean  them  from  grease  and  dirt;  and  Stockah  in  1760  published  an  account  of  experi- 
secondly,  with  a pad  of  sheep-skin,  retaining  its  ments  made  by  Ziegler  and  himself.  In  this  he 
wool.  They  are  then  sorted  according  to  their  states  that  “ by  continuing  a simmering  heat  twelve 
quality,  and  packed  in  boxes.  hours,  and  confining  the  vapour  as  much  as  stone- 

ULTRAMARINE. — See  PIGMENTS.  ware  vessels  w'ould  bear  without  bursting  (the 

VARNISH.  — Veriiis,  French;  Firniss,  German — a danger  of  which  w'as  avoided  by  making  a small 
fluid  which  when  spread  in  a thin  layer  becomes  by  notch  in  the  cork  stoppers),  pow’dered  amber  dis- 
evaporation  or  chemical  change  a lustrous  film  im-  solved  perfectly  in  expressed  oils,  in  turpentine,  and 
pervious  to  air  and  moisture.  in  balsam  of  copaiba : a strong  copper  vessel,  with 

Nearly  all  varnishes  are  made  by  the  solution  of  a cover  screwed  on  it  seems  most  eligible ; and  for 
resins  or  gums,  or  combinations  of  these  with  oils,  greater  security,  a valve  may  be  made  in  the  cover, 
in  some  volatile  substance.  Their  appearance  and  kept  down  by  a spring.”  Moreover,  by  digestion 
durability  depend  on  the  quality  of  the  gums,  and  for  a week,  in  close-stopped  glass  vessels  in  which 
the  nature  of  the  solvents  used.  the  compression  could  not  be  very  great,  solutions 

The  solvents  commonly  used  are — alcohol,  methy-  equally  perfect  were  obtained, 
lated  alcohol,  wood  spirit,  ether,  naphtha,  benzine.  The  solution  in  rape-seed  oil,  and  in  oil  of  almonds, 
turpentine,  bisulphide  of  carbon,  essential  oils,  liu-  was  of  a fine  yellowish  colour ; in  linseed  oil,  gold- 
seed  oil,  and  its  congeners.  coloured  ; in  oil  of  poppy  seeds,  yellowish  red ; in 

Thesolidsgiving  “body ’’are copal, shellac, dammar,  olive  oil,  red  ; in  nut  oil  a deeper  red. 
sandarach,  elemi,  mastic,  benzoin,  rosin,  asphalt,  &c.  The  solution  with  turpentine  was  of  a deep  red 
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colour,  and  on  cooling,  hardened  by  evaporation  of 
the  spirit  into  a brittle  mass  of  the  same  colour. 

All  the  solutions  mingled  perfectly  with  spirit  of 
turpentine.  Those  made  with  the  oils  of  linseed, 
bays,  poppy  seed,  and  nuts,  when  diluted  with  four 
times  their  quantity  of  turpentine  spirit,  formed 
hard,  tenacious,  glossy  varnishes,  which  dried  quickly, 
and  appeared  greatly  preferable  to  those  made  in 
the  common  way  from  melted  amber. 

Anime  is  imported  from  Brazil  and  the  West 
Indies.  It  is  the  produce  of  the  Hymenseas  courharil. 
It  is  a trsnsparent  pale  yellow  gum.  Brown  Ameri- 
can anime  is  employed  for  manufacturing  gold  size 
or  japan  black.  Although  superior  to  amber  in  its 
capacity  for  drying,  and  equal  in  hardness,  varnish 
made  from  anim^  deepens  in  colour  on  exposure  to 
air,  and  is  very  liable  to  crack.  It  is,  however, 
much  used  for  mixing  with  copal  varnish. 

Benzoin  is  a gum-resin  but  little  used  in  varnishes 
on  account  of  its  costliness.  The  finer  sorts  are 
brittle,  pulverulent,  with  conchoidal  fracture ; they 
1 fuse  at  a gentle  heat. 

Colophony  is  synonymous  with  rosin.  When  the 
I resinous  juice  of  Finns  sylvestris  and  other  varieties 
is  distilled,  colophony  remains  in  the  retort.  Its  dark 
I colour  is  due  to  the  action  of  the  fire.  Dissolved 
in  linseed  oil  or  in  turpentine  by  the  aid  of  heat, 
colophony  forms  a brilliant,  hard,  but  brittle  varnish, 
which  is  apt  to  soften  at  temperatures  above  80° 

[ Fahr.  and  become  sticky. 

I Copal  consists  of  several  minor  resins  of  different 
1 degrees  of  solubility.  In  durability  it  is  only  second 
' to  amber ; when  made  into  varnish,  the  better  sorts 
become  lighter  in  colour  by  exposure  to  air. 

Copal  is  generally  imported  in  large  lumps  about 
the  size  of  potatoes.  The  clearest  and  palest  are 
selected  for  what  is  called  body  gum;  the  second  best 
forms  carriage  gum ; whilst  the  residue,  freed  from 
! the  many  impurities  with  which  it  is  associated, 
constitutes  the  worst  quality,  fitted  only  for  japan 
black  or  gold  size. 

Copal  is  tiisteless  and  inodorous,  transparent  and 
of  conchoidal  fracture.  Heat  softens  it  without 
rendering  it  viscid.  In  alcohol  it  is  but  little  sol- 
uble ; but  it  is  said  to  become  more  so  by  reducing 
it  to  a fine  powder,  and  exposing  it  to  atmosphenc 
influences  for  twelve  months.  Boiling  alcohol  or 
spirits  of  turpentine,  when  poured  upon  fused  copal, 
accomplishes  its  complete  solution,  provided  the 
solvent  be  not  added  in  too  large  proportions  at  a 
time.  Tlie  addition  of  camphor  also  promotes  the 
solubility  of  copal ; so  likewise  does  oil  of  rosemary. 

The  best  African  gum  copal  is  a semi-fossil,  found 
at  a depth  of  3 to  5 feet  below  the  surface.  It  has 
been  ejected  from  the  trees  at  some  indefinite  dis- 
tance of  time.  The  gum  from  existing  trees  is  of 
very  inferior  quality. 

I The  copal  trees,  Ilymenxa  veiTucosa,  Borne,  are 
found  in  large  numbers  on  the  east  coiist  of  Africa, 
and  cover  extensive  tracts  of  country  to  the  east- 
ward of  the  Waslungi  range  of  mountains,  from  the 
Marni  hills  to  the  southern  extremity  of  the  range  near 
Kilwee ; lat.  6°  S.  to  9°  S.,  long.  39°  E.  to  39°  46‘  E. 


This  district  is  not  the  only,  but  is  at  present 
the  principal  one,  where  copal  digging  is  practised. 

Of  recent  copals  three  varieties  are  used  in  mak- 
ing varnish,  the  bard,  the  semi-hard,  and  the  soft, 
The  two  first  are  employed  only  in  making  oil 
varnish ; the  latter,  with  less  resisting  power,  is 
used  for  spirit  varnish. 

The  East  Indian  copal  is  produced  from  the 
EIxocarpus  copalifer.  American  copal  is  the  pro- 
duce of  the  Rhus  copallina. 

In  making  varnish  it  is  essential  that  the  gums 
should  be  identical.  H.  Violette  distinguishes  the 
qualities  by  heating  the  copal  in  a steam  jacket. 
Some  fragments  soften  more  or  less ; these  are  re- 
moved and  considered  “ soft  copal.”  The  remainder 
of  the  gum  is  cast  into  a bath  of  melted  tin,  at  about 
300°  C.  Semi-hard  copal  melts  and  spreads,  whilst 
hard  copal  resists  and  is  only  fused  at  a much  higher 
temperature. 

The  solvents  of  hard  and  semi-hard  copals  are  not 
known  at  present ; that  they  exist  is  to  be  inferred 
from  the  fact  that  the  resins  flow  naturally  from  the 
tree  which  produces  them,  in  the  form  of  a limpid 
liquid,  which  thickens  and  hardens  by  exposure 
to  the  air,  losing  by  evaporation  the  solvent  essen- 
tial oU. 

Up  to  the  present  time  chemists  have  found  no 
other  way  of  dissolving  hard  and  semi-hard  copals 
in  the  mixture  of  oil  of  turpentine  and  oil,  which  is 
the  vehicle  used  in  making  varnish,  than  by  pre- 
viously decomposing  them  by  heat.  The  extent  of 
this  alteration  effected  by  heat  is  of  great  importance, 
for  the  higher  the  temperature  employed  the  deeper 
is  the  colour  of  the  varnish,  which  in  the  operation 
loses  its  limpidity. 

According  to  Violette  the  fusing  and  distilling 
temperatures  of  copals  are  : — 

• Fusion.  Distillation. 

Hard  copal, 340°  C 360°  C. 

Semi-hard  copal, 180°  C 230°  C. 

The  above  copals,  when  melted  only,  dissolve 
neither  by  heat  nor  cold  in  oil  of  turpentine.  Their 
solution  when  effected  corresponds,  or  is  relative 
to,  a certain  degree  of  decomposition  of  the  copal. 

Violette,  who  made  an  exhaustive  research  on 
the  subject,  found  that  hard  and  semi-hard  copals 
became  soluble  in  a mixture  of  turpentine  and  lin- 
seed oil,  only  after  losing  20  to  25  per  cent,  of  their 
weight.  Beyond  a loss  of  25  per  cent,  they  became 
more  and  more  soluble,  but  at  the  same  time  darker, 
and  yielded  less  varnish,  owing  to  the  increased  loss. 
To  obtain  the  largest  quantity  of  the  best  varnish 
the  copal  must  therefore  be  distilled  at  about  360°  C., 
until  it  has  lost  25  per  cent,  of  its  weight. 

Copal  which  has  lost  only  10  per  cent,  by  dis- 
tillation is  soluble  in  turpentine,  which  has  been 
thickened  by  prolonged  exposure  to  air  and  light. 
Were  it  possible  to  procure  this  singular  mollifica- 
tion of  turpentine  by  a short,  oasy,  and  cheap  pro- 
cess, a great  improvement  might  be  made  in  the 
manufacture  of  varnishes. 

nie  distillate  “copal  oil”  is  a limpid  yellowish 
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liquid.  Its  density  is  about  0-80 ; it  burns  in  the 
air,  giving  a bright  light ; it  is  soluble  in  oil  and 
spirit  of  turpentine.  It  dissolves  soft  and  semi-hard 
copals.  It  may  usefully  be  employed  in  making 
varnish. 

Makers  in  England  habitually  return  the  distillate 
to  the  gum  pot  before  adding  the  hot  linseed  oil. 
This  is  done  by  fitting  a cover  to  the  gum  pot  in 
the  shape  of  an  inverted  cone ; the  copal  oil  which 
is  given  off  condenses  and  runs  back  upon  the  gum. 

Acetone  rendered  anhydrous  by  rectification  over 
chloride  of  calcium  readily  dissolves  cold  copal  which 
has  been  previously  heated  to  the  point  of  fusion. 
One  part  of  copal  is  soluble  in  2-8  parts  of  acetone, 
producing  a varnish  which  dries  almost  instantane- 
ously when  spread  in  a thin  film,  leaving  a hard 
brilliant  coating.  A more  concentrated  solution  is 
obtained,  without  separation  of  copal,  by  expelling 
part  of  the  acetone  by  distillation.  Evaporated  to 
dryness,  the  remaining  copal  is  more  soluble  in 
acetone  than  when  in  its  original  state. 

The  solubility  of  shellac  in  acetone  varies  according 
to  the  species  of  the  lac.  One  part  of  artificially 
bleached  shellac  requires  only  1-5  parts  of  acetone  to 
form  a thick  solution  like  syrup.  Some  samples  of 
coloured  shellac  are  almost  insoluble,  whilst  others 
dissolve  in  3‘5  parts  of  acetone. 

Acetone  dissolves  with  ease  and  in  considerable 
quantities  mastic  and  sandarach;  dammar,  yellow 
amber,  and  caoutchouc  are,  on  the  contrary,  almost 
insoluble.  The  solution  of  acetone  and  mastic  pro- 
duces a very  beautiful  and  brilliant  varnish. 

Lac  constitutes  the  basis  of  spirit-varnish.  The 
resin  is  soluble  in  strong  alcohol  aided  by  heat.  Its 
solution  in  ammonia  may  also  be  used  as  a varnish, 
when  the  articles  coated  with  it  are  not  exposed  more 
than  an  hour  or  two  at  a time  to  water. 

Mastic  is  a soft  resin  of  considerable  lustre.  The 
two  sorts  in  commerce  are,  in  tears  and  the  common 
mastic ; the  former  is  the  purer  of  the  two.  It  con- 
sists of  two  resins,  one  of  which  is  soluble  in  dilute 
alcohol.  With  oil  of  turpentine  it  forms  a very  pale 
varnish  of  great  lustre,  which  flows  readily  and 
works  easily.  Moreover,  it  can  be  readily  removed 
by  friction  with  the  hand ; hence  its  use  for  delicate 
work  of  every  description. 

.'Sandarach  is  a pale  odorous  resin,  less  hard  than 
lac,  with  which  it  is  often  associated  as  a spirit- 
varnish.  It  consists  of  three  resins,  differing  as  to 
solubility  in  alcohol,  ether,  and  turpentine.  It  forms 
a good  pale  vami-sh  for  light-coloured  woods ; when 
required  to  be  polished,  Venice  turpentine  is  added 
to  give  it  body. 

Dammar  is  a tasteless,  inodorous,  whitish  resin, 
easily  soluble  in  oils.  It  is  not  so  hard  as  mastic, 
with  which  it  forms  a good  admixture.  Its  solution 
in  turpentine  gives  a beautiful  lustrous  pale  varnish, 
which,  however,  after  a few  weeks  is  covered  with 
a fine  impalpable  powder  from  disintegration  of 
the  gum. 

Of  the  solvents  of  these  various  resins  little  need 
be  said.  In  the  manufacture  of  varnishes  great  care, 
as  well  as  cleanliness,  are  required.  The  resins 


should  be  washed  in  hot  water,  to  free  them  from 
particles  of  dust  and  dirt;  they  should  be  dried 
and  assorted  according  to  their  colour,  reserving  the 
lightest  shades  for  the  best  kinds  of  varnish. 

Manufacture. — The  English  mode  of  making  oil 
varnish  is  very  simple,  but  requires  great  skill  on 
the  part  of  the  workman.  The  gums  are  for  the 
most  part  insoluble  in  oil  until  they  have  been  heated 
for  a length  of  time,  which  varies  with  the  quality 
and  nature  of  the  gum  ; again,  the  temperature  of 
the  oil  must  correspond  very  nearly  with  that  of  the 
fused  gum,  or  the  two  will  not  mix.  These  details 
of  manipulation  are  very  jealously  guarded. 

The  varnish  house  ought  to  be  quite  detached 
from  any  other  building.  An  occasional  fire  is  one 
of  the  incidents  natural  to  the  manufacture,  but  by 
watchfulness  and  adoption  of  eflScient  means  of 
extinction  the  loss  is  usually  only  that  of  a few 
gallons  of  oil  or  varnish. 

The  gum  is  melted  in  a copper  vessel  2 feet  9 
inches  high,  and  inches  across  the  bottom  outside. 
The  bottom  is  hammered  out  of  a solid  block  of 
copper,  in  shape  resembling  a hat  without  a brim. 
The  upper  part  of  the  pot  is  made  of  sheet  copper, 
of  a cylindrical  form,  10  inches  in  diameter  at  the 
top  and  2 feet  2 inches  high,  about  three-eighths  of 
an  inch  thick.  The  lower  part  of  the  cylinder  is 
then  rivetted  to  the  bottom  with  copper  rivets,  the 
heads  of  which  are  inside.  Previous  to  rivetting  on 
the  bottom,  a fiange  of  copper,  of  about  three-eighths 
of  an  inch  in  thickness,  is  fixed  horizontally  round 
the  pot  on  to  the  bottom  part  under  the  rivets. 
Near  the  top  of  the  pot  are  two  loop  handles,  on 
opposite  sides,  for  lifting  it  on  and  off  the  fire. 

The  gum  pot  furnace  is  so  far  sunk  into  the 
ground  that  its  covering  plate  is  on  a level  with 
the  pavement  of  the  varnish  house.  The  gum  pot 
fits  into  a circular  hole  above  the  fire,  resting  on  its 
flanges. 

To  prepare  the  gums  for  fusion  they  are  reduced 
to  pieces  of  about  the  size  of  a filbert,  by  cutting 
blows  of  a hammer,  the  gum  being  held  on  a lead 
anvil  2 inches  thick  and  8 inches  square. 

The  oil  is  heated  in  a copper  pot,  fashioned  in  the 
same  way  as  the  gum  pot.  The  diameter  across  the 
bottom  outside  is  20  inches : height  of  bottom,  7 
inches ; the  cylindrical  body  of  the  pot  is  2 feet  10 
inches  in  depth,  and  joined  to  the  bottom  part  with 
strong  copper  rivets.  The  handles  are  fixed  to 
opposite  sides,  7 inches  below  the  rim,  and  should 
project  at  least  4 inches  from  the  pot  sides. 

The  furnace  is  built  in  a similar  manner  to  that 
for  the  gum  pot;  the  pot  must  not  fit  too  closely 
to  the  circular  hole,  or  there  may  be  difficulty  in 
lifting  it  off  the  fire.  Alongside  the  furnace  should 
be  a low  trolly  on  rails,  so  that  the  pot,  if  its  contents 
should  catch  fire,  may  be  rapidly  conveyed  into  the 
open  air,  where  it  can  be  extinguished  at  leisure. 
Only  those  who  have  witnessed  it  can  conceive  the 
height  of  flame  from  even  a small  quantity  of  oil 
when  strongly  heated  before  ignition.  The  writer 
saw  the  flame  from  1 pint  of  heated  oU  lick  the 
rafters  of  a roof  15  feet  above  it. 
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The  sizes  given  are  those  in  ordinary  use.  In 
great  factories  the  boiling  pot  is  frequently  much 
larger. 

Previous  to  beginning  to  make  varnish,  the  shed 
should  be  cleared  of  every  unnecessary  article.  The 
vessels  and  stirrers  must  be  perfectly  clean.  At  a 
convenient  distance  from  the  furnace  (outside,  if 
the  weather  is  fine)  a bed  is  made  inch  deep 
of  fine  sifted  .ashes,  to  rest  the  boiling  pot  on  when 
lifted  off  the  fire:  and  about  4 feet  from  the  ash 
bed  is  placed  an  iron  plate  with  a circular  hole  to 
receive  the  gum  pot. 

A typical  process  is  conducted  as  follows : — The 
boiling  pot  is  set  on  the  fire  with  8 gallons  of 
clarified  oil  (linseed  oil,  boiled  with  or  without 
driers) ; then  the  gum  pot  is  put  on  with  8 lbs. 
of  gum ; in  three  minutes  the  gum  begins  to  fuse, 
on  which,  w ith  a copper  stirrer,  the  gum  is  cut  and 
stirred  about.  If  it  feels  lumpy  and  not  fluid,  and 
rises  to  the  middle  of  the  pot,  it  is  lifted  from  the 
fire  and  stirred  constantly  until  it  goes  down.  Eight 
lbs.  of  copal  occupies  in  general  from  sixteen  to  twenty 
minutes  in  fusing,  from  the  beginning  till  it  gets 
clear  like  oil.  During  the  first  twelve  minutes, 
while  the  gum  is  fusing,  the  oil  must  be  brought  to 
a smart  simmer,  when  it  will  be  very  nearly  of  the 
same  temperature  as  the  fused  gum.  On  seeing  an 
appearance  of  bubbling  the  boiling  pot  is  lifted  off 
and  set  on  the  ash  bed,  and  1^  gallon  ladled  out 
into  a copper  pouring  jack,  which  is  placed  on  the 
plate  of  the  gum  furnace  to  keep  hot  till  wanted. 
When  the  giun  is  completely  fused,  it  will  again 
begin  to  rise  in  the  pot  in  spite  of  all  stirring  to  keep 
it  down ; when  within  5 inches  of  the  top,  the  hot 
oil  is  slowly  and  gradually  poured  in  until  towards 
the  last,  the  stirring  being  kept  up  the  whole  time. 
In  ten  to  twelve  minutes,  if  the  fire  is  strong  and 
regular,  the  gum  and  oil  will  become  quite  clear. 
This  is  ascertained  by  dropping  a little  varnish  on 
a piece  of  glass;  if  the  globule  appears  clear  and 
transparent,  the  oil  and  gum  are  properly  mixed. 
One  and  a half  gallon  more  oil  is  now  taken  from 
the  boiling  pot  and  placed  in  a copper  jack  on  the 
plate  of  the  gum  furnace,  and  1-^  gallon  in  a spare 
tin  ready  for  the  third  run.  This  leaves  gallons 
of  oil  in  the  boiling  pot.  The  maker  now  lifts  the 
gum  pot  steadily,  and  placing  its  edge  over  that  of 
the  boiling  pot,  pours  the  contents  gently  into  the 
oil,  and  holds  the  pot  bottom  upwards  over  the  boil- 
ing pot  for  a minute  to  drain.  A piece  of  thick 
carpet  and  an  iron  plate  are  kept  in  readiness  to 
throw  over  the  mouths  of  the  vessels,  should  the  oil 
catch  fire. 

The  moment  the  gum  pot  is  empty  it  is  rinsed 
out  with  half  a gallon  of  turpentine,  wiped  dry, 
and  again  placed  on  the  fire  with  8 lbs.  more  gum. 
This  is  treated  precisely  as  before,  and  so  with  the 
third  and  last  run.  There  will  then  be  24  lbs.  gum 
and  8 gallons  of  oil  in  the  boiling  pot ; heat  is  briskly 
applied  until  a scum  rises  and  covers  the  surface  of 
the  contents,  when  it  will  begin  to  rise  rapidly. 
When  the  mixture  rises  to  near  the  rivets  of  the 
handles  the  pot  is  lifted  off,  conveyed  to  the  ash  bed 
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and  stirred  down,  the  driers  being  at  the  same  time 
scattered  in  by  little  at  a time,  if  required ; though 
the  better  plan  is  to  secure  rapid  drying  of  the  oil 
before  making  varnish  of  it,  in  which  case  no  driers 
are  required  at  this  stage  (see  Oil,  Linseed).  If 
the  fire  be  good  the  quantities  named  will  require 
to  be  boiled  for  three  and  a half  to  four  hours  from 
the  time  the  last  gum  is  in;  but  time  is  no  criterion, 
as  it  may  vary  with  the  weather,  the  quality  of  the 
oil,  the  quality  of  the  gum,  the  driers,  the  heat  of 
the  fire,  &c.  When  the  boiling  has  been  continued 
long  enough,  a portion  dropped  on  a glass  plate 
will  feel  stringy  between  the  fingers. 

The  pot  is  then  carried  to  the  ash  bed,  and  left 
standing  until  cool  enough  to  receive  turpentine. 
If  the  gum  is  good  and  well  run  it  may  take  as  much 
as  15  gallons  of  turpentine,  but  if  the  gum  was  weak 
and  badly  fused  12  gallons  may  be  too  much.  When, 
therefore,  the  latter  quantity  has  been  introduced, 
a little  of  the  varnish  is  set  aside  in  a saucer  to 
cool ; in  a few  minutes  its  consistency  will  show 
whether  it  requires  more  turpentine ; if  so,  this  is 
added.  The  varnish  is  then  strained  rapidly  and 
stored  in  iron  tanks  to  settle ; when  required  for 
market  it  is  dipped  out  from  the  top. 

The  foregoing  general  directions  concerning  the 
running  of  gum  and  pouring  in  the  oil,  and  also 
boiling  off  and  mixing,  apply  to  the  making  of  all 
kinds  of  oil  varnishes — differences  of  the  quantities 
and  the  qualities  of  oil  and  gum  being  of  course 
considered. 

The  varieties  of  varnish  are  very  numerous.  A 
few  well-tried  recipes  are  given  below  as  examples. 

Amber  Varnish. — Fuse  6 lbs.,  add  2 gallons  of  hot 
oil,  boil  until  stringy,  and  add  turpentine  4 gallons. 
The  varnish  is  very  durable,  but  dries  slowly. 

Cabinet  Varnish. — Copal,  7 lbs. ; drying  oil,  ^ gal- 
lon ; turpentine,  3 gallons. 

Copal  Body  Varnish. — Best  gum,  8 lbs. ; drying 
linseed  oil,  2 gallons ; turpentine,  3^  gallons. 

Copal  Carriage  Varnish. — Gum,  8 lbs. ; linseed  oil 
clarified,  24  gallons.  Boil  till  very  stringy,  and  add 
5-^  gallons  turpentine. 

When  a faster  drying  varnish  is  required  the  above 
is  added  to  a varnish  composed  of  animd  8 lbs., 
clarified  oil  2 gallons,  and  turpentine,  3^  gallons, 
in  the  proportion  of  two-thirds  of  the  copal  varnish 
to  one-third  of  the  animd  varnish. 

The  use  of  driers  is  to  be  as  much  as  possible 
avoided.  If  a good  drying  oil  is  used  they  are  un- 
necessary. Nevertheless,  many  makers  prefer  to  use 
linseed  oil  which  has  been  simply  heated,  and  in  the 
boiling  pot  they  then  add  ^ lb.  of  white  copperas, 

lb.  of  litharge,  or  sometimes  both,  to  each  run  of 
gum  and  oil. 

Oak  varnishes  are  made  with  inferior  gums.  New 
Zealand  kauri  is  now  much  used.  The  proportions 
are: — Gum,  8 lbs.;  oil,  8 gallons;  turpentine,  5^ 
gallons.  The  colour  is  given  by  adding  a larger  or 
smaller  quantity  of  litharge,  or  using  a darker  gum. 

Violette's  Method. — ^Ten  parts  of  copal  and  20  parts 
of  turpentine  are  heated  to  350°  C.  in  a closed  vessel 
for  fifteen  to  twenty  minutes.  On  cooling,  the  gum 
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is  found  to  be  completely  dissolved,  and  forms 
with  the  turpentine  a bright,  transparent,  yellowish 
varnish.  Ten  parts  of  copal  and  20  parts  of  linseed 
oil  similarly  treated  form  a liquid  which  only  needs 
to  be  thinned  with  turpentine  to  form  a varnish 
equal  to  the  best  coach  makers’  varnish. 

ViOLETTE  proposed  to  treat  the  complete  mixture 
of  gum,  oil,  and  turpentine,  in  the  same  way  for 
the  manufacture  of  varnishes.  He  says  that  6 parts 
of  copal,  2 parts  of  linseed  oil,  and  18  parts  of 
turpentine,  heated  together  to  350°  C.  in  a close 
vessel,  produce  a good  oil  varnish.  The  vessels  are 
subjected  to  a pressure  of  20  atmospheres. 

To  attain  the  best  results  it  is  necessary  to  heat 
tlie  gum  to  about  300°  C.,  in  order  to  drive  off  the 

5 to  6 per  cent,  of  water  which  it  contains.  The  oil, 
or  mixture  of  oil  and  turpentine,  is  then  added,  the 
vessel  closed,  and  the  heat  continued  until  complete 
solution  of  the  gum  is  effected.  It  is,  of  course, 
essential  that  the  linseed  oil  be  previously  boiled, 
and  the  turpentine  freed  from  water. 

Amber  requires  a temperature  somewhat  higher 
than  copal,  about  400°  C. 

Gum  copal  and  its  congeners,  and  also  amber, 
which  are  not  naturally  soluble  in  ether,  turpentine, 
benzine,  and  other  hydrocarbons,  or  in  the  vegetable 
oils,  become  soluble  in  them,  both  in  the  heat  and 
cold,  after  they  have  been  exposed  in  a close  vessel 
to  temperatures  varying  between  350°  and  400°  C., 
and  the  solutions  thus  made  constitute  true  varnishes. 
The  apparatus  must  be  rigorously  kept  at  a tempera- 
ture varying  between  350°  and  400°  C. 

Amber  treated  with  oil  and  turpentine  by  this 
process  produces  a clear  pale  varnish,  such  as  no 
maker  has  hitherto  been  able  to  manufacture. 

Copal  and  other  refractory  resins  are  soluble  in 
oil  of  turpentine,  &c.,  if  they  have  been  heated  for 
fifteen  to  twenty  minutes  to  350°  or  400°  C.  in 
closed  vessels.  The  best  way  of  operating  is  to  heat 
the  resin  for  a few  minutes  iu  an  open  vessel ; 5 or 

6 per  cent  of  water  are  by  this  means  expelled.  The 
vessel  is  then  closed,  and  the  heating  continued. 
The  product  gives  very  excellent  varnislies. 

In  France  and  Germany  varnishes  are  made  by 
processes  based  on  that  of  Violette.  The  propor- 
tions used  are  much  the  same  as  those  employed  by 
English  makers.  The  copal  gum  is  inclosed,  together 
with  the  requisite  quantity  of  turpentine,  in  a copper 
vessel  capable  of  bearing  the  pressure  of  twenty 
atmospheres,  and  heated  to  400°  C.  The  solution 
thus  formed  is  mixed  with  linseed  oil,  which  has 
been  previously  boiled  till  it  has  acquired  the  con- 
sistence of  treacle.  The  varnishes  work  well,  but 
dry  somewhat  slowly,  and  are  deficient  in  the  lustre 
and  brilliancy  characteristic  of  good  English-made 
varnishes. 

An  analogous  process  is  being  tried  in  this 
country,  but  we  are  not  able  at  present  to  give  our 
readers  such  particulars  as  would  enable  them  to 
produce  varnishes. 

Zingler's  Varnish. — A mixture  of  1 part  of  carbon 
disulphide,  1 part  of  camphor  or  turpentine,  1 part 
of  benzine  or  rectified  petroleum,  and  2 parts  of 


wood  spirit,  are  heated  in  a close  vessel;  and 
powdered  copal,  or  other  gum  added  to  the  solvent 
in  the  proportion  of  106  : 125  per  50  kilos,  of  resin. 
The  mixture  is  allowed  to  stand  for  some  days,  and 
then  linseed  oil  or  a like  drying  oil  is  added. 

Copal  spirit  varnish  may  be  thus  made  by  Bott- 
ger’s  method.  Dissolve  1 part  by  weight  of  cam- 
phor in  12  parts  of  ether,  then  add  4 parts  of  copal 
finely  powdered.  As  soon  as  the  copal  appears  to 
be  partly  dissolved,  and  has  become  swollen,  add  4 
parts  of  strong  alcohol  or  methylated  spirits,  and 
5 part  of  turpentine.  After  shaking  the  mixture 
and  letting  it  stand  for  a few  hours,  a thoroughly 
good  copal  varnish  is  obtained. 

Spirit  Varnishes. — The  gum  is  crushed  and  mixed 
with  bruised  glass,  in  the  proportion  of  2 lbs.  of 
glass  to  5 lbs.  of  gum,  placed  in  a suitable  vessel, 
with  the  requisite  quantity  of  turpentine  or  other 
spirit,  closely  corked,  and  agitated  by  shaking  by 
machinery  or  otherwise  until  the  gum  is  dissolved. 
The  varnish  is  then  strained  and  stored  in  air-tight 
vessels.  Steam  heat  is  sometimes  used. 

Mastic  Varnish. — Gum,  5 lbs. ; turpentine,  2 gal- 
lons. Agitate  in  the  cold. 

Gum,  2|  lbs.  to  each  gallon  of  turpentine ; heat 
very  gently,  with  constant  stirring:  8 lbs.  of  gum, 
with  4 gallons  of  turpentine,  produce  4^  gallons 
of  varnish. 

Paper  Varnish. — Gum  dammar  or  rosin,  10  lbs.; 
turpentine,  4 gallons.  Heat  gently  (by  steam,  if 
possible),  and  strain  while  hot. 

White  Hard  Varnish. — Sandarach,  5 lbs. ; spirits  of 
wine,  2 gallons.  Agitate  till  dissolved,  using  bruised 
glass  to  assist  the  solution.  A temperature  of  80° 
Fahr.  facilitates  the  process. 

Brown  Hard  Varnish. — Sandarach,  3 lbs. ; shellac,  2 
lbs. ; spirits  of  wine,  2 gallons. 

Japan  Varnish.  — Copal,  7 lbs.  ; drying  oil,  J 
gallon. 

Shoes,  ^c.,  Jet  Black  Varnish  for  Leather  (M.  Marx). 
— Dissolve  10  parts  of  shellac  in  5 parts  of  turpen- 
tine, add  the  mixture  to  40  parts  of  methylated 
spirit  in  which  1 part  of  extract  of  logwood,  and 
a little  potassium  bichromate  and  sulphate  of  indigo, 
have  been  already  dissolved.  Keep  in  well-stoppered 
bottles. 

Dull  Varnish. — A varnish  which  does  not  reflect 
light  can  be  prepared  by  mixing  a solution  of  a resin 
or  gum  with  some  liquid  in  which  the  resin  or  gum 
is  insoluble.  A mixture  of  3 to  5 parts  of  sandarach 
dissolved  in  48  parts  of  ether  and  2^  parts  of  benzol 
resembles  ground  glass  when  dry.  A solution  of 
gum  dammar  in  resin,  mixed  with  ether,  also  gives 
a good  dull  varnish  ; water  renders  this  varnish 
semi-opaque.  Arthur  Hughes  recommends  the 
following  mixture  ; — 

Parts  by  weight 


Ether, o60 

Benzol, 240 

Sandarach, 40 

Canada  Balsam, 10 


Colourless  Copal  Varnish. — Tlie  copal  is  carefully 
picked,  each  piece  is  broken,  and  a drop  of  rosemary 


WATER.  959 

oil  poured  on  it.  Those  pieces  which  on  contact 

and  most  imperfect  apparatus,  little  information  had 

with  the  oil  become  soft  are  the  ones  used.  The 

been  gained.  It  was  generally  thought  that  by 

pieces  selected  are  ground  and  passed  through  a 

repeated  evaporation  .and  distillation  water  could  be 

sieve,  being  reduced  to  a fine  powder.  It  is  then 

obtained  in  the  solid  form  ; the  facts  on  which  this 

placed  in  a glass  vessel,  and  a corresponding  volume 

opinion  was  based  being  due  to  the  almost  invari- 

of  rosemary  oil  poured  over  it ; the  mixture  is  then 

able  presence  in  water,  as  found  in  nature,  of  a 

stirred  for  a few  minutes,  until  it  is  transformed 

greater  or  less  quantity  of  solid  matter  in  solution, 

into  a thick  liquor.  It  is  then  left  to  rest  for  two 

which,  not  being  volatile,  would  of  course  remain  as 

hours,  when  a few  drops  of  rectified  alcohol  are 

a visible  residue  when  the  water  was  evaporated. 

added  and  intimately  mixed ; and  this  is  repeated 

When  the  water  employed  did  not  contain  such 

until  the  varnish  is  of  a sufficient  consistency.  It 

dissolved  matter,  similar  results  w’ould  often  be 

then  becomes  bright  and  clear  after  standing  for 

obtained  by  reason  of  the  solvent  action  of  the 

a few  days. 

water  on  the  material  of  the  vessel  used  for  evapo- 

Shellac  Varnish. — An  aqueous  solution  of  gum 

ration.  This,  although  slow',  would  during  the  pro- 

lac  can  be  made  by  boiling  the  crushed  gum  in  a 

longed  operations  of  the  ancient  philosophers  dissolve 

solution  of  carbonate  of  ammonia,  until  all  ammon- 

a quantity  of  soluble  matter,  which  on  evaporation 

iacal  odour  has  disappeared. 

would  leave  a very  substantial  residue.  It  was 

Mene  dissolves  by  aid  of  heat  12  parts  of  best 

reserved  for  Cavendish  to  prove,  in  the  year  1781, 

shellac  and  4 parts  of  borax  in  100  parts  of  water. 

that  water  was  composed  of  two  elements,  and  only 

This  solution,  after  cooling,  is  poured  into  bottles. 

two — oxygen  and  hydrogen. 

which  should  be  well  corked.  The  liquid  may  be 

Properties. — Water  occurs  in  three  states,  as  a gas. 

employed  as  a varnish ; or,  mixed  with  oil  of 

a liquid,  and  a solid.  With  certain  reservations. 

turpentine,  added  to  oil  paints  to  make  them  dry 

which  will  be  referred  to  hereafter,  it  occurs  as  a 

rapidly. 

solid  at  all  temperatures  below  0°  C.,  as  a liquid 

WATER. — Synonyms:  Eau,  French;  TFasscr,  Ger- 

under  ordinary  atmospheric  pressure  at  temperatures 

man ; Aqua,  Latin ; Zhstip.  Greek  (H2O). — Of  all  the 

between  0°  and  100°  C.,  and  as  a gas  at  temperatures 

materials  concerned  in  the  economy  of  the  earth. 

above  100°  C.  It  is,  when  pure,  perfectly  tasteless 

water  is,  without  doubt,  one  of  the  most  important. 

and  odourless,  and,  when  seen  in  small  bulk,  colour- 

Covering  as  it  does,  in  the  form  of  oceans,  lakes,  and 

less.  Large  volumes  exhibit,  however,  a distinct 

rivers,  more  than  two-thirds  of  the  surface  of  our 

bluish-green  colour,  which  may  be  seen  when  white 

planet,  it  is  evident  that  the  condition  of  that  surface 

light  is  transmitted  through  a long  column  of  water. 

is  largely  determined  by  it.  The  grouping  of  both 

or  through  the  solid  ice  of  a glacier.  When  white  fight 

flora  and  fauna  is  to  a great  extent  governed  by  the 

is  reflected  from  the  bottom  of  a lake  or  river  of  clear 

arrangement  of  land  and  sea,  and  on  this  also 

and  pure  water,  as,  for  example,  the  Lake  of  Geneva, 

depends  the  greater  part  of  the  locomotion  of  the 

this  colour  is  well  seen ; but  if  the  depth  be  extreme 

world.  Still,  looking  at  the  mechanical  action  of 

the  water  appears  black,  the  fight  being  entirely 

water,  we  find  that  this  is  not  restricted  to  the  ocean. 

absorbed.  If  it  be  turbid  a green  or  yellow  tint  is 

but  that  the  varied  configuration  of  the  surface  of 

observed  ; but  a very  slight  turbidity  often  causes  a 

the  dry  land  is  chiefly  due  to  the  moulding  force 

deepening  of  the  blue  tint. 

of  water  in  the  form  of  rain,  rivers,  and  glaciers. 

Water  is  almost  incompressible,  an  increase  of 

Although  less  obvious,  the  part  it  plays  in  animal 

pressure,  equal  to  one  atmosphere,  only  reducing 

and  vegetable  life  is  not  less  important.  It  consti- 

its  volume  to  the  extent  of  '000045. — (Oersted). 

tutes  seven-eigliths  of  the  weight  of  the  human  body. 

Its  specific  heat  is  extremely  high,  and  is  used  as 

and  of  the  bodies  of  many  other  animals,  and  upwards 

a standard,  the  specific  heat  of  all  other  substances 

of  nine-tenths  of  the  weight  of  some  plants.  All  the 

being  referred  to  it.  A quantity  of  heat  which 

fluids  of  both  plants  and  animals  are  aqueous  solu- 

would  raise  a given  weight  of  water  through  a given 

tions,  and  water  is  an  indispensable  constituent  of 

range  of  temperature,  would  raise  nine  times  that 

the  food  of  all  living  beings,  serving  as  the  universal 

weight  of  iron,  or  thirty  times  that  weight  of  mer- 

vehicle  for  the  conveyance  of  nourishment  and  the 

cury,  through  the  same  range. 

removal  of  waste.  Without  it,  in  the  form  of  vapour 

Water  is  a bad  conductor  of  heat,  and  if  heat  be 

and  cloud  in  the  atmosphere,  life  as  at  present  con- 

applied  to  it  from  above,  the  surface  layer  only 

stituted  could  not  exist  on  our  planet;  for  the  direct 

becomes  heated,  the  heat  passing  downwards  with 

rays  of  the  sun  would  be  insupportable  during  the 

extreme  slowness ; but  if  the  heat  be  applied  from 

day,  and  cold,  consequent  on  uninterrupted  radia- 

bene.ath,  tliat  portion  nearest  the  source  of  heat 

tion,  equally  fatal  by  night;  but  atmospheric  water 

becomes  expanded,  and  tlius,  being  rendered  sped- 

acts  as  a protection  against  both. 

fically  iigiiter,  rises — its  place  being  taken  by  a cooler, 

Ilistorij. — From  the  earliest  times  water  was  con- 

and  therefore  denser  portion.  A circul.ition  is  thus 

sidered  as  a simple  substance,  being  one  of  the  four 

established  by  means  of  which  the  heat  is  rapidly 

elements  of  which  the  world  was  composed;  the  other 

and  nearly  uniformly  distributed  over  the  whole 

three  being  fire,  .air,  and  earth.  Many  attempts  had 

volume.  This  process  is  called  convection,  the  heat 

been  made  to  penetrate  its  real  nature;  but  as  these 

being  conveyed  from  one  position  to  another  by 

were  almost  invariably  conducted  without  the  .aid  of 

actual  motion  of  the  particles  of  water,  and  not  by 

measures  or  weiglits,  and  necessarily  with  the  crudest 

conduction. 

WATER. — Physical  Properties. 
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The  change  of  volume  which  water  undergoes  by 
change  of  temperature  has  been  carefully  studied,  and 
presents  a very  remarkable  phenomenon.  AVater  is 
not  always  expanded  by  increase  of  temperature, 
having  a point  of  maximum  density  from  which  it  ex- 
pands, whether  its  temperature  be  raised  or  lowered. 
This  point  occurs  at  4°  C.  If  heat  be  extracted 
from  water  at  this  temperature  the  volume  increases 
steadily  until  it  reaches  the  freezing  point,  0°  C., 
when  it  occupies  a space  about  -j-inf^th  greater  than 
at  4°  C.  Arrived  at  tin's  point  it  solidifies,  and  in 
doing  so  undergoes  a sudden  expansion,  equal  to 
nearly  one-eleventh  of  its  volume. 

This  expansion  on  freezing  is  a powerful  agent 
for  the  breaking  up  of  rock  masses,  the  water 
permeating  their  interstices  in  the  liquid  form,  and, 
on  solidifying,  rending  the  mass  asunder.  Frequent 
oscillations  of  temperature  rapidly  bring  about  the 
complete  disintegration  of  the  hardest  rocks.  The 
bursting  of  pipes  used  for  conveying  water  is  occa- 
sioned in  the  same  way.  It  follows  from  this  that 
water,  when  cooled  from  the  surface  below  4°  C., 
becomes  specifically  lighter,  remains  at  the  top,  and 
being  a bad  conductor  of  heat,  the  lower  portions 
are  protected;  so  that  the  temperature  of  a large 
volume  of  water,  as  of  a river  or  lake,  cannot  be 
reduced  below  4°  C.  except  with  extreme  slowness. 
Ice,  of  course,  has  a still  greater  floating  power. 

If  water  taken  at  its  maximum  density  be  heated, 
instead  of  cooled,  it  expands  steadily  as  the  tem- 
perature rises,  until  it  reaches  the  boiling  point, 
100°  C.,  when,  if  the  atmospheric  pressure  be  nor- 
mal, it  is  converted  into  vapour,  which,  at  the  same 
temperature,  occupies  a volume  equal  to  1696  times 
that  occupied  by  the  water  from  which  it  is  formed. 

The  expansion  of  water  by  heat  between  0°  C. 
and  100°  C.  has  been  very  carefully  investigated  by 
Kopp  [Pogg.  Ann.  Ixxii.,  1 and  223),  and  the 
results  are  given  in  the  subjoined  table. 

The  following  interpolation  formulae  are  de- 
rived from  the  numbers  in  the  second  column 
of  the  table.  V is  the  volume  at  the  temperature 
t°  C.  of  a quantity  of  water  whose  volume  at 
0°  C.  = 1:— 

Between  0°  and  25°  C. 

F=l— 0-000061045«  + 00C00077183I2  — 0-00000003734«s. 
Between  25°  and  50°  C. 

7=1  — 0-000065415«  + 0-0000077585<2  — 0-000000035408t», 
Between  50°  and  75°  C. 

7=1  — 0-00005916t  + 00000031849«2  — 0-0000000072848<s. 
Between  75°  and  100°  C. 

7=1  — 0-000086454  + 0 000003189242  — 0-0000000024487<s. 

By  means  which  will  be  referred  to  later,  water 
may  be  cooled  below  zero  without  solidifying,  and  it 
is  found  that  as  the  temperature  falls  it  continues 
to  expand  strictly  in  accordance  with  the  table. 
Similarly  water  may  be  heated  above  100°  C.  without 
ceasing  to  be  a liquid,  and  the  expansion  continues 
regularly.  Ice  behaves  like  other  solids  when  heated, 
its  specific  gravity  at  — 19°  C.,  being  0‘92013,  and  at 
0°  C.  0-918;  so  that  it  expands  when  heated,  its 
co-efficient  of  expansion  being  0-000122  for  1°  C. 


EXPANSION  OP  WATER  BV  HEAT  (XOPP). 


Tem- 

perature. 

VoL  at  0*  = 1. 

Dens,  at  0*  L 

VoL  at  4*  = 1. 

Deni,  at  4*  — L 

Degreee  C. 

0 

1-00000 

1 -000000 

1-00012 

0-999877 

1 

0-99995 

1-000053 

1-00007 

0-999930 

2 

0-99991 

1-000092 

1-00003 

0-999969 

3 

0-99989 

1-000115 

1-00001 

0-999992 

4 

0-99988 

1-000123 

1-00000 

1-000000 

5 

0-99988 

1-000117 

1-00001 

0-999994 

6 

0-99990 

1-000097 

1-00003 

0-999973 

7 

0-99994 

1-000062 

1-00006 

0-999939 

8 

0-99999 

1-000014 

1-00011 

0-999890 

9 

1 -0000.5 

0-9999,52 

1-00017 

0-999829 

10 

1-00012 

0-999876 

1-00025 

0-9997,53 

11 

1-00021 

0-999785 

1 -00034 

0-999664 

12 

1-00031 

0-999686 

1-00044 

0-999,562 

13 

1-00013 

0-999572 

1 -00055 

0-999449 

14 

1-00056 

0-999445 

1 -00068 

0-999322 

15 

1-00070 

0-999306 

1 -00082 

0-999183 

16 

1-00085 

0-999  i 55 

1-00097 

0-999032 

17 

l-OOlOl 

0-998992 

1-00113 

0-998869 

18 

1-00118 

0-998817 

1-00131 

0-998695 

19 

1-00137 

0-998631 

1-00149 

0-998509 

20 

1-00157 

0-998435 

1-00169 

0-998312 

21 

1-00178 

0-998228 

1-00190 

0-998104 

22 

1-00200 

0-998010 

1-00212 

0-997886 

23 

1-00-2-23 

0-997780 

1-00235 

0-997657 

24 

1-00-247 

0-997.541 

1-00259 

0-997419 

23 

1-00271 

0-997-293 

1-00284 

0-997170 

26 

1-00295 

0-997035 

1-00310 

0 996912 

27 

1-00319 

0-996767 

1-00337 

0-996644 

28 

1-00347 

0-996489 

1 -00365 

0-996367 

29 

1-00376 

0-996-202 

1-00393 

0-996082 

30 

1-00406 

0-996008 

1-00423 

0-995787 

35 

1-00570 

40 

1-00753 

45 

1-00954 

50 

1-01177 

55 

1-01410 

60 

1-01659 

65 

1-01930 

70 

1-022-25 

75 

1-02541 

80 

1-02858 

85 

1-03189 

90 

1-03540 

95 

1-031)09 

100 

1-04299 

"Water  is  volatile  at  all  temperatures,  vapour  being 
formed  on  the  surface  of  ice  far  below  the  freezing 
point.  The  force  exerted  by  this  vapour  depends 
upon  the  temperature,  and  is  called  its  “tension,” 
being  very  small  at  low  temperatures,  but  increasing 
rapidly  as  the  temperature  rises.  The  vapour  ten- 
sion of  water  at  different  temperatures  has  been 
determined  by  Regnault  with  extreme  accuracy. 
It  is  usually  expressed  as  equal  to  the  pressure  of 
a column  of  mercury  of  a certain  length  measured  in 
millimetres,  and  was  determined  by  introducing  a 
quantity  of  water  into  the  Torricellian  vacuum  in 
the  upper  part  of  a barometer,  and  noting  the  extent 
to  which  the  mercurial  column  was  depressed  at 
different  temperatures ; the  depression  being  due  to 
the  pressure  exerted  by  the  vapour  of  the  water  on 
the  surface  of  the  mercury  in  the  tube.  By  suit- 
able modifications  of  the  apparatus  the  inquiry  was 
extended  to  temperatures  much  above  100°  C.  The 
table  on  next  page  is  obtained  from  these  experi- 
ments. 

So  long  as  the  vapour  tension  is  less  than  the  pres- 
sure on  the  surface  of  the  liquid,  the  evaporation 
takes  place  wholly  from  the  surface;  but  when  these 
forces  become  equal,  bubbles  of  vapour  are  formed 
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in  the  liquid  and  rise  to  the  surface,  producing  the 
phenomenon  of  ebullition  or  boiling,  and  the  tempera- 
ture at  which  this  occurs  is  called  the  boiling  point. 
As  this  depends  on  the  pressure,  it  may  take  place  at 
all  temperatures,  and  with  a good  air-pump  water 
may  be  made  to  boil  at  20°  C.,  and  by  heating  it  in 
a strong  vessel  with  a heavily-weighted  safety  valve, 
its  boiling  point  may  be  raised  to  a degree  only 
limited  by  the  strength  of  the  vessel.  At  the  normal 
pressure  of  the  atmosphere  — when  the  barometer 
indicates  760m.m.  of  mercury  at  0°  C. — water  is  said 
to  boil  at  100°  C.,  its  boiling  point  under  these  con- 
ditions being  in  fact  taken  as  the  standard  by  which 
thermometers  are  graduated.  Atmospheric  pressures 
are  also  sometimes  ascertained  by  observing  the 
temperature  as  indicated  by  a good  thermometer  at 
which  pure  water  boils.  On  the  summit  of  Mont 
Blanc  the  boiling  point  of  water  was  found,  by  Dr. 
Frankland,  to  be  84°7  C.  (184®-5  Fahr.).  When 
ice  is  slowly  heated  its  temperature,  as  indicated  by 
a thermometer,  rises  until  liquefaction  commences, 
but  then  remains  constant  until  the  whole  of  the  ice 
is  melted.  The  heat  applied  during  this  interval  is 
said  to  become  latent,  and  is  consumed  in  effecting 
the  change  from  the  solid  to  the  liquid  state  of  the 
water.  The  amount  of  heat  required  to  convert  a 
given  weight  of  ice  into  water  at  the  same  tempera- 
ture would,  according  to  Regnault,  Provostaye, 
and  Desains,  be  sufficient  to  raise  the  temperature 
of  an  equal  weight  of  water  79°  C.  The  amount  of 
heat  required  to  liquefy  ioe  being  so  great,  and  the 
temperature  of  liquefaction  so  constant,  renders  this 
point  extremely  convenient  as  a standard  of  refer- 
ence, and  it  is  chosen  as  the  zero  of  the  centigrade 
thermometric  scale. 


TENSION  OF  AQUEOUS  VAPOUR  (REGNAULT). 


Tem- 

perature. 

Tension  in 
Millimetres 
of  Mercury. 

Tem- 

perature. 

Tension  in 
Milliiuotrcs 
of  Mercury, 

Tem- 

perature. 

Tension  in 
Milliiuetres 
of  Mercury. 

Deg.  C. 
—32 

0-320 

Deg.  C. 

19 

16-346 

Deg.  C. 
105 

906-41 

—30 

0-386 

20 

17-391 

110 

1075-37 

—25 

O' 605 

21 

18-495 

115 

1269-41 

—20 

0-927 

22 

19-659 

120 

1491-28 

—15 

1-400 

23 

20-888 

125 

1743-88 

—10 

2-093 

24 

22-184 

130 

2030-28 

—5 

3-113 

25 

23-550 

135 

2353-73 

0 

4-600 

26 

24-988 

140 

2717-63 

+ 1 

4-940 

27 

26 -.505 

145 

3125-55 

2 

5-302 

28 

28-101 

1.50 

3581-23 

3 

5-687 

29 

29-782 

155 

4088-56 

4 

6-097 

30 

31-548 

160 

4651-62 

5 

6-534 

35 

41-827 

165 

.5274-54 

6 

6-998 

40 

.54-906 

170 

5961*06 

7 

7-492 

45 

71',391 

175 

6717-43 

8 

8-017 

50 

91-982 

180 

7546-39 

9 

8-574 

55 

117-478 

185 

8453-23 

10 

9-165 

60 

148-791 

190 

9442-70 

11 

9-792 

65 

186-945 

195 

10519-63 

12 

10-457 

70 

233-093 

200 

11688-96 

13 

11-162 

75 

288-517 

205 

12955-66 

14 

11-908 

80 

3.54  -613 

210 

143-24-80 

15 

12-699 

85 

433-041 

215 

15801-33 

16 

13-536 

90 

525-450 

220 

17390-36 

17 

14-421 

95 

633-778 

225 

19097-04 

18 

15-357 

100 

760-000 

230 

209-26-40 

As  soon  as  the  whole  of  the  ice  is  melted  the 
temperature  again  begins  to  rise,  and  continues  to 
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do  so  until  the  boiling  point  is  reached,  when  it 
once  more  becomes  stationary  until  the  whole  of  the 
water  is  converted  into  steam.  The  heat  applied 
here  also  becomes  latent,  the  steam  escaping  freely 
from  the  water,  and  having  the  same  temperature  as 
the  water  itself.  The  heat  required  to  convert  a 
given  weight  of  water  at  the  boiling  point  into  steam 
would,  according  to  Regnault,  raise  the  tempera- 
ture of  an  equal  weight  of  water  537°  C.,  or  what 
amounts  to  the  same  thing,  would  raise  the  tempera- 
ture of  537  times  that  weight  of  water  1°  C.  When 
the  whole  of  the  water  is  converted  into  steam  the 
temperature  again  rises.  This  succession  of  phe- 
nomena can  be  exactly  reversed.  If  a quantity  of 
steam,  at  a temperature  above  100°  C.,  be  cooled, 
the  temperature  falls  until  it  reaches  100°  C.,  when 
liquefaction  commences,  and  the  temperature  is  sta- 
tionary until  the  whole  of  the  steam  is  condensed, 
a quantity  of  heat  being  given  out  precisely  equal 
to  that  which  was  rendered  latent  in  converting  the 
water  into  steam.  The  temperature  of  the  water 
thus  formed  falls  steadily  until  it  reaches  0°C., 
when  ice  begins  to  appear,  and  the  temperature  is 
stationary  until  the  whole  is  solid,  the  amount  of 
heat  evolved  being  equal  to  that  rendered  latent  in 
previously  melting  the  ice. 

It  has  been  mentioned  that,  under  certain  conditions, 
water  can  be  cooled  below  0°  C.  without  solidifying. 
This  is  the  case  when  the  water  has  been  previously 
boiled  to  expel  air  or  other  dissolved  gases,  and  then 
cooled  very  slowly  and  without  agitation.  In  this 
way  Dufour  succeeded  in  cooling  water  to  — 20°  C. 
without  solidification.  Contact  with  a solid  body, 
or  the  slightest  agitation,  generally  causes  immediate 
partial  solidification,  the  latent  heat  thus  liberated 
raising  the  temperature,  both  of  the  ice  and  water, 
to  0°  C.  But  although  water  can  be  cooled  below 
zero  in  this  way,  ice  cannot  be  heated  above  zero; 
hence  the  melting  point  of  ice  is  always  constant  at 
ordinary  pressures.  By  a greatly  increased  pressure 
it  is  slightly  depressed.  In  a similar  manner  water 
may  be  heated  above  its  proper  boiling  point  with- 
out being  converted  into  steam.  This  depends 
chiefly  on  the  condition  of  the  surface  of  the  vessel 
in  which  it  is  placed;  in  a smooth  and  perfectly 
clean  open  glass  vessel  it  may  often  be  heated  to 
5°  or  6°  above  the  boiling  point.  When  ebullition 
at  last  occurs  it  is  almost  explosive  in  its  violence, 
a large  volume  of  steam  is  formed,  and  the  tempera- 
ture of  both  water  and  steam  falls  to  the  boiling 
point,  the  excess  of  heat  being  rendered  latent  in 
the  steam.  In  a metallic  vessel  the  boiling  point  is 
very  constant  when  the  pressure  does  not  vary. 

Water  in  the  solid  state,  or  ice,  is  like  that  in  the 
liquid  state,  a b.ad  conductor  of  heat ; and  since  the 
particles  are  not  free  to  move,  this  property  is  not 
obscured  by  the  transference  of  heat  by  convec- 
tion. Ice  is  a crystalline  body,  belonging  to  the 
hexagonal  system,  as  may  be  seen  by  transmitting 
a beam  of  heat-rays  through  a clear  slab  of  ice,  when 
internal  liquefaction  will  take  pLace  generally  in  a 
number  of  separate  localities,  each  exhibiting  an 
hexagonal  cavity  partly  filled  with  liquid  water.  As 
121 
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water  on  passing  from  the  solid  to  the  liquid  state 
contracts,  the  water  formed  by  liquefaction  of  the 
ice  is  not  of  sufficient  volume  to  entirely  occupy 
the  place  of  the  ice ; hence  each  cavity  contains 
a small  space  filled  with  watery  vapour  only. 

Water,  both  in  the  solid  and  liquid  states,  is  a bad 
conductor  of  electricity.  When  two  pieces  of  melt- 
ing ice  are  brought  in  contact  they  readily  unite  to 
form  a single  piece : this  phenomenon  is  termed 
regelation. 

Snow  consists  of  hexagonal  crystals  of  ice,  gene- 
rally arranged  in  star-like  clusters,  with  six  rays 
symmetrically  bestowed,  and  often  of  remarkable 
beauty.  When  submitted  to  considerable  pressure 
at  the  freezing  point,  snow  is  converted  into  solid 
and  transparent  ice. 

Steam  'or  water  vapour  is  colourless,  transparent, 
and  invisible.  The  visible  clouds,  commonly  called 
steam,  are  really  composed  of  minute  globules  of 
liquid  water,  produced  by  the  partial  or  complete 
condensation  of  the  steam.  When  a current  of 
steam  is  allowed  to  escape  with  considerable  force 
into  the  atmosphere,  a small  transparent  space  will 
be  seen  near  the  orifice  from  which  it  issues,  the 
uncondensed  steam  passing  invisibly  across  this  space. 

The  specific  gravity  of  water  vapour  at  100°  C.  is 
less  tlian  two-thirds  of  that  of  air  at  the  same  tem- 
lierature.  Steam,  like  aU  gases,  is  a bad  conductor 
of  heat ; but  heat  is  distributed  through  it  readily 
by  convection.  Radiant  heat,  according  to  Tyn- 
dall, is  rapidly  absorbed  by  water  vapour ; but  this 
has  has  been  disputed  by  Magnus.  Tyndall  esti- 
mates that  at  least  10  per  cent,  of  the  entire  terres- 
trial radiation  is  absorbed  by  the  aqueous  vapour 
which  exists  within  10  feet  of  the  earth’s  surface  on 
a day  of  average  humidity.  This  absorptive  power 
is  much  greater  for  obscure  than  for  luminous  rays, 
so  that  the  solar  heat  reaches  the  earth  more  readily 
than  heat  leaves  the  earth  by  radiation  into  space, 
and  hence  the  aqueous  vapour  present  in  the  atmo- 
sphere maintains  the  earth’s  surface  at  a higher  tem- 
perature than  it  would  otherwise  possess.  Like  all 
good  absorbers,  water  vapour  is  also  a good  radiator, 
and  heat  is  largely  dissipated  in  space  by  the  upper 
layers  of  aqueous  vapour.  Water  in  the  liquid  form 
is  a remarkably  powerful  absorbent,  a layer  only 
one-fiftieth  of  an  inch  in  thickness  arresting  80  per 
cent,  of  the  heat  radiated  from  red-hot  platinum. 

Chemical  Properties. — Water  is  formed  by  the 
combination  of  two  volumes  of  hydrogen  with  one 
volume  of  oxygen,  or  of  2 parts  by  weight  of  the 
former  with  16  parts  of  the  latter.  In  the  act  of 
combining  condensation  takes  place,  so  that  the 
three  volumes  of  mixed  gases  before  their  union 
produce  only  two  volumes  of  water  vapour  or  steam 
at  the  same  pressure  and  temperature.  This  consti- 
tution of  water  may  be  shown  in  several  ways. 

If  a voltaic  current  be  passed  through  a mixture 
of  water  and  sulphuric  acid,  the  water  is  decomposed 
and  a gas  is  freely  produced  at  each  pole,  that  at 
the  negative  pole  having  twice  the  volume  of  that 
at  the  positive.  The  former  consists  of  hydrogen, 
and  the  latter  of  oxygen. 


If  a white-hot  ball  of  platinum  be  plunged  into 
water,  a mixture  of  the  same  gases  is  produced  by 
the  decomposition  of  the  water;  and  this  mixture 
on  analysis  will  be  found  to  contain  one  volume  of 
oxygen  and  two  volumes  of  hydrogen. 

In  these  operations  both  of  the  constituents  are 
set  free.  There  is,  however,  a large  class  of  decom- 
positions in  which  only  one  is  liberated,  the  other 
remaining  in  combination  with  some  other  sub- 
stance. When  potassium  or  sodium  is  thrown  on 
to  water  an  energetic  action  takes  place;  the  water 
is  decomposed,  one -half  of  the  hydrogen  being 
liberated,  whilst  the  other  half,  and  the  whole  of  the 
oxygen,  combine  with  the  metal  to  form  a hydrate — 

2OH2  Naj  = 20NaH  + Hj. 

When  steam  is  passed  through  an  iron  or  porcelain 
tube  filled  with  iron  turnings  and  heated  to  redness, 
the  iron  becomes  coated  with  a film  of  the  black  or 
magnetic  oxide  of  iron,  produced  by  the  union  of 
the  iron  with  the  oxygen  of  the  water-vapour,  the 
hydrogen  being  set  free — 

4OH2  + Fe3  = Fe304  -f-  4H2. 

When  a solution  of  chlorine  in  water  is  exposed 
to  direct  sunlight  the  water  is  decomposed,  hydro- 
chloric acid  being  formed  and  oxygen  liberated — 

CI2  + OH2  = 2HC1  + 0. 

The  composition  of  water  may  also  be  demon- 
strated synthetically.  If  two  volumes  of  hydrogen 
be  mixed  with  one  volume  of  oxygen  in  a strong 
vessel,  and  an  electric  spark  be  passed  through  the 
mixture,  rapid  combustion  will  take  place ; and  if 
the  temperature  be  above  100°  C.  the  vessel  will 
be  found  to  contain,  in  place  of  the  hydrogen  and 
oxygen,  two  volumes  of  steam  or  water  vapour, 
measured  at  the  same  temperature  and  pressure. 
If  an  excess  of  either  constituent  above  the  pro- 
portions just  stated  be  used,  this  excess  wiU  remain 
mixed  with  the  water  vapour. 

If  a stream  of  hydrogen  be  passed  through  a tube 
filled  with  oxide  of  copper  and  heated  to  redness, 
the  oxide  will  be  decomposed,  the  oxygen  com- 
bining with  the  hydrogen  to  form  water,  and 
the  copper  being  set  free.  In  this  way  DumaS 
determined  the  composition  of  w'ater  with  great 
accuracy.  The  hydrogen  was  produced  by  the 
action  of  dilute  sulphuric  acid  on  purified  zinc,  and 
to  remove  impuiities  was  passed  through  tubes 
containing  acetate  of  lead,  sulphate  of  silver, 
caustic  potash,  and  phosphoric  anhydride,  the  last 
removing  every  trace  of  water.  The  stream  of  gas 
was  then  passed,  over  the  heated  oxide  of  copper, 
and  lastly  through  an  empty  flask  and  tubes  con- 
taining respectively  chloride  of  calcium  and  oil  of 
vitriol,  the  water  produced  being  retained  in  these 
vessels.  The  bulb  containing  the  oxide  of  copper 
was  accurately  weighed  before  and  after  the  experi- 
ment, as  were  also  the  empty  flask  and  drying  tubes. 
The  loss  of  weight  of  the  former  indicated  the  weight 
of  oxygen  which  had  combined  with  the  hydrogen 
to  form  the  quantity  of  water  which  had  increased 
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the  weight  of  the  empty  flask  and  drying  tubes. 
For  every  8 parts  by  weight  of  oxygen  thus  em- 
ployed, it  was  found  that  9 parts  of  water  had  been 
formed,  and  the  water  was,  therefore,  composed  of 
8 parts  of  oxygen  and  1 of  hydrogen — 

CuO  + = Cu  OHij. 

Water  is  formed  whenever  hydrogen,  or  a sub- 
stance containing  it,  is  burned  in  oxygen  or  heated 
in  contact  with  substances  which  easily  supply 
oxygen. 

Water  combines  with  many  other  substances  in 
several  ways.  It  unites  with  anhydrides  to  form 
acids;  as,  for  example,  with  sulphuric  or  nitric 
anhydride  to  form  sulphuric  or  nitric  acid — 

OHj  + SO3  = SO4H2; 

OHj  -I-  N2O5  = 2NO3H, 

With  many  metallic  oxides  it  forms  hydrates,  as 
with  potassic  oxide  and  quick  lime — 

OHj  + OKj  = 20KH; 

OHj  + CaO  = CaHjOa. 

Ihe  cases  mentioned  above,  and  the  classes  of 
reactions  which  they  represent,  are  commonly  called 
atomic  combinations  par  excellence,  and  are  accom- 
panied by  the  evolution  of  heat,  the  combinations 
taking  place  in  constant  and  definite  proportions. 
The  water  entering  thus  into  combination  is  not 
supposed  to  exist,  as  water,  in  the  compound 
formed. 

Water  also  unites  with  other  substances  as  water 
of  crystallization ; it  is  here  assumed  to  exist  as 
water  in  the  compound  formed,  and  the  combination 
is  said  to  be  molecular  as  distinguished  from  atomic, 
the  symlols  representing  the  water  being  divided  in 
the  formula  from  the  other  symbols  by  a comma — 
thus,  COgNa2,10OH2.  In  these  unions  heat  is  gene- 
rally, if  not  invariably  evolved,  and  the  combination 
takes  place  in  definite  proportions.  Example — 

S04Naj  + 100H.J  r=  S04Naj,  lOOHj ; 

P04N82H  -I-  120 H3  = P04Na2H,120H2; 

B40,Na2  + IOOH2  = B4O7Na3,10OH,. 

In  most  cases  a part  of  the  heat  evolved  is  due 
to  the  change  of  state  which  the  water  undergoes 
in  passing  from  the  liquid  to  the  solid  form.  It 
is,  in  many  cases,  difficult  to  distinguish  between  the 
so-called  molecular  and  atomic  combinations. 

Lastly,  water  unites  with  other  bodies  by  dissolving 
or  mixing  with  them.  The  proportions  between  the 
two  substances  are  indefinite,  taking  place  in  some 
cases  in  all  proportions  without  limit,  as,  for  example, 
in  the  case  of  alcohol  and  water ; and,  in  other  cases, 
in  all  proportions  within  certain  limits — thus,  100 
parts  of  water  wUl  dissolve  at  15°  C.  25  parts  of 
potassic  nitrate,  or  any  less  quantity.  This  action 
is  not  usually  accom]>anied  by  the  evolution  of  heat, 
the  temperature  being  often  depressed.  When  a 
solid  body  is  dissolved  this  absorption  of  heat  is 
often  very  great,  a large  proportion  of  heat  being 
rendered  latent  by  the  liquefaction  of  the  solid. 
Thus,  when  sulphuric  acid  is  mixed  with  snow,  a | 


powerful  freezing  mixture  is  obtained,  owing  to  the 
large  amount  of  heat  rendered  latent  in  the  passage 
of  the  snow  to  the  liquid  state.  The  solubility  of 
bodies  is  largely  affected  by  changes  of  temperature; 
as  a general  rule  the  quantity  of  solid  substance 
dissolved  increases  as  the  temperature  is  increased, 
but  there  are  a few  cases  in  which  the  reverse 
occurs.  Water  also  dissolves  many  gases,  and  here 
the  solubility,  as  a rule,  varies  inversely  as  the 
temperature,  and  solution  is  often  attended  with 
evolution  of  heat,  due  to  the  change  from  the  gaseous 
to  the  liquid  state. 

Water  Analysis. — Water  as  it  occurs  in  nature 
is  never  pure.  It  is  contaminated  by  impurities 
derived  from  the  air,  in  which  it  floats  as  cloud, 
and  through  which  it  falls  as  rain,  aud  from  the 
rocks  and  soil  over  and  through  which  it  passes  on 
its  way  to  the  ocean.  These  impurities  greatly 
affect  the  value  of  the  water  for  drinking,  cooking, 
cleansing,  or  manufacturing  purposes;  and  it  is 
the  object  of  the  analyst  to  ascertain  more  or  less 
completely,  according  to  the  purpose  for  which 
the  water  is  to  be  used,  their  character  and  pro- 
portions. It  win  be  convenient  to  classify  the  various 
kinds  of  natural  waters  under  the  following  heads : — 
Rain  water;  upland  surface  water;  surface  water 
from  cultivated  land;  shallow  well  water;  deep 
well  water;  spring  water;  and  sea  water:  and 
to  these  natural  waters  must  be  added  an  important 
class  of  artificial  waters,  viz.,  sewage  or  town  drain- 
age. The  usual  character  of  the  impurities  in  these 
great  classes  of  waters  may  be  briefly  stated  as 
follows  : — Rain  water  contains  a very  small  propor- 
tion of  mineral  matter,  with  a considerable  propor- 
tion of  organic  matter.  Upland  surface  water 
contains  usually  a much  larger  proportion  both  of 
mineral  and  organic  matter,  the  mineral  matter 
being  largely  influenced,  both  as  to  quantity  and 
quality,  by  the  geological  character  of  the  rocks* 
over  or  through  which  the  water  has  passed;  the 
nature  and  amount  of  the  mineral  impurity  being 
dependent  on  the  soluble  constituents  of  the  rock. 

In  surface  water  from  cultivated  land  the  quantity, 
both  of  mineral  and  organic  matter,  is  usually  larger 
than  in  rain  water,  the  organic  matter  being  espe- 
cially augmented  in  quantity ; and  the  influence  of 
the  geological  character  of  the  district  is,  to  a great 
extent,  obliterated  by  the  application  of  various 
manures  in  the  operations  of  agriculture. 

In  shallow  well  water  the  impurity  of  all  kinds 
is,  as  a rule,  greatly  increased— a fact  sufficiently 
explained  by  the  consideration,  that  a shallow  well 
is  essentially  a pit  for  the  reception  and  accumula- 
tion of  drainage  from  the  surrounding  soil;  that  for 
convenience  of  access  it  is  almost  always  made  close 
to  the  dwelling  which  it  is  to  supply  with  water; 
that  the  soil  in  the  vicinity  is  therefore  inevitably 
the  recipient  of  various  kinds  of  household  waste ; 
and  last,  but  not  least,  that  similarly  for  convenience 

* The  term  roclcs  is  here  used  in  its  geological  sense,  and 
includes  the  whole  substance  of  the  earth,  whatever  may  be 
its  nutuie  or  texture ; granite  and  louse  sand  being  equally 
called  rocks. 
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of  access  another  shallow  pit  is  usually  constructed 
near  the  house  and  used  as  a cesspool.  The  effect 
of  the  geological  character  of  the  soil  is  generally 
quite  obliterated  by  this  local  impurity.  Such  water, 
although  often  most  disgustingly  contaminated,  is 
usually  bright,  sparkling,  and  palatable,  the  saline 
flavour  due  to  salts  in  solution,  and  which  is  some- 
times very  pronounced,  being  often  much  approved 
by  those  who  are  accustomed  to  it. 

Deep  well  waters  frequently  contain  considerable 
quantities  of  mineral  matter,  but  almost  invariably 
very  little  organic  matter,  this  having  been  removed 
by  oxidation  in  passing  through  a great  depth  of 
porous  rock.  The  separation  of  deep  from  shallow 
wells  must  necessarily  be  arbitrary,  and  for  our  pur- 
pose wells  are  said  to  be  deep  the  water  of  which  is 
drawn  from  a bed  not  less  than  100  feet  from  the  sur- 
face. In  cases  where  the  well  passes  through  a water- 
tight stratum,  such  as  a bed  of  clay,  it  may  be 
considered  as  deep  even  when  the  actual  depth  of  the 
shaft  is  much  less  than  100  feet,  since  the  water  taken 
from  below  such  a septum  must  pass  through  a very 
considerable  mass  of  rock,  and  thus  be  fully  sub- 
jected to  flltration,  if  not  to  oxidation.  In  all  cases 
surface  drainage  must  be  carefully  excluded  from 
the  shaft.  The  character  of  deep  well  waters  is 
strongly  influenced  by  the  geological  nature  of  the 
rock  from  which  the  water  comes. 

Spring  waters  closely  resemble  the  preceding  class, 
their  conditions  being  almost  identical.  In  fact,  deep 
wells  may  be  viewed  as  artificial  springs. 

In  sea  water  the  most  noteworthy  characteristic 
is,  of  course,  the  enormous  proportion  of  mineral 
matter  in  solution,  amounting  to  about  4000  parts 
per  100,000  parts  of  water.  The  organic  matter 
present  is  large  as  compared  vith  that  in  fresh 
water,  and  very  highly  nitrogenous. 

In  sewage  the  variations  are  extreme ; but  the 
organic  matter  present  is  usually  of  large  amount, 
as  is  also  the  ammonia.  Nitrates  and  nitrites  are 
rarely  found,  having  been  in  most  cases  destroyed 
by  the  large  quantity  of  putrefying  organic  matter. 
The  quantity  of  chlorine  present  is  usually  very 
significant,  being  derived  almost  exclusively  from 
urine. 

The  problem  presented  to  the  analyst  is  this; — 
By  an  examination  of  the  impurities  in  a sample 
of  water,  and  by  a consideration  of  the  known  facts 
respecting  the  source  of  the  water,  to  ascertain  its 
history  and  character,  and  whether  it  is  liable  to 
serve  as  a vehicle  for  the  transmission  of  disease. 

Collection,  of  Samples. — As  some  of  the  impurities, 
although  important,  are  present  in  very  small  quan- 
tity, it  is  necessary  to  take  great  care  in  collecting 
samples  of  water  for  analysis,  to  avoid  accidental 
pollution  and  to  secure  a truly  representative 
sample.  Stoneware  jars  should  not  be  used,  as  they 
impart  various  mineral  matters  to  waters  contained 
in  them.  Corks  should  also  be  avoided,  if  possible ; 
and  if  they  must  be  used,  they  should  be  quite 
new  and  well  washed  with  the  water  itself  before 
insertion  into  the  bottle.  Stoppered  glass  bottles 
should  in  all  cases  be  used  if  they  can  be  obtained. 


Those  known  as  “Winchester  quarts”  (holding 
about  two  imperial  quarts),  to  be  had  from  any 
druggist,  are  very  convenient.  They  should  be 
perfectly  clean,  and  it  is  desirable  that  they  should 
not  have  been  used  for  any  other  purpose.  In 
collecting  the  sample,  first  fill  the  bottle  completely 
with  the  water;  then,  having  poured  this  away,  rinse 
the  bottle  three  times  with  the  water,  filling  it  each 
time  about  one-third  full.  Then  fill  it  nearly  to 
the  stopper,  insert  the  stopper,  tie  a piece  of  calico 
tightly  over  it,  and  seal  the  string. 

If  the  sample  be  taken  from  a pump,  this  should 
first  be  worked  until  the  water  which  has  been 
standing  in  the  pump  and  pipe  has  been  removed, 
and  the  water  should  then  be  allowed  to  flow  directly 
from  the  spout  of  the  pump  into  the  bottle.  Simi- 
larly, if  the  sample  be  taken  from  a tap,  the  water 
which  has  been  stationary  in  the  tap  and  service- 
pipe  should  first  be  allowed  to  run  off,  and  then  the 
bottle  filled  directly  from  the  tap.  If  the  sample  is 
to  represent  a town  supply  it  should  be  taken  from 
a pipe  in  direct  communication  with  the  street  main, 
and  not  from  a cistern.  In  taking  a sample  from  a 
tank,  well  (without  pump),  or  stream,  plunge  the 
bottle  completely  below  the  surface,  if  possible.  If 
a can  or  dipper  be  used,  a thin  copper  wire  for 
drawing  it  up  should  be  employed : both  must  be 
scrupulously  clean,  and  in  all  cases  avoid  as  much 
as  possible  collecting  water  from  the  surface,  or 
disturbing  any  mud  or  sediment  at  the  bottom. 

For  ordinary  sanitary  analysis,  collect  of  sewage, 
water  from  polluted  rivers  and  streams,  and  shallow 
wells,  one  Winchester  quart ; of  water  from  deep 
wells,  ordinary  unpolluted  rivers,  streams,  and 
springs,  two  Winchester  quarts ; and  of  water  from 
lakes  and  tarns,  and  mountain  springs  and  streams, 
or  other  very  pure  sources,  three  Winchester 
quarts.  If  a more  detailed  analysis  is  required, 
a proportionately  large  volume  of  water  will  be 
necessary. 

At  the  time  of  collection  note  the  following  par- 
ticulars : — The  source  of  the  sample — from  a well, 
river,  stream,  &c.,  giving  its  proper  local  name,  if  it 
have  one,  or  sufficient  description  to  effectually 
identify  it.  If  it  is  from  a well,  describe  the  soil 
and  subsoil,  and  the  water-bearing  stratum  into 
which  the  well  is  sunk;  the  depth  and  diameter  of 
the  well,  and  its  distance  from  cesspools  or  drains, 
or  other  sources  of  pollution ; and  state  whether  the 
well  does  or  does  not  pass  through  a bed  of  clay  or 
other  impervious  stratum,  and  if  so,  whether  its 
shaft  is  watertight  above  that  stratum.  If  the 
sample  is  from  a river  or  stream,  state  the  distance 
from  the  source  to  the  point  of  collection,  and 
whether  sewage  or  other  animal  polluting  matter 
is  known  to  have  access  to  the  stream  above  that 
point.  If  from  a spring,  describe  the  stratum  from 
which  the  spring  issues,  and  whether  the  sample  is 
taken  direct  from  the  spring  or  otherwise. 

Preliminarij. — To  preserve  at  all  times  the  repre- 
sentative character  of  the  sample,  it  should  be  made 
an  invariable  rule  to  shake  the  bottle  before  remov- 
ing any  portion  of  its  contents.  Unless  this  is 
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done  the  proportion  of  suspended  matter,  if  any, 
will  be  continually  changing. 

The  appearance  of  the  water  as  to  colour  and 
clearness,  or  the  reverse,  should  be  noted.  Colour 
is  best  seen  when  the  water  is  placed  in  a tall 
cylinder  of  clear  colourless  glass,  placed  on  a 
white  surface.  A similar  vessel,  filled  with  distilled 
water  to  a similar  depth,  should  be  used  for  com- 
parison. For  observation  of  clearness  the  water 
should  be  seen  in  a large,  nearly  spherical  flask,  held 
between  the  eye  and  a good  source  of  light.  The 
light  should  not,  however,  be  unobstructed,  but  the 
flask  should  be  so  held  as  to  have  an  opaque  object, 
such  as  a part  of  the  window-sash,  between  it  and 
the  light,  in  a line  drawn  from  the  eye  through  the 
centre  of  the  flask.  Thus  arranged,  any  matter  in 
suspension  will  be  seen  on  a dark  ground  as  objects 
are  seen  in  a microscope  with  dark  ground  illumina- 
tion. This  observation  is  very  conveniently  made 
when  measuring  out  the  portion  for  determination 
of  organic  carbon  and  nitrogen.  If  the  sample  be 
turbid,  tlie  question  whether  it  is  to  be  filtered  or  not 
before  analysis  must  now  be  determined. 

If  the  amount  of  suspended  matter  is  to  be  esti- 
mated the  water  should  be  filtered  before  deter- 
mination of  total  solid  residue,  organic  matter,  and 
ammonia.  The  suspended  matter  is  of  importance 
chiefly  in  the  cases  of  river,  lake,  and  spring  waters, 
and  town  supplies.  If  the  turbidity  is  due  to  some 
exceptional  or  temporary  cause,  such  as  repairs  to 
the  conduit,  or  the  newness  of  the  well,  it  is  seldom 
necessary  to  determine  the  suspended  matter,  but 
the  water  should  be  filtered  before  analysis.  If  the 
temporary  turbidity  is  due  to  admixture  of  organic 
matter,  the  analysis  would  scarcely  be  worth  making 
in  most  cases.  In  some  instances  it  is  desirable  to 
examine  the  suspended  matter  microscopically.  For 
this  purpose  about  a litre  of  the  turbid  water  should 
be  placed  in  a tall  glass  cylinder,  and  left  at  rest  for 
twelve  to  twenty-four  hours.  When  the  suspended 
matter  has  fallen  to  the  bottom,  all  the  water,  except 
about  20  or  30  c.c.,  should  be  poured  off  by  slowly 
and  steadily  tilting  the  vessel,  care  being  taken  that 
the  motion  be  steady  and  without  jerks.  The  small 
quantity  remaining  will  contain  almost  the  whole  of 
the  suspended  matter,  and  should  be  placed  in  a 
smaller  vessel  at  rest,  so  that  the  solid  matter  may 
again  subside.  Samples  can  then  be  taken  up  with 
a clean  dipping  tube,  and  placed  on  a glass  slide  for 
examination  under  a microscope,  in  the  usual  way. 

To  examine  the  water  for  taste  and  odour  it  should 
be  heated  to  about  30°  to  35°  C. 

Determination  of  Total  Solid  Matters. — A platinum 
basin  is  heated  to  redness,  allowed  to  cool  under  a 
desiccator,  and  weighed.  It  is  then  placed  on  a steam 
or  water  bath,  and  a measured  quantity  of  the  water 
evaporated  to  dryness  in  it.  For  shallow  well  waters 
250  c.c.  is  a convenient  quantity  to  use;  for  sewages, 
100  c.c. ; for  waters  containing  more  than  O'l  part  of 
ammonia  per  100,000  parts,  100  c.c.;  and  for  other 
waters,  600  c.c.  In  the  case  of  sewages,  and  waters 
containing  more  than  OT  part  of  ammonia,  the  resi- 
due is  not  used  for  the  determination  of  nitrogen  as 


nitrates  and  nitrites,  and  therefore  it  is  only  neces- 
sary to  consider  what  quantity  of  water  will  leave  a 
residue  convenient  to  weigh ; while  in  the  other 
cases  the  volume  taken  should  be  that  which  will 
be  convenient  for  the  determination  of  nitrogen  as 
nitrates  and  nitrites.  The  platinum  basin  should  be 
supported  on  the  bath  in  a glass  ring  with  a flange 
on  its  upper  edge.  The  top  of  a beaker  of  suitable 
size,  cut  off  at  about  20  m.m.  from  the  edge,  answers 
admirably.  At  the  end  of  the  evaporation,  the  out- 
side of  the  basin  is  wiped  dry  with  a clean  cloth,  and 
it  is  placed  in  a steam  or  water  oven  at  100°  C.  for 
about  three  hours.  It  is  then  allowed  to  cool  under 
a desiccator,  weighed  as  rapidly  as  possible,  and 
returned  to  the  bath.  After  an  hour  it  is  again 
weighed,  and  so  on,  until  between  two  successive 
weighings,  with  not  less  interval  than  an  hour,  it  has 
lost  less  than  a milligramme  in  weight. 

The  final  weight,  minus  that  of  the  empty  dish, 
gives  the  weight  of  the  total  solid  matter  in  the 
quantity  of  water  used.  The  total  solid  matter 
is  chiefly  of  importance  with  reference  to  the  em- 
ployment of  the  water  in  steam-boilers,  and  for 
similar  purposes.  River  water  usually  contains  from 
10  to  40  parts ; deep  well  and  spring  water  from  20 
to  70  parts,  but  sometimes  considerably  more  ; shal- 
low well  waters  vary  within  a very  wide  range,  con- 
taining from  30  to  150  parts,  and  not  unfrequently 
still  more,  the  quantity  being  determined  generally 
by  local  conditions  of  pollution ; sewage  usually 
contains  from  50  to  100  parts,  but  frequently  much 
more,  and  sometimes  less,  the  proportion  depending 
generally  on  the  ratio  of  the  water  supply  to  popula- 
tion. As  a rule,  but  not  invariably,  the  total  solid 
matters  exceed  in  quantity  the  sum  of  the  consti- 
tuents determined;  the  nitrogen,  as  nitrates  and 
nitrites,  being  calculated  as  potassic  nitrate,  and  the 
chlorine  as  sodic  chloride. 

Ddermination  of  Organic  Carhon  and  Nitrogen. — 
There  is  no  method  at  present  known  by  which  the 
actual  amount  of  organic  matter  present  in  water 
can  be  ascertained;  but  the  following  method,  which 
was  first  described  by  Drs.  Frankland  and  Arm- 
strong, in  the  Journal  of  the  Chemical  Society, 
March,  1868,  enables  us  to  determine  with  very 
considerable  accuracy  the  quantities  of  the  two 
principal  constituents — carbon  and  nitrogen — yielded 
by  that  organic  matter  on  combustion.  Since  its 
first  publication  no  essential  variation  has  been 
made  in  the  process ; but  some  modifications  have 
been  introduced  which  greatly  facilitate  manipula- 
tion and  increase  its  accuracy,  and  these  are  embodied 
in  the  following  description. 

A quantity  of  the  water,  a litre  or  less  according 
to  circumstances,  is  measured  out  and  poured  into  a 
flask  in  which  it  can  be  conveniently  boiled.  The 
quantity  tiiken  is  usually  determined  by  the  amount 
of  ammonia  which  the  water  contains,  according  to 
the  following  scale: — If  it  contains  less  than  0’05 
part  of  ammonia  per  100,000  parts,  a litre  should 
be  used ; up  to  0‘2  part,  half  a litre ; up  to  1 part, 
a quarter  of  a litre;  and  above  1 part,  100  c.c.,  or 
less.  If  it  has  been  decided  to  filter  the  sample, 
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care  must  be  taken,  as  in  the  estimation  of  am- 
monia, that  the  filter  paper  used  is  free  from 
ammonia,  unless  the  quantity  of  ammonia  present 
is  very  large.  If  the  sample  is  also  to  be  filtered 
for  the  estimation  of  ammonia,  the  same  filter  should 
be  used.  Add  to  the  measured  quantity  thus  taken 
15  c.c.  of  a saturated  solution  of  sulphurous  acid, 
and  boil  briskly  for  about  half  a minute  to  decom- 
pose carbonates.  The  sulphurous  acid  gas  should 
be  prepared  by  the  action  of  sulphuric  acid  upon 
metallic  copper;  it  should  be  washed  by  passing 
through  water,  and  then  passed  into  water  free 
from  ammonia  and  organic  matter,  until  a saturated 
solution  is  obtained.  This  water,  free  from  am- 
monia and  organic  matter,  is  prejsared  by  boding 
ordinary  distilled  water  with  1 gram  of  potassic 
hydrate  and  0‘2  gram  of  potassic  permanganate  per 
litre  for  twenty-four  liours  under  an  inverted  con- 
denser, and  then  distilling  over  until  100  c.c.  of  the 
distillate,  placed  in  a deep  glass  cylinder  on  a white 
surface,  with  1 c.c.  of  Nessler’s  solution  (see  Deter- 
mination of  ammonia),  exhibits  no  yellow  tinge  after 
standing  for  five  minutes.  The  remainder  is  dis- 
tilled over  (stopping  short  of  dryness)  slightly  acidi- 
fied with  pure  sulphuric  acid,  and  redistilled  from  a 
glass  retort  for  use. 

The  water  thus  boiled  with  sulphurous  acid  is 
then  evaporated  to  dryness  in  a hemispherical  glass 
dish  without  a lip,  and  about  a decimetre  in  diameter. 
The  water  in  the  flask  must  be  kept  warm,  in  order 
to  avoid  cracking  the  glass  dish  when  it  is  filled  up 
from  time  to  time  as  the  evaporation  proceeds. 
The  flask  should  be  covered  with  a watch  glass,  or 
better,  with  an  inverted  beaker.  The  glass  dish  is 
placed  in  a copper  dish  with  a flange  with  upturned 
edge  (e, /,  ^r.  Fig.  1),  the  diameter  of  which  across 
the  flange  is  about  14  centimetres,  the  concave 
part  being  shaped  to  fit  the  outside  edge  of  the  glass 
dish  (d)  closely.  The  flange  slopes  slightly  towards 
the  centre,  and  at  one  point  in  the  rim  a small  lip  is 
formed.  The  copper  dish  is  placed  on  a steam- 
bath,  and  the  flange  supports  a tall,  thin,  glass  shade, 
i,  about  30  centimetres  high.  As  the  evaporation 
proceeds,  the  vapour  is  condensed  on  the  inside  of 
the  shade,  and  runs  down  into  the  copper  dish,  fill- 
ing the  space  between  it  and  the  glass  dish,  and  thus 
eflBciently  conveying  heat  to  the  latter.  It  finally 
passes  off  by  the  lip,  in  which  a piece  of  tape  should 
be  placed  just  under  the  edge  of  the  shade  to  lead  it 
to  a vessel  placed  to  receive  it.  If  the  sample  is 
bkely  to  contain  a considerable  quantity  of  nitrates, 
add  to  the  first  dishful  two  or  three  drops  of  a solu- 
tion of  ferrous  or  ferric  chloride,  which  must  be  free 
from  ammonia  or  organic  matter ; and  if  it  does  not 
contain  much  carbonate  add  also  one  or  two  c.c.  of 
a saturated  solution  of  hydric  sodic  sulphite,  which 
has  been  prepared  by  passing  sulphurous  anhydride 
into  a solution  of  recently  ignited  sodic  carbonate. 

Bischoff  has  effected  an  important  improvement 
in  this  apparatus,  which  is  shown  in  Fig.  1,  and 
which,  by  automatically  feeding  the  water  into  the 
dish  as  the  evaporation  proceeds,  greatly  reduces  the 
time  required;  since,  needing  no  personal  attention, 


! the  evaporation  may  be  continued  during  the  night. 
On  the  copper  dish,  e,  just  described,  stands  a ring, 
e,  h,  of  stout  sheet  copper,  about  80  m.m.  in  height, 
and  slightly  conical,  the  upper  part  being  the  nar- 
rower. Round  its  upper  edge  it  has  a narrow  flange. 
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h,  of  the  same  external  diameter  as  the  copper  dish, 
e,  and  with  a similar  vertical  rim.  The  glass  shade, 

i,  stands  securely  on  either  the  ring  or  the  dish.  In  its 
upper  edge,  cutting  through  the  flange,  the  ring  has 
a small  notch  or  slot,  shown  in  Fig.  2,  through  which 
passes  the  inclined  glass-delivery  tube,  b,  the  lower 
end  of  which,  at  g,  opens  at  the  bottom  of  the  dish, 
d,  and  carries  a narrow  air-tube,  c,  the  upper  end  of 
which  is  open  above  the  edge  of  the  dish,  d.  The 
upper  end  of  the  delivery-tube  is  ground  to  flt  over 
the  neck  of  the  flask,  a,  which  contains  the  water  to 
be  evaporated.  The  flask  is  supported  in  the  ring 
of  a retort  stand  (not  shown  in  the  figure),  and  a slot 
being  cut  in  the  ring  to  admit  of  the  passage  of  the 
neck  of  the  flask.  To  use  this  apparatus  the  glass 
dish  is  placed  in  position  on  the  copper  dish,  e, /,  g, 
with  ferrous  chloride  and  sodic  sulphite  added,  if 
required.  The  copper  ring  is  next  adjusted,  and 
then  the  water  is  boiled  with  sulphurous  acid,  either 
in  the  flask,  a,  and  allowed  to  cool ; or  it  may  be 
boiled  in  another  flask,  and  afterwards  transferred. 
When  nearly  cold  the  delivery  tube  is  carefully 
fitted  into  the  neck  of  the  flask,  and  the  whole 
inverted  with  a steady,  not  too  rapid  motion,  so 
that  the  end  of  the  delivery  tube  rests  in  the  glass 
dish,  as  in  the  figure,  the  tube  passing  through  the 
slot  in  the  copper  ring,  and  the  flask  being  sup- 
ported on  the  retort  stand.  If  the  delivery  tube 
fits  well  there  is  no  need  to  give  any  separate  sup- 
port to  it,  provided  that  it  and  the  neck  of  the 
flask  are  at  about  the  same  temperature  when 
put  together.  Lastly,  the  shade  is  fltted  on,  and 
the  evaporation  proceeded  with.  Whenever  the 
level  of  the  liquid  in  the  glass  dish  falls  below  the 
point  at  which  the  air-tube,  c,  joins  the  delivery 
tube,  a bubble  of  air  enters  from  c and  passes  up 
the  tube  into  the  flask,  an  equal  volume  of  water 
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passing  into  the  dish.  As  soon  as  the  flask  and 
delivery  tube  are  empty  they  should  be  removed, 
any  solid  matter  adhering  to  the  end  of  the  delivery 
tube  washed  into  the  dish  with  a few  drops  of  water, 
the  copper  ring  removed,  and  the  gla.ss  shade  placed 
on  the  copper  dish,  e,  /,  g.  The  evaporation  is  then 
carried  to  dryness  as  usual. 

In  Bischoff’s  apparatus  the  supply  passes  from 
the  reservoir  to  the  evaporating  dish  through  a 
straight  tube.  There  is,  consequently,  convection 
through  this  tube  to  the  reservoir,  and  that  is  neces- 
sarily attended  with  much  loss  of  heat.  It  is, 
moreover,  objectionable  to  heat  the  delicate  organic 
matter  of  waters  (and  especially  of  peaty  waters) 
any  longer  than  is  strictly  necessary.  To  avoid 
these  evils  Dr.  E.  Mills  has  contrived  a convec- 
tionless  feed.  Its  principle  is  very  simple.  The 
delivery  tube,  instead  of  being  straight,  is  slightly 
bent  in  two  places,  so  that,  at  the  end  of  each 
regurgitation,  two  long  bubbles  of  air  always  remain 
entrapped.  Between  these  and  the  tube  the 
layer  of  water  is  so  thin  that  convection  becomes 
impossible.  The  heat  that  would  otherwise  escape 
is  thus  locked  up  within  the  evaporator,  and  the 
water  to  be  analysed  is  not  heated  until  the  last 
moment.  So  effectually  is  convection  arrested  that, 
with  the  first  made  (and  rather  imperfect)  feed 
of  this  kind,  and  a rate  of  evaporation  considerably 
exceeding  100  cubic  centims.  an  hour,  it  took  four 
hours  for  some  rather  strong  hydrochloric  acid  in 
the  dish  to  redden  blue  litmus  in  the  reservoir. 

With  waters  containing  much  ammonia  (more 
than  OT  part  per  100,000),  and  with  sewages,  a 
simpler  method  is  sufficient  They  may  be  evapo- 
rated in  a glass  dish,  placed  on  a steam  or  water 
bath  and  covered  with  a drum  of  filter  paper, 
something  like  a small  tambourine,  made  by  stretch- 
ing filter  paper  between  two  hoops  of  light  split 
cane,  the  one  being  thrust  into  the  other.  The  water 
in  the  flask,  from  which  the  dish  is  from  time  to 
time  filled  up,  must  be  kept  warm,  as  before  men- 
tioned. More  sulphurous  acid  should  be  added  if, 
at  any  time,  the  water  in  the  flask  no  longer  has  a 
strong  odour  of  that  acid.  It  is  not  necessary  to 
boil  when  less  than  250  c.c.  of  the  water  is  used. 
If  the  sample  contains  more  than  O'O  part  of  nitro- 
gen as  nitrates  and  nitrites,  fill  up  the  dish  after  the 
water  has  been  evaporated  to  dryness,  or  nearly  so, 
with  pure  distilled  water  containing  10  per  cent,  of 
a saturated  solution  of  sulphurous  acid,  and  again 
evaporate  to  dryness.  If  the  nitrogen  as  nitrates 
exceeds  1 part,  evaporate  on  the  residue  250  c.c.  of 
such  an  acid  mixture  ; if  2 parts,  half  a litre  ; and  if 
5 parts,  a litre.  A proportional  volume  should  be 
used  if  the  quantity  of  the  sample  which  has  been 
evaporated  was  other  than  a litre. 

With  sewage,  and  similar  liquids  which  do  not 
contain  nitrates  or  nitrites,  it  is  better  to  use  meta- 
phosphoric  acid  in  place  of  sulphurous  acid,  as  the 
loss  of  ammonia  is  then  less.  Add  to  the  liquid  to 
be  evaporated  10  c.c.  of  a solution  made  by  dissolv- 
ing 100  grams,  of  sticks  of  glacial  metaphosphoric 
acid  in  a litre  of  water;  and  in  order  to  give  the 


residue  a less  tenacious  character  than  it  would 
otherwise  possess,  add  also  about  half  a gram,  of 
calcic  phosphate,  prepared  by  precipitating  common 
phosphate  of  soda  by  calcic  chloride,  washing  the 
precipitate  by  decantation,  drying,  and  heating  it  to 
redness. 

The  quantity  of  carbon  and  nitrogen  present  in  a 
water  residue  thus  obtained  would,  in  most  cases, 
be  so  extremely  small  as  to  render  the  ordinary 
process  of  ultimate  organic  analysis  inapplicable ; 
but  by  conducting  the  combustion  in  a vacuum 
obtained  by  the  Sprengel-pump  this  difficulty  is 
completely  overcome. 

A piece  of  narrow  combustion  tube,  about  10 
m.m.  in  internal  diameter,  and  430  m.m.  in  length, 
is  first  thoroughly  cleansed  inside,  washed  with  dis- 
tilled water,  dried,  and  sealed  at  one  end  by  the 
blowpipe. 

To  effect  the  combustion  of  the  organic  matter  in 
the  residue,  it  is  mixed  with  cupric  oxide,  and  this 
requires  special  preparation.  That  which  has  been 
prepared  by  igniting  cupric  nitrate  cannot  be  used, 
as,  no  matter  how  long  and  intense  the  ignition  has 
been,  it  will  still  give  off  carbonic  anhydride  and 
nitrogen  when  heated  in  vacuo.  It  is,  therefore, 
necessary  to  employ  oxide  which  has  been  prepared 
by  oxidising  metallic  copper  sheet  or  wire,  in  a 
muffle,  or  on  the  hearth  of  a reverberatory  furnace, 
with  free  access  of  air.  It  is  desirable  before  use  to 
reheat  it  in  a large  iron  tube  placed  in  the  combus- 
tion furnace,  and  maintained  at  a red  heat  for  about 
two  hours.  As  soon  as  it  is  sufficiently  cooled,  but 
while  still  very  warm,  it  should  be  removed  from 
the  iron  tube,  the  finer  portions  sifted  out  by  means 
of  a sieve  of  clean  copper  gauze,  and  both  fine  and 
coarse  oxide  preserved  in  well -stoppered  bottles. 
The  oxide  may  be  used  repeatedly,  the  tube  being 
broken  after  the  combustion  and  the  oxide  refur- 
naced,  rejecting  that  which  was  mixed  with  the 
residue. 

The  solid  residue  left  in  the  glass  dish  on  evapo- 
ration of  the  water  is  transferred  to  a combustion 
tube  in  the  following  manner.  Into  the  closed  end 
of  the  tube  introduce  enough  coarse  oxide  of  copper 
to  fill  about  30  m.m.  of  the  length  of  the  tube,  then 
pour  into  the  residue  in  the  glass  dish  a little  of  the 
fine  oxide,  and  with  a small,  very  elastic  steel  spatula, 
carefully  detach  the  residue  from  the  glass  and  mix 
it  with  the  oxide,  rubbing  the  latter  against  the  sides 
of  the  dish  to  assist  in  detaching  the  residue.  When 
the  contents  of  the  dish  are  well  mixed  together 
they  are  transferred  to  the  tube  by  the  usual 
scooping  motion,  and  the  last  portions  by  the  help 
of  a piece  of  highly  glazed  card,  or  of  smooth, 
clean  platinum  fo  1.  The  dish  is  then  twice  rinsed 
with  a little  more  fine  oxide,  which  is  carefully 
rubbed  round  with  the  spatula  each  time,  and  then 
transferred  to  the  tube.  During  this  operation  the 
dish  should  stand  on  a piece  of  clean  glazed  paper, 
and  any  particles  which  may  fall  on  to  the  paper  are 
also  put  into  the  tube.  The  mixture  of  residue 
with  fine  oxide  should  occupy  about  100  m.m.  of 
the  length  of  the  tube,  which  is  then  to  be  filled  up 
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with  coarse  oxide  to  a distance  of  about  270  m.m. 
from  the  closed  end.  Next  introduce  a plug  of 
metallic  copper  gauze,  made  by  tightly  rolling  a slip 
of  fine  copper  gauze  (free  from  zinc),  80  m.m.  wide, 
round  a copper  wire,  and  covering  the  compact 
cylinder  thus  formed  with  an  outer  case  of  rather 
thin  sheet  copper,  the  edges  being  made  to  meet 
without  overlapping.  The  diameter  when  finished 
should  be  such  that  it  fits  easily  into  the  combustion 
tube.  A number  of  these  cylinders  are  put  into  a 
piece  of  combustion  tube,  heated  to  redness  in  the 
furnace,  oxidised  superficially  by  passing  a cur- 
rent of  air  through  the  tube,  and  the  oxide  thus 
formed  then  reduced  to  the  metallfc  state  by  sub- 
stituting dry  hydrogen  for  the  air,  the  current  of 
hydrogen  being  continued  during  the  cooling  of  the 
tube.  The  copper  cylinders  should  be  preserved  in 
a stoppered  bottle.  They  may  be  used  two  or  three 
times,  and  should  then  be  again  heated  in  a current 
of  hydrogen,  and  so  on. 

After  inserting  the  copper  plug,  introduce  about 
20  m.m.  in  length  of  coarse  oxide  in  order  to  oxidise 
any  traces  of  carbonic  oxide  which  may  have  been 
produced  by  impurities  in  the  copper  gauze.  Draw 
off  the  open  end  of  the  tube  before  the  blow-pipe, 
to  form  a neck  about  100  m.m.  in  length  and  4 m.m. 
in  diameter  ; smooth  the  end  where  cut  off  by  heat- 
ing it  in  the  blow-pipe  flame,  and  bend  the  neck  at 
right  angles.  It  is  then  placed  in  the  combustion 
furnace,  care  being  taken  so  to  arrange  it  that  the 
whole  of  the  contents  of  the  tube  can  be,  when 
desired,  heated  to  redness.. 

To  exhaust  the  tube  in  the  first  instance,  and 
afterwards  to  remove  and  collect  the  gaseous  pro- 
ducts of  the  combustion,  the  Sprengel  mercury  pump 
is  employed,  a convenient  form  of  which  is  shown  in 
Fig.  3.  The  glass  funnel,  a,  is  filled  with  mercury, 
and  is  connected  by  means  of  a short  caoutchouc 
tube,  on  which  is  a screw,  e,  pinch-cock,  ft,  with 
a long  narrow  tube  extending  nearly  to  the 
bottom  of  the  outer  tube,  d,  which  is  about  900 
m.m.  in  length  and  about  10  m.m.  in  internal 
diameter,  and  is  secured  in  the  neck  of  the  glass 
funnel,  c,  by  means  of  plaster  of  Paris.  This 
supply  tube  is  connected  by  means  of  a longer  piece 
of  caoutchouc,  which,  to  withstand  the  internal 
pressure  of  mercury,  must  be  covered  closely  with  a 
strong  sheath  of  canvas  or  tape,  with  the  mercury 
pump  proper.  A screw  pinch-cock  on  the  caout- 
chouc tube  controls  the  flow  of  mercury  through  it. 
The  ascending  limb  of  the  pump,  / y,  consists  of  a 
common  narrow  glass  tube,  and  is  about  600  m.m. 
in  length.  At  g it  is  fused  on  to  a piece  of  thick 
tube  with  a bore  of  1 m.m.  and  1500  m.m.  in  length, 
which  is  bent  on  itself  at  ft,  whilst  at  the  open  end, 
k,  it  is  curved  sharply  upwards.  At  ft  a short 
piece  of  tube,  similar  to  f g,  is  fused  in,  open 
at  the  top  and  carrying  on  it  a wider  glycerin 
tube,  I,  which  slides  up  and  down  on  the  narrow 
tube  by  means  of  a caoutchouc  stopper.  At  I the 
bent  connecting  tube,  I m n,  is  attached  by  a short 
caoutchouc  tube,  so  that  the  wider  tube  filled  with 
glycerin  can  be  pushed  up  over  the  joint,  which  is 
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thus  entirely  immersed  in  glycerin,  and  leakage  of  air 
inwards  effectually  prevented.  The  connecting  tube 
has  a bore  of  1 m.m.,  and  has  a small  bulb  blown  on 


it  at  m,  and  carries  at  its  end  a wider  tube,  n,  which 
can  be  filled  with  water  to  cover  the  joint  by  which 
the  combustion  tube,  o,  is  attached.  Glycerin  is 
used  in  I,  as  that  joint  is  seldom  detached,  and  is 
introduced  merely  to  give  flexibility  to  the  apparatus. 
The  two  limbs  of  the  tube,  / g,  are  firmly  lashed 
together  at  two  points,  the  tubes  being  there  covered 
by  short  pieces  of  caoutchouc  tube  to  prevent 
fracture.  The  funnels,  a and  c,  rest  in  ring  sup- 
ports, but  the  pump,  f h k,  rests  entirely  on  the 
end  k;  the  upper  part  being  held  in  a forked  guide 
in  which  it  is  free  to  move  towards  or  from  the 
combustion  furnace. 

The  pump  may  stand  in  a porcelain  or  wooden 
mercury  trough  of  any  convenient  form.  When 
two  pumps  are  employed  a convenient  form  of 
trough  is  that  shown  at  B ; where  t is  a deep  chan- 
nel having  two  recesses,  u u,  communicating  with 
it  to  receive  the  pumps,  the  recurved  ends  of  these 
being  towards  the  channel,  t.  The  test  tubes  in 
which  the  gases  are  collected  are  filled  with  mercury 
in  the  channel,  I,  and  are  then  inverted  over  the 
ends  of  the  pumps,  and  are  kept  upright  in  the 
recesses  by  little  wire  gates,  vv,  across  the  entrances. 
At  w is  a well  90  m.m.  deep  and  42  m.m.  in 
diameter;  the  channel,  t,  is  75  m.m;  deep  and  25 
m.m.  wide ; the  recesses  are  40  m.m.  long,  25  m.m. 
wide,  and  75  m.m.  deep;  the  shelf,  s,  is  50  m.m. 
deep.  The  whole  is  cut  out  of  a solid  piece  of 
mahogany  and  stands  on  four  short  legs,  so  that 
mercury  can  readily  be  drawn  off  from  it  to  the 
level  of  the  shelf,  s,  by  means  of  the  pinch-cock,  ft. 

In  the  furnace  the  tube  rests  in  a trough  of  sheet 
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iron  on  a bed  of  fine  asbestos,  in  order  to  avoiu 
local  irregularities  of  heating.  As  soon  as  the  tube 
is  properly  connected  with  the  pump  by  the  joint  at 
»,  the  gas  burners  of  the  front  part  of  the  furnace 
are  lighted,  so  as  to  heat  to  redness  the  whole  of 
the  plug  of  metallic  copper  and  part  of  the  oxide, 
care  being  taken  that  the  part  of  the  tube  containing 
the  residue  is  not  heated.  A screen  of  sheet  iron 
should  be  placed  in  the  furnace  to  protect  this  part. 
At  the  same  time  the  pump  is  put  in  action,  the 
flow  of  mercury  being  regulated  by  the  pinch-cocks, 
h and  c,  so  that  it  shall  fall  in  the  tube,  h k,  in  a 
slow  steady  stream  of  weU  formed  pistons.  During 
this  exhau.stion  a small  trough,  x,  is  filled  with  hot 
water,  so  as  to  cover  the  bulb,  m,  and  thus  expel 
any  moisture  left  there  in  a previous  operation. 
As  the  exhaustion  proceeds  the  mercury  will  fall 
more  and  more  rapidly  in  h k,  until,  when  a vacuum 
is  attained,  each  pellet  falls  with  a sharp  clicking 
sound.  When  this  occurs,  and  the  front  part  of 
the  tube  is  at  a red  heat,  the  pump  is  stopped,  a 
test  tube  carefully  fiUed  with  mercury  inverted  over 
the  end  of  h k,  the  iron  screen  taken  from  the 
furnace,  and  the  combustion  proceeded  with  in 
the  usual  manner ; care  being  taken  that,  when  the 
organic  matter  begins  to  burn,  the  operation  pro- 
ceeds very  slowly  until  the  vacuum  is  considerably 
impaired,  otherwise  traces  of  carbonic  oxide  may 
escape  oxidation.  The  hot  water  in  x should  be 
removed,  and  cold  substituted,  to  condense  water 
produced  in  the  combustion.  The  combustion  will 
occupy  from  fifty  to  sixty  minutes ; as  soon  as  the 
whole  of  the  tube  has  been  heated  to  redness  the 
gas  is  extinguished  and  the  pump  again  worked 
until  the  whole  of  the  gases  produced  have  been 
removed  to  the  test  tube,  and  the  combustion  tube 
is  again  vacuous.  This  mixture  of  gases  contains 
carbonic  anhydride,  nitric  oxide,  nitrogen,  and  (very 
rarely)  carbonic  oxide;  and  their  separation  and 
determination  presents  no  difficulty,  and  in  the 
apparatus  presently  to  be  described  occujues  some 
twenty  minutes  only. 

This  apparatus  is  shown  in  outline  in  Fig.  4, 
where  a c d is  a measuring  tube,  of  which  the  cylin- 
drical portion,  a,  is  370  m.m.  long  and  18  m.m.  in 
internal  diameter ; c 40  m.m.  long  and  7 m.m.  in  dia- 
meter; and  d 175  m.m.  long  and  2‘b  m.m.  in  diameter. 
Allowing  for  the  tapering  parts  where  a,  c,  and  d 
are  joined,  and  for  the  narrow  part  at  the  bottom, 
the  entire  length  from  the  rectangular  bend  at  the 
top  is  650  m.m.  The  upper  end  terminates  in  a 
glass  tube  with  fine  capillary  bore  and  stop-cock,  /. 
The  pressure  tube,  b,  is  about  1-2  metre  long  and 
about  6 m.m.  in  internal  diameter.  At  the  bottom 
it  is  drawn  off  like  a to  about  5 m.m.  external 
diameter.  Both  a and  b are  graduated  in  milli- 
metres, the  zeros  being  about  100  m.m.  from  the 
bottom ; the  graduations  in  a need,  however,  only 
mark  every  tenth  millimetre,  except  at  the  top  of  d, 
where  the  last  10  m.m.  should  be  marked  with 
single  millimetres.  Both  a and  b are  fitted  into  a 
glass  water  jacket,  n ii,  by  means  of  a caoutchouc 
plug,  0,  through  which  they  pass  water  tight.  Below 
VOL.  IL 


this  they  are  firmly  held  by  a wooden  clamp,  p 
(shown  in  end  elevation  and  plan  at  B c),  the  two 


Fig.  4. 


parts  of  which  are  drawn  tightly  together  by  two 
common  screws,  the  upright  being  firmly  secured  to 
the  large  base,  a.  To  protect  the  tubes  from  fracture, 
they  are  sheathed  in  short  pieces  of  caoutchouc  tube 
where  they  pass  through  the  clamp.  Care  must  be 
taken  that  the  semi-cylindrical  grooves  cut  in  the 
clamp  for  the  reception  of  the  tubes  are  of  proper 
size  and  perpendicular  to  the  base.  A,  so  that  the 
tubes  themselves  may  be  exactly  perpendicular  and 
parallel.  When  firmly  clamped,  and  the  plug,  o, 
tightly  fitted,  no  other  support  will  be  required 
either  for  the  tubes  or  water-jacket.  Below  the 
clamp  the  lower  ends  of  a and  b are  carefully  joined 
by  caoutchouc  connectors,  covered  with  strong  tape, 
and  tightly  bound  with  wire  to  the  vertical  limbs  of 
the  connecting  piece,  q ; and  to  the  horizontal  leg  of 
this  is  attached  a caoutchouc  tube  about  1’5  metres 
long,  covered  with  tape,  and  which,  passing  through 
the  double-screw  clamp,  x,  one  bar  of  which  is 
screwed  into  the  side  of  the  clamp,  p,  communicates 
with  the  reservoir,  t.  This  is  hung  from  a kind  of 
derrick,  s,  by  means  of  a cord  passing  over  two 
grooved  pulleys.  The  cord  is  arranged  so  that  when 
suspended  from  the  eye,  u,  the  bottom  of  t is  level 
witli  the  bottom  of  the  clamp,  p ; and  a loop  is  made 
on  the  cord  by  which  it  may  be  attached  to  the 
hook,  V,  as  shown  in  the  figure,  and  the  bottom  of  t 
should  then  be  about  100  m.m.  above  /.  A stout 
caoutchouc  band  fitted  round  t is  a useful  defence 
in  case  of  an  accidental  blow  against  the  rod,  s.  A 
thermometer,  graduated  into  fifths  or  tenths  of  a 
degree  Centigrade,  suspended  in  the  water-jacket, 
122 
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n n,  indicates  the  temperature  of  the  water,  and 
hence  of  the  gas  being  measured.  Chemical  agents 
are  applied  to  the  gas  under  examination  in  the 
laboratory  vessel,  k,  which  is  a glass  cylinder,  about 
100  m.m.  high  and  35  to  40  m.m.  in  diameter,  open 
at  bottom  and  terminating  at  top  in  a piece  of  glass 
tube  with  a capillary  bore  and  stop-cock,  h,  similar 
to  that  on  the  measuring  tube.  Each  of  these  nar- 
row tubes  carries,  secured  by  cement  at  its  end,  a 
steel  cap,  shown  in  section  at  b.  Fig.  5,  the  polished 
faces  of  which  can  be  tightly  pressed  together  by 
means  of  the  clamp,  a,  and  thus  a capillary  com- 
munication is  established  between  the  measuring 
tube  and  the  laboratory  vessel,  nevertheless  per- 
mitting of  the  ready  removal  of  the  latter  when 
required  for  cleansing,  and  its  equally  ready  replace- 
ment. The  laboratory  vessel  stands  in  a mercury 


Fig.  6.  Fig.  6. 


Fig.  7. 


trough,  shown  in  longitudinal  section  in  Fig.  4,  f; 
in  transverse  section  in  Fig.  6;  and  in  plan  in  Fig. 
7.  It  is  265  m.m.  long,  80  m.m.  broad,  and  90  m.m. 
deep  outside.  It  must  be  cut  out  of  a single  block 
of  mahogany.  The  channel,  b,  is  230  m.m.  long,  26 
m.m.  broad,  and  65  m.m.  deep.  At  one  end  it  has  a 
kind  of  well  45  m.m.  in  diameter,  and  20  m.m.  deep 
from  the  edge  of  h\  and  near  the  other  end  are  two 
small  recesses,  one  on  each  side,  shown  at  cc.  Fig.  7, 
for  the  admission  of  a small  capsule  or  beaker,  used 
in  transferring  test  tubes  containing  gas  to  be  ex- 
amined. This  trough  must  be  adjusted  at  such  a 
level,  with  regard  to  the  measuring  tube,  that  when 
the  laboratory  vessel  is  in  its  place  the  two  steel  caps 
exactly  face  each  other,  and  can  be  clamped  together 
without  straining  either  of  the  tubes. 

As,  owing  to  the  difference  between  the  diameters 
of  the  pressure  tube  of  the  measuring  apparatus  and 
the  various  parts  of  the  measuring  tube,  capillary 
action  will  have  considerable  effect  on  the  level  of 
mercury  in  them,  this  must  be  ascertained  by 


noticing  the  point  at  which  the  surface  of  the 
mercury  stands  in  the  pressure  tube,  and  successively 
in  each  of  the  three  parts  of  the  measuring  tube 
when  both  are  freely  open  to  the  air  above ; and  this 
correction  must  in  using  the  apparatus  always  be 
added  to  or  deducted  from  the  observed  pressure, 
according  as  the  mercury  with  the  tubes  tlius  open 
stands  in  the  measuring  tube  above  or  below  that  in 
the  pressure  tube.  This,  and  all  observations  with 
the  gas  apparatus,  should  be  made  through  a tele- 
scope properly  levelled.  The  correction  for  capil- 
larity will  also  include  any  that  may  be  necessary 
for  any  small  difference  of  level  between  the  zeros  of 
the  two  graduated  tubes ; and  it  should  occasionally 
be  re-determined  in  case  any  change  in  this  respect 
should  have  taken  place. 

Before  the  apparatus  can  be  used,  its  capacity  at 
each  graduation  must  be  accurately  ascertained.  It 
is  first  filled  with  mercury,  and  then  distilled  water 
is  introduced  into  the  measuring  tube  (either  by 
means  of  a funnel  attached  by  a caoutchouc  tube  to 
the  steel  cap,  or  by  injecting  water  by  a pipette  into 
the  laboratory  vessel  whilst  that  is  attached  to  the 
measuring  tube),  until  the  level  of  the  mercury  is 
below  the  zero  of  the  graduation.  It  is  allowed  to 
stand  a few  minutes  untU  the  temperature  of  the 
water  in  the  tube  corresponds  with  that  of  the  water 
in  the  jacket.  The  reservoir  being  raised,  the  stop- 
cock, /,  is  opened  cautiously,  and  water  allowed  to 
escape  slowly,  until  the  top  of  the  surface  of  the 
mercury  in  the  tube  just  corresponds  with  the  zero 
of  the  scale.  The  face  of  the  steel  cap  should  be 
greased  so  that  the  drops  of  water  fall  off  without 
adhering.  A light  glass  flask  carefully  weighed  is 
then  placed  so  as  to  receive  the  drops  which  fall  from 
the  steel  cap,  and  the  temperature  being  noted,  the 
water  is  allowed  to  drop  gently  into  the  flask  until 
the  mercury  stands  at  100  m.m.,  when  the  cock  is 
again  closed,  the  flask  removed  and  weighed,  and 
the  weight  of  water  collected  ascertained.  This  is 
repeated  until  the  whole  of  the  water  has  been 
expelled  from  the  tube  and  weighed.  Care  should 
be  taken,  however,  that  the  weight  is  noted  at  the 
highest  point  on  n,  at  which  the  tube  has  remained 
unaltered  in  fusing  on  the  part  c,  and  again  at  the 
lowest  and  highest  graduations  on  the  undeformed 
parts  of  c and  d.  From  these  weighings,  which 
should  be  made  in  duplicate,  a table  should  be 
calculated  giving  the  capacity  of  the  tube  from  every 
tenth  millimetre  to  the  top.  If  the  tube  is  irregular 
in  diameter,  observations  should  be  made  at  shorter 
intervals  than  100  m.m.  The  volume  of  the  water, 
thus  weighed,  should  be  calculated  by  means  of  tlie 
following  table : — 


THE  WEIGHT  OF  1000  C.C.  OF  WATER  AT  t°  C.  WEIGHED  WITH  BRASS  WEIGHTS  IN  AIR  OF  t°  C.  IS  EQUAL  TO  1000— X GRAMS. 
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It  will  save  some  trouble  in  practice  if  this  table 

caustic  potash,  and  drive  the  gas  back  again  into 

consists  of  the  logarithms  of  the  numbers  repre- 

the  laboratory  vessel  to  absorb  COj.  In  about 

senting  the  capacity  of  the  tube  in  c.c.’s  rather  than 

three  or  five  minutes  this  will  be  effected,  ai.  1 the 

of  the  natural  numbers.  It  is  sufficient  to  take  the 

gas  is  returned  to  the  measuring  tube  and  again 

logarithms  to  five  decimal  places. 

measured  as  before,  except  that  it  is  not  necessary 

To  use  the  apparatus,  pour  mercury  into  the 

to  observe  the  barometer  again. 

reservoir,  t,  and  allow  it  to  pass  the  pinch-cock,  r, 

Now  add  to  the  contents  of  the  laboratory  vessel 

until  it  has  entirely  filled  the  measuring  tube  and 

a few  drops  of  a cold  saturated  solution  of  pyrogallic 

drips  from  the  capillary  tube  at  (j.  The  cock  at  f is 

acid,  and  return  the  gas  upon  it,  "When  the  quan- 

then  closed,  and  the  laboratory  vessel  being  placed 

tity  of  gas  is  very  small,  and  the  vacuum  therefore 

in  position  is  filled  with  mercury,  either  by  exhaust- 

but  slightly  impaired  during  the  combustion,  there 

ing  the  air  through  h,  or  better,  by  putting  one  end 

is  occasionally  given  off  a trace  of  oxygen,  which 

of  a short  piece  of  caoutchouc  tube  in  it  before 

will  be  indicated  by  a dark  stain  on  the  sides  of  the 

placing  it  in  position,  and  then  drawing  air  through 

laboratory  vessel  when  the  gas  encounters  the  alka- 

the  tube  like  an  inverted  siphon.  The  caoutchouc 

line  pyrogallate.  If  oxygen  be  present,  allow  the 

can  then  be  removed,  and  any  remaining  bubbles 

gas  to  remain  for  five  minutes  to  absorb  it.  The 

drawn  out  through  h.  Roth  being  filled  completely 

presence  of  oxygen  involves,  of  couise,  the  loss  of 

with  mercury,  the  faces  of  the  steel  caps  are  greased 

any  nitric  oxide  which  has  also  escaped  the  reducing 

with  a little  resin  cerate,  softened  if  necessary  by 

action  of  the  copper ; but  this  is  a very  small 

the  addition  of  a little  oil ; they  are  carefully  placed 

proportion  of  an  already  very  small  quantity,  and 

in  contact  and  firmly  clamped  together.  On  opening 

therefore  is  of  no  moment.  If  oxygen  be  not 

the  cocks,  /'and  h,  mercury  should  pass  freely  through 

present,  add  a few  bubbles  of  pure  oxygen  from  a 

the  capillary  communication,  and  on  closing  h and 

pipette,  a very  convenient  form  of  which  is  shown 

lowering  t to  its  lowest  position,  r being  still  open, 

in  Fig.  8,  where  o and  b are  two  small  glass  bulbs 

no  leakage  should  take  place  into  acd.  All  being 

ready,  transfer  the  gas  to  be  examined  to  the  labo- 

Fig.  8. 

ratory  vessel,  and  with  a small  pipette  having  an 

almost  capillary  delivering  tube,  the  end  of  which 

is  curved  upwards,  introduce  two  or  three  drops  of 

a saturated  solution  of  bichromate  of  potash.  If  the 

//  i \ 

solution  becomes  green,  sulphurous  acid  is  present, 

\ /I  i ^ ) 

and  must  be  absorbed  b}'  the  bichromate,  of  which 

' more  must  be  added  if  necessary.  The  action  of 

w y k 

liquids  on  the  gas  may  be  much  facilitated  by  gently 

shaking  the  mercury  trough  in  which  the  vessel 

blown  on  a piece  of  glass  tube,  similar  to  that  used 

stands,  or  rather  by  making  the  stand  on  which  the 

for  the  Sprengel  pump,  about  50  m.m.  in  diameter. 

trough  is  supported  vibrate  so  as  to  throw  the  liquid 

The  connecting  tube  is  constricted  at  c,  so  that 

, up  on  to  the  sides  of  the  laboratory  vessel,  and  thus 

mercury  can  only  pass  very  slowly  through  it ; the 

' expose  a large  wet  surface.  After  about  five  minutes 

delivery  tube,  d,  is  drawn  out  to  a capillary  bore. 

the  whole  of  the  sulphurous  acid  will  have  been 

Pure  oxygen  is  obtained  by  heating  dry  powdered 

absorbed.  During  this  time,  and  at  any  time  during 

chlorate  of  potash  in  a bulb  retort,  made  by  blowing 

which  the  gas  is  exposed  to  the  action  of  a reagent. 

a bulb  on  a piece  of  combustion  tube,  drawing  out 

mercury  is  allowed  to  pass  slowly  into  the  laboratory 

close  to  the  bulb  a very  long  narrow  neck,  which 

vessel  by  the  eapillary  connection,  to  mix  the  gas 

after  the  introduction  of  the  chlorate  is  bent  twice 

and  remove  liquid  from  the  mouth  of  the  capillary 

in  opposite  directions,  so  as  to  form  a convenient 

tube.  Having  insured  the  absence  of  sulphurous 

delivery  tube,  the  sharply  bent  up  end  of  which  just 

acid,  open  both  stop-cocks,  f and  lower  the  reser- 

dips  below  the  surface  of  mercury  in  a mercurj'- 

voir,  <,  and  thus  drive  the  gas  over  into  the  measuring 

trough.  The  first  60  or  80  c.c.  of  oxygen  being 

tube.  Close  the  stop-cock,  h,  as  soon  as  the  liquid 

rejected,  a sufficient  quantity  is  collected  in  test 

following  the  gas  is  within  about  10  m.m.  of  the 

tubes,  each  of  which  is  removed  from  the  trough 

stop-cock.  Then  by  raising  or  lowering  the  reser- 

in  a very  small  beaker,  containing  enough  mercury 

voir,  I,  bring  the  surface  of  the  mercury  in  the 

to  effectually  confine  the  oxygen.  The  first  tube 

measuring  tube  to  coincide,  as  seen  in  the  telescope, 

should  be  tested  by  transferring  about  10  c.c.  of  the 

with  a convenient  graduation,  the  capacity  of  the 

gas  to  another  tube,  and  heating  it  with  alkaline 

apparatus  down  to  which  is  known.  The  flow  of 

pyrogallate.  If  only  a very  small  bubble  is  left 

! mercury  is  controlled  by  the  pinch-cock,  r.  This 

unabsorbed,  the  gas  in  that  and  the  succeeding 

1 done,  observe  the  position  of  the  mercury  in  the 

tubes  may  be  considered  pure,  otherwise  the  second 

pressure  tube  and  measuring  tube,  the  temperature 

tube  is  similarly  tested,  and  so  on.  The  oxygen 

of  the  water  in  the  jacket,  and  the  barometric  pres- 

pipette  is  charged  by  filling  the  bulb,  b,  and  the 

sure  of  the  air;  reading  pressures  to  a tenth  of  a 

tubes,  d and  c,  with  mercury,  introducing  d into  a 

millimetre,  and  the  temperature  to  a tenth  of  a degree 

test  tube  of  oxygen,  and  drawing  air  from  e;  the 

Centigrade.  Next,  introduce  into  the  laboratory 

gas  will  then  enter  b.  It  is  necessary  to  see  that  d 

vessel  a few  drops  of  a cold  saturated  solution  of 

is  filled  with  mercury  before  removing  the  pipette 
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after  introducing  oxygen  to  the  laboratory  vessel. 
As  soon  as  the  liquid  in  the  laboratory  vessel, 
when  thrown  up  against  the  side,  runs  off  without 
leaving  a dark  stain  on  the  glass,  all  the  oxygen  is 
known  to  be  absorbed,  and  the  gas  is  again  measured. 
We  have  thus  three  measurements  of  the  gas  which 
maybe  called  A,  B,  and  C.  A — B = theC02;  B — C 
= the  nitric  oxide;  and  C = the  nitrogen.  The  most 
rapid  method  of  calculating  the  carbon  and  nitrogen 
from  these  volumes  is  to  assume  that  all  the  gas  is 
nitrogen ; calculate  the  weight  of  each  volume  on 


TABLE  I.  — ELASTICITY  OP  AQUEOUS  VAPOUR  FOR  EACH 
ONE -TENTH  DEGREE  CENTiGKADE  FROM  0°  TO  30“  C. 
(REGNAULT.) 


Tension  in 
Mitlimetres 
of  Mercury. 

Temperature. 
Degrees  0. 

Tension  in 
: Millimetres 
of  Mercury. 

Temperature. 
Degrees  C. 

Tension  in 
Millimetres 
of  Mercury. 

SQ 

H 

Tension  in 
Millimetres 
of  Merciuy. 

id 

* 

la 

Tension  in 
Millimetres 
of  Mercury. 

0 

4-6 

6-0 

7-0 

12-0 

10-5 

18-0 

15-4 

24-0 

22-2 

-1 

4-6 

-1 

7-0 

-1 

10-5 

-1 

15-5 

•1 

•22-3 

*2 

4-7 

•2 

7-1 

-2 

10-6 

-2 

15-6 

•2 

22-5 

•3 

4-7 

-3 

7-1 

•3 

10-7 

-3 

15-7 

•3 

22-6 

-4 

4-7 

-4 

7-2 

•4 

10-7 

•4 

15-7 

•4 

-22-7 

-5 

4-8 

*5 

7-2 

-5 

10-8 

•5 

15-8 

•5 

22-9 

-6 

4-8 

•6 

7-3 

-6 

10-9 

-6 

15-9 

•6 

23  0 

-7 

4-8 

-7 

7-3 

•7 

10-9 

-7 

16-0 

•7 

23-1 

-8 

4 9 

-8 

7-4 

-8 

11-0 

-8 

16-1 

•8 

23-3 

-9 

4-9 

-9 

7-4 

-9 

11-1 

-9 

16-2 

-9 

23-4 

1-0 

4-9 

7-0 

7-5 

13-0 

11-2 

19-0 

16-3 

25-0 

23-5 

-1 

5 0 

•1 

7-5 

-1 

11-2 

-1 

16-4 

•1 

23-7 

”2 

5-0 

-2 

7-6 

-2 

11-3 

-2 

16-6 

•2 

23-8 

•3 

5-0 

-3 

7-6 

•3 

11-4 

-3 

16-7 

•3 

240 

-4 

5-1 

-4 

7-7 

•4 

11-5 

-4 

16-8 

•4 

24-1 

•5 

5-1 

-5 

7-8 

•5 

11-5 

■5 

16-9 

•5 

24-3 

’6 

5-2 

-6 

7-8 

-6 

11-6 

-6 

17-0 

•6 

24-4 

-7 

5-2 

-7 

7-9 

-7 

11-7 

-7 

17-1 

•7 

24-6 

-8 

5-2 

-8 

7-9 

-8 

11-8 

-8 

17-2 

•8 

24'7 

-9 

5-3 

-9 

8-0 

-9 

11-8 

-9 

17-3 

•9 

24-8 

2-0 

5-3 

8-0 

8-0 

14-0 

11-9 

200 

17-4 

260 

250 

-1 

5-3 

-1 

8-1 

-1 

12-0 

-1 

17-5 

■1 

25-1 

-2 

5-4 

•2 

8-1 

-2 

12-1 

-2 

17-6 

•2 

25-3 

-3 

5-4 

-3 

8-2 

-3 

12-1 

-3 

17-7 

•3 

25-4 

-4 

5-5 

•4 

8-2 

-4 

12-2 

-4 

17-8 

•4 

25-6 

-5 

5-5 

-5 

8-3 

-5 

12-3 

*0 

17-9 

•5 

25-7 

-6 

5-5 

■6 

8-3 

-6 

12-4 

-6 

18-0 

•6 

25-9 

-7 

5‘6 

-7 

8-4 

-7 

12-5 

-7 

18-2 

•7 

26  0 

-8 

5-6 

-8 

8*5 

-8 

12 ‘0 

-8 

18-3 

•8 

26-2 

-9 

5-6 

-9 

8-5 

-9 

12-6 

-9 

18-4 

•9 

26-4 

3-0 

5-7 

9-0 

8-6 

15-0 

12-7 

21 -0 

18-5 

27-0 

26-5 

-1 

5-7 

-1 

8-6 

-1 

12-8 

•1 

18'6 

•1 

26-7 

-2 

5-8 

-2 

8-7 

-2 

12-9 

-2 

18-7 

•2 

•26-8 

•3 

5-8 

-3 

8-7 

-3 

12-9 

-3 

18-8 

•3 

27-0 

-4 

5-8 

-4 

8-8 

-4 

13-0 

-4 

19-0 

•4 

27-1 

-5 

5-9 

*0 

8-9 

*5 

13-1 

-5 

19-1 

•5 

27-3 

-6 

5-9 

-6 

8-9 

-6 

13-2 

-6 

19-2 

•6 

27-5 

-7 

6-0 

-7 

9-0 

-7 

13-3 

-7 

19-3 

•7 

27-6 

-8 

6-0 

-8 

9-0 

-8 

13-4 

-8 

19-4 

•8 

27-8 

-9 

6-1 

•9 

9-1 

-9 

13-5 

-9 

19-5 

•9 

27-9 

4-0 

6-1 

10-0 

9-2 

16-0 

13-5 

22-0 

19-7 

28-0 

28-1 

-1 

6-1 

-1 

9-2 

-1 

13-6 

-1 

19-8 

•1 

28-3 

-2 

6-2 

-2 

9-3 

-2 

13-7 

-2 

19-9 

•2 

28-4 

-3 

6-2 

-3 

9-3 

-3 

13-8 

•3 

20-0 

•3 

28-6 

-4 

6-3 

•4 

9-4 

-4 

13-9 

-4 

201 

•4 

28-8 

‘5 

6-3 

•5 

9-5 

-5 

14-0 

-5 

-20-3 

•5 

28-9 

-6 

6-4 

-6 

9-5 

-6 

14-1 

-6 

20-4 

•6 

29-1 

-7 

6-4 

-7 

9-6 

-7 

14-2 

-7 

•20-5 

•7 

29-3 

-8 

6-4 

-8 

9-7 

-8 

14-2 

-8 

20-6 

•8 

29-4 

-9 

6-5 

-9 

9-7 

-9 

14-3 

-9 

20-8 

•9 

29-6 

5-0 

6-5 

11-0 

9-8 

170 

14-4 

230 

•20-9 

29  0 

29-8 

-1 

6-6 

-1 

9-9 

-1 

14-5 

-1 

21-0 

•1 

30-0 

-2 

6*6 

*2 

9-9 

-2 

14-6 

-2 

21-1 

•2 

30-1 

-3 

6-7 

-3 

10-0 

•3 

14-7 

-3 

21-3 

•3 

30-3 

•4 

6-7 

-4 

10-1 

-4 

14-8 

•4 

-21-4 

•4 

30-5 

-5 

6-8 

-5 

10-1 

-5 

14-9 

-5 

21-5 

•5 

30-7 

-6 

6-8 

-6 

10-2 

-6 

15-0 

-6 

21-7 

•6 

30-8 

-7 

6-9 

-7 

10-3 

-7 

15-1 

'7 

21-8 

•7 

31-0 

-8 

6-9 

-8 

10-3 

-8 

15-2 

•8 

21-9 

•8 

31-2 

-9 

7-0 

-9 

10-4 

-9 

15-3 

-9 

22-1 

•9 

31-4 

that  supposition,  and  then  calculate  the  quantity  of 
carbon  corresponding  to  the  nitrogen,  whose  volume 
is  A — B.  The  weight  of  the  carbon  is  (A  — B)  ft 

and  of  the  nitrogen,  ? — ^ + C = One  cubic 

° 2 2 

centimetre  of  nitrogen  at  0°  C.  and  760  m.m.  pres- 
sure, weighs  0'0012562  gram.,  so  that  the  weight  of 
V c.c.  of  nitrogen  at  p m.m.  pressure,  and  i ° C.  is 

0-0012562  XuXi;  a al  • r c al 

— • As  the  inner  surface  of  the 

(1-b  000367  0760 

measuring  tube  is  always  kept  moist  with  water,  the 
gas  when  measured  is  always  saturated  with  aqueous 
vapour,  and  the  pressure  observed  must  be  corrected 
for  this.  Table  I.  gives  the  elasticity  of  aqueous 
vapour  in  millimetres  of  mercury  for  each  0'1°  C. 
from  0°  to  30° ; and  in  Table  II.  is  given  the  logarithm 

. . 0-0012562 

of  the  value  of  the  expression 

^ (1  + 0-00367  0 760 

for  a similar  range  of  temperature. 


TABLE  II. — REDUCTION  OP  CUBIC  CENIIMETRES  OP  NITROGEN 
TO  GRAMS. 

{r^°-oo367ej760  tenth  of  a degree  from  0“  to  30°  C. 


t°  c. 

00 

OT 

0 2 

0-3 

0-4 

0-6 

0-6 

07 

08 

0-9 

0“ 

6-218-24 

808 

793 

777 

761 

745 

729 

713 

697 

681 

1 

665 

649 

633 

617 

601 

586 

570 

554 

538 

522 

2 

507 

491 

475 

459 

443 

427 

412 

396 

380 

364 

3 

349 

333 

318 

302 

286 

■270 

255 

239 

223 

208 

4 

192 

177 

161 

145 

130 

111 

098 

083 

067 

051 

5 

035 

020 

004 

*989 

*973 

*957 

*942 

*926 

*911 

*895 

6 

6-20879 

864 

848 

833 

817 

801 

786 

770 

755 

739 

7 

723 

7U8 

692 

676 

661 

645 

629 

614 

593 

583 

8 

567 

552 

5J6 

521 

505 

490 

474 

459 

443 

428 

9 

413 

397 

382 

366 

351 

335 

320 

304 

289 

274 

10 

259 

244 

228 

213 

198 

182 

167 

151 

136 

121 

11 

106 

090 

075 

060 

045 

029 

014 

*999 

*984 

*969 

12 

6-19953 

938 

923 

907 

892 

877 

862 

846 

831 

816 

13 

800 

785 

770 

755 

740 

7-24 

709 

694 

679 

664 

14 

648 

6d3 

618 

603 

588 

573 

558 

543 

528 

513 

15 

497 

482 

467 

452 

437 

422 

407 

392 

377 

362 

16 

346 

331 

316 

301 

286 

271 

256 

241 

2-26 

211 

17 

196 

181 

166 

151 

136 

121 

106 

091 

076 

061 

18 

046 

031 

016 

001 

*986 

*971 

*956 

*941 

*926 

*911 

19 

6-18897 

882 

867 

8.52 

837 

822 

807 

792 

777 

762 

20 

748 

733 

718 

703 

688 

673 

659 

644 

629 

614 

21 

600 

585 

570 

555 

540 

526 

511 

496 

481 

466 

22 

452 

437 

422 

408 

393 

378 

363 

349 

334 

319 

23 

305 

290 

275 

261 

246 

231 

216 

202 

187 

172 

24 

158 

143 

128 

114 

099 

084 

070 

055 

041 

(26 

25 

012 

*997 

*982 

*968 

*953 

*938 

*924 

*9u9 

*895 

*880 

26 

6-17866 

851 

837 

822 

808 

793 

779 

764 

750 

735 

27 

721 

706 

692 

677 

663 

648 

634 

619 

605 

590 

28 

576 

561 

547 

532 

518 

503 

489 

475 

460 

446 

29 

432 

417 

403 

388 

374 

360 

345 

331 

316 

302 

An  example  will  best  show  the  exact  method : — 


Volume  of  gas, 

A. 

B. 

c. 

Total. 

Nitrogen  and 
Nitric  Oxide. 

Nitrogen. 

C.C. 

6-911 

Degrees. 

181 

m.m. 

320-0 

144-8 

c.c. 

0-8649 

Degrees. 

18-1 

m.m. 

380-0 

352-6 

0-8649 

Degrees. 

18-1 

m.m. 

380-0 
317  6 

Height  of  mercury  in'! 

measuring  tube,  . . . . ) 
Height  of  mercury  in\ 
pressure  tube, J 

Difference, 

175-2 

27-4 

62-4 

WATER. — Ax.\lysis.  Organic  Carbon  and  Nitrogen. 
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A, 

B. 

0. 

Total. 

Nitrogen  and 
Nitric  Oxide. 

Nitrogen. 

Difference, 

Add  tension  of  aqueous) 
vapour, ( 

175-2 

15-5 

27-4 

15-5 

62-4 

15-5 

190-7 

Deduct  or  add  corree-) 
tion  for  capillarity,. . J 

— 0-9 

-f-2-2 

+ 2-2 

189-8 

45-1 

801 

Deduct  these  numbers) 

from  height  of  bar-  V 

763-0 

763-0 

763-0 

ometer, ) 

189-8 

45-1 

80-1 

Tension  of  dry  gas, 

573-2 

717-9 

682-9 

Log.  of  volume  of  gas,. . 

0-83954 

1-93699 

T-93699 

00012562 

6-19031 

6-19031 

6-19031 

(1  +0  003670760  

“ tension  of  dry  gas. 

2-7.5831 

2-85606 

2-83436 

“ weight  of  gas) 
calcnlated  as  nitrogen,/ 

3-78816 

4-98336 

4-96166 

0-0061399 

0-0009624 

0-0009155 

A — B = 00051775 
3 

7 J -015.5325 

Weight  of  carbon,  -00222 

B + C 0-0018779  ^ nnno.i  - V,.  f -* 

— ^ — = = 0-00094  = weight  of  nitrogen. 

In  order  to  correct  for  the  unavoidable  impurities 
of  reagents  and  contamination  acquired  in  trans- 
ferring from  one  vessel  to  another,  and  during 
evaporation,  &c.,  each  operator  should  make  several 
blank  experiments  to  ascertain  the  ‘’personal  error” 
of  himself  and  his  laboratory.  In  these  a litre  of 
purified  distilled  water  should  be  evaporated  with 
the  usual  quantities  of  sulphurous  acid  and  ferrous 
chloride,  with  the  addition  of  about  0-1  gram,  of 
freshly  ignited  sodic  chloride,  this  last  being  intended 
to  give  bulk  to  the  residue,  and  thus  facilitate  its 
removal  from  the  dish.  The  combustion  and  gas 
analysis  should  be  made  as  usual,  and  the  average 
amounts  of  carbon  and  nitrogen  thus  ascertained 
deducted  from  the  results  of  all  analyses.  This 
correction,  which  will  be  found  to  be  very  constant, 
will  amount,  perhaps,  to  about  0-0001  gram,  of  car- 
bon, and  0-00005  gram,  of  nitrogen. 

Although  the  loss  of  ammonia  during  evaporation 
is  extremely  small,  still,  when  the  amount  present  is 
large,  it  is  necessary  to  apply  a correction  for  this 
loss,  which  appears  to  be  very  constant,  as  shown  in 
Table  III.  The  amount  of  nitrogen  corresponding 
to  the  quantity  of  ammonia  present  in  the  water 
should  be  added  to  the  quantity  of  nitrogen  found 
by  combustion.  The  quantities  in  the  Table  refer 
to  parts  per  100,000.  In  the  analysis  of  sewage, 
where  metaphosphoric  acid  has  been  used,  the  cor- 
rection should  be  taken  from  Table  IV. 


TABLE  III.  — PARTS  IN  100.000.  LOSS  OP  NITROGEN  BY 
EVAPORATION  OF  NIl3  WITH  SULPHUROUS  ACID. 


NH3 

Loss  of 
N. 

KH3 

Loss  of 
N. 

NH3 

Loss  of 
N. 

NH3 

Loss  of 
N. 

NH3 

Lobs  of 
N. 

6-0 

1-727 

4-6 

1-372 

3-2 

-819 

1-8 

•321 

•4 

•062 

5-9 

1-707 

4-5 

1-3.32 

3-1 

-779 

1-7 

•309 

•3 

•047 

5-8 

1-688 

4-4 

1-293 

3-0 

-740 

1-6 

•297 

•2 

•032 

5-7 

1-668 

4-3 

1-253 

2-9 

•700 

1-5 

•285 

•1 

•017 

5-6 

1-648 

4-2 

1-214 

2-8 

•661 

1-4 

•274 

•09 

•014 

5-5 

1-628 

4-1 

1-174 

2-7 

•621 

1-3 

•262 

•08 

•013 

5-4 

1-609 

4-0 

1-135 

2-6 

•582 

1-2 

•250 

•07 

•012 

5-3 

1-.589 

3-9 

1 -095 

2-5 

•542 

1-1 

•238 

•06 

•010 

5-2 

1-569 

3-8 

1056 

2-4 

•503 

1-0 

•226 

•05 

•009 

5-1 

1-549 

3-7 

1 -016 

2-3 

•463 

•9 

•196 

•04 

•007 

5-0 

1-530 

3-6 

-977 

2-2 

•4-24 

•8 

•166 

•03 

•006 

4-9 

1-490 

3-5 

-937 

2-1 

•384 

•7 

•136 

•02 

•004 

4-8 

1-451 

3-4 

-898 

2-0 

•345 

■6 

•106 

•01 

•003 

4-7 

1-411 

3-3 

-858 

1-9 

•333 

•5 

•077 

•009 

•001 

TABLE  IV.  — LOSS  OP  NITROGEN  BY  EVAPORATION  OP  NH3 
WITH  METAPHOSPHORIC  ACID. 


Volume 

evaporated. 

g 

ttf 

p. 

Volume 

evaporated. 

0 

5,0 

|| 

.1' 

Eg 

5 & 
> § 

• 

•ooo'ont  j«i 

Loss  of  N. 
per  100,000. 

c.c. 

c.c. 

c.c. 

100 

10-0 

•483 

100 

6-3 

•3.54 

100 

2-6 

•195 

100 

9-9 

•480 

1011 

6-2 

•351 

100 

2-5 

•190 

100 

9-8 

•476 

100 

6-1 

•348 

100 

2-4 

•184 

100 

9-7 

•473 

100 

6-0 

•345 

100 

2-3 

•179 

100 

9-6 

•469  • 

100 

5-9 

•341 

100 

2-2 

•174 

100 

9-5 

•466 

100 

5-8 

•337 

100 

2-1 

•169 

100 

9-4 

•462 

100 

5-7 

-333 

100 

2-0 

■164 

100 

9-3 

•459 

100 

5-6 

•330 

100 

1-9 

•158 

100 

9-2 

•455 

100 

6*5 

•326 

100 

1-8 

•153 

100 

91 

•452 

100 

5-4 

•322 

100 

1-7 

•148 

100 

9-0 

•448 

100 

5-3 

•318 

100 

1-6 

•143 

100 

8-9 

•445 

100 

5-2 

•314 

100 

1-5 

•137 

100 

8-8 

•441 

100 

5-1 

•310 

100 

1-4 

•132 

100 

8-7 

•438 

100 

5-0 

•306 

100 

1-3 

•127 

100 

8-6 

•434 

100 

4-9 

•302 

100 

1-2 

•122 

100 

8-5 

•431 

100 

4-8 

■298 

100 

1-1 

•117 

100 

8-4 

-428 

100 

4-7 

•294 

100 

1-0 

•112 

100 

8-3 

•424 

100 

4-6 

•291 

250 

0-9 

■096 

100 

8-2 

-421 

100 

4-5 

■287 

250 

0-8 

•080 

100 

8-1 

•417 

100 

4-4 

•283 

250 

0-7 

•070 

100 

8-0 

•414 

100 

4-3 

•279 

250 

0-6 

■060 

100 

7-9 

•410 

100 

4-2 

•275 

500 

0-5 

•050 

100 

7-8 

•407 

100 

4-1 

•271 

500 

0-4 

•040 

100 

7.7 

•403 

100 

4-0 

■267 

500 

0-3 

•030 

100 

7-6 

•400 

100 

3-9 

■262 

1000 

0-2 

•020 

100 

7-5 

•396 

100 

3-8 

•257 

iOOO 

0-1 

•010 

100 

7-4 

•393 

100 

3-7 

•252 

1000 

0-09 

•009 

100 

7-3 

•389 

100 

3-6 

•247 

1000 

0-08 

•008 

100 

7-2 

•386 

100 

3-5 

•242 

1000 

0-07 

■007 

100 

71 

•382 

100 

3-4 

•236 

1000 

0-06 

•006 

100 

TO 

•379 

100 

3-3 

•231 

1000 

0-05 

•005 

100 

6-9 

•375 

100 

3-2 

•226 

1000 

0-04 

•004 

100 

6-8 

•372 

100 

3-1 

•221 

1000 

0-03 

•003 

100 

6-7 

•368 

100 

3-0 

•216 

1000 

0-02 

•002 

100 

6-6 

•365 

100 

2-9 

•211 

1000 

0-01 

•001 

100 

6-5 

•361 

100 

2-8 

•205 

100 

6-4 

•358 

100 

2-7 

•200 

The  nitrogen  thus  obtained  includes  that  pre- 
sent in  the  water  as  a constituent  of  organic 
matter  (organic  nitrogen),  and  that  in  the  form  of 
ammonia.  The  latter,  the  determination  of  which 
will  ne.xt  be  considered,  being  deducted,  the  re- 
mainder is  the  amount  of  the  organic  nitrogen  in 
the  water. 

To  the  organic  carbon  and  nitrogen  we  must  look 
to  form  an  opinion  on  the  character  of  the  sample, 
as  regards  actual  organic  contamination.  It  is  not 
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desirable  that  water  which  is  to  be  used  for  drinking 
and  cooking,  such  as  the  water  supply  of  a town, 
should  contain  in  100,000  parts  more  than  0-2  part 
and  0'02  part  of  these  constituents  respectively. 
Unpolluted  upland  surface  waters  contain,  when 
tolerably  free  from  peaty  matter,  from  O'l  to  0-2  part 
of  carbon,  and  from  O'Ol  to  0’03  part  of  nitrogen. 
IVater  which  has  drained  from  a peat  district  is 
usually  more  or  less  brown  in  colour,  and  the  car- 
bon is  increased  in  a larger  ratio  than  the  nitrogen. 
Water  from  cultivated  surfaces  contains  a larger 
proportion  of  organic  matter,  the  organic  carbon 
being  usually  from  0-25  to  0'3  part,  and  the  oiganic 
nitrogen  from  0'04  to  0-05.  In  shallow  well 
waters  the  variation  is  excessive,  and  no  range 
can  be  stated.  In  deep  well  waters  the  organic 
matter  is  generally  low,  being  usually  about  0'06 
of  carbon  and  0 02  of  nitrogen,  or  less.  Spring 
waters  much  resemble  deep  well  waters.  In  both 
the  character  of  the  water  is  very  constant,  the 
conditions  being  practically  unaffected  by  surface 
changes ; whilst  in  the  preceding  class  of  shallow 
wells  the  reverse  is  the  case,  meteorological  varia- 
tions and  the  incessant  changes  of  surface  pollution 
1 at  once  affecting  the  water  of  the  well.  This  renders 
all  such  wells  dangerous  as  sources  of  water  supply, 
as  there  is  no  security  that,  even  if  the  water  should 
be  pure  to-day,  it  may  not  be  fatally  polluted 
to-morrow.  The  oxidising  action  which  effectually 
destroyed  a certain  quantity  of  noxious  matter  may 
be  in  great  part  suspended,  or  may  be  incapable  of 
destroying  a larger  quantity;  moreover,  although 
dead  organic  matter  may  be  oxidised,  we  do  not 
know  that  the  same  may  be  expected  in  regard  to 
the  specific  poisons  of  disease,  which  are  organized 
and  living.  Average  sewage  contains  about  4 parts 
of  organic  carbon  and  2 parts  of  organic  nitrogen, 
but  the  range  is  very  great. 

The  ratio  of  the  organic  carbon  to  the  organic 
nitrogen  is  important,  being  as  a rule  high  when 
the  source  of  the  organic  matter  is  vegetable,  and 
low  when  it  is  animal.  When  organic  matter  of 
vegetable  origin  is  oxidised,  it  loses  carbon  more 
rapidly  than  nitrogen,  so  that  the  ratio  is  gradually 
reduced ; when  of  animal  origin,  it  loses  nitrogen 
more  rapidly  than  carbon,  and  the  ratio  therefore 
increases.  In  peaty  waters  it  amounts  to  about  12 

c 

on  the  average  {i.e.  — = 12),  but  may  reach  20  or 

even  a larger  amount;  upland  suiface  water  con- 
taining but  a small  proportion  of  peat  gives  a ratio 
of  6 to  12;  water  from  cultivated  areas  about 
6 ; shallow  wells  about  4,  with  a very  wide  range ; 
deep  wells  and  springs  about  4,  with  a much  narrower 
range ; sea- water  about  1-7  ; sewage  about  1 to  3, 
with  an  average  of  2. 

Ammmiia. — For  the  estimation  of  ammonia  Ness- 
ler’s  solution  and  a standard  ammonic  chloride 
solution  are  required.  For  the  former,  dissolve 
62-5  grams,  of  potassic  iodide  in  250  c.c.  of  distilled 
water,  and  add  gradually  cold  saturated  solution  of 
corrosive  sublimate,  until  the  red  precipitate  formed 

on  each  addition  just  ceases  to  be  redissolved  on 
stirring.  Then  dissolve  150  grams,  of  solid  potassic 
hydrate  in  150  c.c.  of  water,  allow  the  solution  to 
cool,  add  it  to  the  first  solution,  make  up  with  dis- 
tilled water  to  one  litre,  mix  well,  and  allow  to 
stand.  A brown  precipitate  is  deposited,  the  clear 
solution  being  of  a pale  greenish  yellow  colour.  As 
soon  as  it  is  perfectly  clear  it  is  ready  for  use. 

The  standard  solution  of  ammonic  chloride  is 
made  by  dissolving  1-5735  gram,  of  the  pure  dry  salt 
in  water,  and  making  up  with  water  to  one  litre. 
This  solution  should  be  diluted  to  ten  times  its 
volume  for  use ; 1 c.c.  will  then  correspond  to 
0-00005  gram,  of  ammonia  (NHg). 

The  estimation  depends  on  the  formation  of  a 
yellow  or  brownish  coloration  when  Nessler’s 
solution  is  added  to  a highly  dilute  ammoniacal 
solution ; the  intensity  of  the  colour  being  estimated 
by  comparison  with  that  produced  by  a known 
quantity  of  ammonia.  Add  to  about  50  c.c.  of  the 
water  to  be  examined,  in  a white  glass  cylinder  about 
150  m.m.  high  and  of  about  70  c.c.  capacity,  about  1 
c.c.  of  Nessler’s  solution,  stir  with  a clean  glass  rod, 
and  allow  to  stand  for  five  minutes.  If  the  colour 
then  produced,  as  seen  standing  on  a white  surface, 
is  not  deeper  than  that  developed  in  a similar 
cylinder  in  which  O'l  c.c.  of  the  standard  ammonic 
chloride  has  been  diluted  with  50  c.c.  of  water  free 
from  ammonia  and  similarly  treated  with  Nessler’s 
solution,  half  a litre  of  the  water  should  be  taken 
for  the  determination.  Should  the  tint  be  deeper, 
less  can  be  taken  ; but  it  is  not  desirable  to  employ 
less  than  20  c.c.  Distilled  water,  as  ordinarily  used, 
is  occasionally  free  from  ammonia ; but  to  obtain  it 
as  required  above,  it  is  generally  necessary  to  rectify 
it  over  freshly  ignited  sodic  carbonate,  of  which 
sufficient  should  be  added  to  render  it  distinctly 
alkaline.  It  is  then  distilled  until,  on  testing  the 
distillate  with  Nessler’s  solution  as  above,  no  trace 
of  yellow  is  observed  after  standing  for  five  minutes. 
The  distillate  which  subsequently  passes  over  is  pre- 
served as  “ water  free  from  ammonia.”  The  distilla- 
tion must  not  be  continued  to  dryness. 

If  the  sample  is  to  be  filtered  and  contains  but 
little  ammonia,  the  filter  paper  must  not  yield  am- 
monia. If  it  is  found  to  do  so  it  must  be  steeped 
for  a day  or  two  in  water  free  from  ammonia,  then 
transferred  while  wet  direct  to  the  funnel,  and  the 
first  portion  of  the  filtrate  rejected.  Washing  with 
water,  even  repeated,  is  usually  insufficient.  Unless 
the  sample  is  very  turbid  it  is  not  usually  necessary 
to  filter  it  for  the  estimation  of  ammonia,  although 
it  is  to  be  filtered  for  those  of  organic  carbon  and 
nitrogen  and  total  solid  matters. 

A large  glass  tubulated  retort  should  be  used, 
connected  by  a short  piece  of  caoutchouc  tube  with 
the  glass  inner  tube  of  a Liebig’s  condenser.  To 
insure  that  the  retort  and  condenser  are  free  from 
ammonia,  it  is  desirable  to  distil  a little  common  or 
distilled  water  with  a little  sodic  carbonate  until  the 
distillate  is  free  from  ammonia.  In  making  a series 
of  estimations  on  the  same  day  it  is  only  necessary 
to  do  this  at  the  beginning  of  the  series,  provided 
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that  each  distillation  is  continued  until  ammonia 
ceases  to  come  over.  The  residue  is  removed  to 
make  way  for  another  estimation  by  means  of  a 
clean  glass  siphon. 

The  retort  being  free  from  ammonia,  the  measured 
quantity  of  the  water  is  introduced,  together  with 
about  1 gram,  of  recently  ignited  sodic  carbonate, 
and,  if  necessary,  enough  water  free  from  ammonia 
to  make  up  the  volume  to  about  400  c.c.,  and  the 
distillation  is  rapidly  proceeded  with;  the  distillate 
being  collected  in  successive  portions  of  about  50  c.c. 
each  in  small  glass  cylinders  previously  described. 
It  is  best  to  begin  by  examining  the  second  of  these 
as  soon  as  it  is  collected ; add  to  it  about  1 c.c.  of 
Nessler’s  solution,  stir,  and  allow  it  to  stand  for 
five  minutes.  Then  observe  the  colour  produced, 
as  seen  standing  on  a white  surface,  and  measure 
from  a narrow  burette  into  a similar  cylinder  a 
qujuitity  of  standard  ammonic  chloride  which  you 
consider  will  give,  when  tested,  an  equal  depth  of 
colour.  Add  to  this  about  50  c.c.  of  water  free 
from  ammonia  and  then  1 c.c.  of  Nessler’s  solution, 
and  allow  it  also  to  stand  for  five  minutes.  If  the 
contents  of  the  two  cylinders  display  the  same  tint, 
they  contain  equal  quantities  of  ammonia ; but  if 
not,  fresh  trial  cylinders  with  a greater  or  less 
quantity  of  ammonia  must  be  prepared  until  equality 
is  gained.  Ammonia  solution  must  not  be  added 
after  the  Nessler’s  solution,  or  a precipitate  will  be 
produced. 

Nessler’s  solution  may  be  added  to  the  second 
and  subsequent  fractions  of  distillate  as  soon  as  each 
is  distilled  over,  and  when  one  is  obtained  free  from 
ammonia  the  distillation  may  be  stopped.  If  the 
ammonia  in  the  second  fraction  does  not  exceed  that 
in  0'4  c.c.  of  the  standard  solution,  Nessler’s  solu- 
tion may  be  added  to  the  first  fraction,  and  the 
ammonia  in  it  estimated  as  above ; but  if  it  exceeds 
tliat,  the  first  fraction  should  be  measured  and  an 
aliquot  part  taken  and  diluted  to  about  50  c.c.  with 
water  free  from  ammonia,  and  the  ammonia  deter- 
mined in  this  part,  as  the  undiluted  fractions  would 
probably  give  a colour  too  dark  for  convenient  esti- 
mation. When  the  estimation  is  thus  made  in  a 
part  it  is  as  well  to  take  another  portion  and  a fresh 
trial  cylinder,  adding  the  Nessler’s  solution  to  both 
at  the  same  time,  so  that  the  tints  may  be  compared 
when  tliey  have  been  standing  for  the  same  length 
of  time.  If  it  is  known  that  a large  quantity  of 
ammonia  is  present,  time  is  saved  by  at  once  hiking 
as  a first  fraction  about  100  c.c.  and  diluting  a small 
measured  part  of  this.  The  volumes  of  standard 
ammonic  chloride  solution  corresponding  to  the 
various  fractions  are  added  together ; and  if  500  c.c. 
of  the  sample  were  used,  the  total  number  of  c.c.  of 
the  standard  solution  divided  by  100  will  express  the 
ammonia  (Nllg)  present  in  parts  per  100,000. 

The  ammonia  in  water  is  not  always  of  animal 
origin.  In  upland  waters  the  average  is  about  0’002 
jiart  per  100,000;  in  that  from  cultivated  areas  about 
0-005,  with  a considerable  range ; in  water  from  shal- 
low wells  all  proportions  from  nil  to  2-5  parts  have 
been  noticed;  in  deep  well  waters  the  average  is 


about  0-001  part,  but  sometimes  in  excellent  sam- 
ples amounting  to  0-1  part,  or  even  somewhat 
more ; in  spring  waters  the  average  is  only  0-001. 
Sewage  usually  contains  from  2 to  6 parts,  with  an 
average  of  about  5.  The  occurrence  of  a consider- 
able quantity  of  ammonia  usually  coincides  with 
much  organic  matter  and  deficient  oxidation;  that 
found  in  water  from  some  very  deep  wells  probably 
results  from  decomposition  of  nitrates. 

Nitrogen  as  Nitrates  and  Nitrites. — ^This  is  deter- 
mined by  a modification  of  a process  devised  by 
Walter  Crum  for  the  refraction  of  nitre.  The 
residue  from  the  determination  of  the  total  solid 
matters  is  treated  with  20  to  30  c.c.  of  hot  distilled 
water,  and  when  the  whole  has  been  well  wetted 
with  the  water,  enough  of  a saturated  solution  of 
sulphate  of  silver  is  added  to  precipitate  the  whole 
! of  the  chlorine  present,  and  the  dish  is  then  heated 
on  a steam  bath  for  some  minutes.  The  sulphate, 
which  is  but  sparingly  soluble,  is  prepared  by  acting 
upon  well-washed  carbonate  of  silver  with  a small 
excess  of  sulphuric  acid,  carefully  neutralizing  the 
free  acid  with  caustic  potash,  and  washing  the  sul- 
phate with  cold  distilled  water  until,  on  evaporating 
about  100  c.c.  of  the  solution  to  dryness,  and  exam- 
ining the  residue  according  to  the  method  about  to 
be  described,  it  yields  no  evidence  of  nitrates.  The 
silver  is,  of  course,  recovered  from  these  washings. 
If  excess  of  sulphate  of  silver  has  been  added,  the 
residue  usually  becomes  dark  brown  in  colour.  It 
should  be  tested  by  adding  a drop  of  the  sulphate ; 
and  if  there  is  still  a precipitate,  a further  quantity 
must  be  added  until  all  the  chlorine  is  thrown  down. 
As  soon  as  this  is  accomplished,  and  the  eontents  of 
the  dish  evaporated  to  a very  small  bulk— some  5 or 
10  c.c. — filter  through  a very  small  filter  of  Swedish 
or  German  paper,  and  wash  several  times  with  the 
smallest  possible  quantity  of  hot  distilled  water. 
The  better  to  extract  the  nitrates  from  the  dish,  it  is 
well  to  rub  the  residue  off  the  surface  with  the  end 
of  the  finger,  protected  by  a caoutchouc  finger-staU. 
The  disli  is  readily  cleaned  by  plunging  it  into  dilute 
sulphuric  acid  and  placing  in  contact  with  it  a piece 
of  zinc.  By  this  means  the  silver  is  reduced  to  the 
metallic  state,  and  most  of  it  may  be  easily  detached; 
the  dish  is  then  washed,  and  the  remainder  of  the 
metallic  silver  removed  by  a bath  of  warm  dilute 
nitric  acid. 

The  filtrate  is  evaporated  in  a very  small  beaker 
to  dryness,  or  nearly  so,  over  a steam  bath.  The 
little  apparatus  shown  in  Fig.  9 is  then  placed  in  an 
ordinary  porcelain  mercury  trough,  and  filled  with 
mercury  just  above  the  stop-cock.  The  total  length 


Fig.  9. 


of  the  tube  is  210  m.m.  and  the  internal  diameter 
about  15  m.m.  The  concentrated  solution,  obtained 
as  above,  is  then  poured  into  the  cup  at  the  top  of 
the  tube ; and  the  stop-cock  being  gently  opened,  it  is 
allowed  to  flow  down  into  the  lower  tube  without 
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permitting  air  to  follow.  If  evaporation  has  been 

quantity  of  the  organic  nitrogen  be  small — say,  less 

carried  to  dryness  the  residue  is  treated  with  1 or 

than  OT  part  per  100,000 — the  following  method 

2 c.c.  of  boiling  distilled  water,  and  the  solution 

may  generally  be  used : — Take  200  c.c.  of  the  sample. 

thus  obtained  run  into  the  tube.  The  beaker  is 

add  to  it  10  c.c.  of  a solution  of  caustic  soda  in  a 

rinsed  once  with  hot  distilled  water  and  twice  or 

litre  of  water,  and  boil  rapidly  in  an  open  porcelain 

thrice  with  strong  sulphuric  acid,  using  as  little  as 

dish  until  the  volume  is  reduced  to  about  70  c.c. 

possible  of  water,  and  so  much  acid  as  to  make  up  a 

Allow  to  cool,  and  pour  it  into  a tall  glass  cylinder 

volume  which  is  to  the  total  volume  of  water  used 

of  about  120  c.c.  capacity,  rinsing  it  with  water  free 

as  3 ; 2.  if  any  air  has  been  admitted,  or,  as  some- 

from  ammonia.  Sink  in  this  solution,  by  means  of  a 

times  occurs,  any  carbonic  anhydride  has  been 

bent  piece  of  heavy  glass  rod,  a piece  of  thin  clean 

evolved,  it  can  be  sucked  out  of  the  tube  into  the 

aluminium  foil,  close  the  cylinder  with  a cork  per- 

cup.  As  soon  as  the  beaker  is  rinsed  out,  hold 

forated  with  one  opening,  in  which  is  fixed  a small 

the  tube  in  the  hand  with  the  knuckles  upward 

glass  tube  filled  with  fragments  of  clean  recently 

aud  the  wet  thumb  closing  the  tube,  and  shake  vigor- 

ignited  pumice,  moistened  with  a few  drops  of 

ously  with  a motion  upwards  and  forwards  in  the 

dilute  hydrochloric  acid  free  from  ammonia.  This 

direction  of  its  length,  so  as  to  throw  the  mercury 

tube  should  be  covered  by  a test  tube  or  very  small 

up  into  the  acid  solution,  which  latter  should  not 

beaker.  In  from  four  to  six  hours  the  whole  of  the 

be  allow'ed  to  pass  down  to  the  thumb.  Some  of 

nitiatcs  and  nitrites  are  reduced,  the  nitrogen  being 

the  mercury  is  soon  finely  divided,  and  if  nitrates 

conveited  into  ammonia.  The  contents  of  the 

or  nitrites  are  present  nitric  oxide  is  evolved ; and 

cylinder  and  of  the  pumice  tube  are  washed  into  a 

when  the  pressure  from  within  is  considerable  the 

small  retort,  the  cylinder  and  tube  being  well  rinsed 

thumb  should  be  slightly,  but  not  wholly,  relaxed. 

with  water  free  from  ammonia ; and  the  ammonia 

some  of  the  mercury  being  allow'ed  to  escape,  but  a 

produced  is  distilled  over  and  estimated  in  the  usual 

certain  amount  of  pressure  still  maintained  within 

way  with  Nessler’s  solution.  A correction  b.ased 

the  tube.  When  no  nitrates  and  nitrites  are  present 

on  several  blank  experiments  should  be  applied  to 

the  globules  of  mercury  remain  mobile  and  bright ; 

correct  for  the  small  quantity  of  ammonia  which 

but  with  a considerable  quantity  they  break  up  on 

appears  to  be  inevitably  present  in  the  reagents  and 

shaking  into  irregular  masses,  which  adhere  together. 

apparatus.  The  caustic  soda  solution  should  be 

and  look  as  if  alloyed  witli  some  heavy  metal.  In 

prepared  as  follows : — Dissolve  100  grams,  of  solid 

the  latter  case  it  often  happens  that  no  gas  is 

caustic  soda  in  a litre  of  distilled  water ; when  cold. 

evolved  for  some  little  time ; but  it  is  at  last  pro- 

put  the  solution  in  a tall  glass  cylinder,  and  add 

duced  with  great  rapidity,  and  at  the  close  of  the 

about  100  sq.  c.m.  of  aluminium  foil,  keeping  it  at 

operation  the  finely  divided  mercury  will,  as  in 

the  bottom  with  a glass  rod.  As  soon  as  this  is 

other  cases,  consist  of  minute  spheres. 

dissolved,  boil  until  about  one-third  of  its  volume 

When  the  volume  of  gas  ceases  to  increase  it  is 

has  been  drawn  off,  allow  to  cool,  and  make  up  to 

decanted  into  the  laboratory  vessel  of  the  gas  appa- 

the  original  volume  with  water  free  from  ammonia. 

ratus,  a stream  of  mercury  allowed  to  pass  over 

Hydrochloric  acid  is  sufficiently  pure  if  two  or 

from  the  measuring  tube  to  remove  acid  from  the 

three  drops  do  not  contain  an  appreciable  quantity 

entrance  to  the  capillary  connecting  tube,  and  the 

of  ammonia.  If  this  is  not  already  the  condition  of 

gas  then  passed  over  and  measured.  The  weight  of 

the  ordinary  pure  acid,  it  should  be  rectified  over 

nitrogen  present  is  calculated  as  in  the  determination 

sulphuric  acid. 

of  organic  nitrogen  ; but  as  the  gas  measured  is  nitric 

The  nitrogen  as  nitrates  may  be  more  rapidly 

oxide,  which  contains  half  its  volume  of  nitrogen. 

estimated  by  means  of  a standard  solution  of  indigo 

it  will  be  necessary  to  divide  the  result  by  2. 

in  presence  of  strong  sulphuric  acid  at  a high 

If  the  quantity  of  ammonia  present  is  greater  than 

temperature.  This  process,  originally  proposed  by 

OT  part  per  100,000,  it  is  desirable  to  guard  against 

Marx  aud  improved  by  Sutton,  has  recently  been 

loss  of  nitrogen  by  decomposition  of  ammonic 

very  elaborately  investigated  by  Warington;  and 

nitrite  during  evaporation.  Instead  of  employing 

although  it  docs  not  rival  the  mercury  method  in 

the  residue  from  the  determination  of  the  total  solid 

accuracy,  it  will  in  many  cases  be  sufficient  for  the 

matters,  a fresh  portion  of  the  sample  is  taken,  and 

purpose  in  view,  while  its  rapidity  and  simplicity 

to  this,  slightly  acidified  with  dilute  sulphuric  acid. 

greatly  recommend  it.  No  gas  apparatus  is  required. 

solution  of  potassic  permanganate  is  gradually  added 

and  it  is  not  necessary  to  concentrate  the  sample  to 

until  a pink  colour  is  obtained,  which  will  endure 

be  examined. 

for  about  a minute.  The  liquid  is  then  rendered 

The  indigo  solution  is  made  by  dissolving  pure 

slightly  alkaline  to  test  paper  with  sodic  carbonate. 

soluble  indigo-carmine  (or  according  to  Waring- 

Use  as  little  as  possible  of  each  reagent.  The 

TON,  indigotine)  in  distilled  water.  A convenient 

nitrites  being  thus  converted  into  nitrates  the  evap- 

strength  is  one  of  which  10  c.c.  is  decolorized  by 

oration,  with  addition  of  sulphate  of  silver,  may  be 

10  c.c.  of  a standard  solution  of  pure  potassic  nitrate 

proceeded  with  without  fear  of  loss. 

containing  0'02  gram,  of  nitrogen,  or  0T4442  gram. 

With  waters  containing  an  exceptionally  large 

of  IxNOg,  per  litre.  The  exact  value  of  the  indigo 

quantity  of  soluble  matter  (e.g.  sea  water),  the  pre- 

solution  in  terms  of  nitrogen  as  nitrates,  must  be 

ceding  method  is  often  inapplicable,  as  the  volume 

ascertained  by  experiments  precisely  similar  to  those 

of  the  liquid  cannot  be  sufficiently  reduced.  If  the 

by  which  the  samjjles  of  water  are  examined. 
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Ten  c.c.  of  the  water  to  be  examined  are  measured 
into  a thin  flask  of  about  150  c.c.  capacity,  then 
about  30  c.c.  of  strong  sulphuric  acid  (spec.  grav.  at 
least  1’8)  rapidly  added,  the  mixture  shaken,  and 
standard  indigo  solution  run  in  from  a burette  until 
a greenish  tint  is  obtained.  This  must  be  done  as 
rapidly  as  possible,  and  without  any  attempt  at 
minute  accuracy,  the  object  being  merely  to  ascer- 
tain the  approximate  quantity  of  indigo  required. 
If  this  be  much  more  than  10  c.c.  it  is  best  in  subse- 
quent experiments  to  employ  a proportionately 
smaller  quantity  of  the  water,  and  dilute  it  to  10 
c.c.  with  distilled  water.  In  such  experiments  add 
to  the  measured  quantity  of  water  (thus  diluted,  if 
necessarj')  the  quantity  of  indigo  solution  judged 
from  the  first  experiment  to  be  required,  bearing  in 
mind  that  the  first  result  is  probably  too  low. 
Having  mixed  these,  measure  out  a quantity  of 
sulphuric  acid  equal  to  twice  their  united  volume, 
add  rapidly,  and  shake.  If  after  about  a minute  the 
colour  is  dark  red,  somewhat  like  sherry,  more 
indigo  should  be  added.  With  excess  of  indigo  the 
colour  becomes  brown,  and  then  greenish.  The 
first  tint  of  brown  should  be  taken  as  indicating 
the  proper  quantity  of  indigo.  Successive  trials 
should  be  made  until  this  tint  is  obtained  on  first 
mixing,  without  supplementing  the  quantity  of  indigo 
taken.  Tlie  quantity  of  sulphuric  acid  mentioned 
above,  viz.,  two  volumes,  is  that  recommended  by 
Sutton  and  used  by  the  writer;  but  Warington 
suggests  that  half  that  proportion  should  be  used, 
and  says  that  the  tint  is  more  easily  observed,  being, 
while  the  nitrates  are  in  excess,  deep  reddish, 
changing  when  the  indigo  is  in  excess  to  dull  brown, 
and  then  greenish,  the  first  appearance  of  brown 
being  taken  as  the  critical  point.  The  sulphuric 
acid  must  be  free  from  sulphurous  acid,  and  from 
nitrous  bodies.  The  former,  if  present,  may  be 
expelled  by  heating  in  an  open  flask  for  some 
hours  nearly  to  the  boiling  point;  and  the  latter 
by  the  addition  of  a little  oxalate  of  ammonia, 
and  subsequent  heating  as  before. 

When  organic  matter  of  animal  origin  is  exposed 
to  the  action  of  oxygen,  its  nitrogen  is  rapidly  con- 
verted for  the  most  part  into  nitric  and  nitrous  acids, 
which,  uniting  with  bases  in  the  soil,  form  nitrates  and 
nitrites.  When  the  aeration  is  .ample,  as  in  passing 
through  a porous  soil,  nitrates  are  almost  exclusively 
formed.  Organic  matter  of  vegetable  origin  yields  no 
nitrates  or  nitrites,  or  mere  traces  of  them.  Hence, 
the  proportion  of  nitrogen  as  nitrates  and  nitrites, 
themselves  innocuous,  is  a trustworthy  indication  of 
the  extent  of  the  pollution  by  animal  matters  to  which 
the  water  has  been  subjected.  In  upland  surface 
water  the  proportion  varies  from  nil  to  about  O'Oo, 
with  an  average  of  about  O'Ol  part  per  100,000.  In 
surface  waters  from  cultivated  districts  the  pollution 
from  manure  applied  in  agricultural  opeiutions,  from 
the  drain.age  of  farm-yards,  &c.,  raises  the  proportion 
considerably — varying  from  nil,  which  is  rare,  to 
.about  1 p.art,  with  an  average  of  about  0-25  part  per 
100,000.  In  the  neighbourhcod  of  shallow  wells  the 
pollution,  for  reasons  which  ave  been  previously 
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pointed  out,  is  generally  more  concentrated,  and  the 
quantity  of  nitrates  and  nitrites  is  consequently 
much  greater ; all  proportions  having  been  observed 
up  to  25  parts,  from  2 to  5 parts  being,  perhaps, 
most  frequent.  Deep  well  and  spring  water  con- 
tains from  nil  up  to  about  3 parts,  with  an  average 
of  0'5  part  per  100,000,  that  in  spring  water  being 
somewhat  lower  than  in  deep  well  water.  In  some 
cases,  especially  in  deep  well  waters,  nitrates  are 
subsequently  reduced  by  organic  matter,  or  even 
wholly  obliterated.  They  are  likewise  rapidly  de- 
stroyed during  the  putrefaction  of  sewage,  and  hence 
it  is  rarely  the  case  that  any  nitrates  are  found  in 
sewage,  unless  it  is  extremely  weak,  or  otherwise 
abnormal. 

Total  Combined  Nitrogen. — This  number  is  obtained 
by  adding  together  the  amounts  of  the  organic 
nitrogen,  and  nitrogen  as  ammonia  and  as  nitrates 
and  nitrites.  The  first  of  these  represents  the  actual 
OT present  contamination  of  the  water  as  regards  anim.al 
matter,  the  others  the  past  pollution,  and  their  sum 
the  total  pollution.  It  must  be  remembered,  how- 
ever, that  all  these  are  minima;  we  can  only  say 
that  the  amount  of  pollution  was  at  least  so  much, 
while  the  evidence  of  further  contamination  may 
have  disappe.ared,  a loss  of  nitrogen  taking  place 
both  in  the  oxidation  of  organic  matter  and,  as 
observed  in  the  preceding  paragraph,  in  the  reduc- 
tion of  nitrates  and  nitrites. 

Previous  Sewage,  or  Animal  Contamination. — It  has 
been  found  convenient  to  express  the  amount  of 
contamination  to  which  a water  has  been  subjected, 
as  indicated  by  the  ammonia  and  nitrates  and  nitrites 
which  it  contains,  in  some  concrete  form.  For  this 
purpose  London  sewage  has  been  selected,  and  the 
water  is  said  to  exhibit,  in  100,000  parts,  a quan- 
tity of  previous  sewage  or  animal  contamination 
equal  to  so  many  parts  of  London  sewage.  That  is 
to  say,  100,000  parts  of  the  water  contain  the  mineral 
residue  of  an  amount  of  animal  organic  matter  equal 
to  that  found  in  so  many  parts  of  average  London 
sewage.  For  this  purpose,  which  it  wiU  be  seen  is 
to  a great  extent  conventional,  it  is  assumed  that 
such  sewage  contains  10  parts  of  total  combined 
nitrogen  in  100,000.  This  is  larger  than  the  actual 
quantity,  a round  number  being  taken  for  conve- 
nience ; the  amount  in  1857,  according  to  Hofmann 
and  Witt,  being  8'3G3  parts,  and  in  1868  and  1869, 
according  to  the  Rivers  Commission,  7'06  parts. 
Since  rain  water  contains  a certain  quantity  of  am- 
monia and  of  nitrates  and  nitrites,  a correction  is 
applied  for  this.  When  the  estimation  was  first  pro- 
posed, this  correction  was  made  by  the  deduction  of 
0-032  part,  and  subsequent  analyses  of  water  collected 
with  especial  care  at  Rotliamsted  during  the  years 
1869  and  1870  confirm  this,  the  number  obtained 
being  -034  part.  The  ;revious  sewage  or  animal 
contamination  of  a water  is  then  calculated,  by 
multiplying  the  sum  of  the  nitrogen  as  ammonia, 
and  as  nitrates  and  nitrites,  by  10,000  and  deducting 
320.  This  previous  contamination  does  not  indicate 
actu.al,  but  possible  danger,  arising  from  the  risk 
lest  some  portion  of  noxious  matter  may  escape 
123 
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destruction  and  produce  disease  in  the  person  who 
drinks  the  water.  This  risk  increases  with  the 
increase  of  the  proportion  of  original  contamination. 
It  is  greater  in  the  water  of  rivers  and  shallow 
wells  than  in  that  of  deep  wells  and  springs.  In 
river  water  the  polluting  matter  may  be  carried 
down  the  stream,  and  undergoing  in  such  circum- 
stances only  slow  decomposition  may  altogether 
escape,  and  in  the  case  of  shallow  well  water  the 
oxidation,  although  rapid  and  generally  energetic,  is 
but  brief  in  duration  and  subject  to  great  variations 
from  changes  of  meteorological  and  local  conditions ; 
so  that  at  short  notice,  the  oxidising  action  being 
suspended,  that  which  was  recorded  as  previous  con- 
tamination may  become  actual  and  present.  In  the 
cases  of  deep  wells  and  springs  the  risk  is  much  less, 
since,  as  has  been  previously  pointed  out,  the  con- 
ditions are  practically  permanent  and  the  oxidation 
very  long  continued.  Waters  may  be  classified  as 
regards  this  consideration  as  follows : — 

Reasonably  Safe  Water;  derived  from  deep  wells 
or  deep-seated  springs,  surface  water  being  rigidly 
excluded,  and  the  proportion  of  previous  sewage 
contaminatio.n  not  exceeding  10,000  parts. 

Sttspicious  or  Doubtful  Water:  shallow  well,  river, 
or  flowing  water  with  any  proportion,  however 
small,  of  previous  sewage  contamination ; and  deep 
well  or  spring  water  containing  from  10,000  to 
20,000  parts. 

Dangerous  Water:  shallow  well,  river,  or  flowing 
water  with  more  than  20,000  parts  of  previous  sewage 
contamination,  or  containing  less  than  that,  but 
knowm  to  receive  sewage  either  discharged  directly 
into  it  or  mingling  with  it  as  surface  drainage  ; and 
deep  well,  or  deep-seated  spring  water  with  more 
than  20,000  parts  of  previous  sewage  contamination. 

In  upland  surface  waters  there  is  usually  no 
evidence  of  previous  sewage  contamination ; in  sur- 
face water  from  cultivated  land  it  may  amount  to 
10.000,  the  average  being  about  2000;  in  shallow 
wells  it  is  usually  large,  and  has  been  observed  as 
great  as  250,000,  or  derived  from  a water  with  a 
pollution  2^  times  as  great  as  that  of  London 
sewage.  Frequently  occurring  quantities  are  10,000 
to  50.000  parts.  In  deep  well  and  spring  waters  it 
ranges  up  to  35,000,  with  an  average  for  deep  wells 
of  5000,  and  for  springs  of  4000. 

Smpended  Matters. — A convenient  volume  of  the 
sample  is  filtered  through  a weighed  filter,  which  is 
then  dried  at  120°  to  130°  C.,  weighed  again  to  ascer- 
tain the  total  weight  of  suspended  matter,  and  finally 
incinerated  to  determine  the  weight  of  mineral 
suspended  matter.  A quarter  of  a litre  or  less  is 
usually  enough  of  sewage,  and  when  the  quantity  is 
so  small  that  a litre  does  not  contain  sufficient  to 
weigh,  the  determination  is  seldom  necessary.  The 
filter  used  should  be  of  Swedish  or  German  paper, 
which  has  been  previously  treated  with  dilute 
hydrochloric  acid,  and  then  washed  with  hot  dis- 
tilled water  until  all  chlorides  have  been  removed ; 
the  ash  is  by  this  means  reduced  to  about  one-third 
of  its  original  weight,  and  it  should  be  carefully 
determined  for  each  sample  of  paper  by  incinerating 


ten  of  the  washed  filters  and  weighing  the  ash. 
Filtration  is  much  accelerated  by  ribbing  the  filters. 
They  should  be  dried  in  an  air  bath  at  120°  to  130° 
C.  (best  maintained  by  means  of  a mercurial  ther- 
mostat) for  about  three  hours,  and  then  separately 
weighed  and  returned  to  the  bath  for  another  hour 
and  again  weighed,  repeating  this  until  the  loss  of 
weight  during  an  hour’s  drying  does  not  exceed 
0'0003  gram.  To  protect  them  during  the  time  of 
cooling  and  weighing,  each  one  is  inclosed  in  a pair 
of  thin  glass  tubes  fitting  closely  one  into  the  other, 
each  about  50  m.m.  long  and  closed  at  one  end. 
These  are  easily  made  from  test  tubes ; the  edge  at 
the  open  end  should  be  smoothed  by  heating  before 
the  blow-pipe,  and  each  pair  should  bear  a distinc- 
tive number  marked  on  both  tubes  with  a writing 
diamond.  While  in  the  water  oven  they  should 
be  supported  in  a grooved  tray  made  by  folding  up 
a piece  of  clean  perforated  zinc,  the  tubes  being 
drawn  apart,  and  the  filter  drawn  nearly  but  not 
quite  out  of  the  inner  tube,  the  point  of  the  filter 
being  outwards.  They  should  be  allowed  twenty 
minutes  to  cool  under  a desiccator  before  weighing. 
Much  time  may  be  saved  by  placing  the  liquid  to 
be  filtered  in  a narrow-necked  flask,  and  inverting 
this  in  the  filter  so  as  to  make  it  self-supplying. 
The  flask  is  supported  by  a ring  stand,  a slot  being 
cut  through  the  ring  to  allow  the  neck  of  the  flask 
to  pass  after  inversion.  When  the  whole  of  the 
liquid  has  passed  through,  the  flask  should  be  rinsed 
out  with  a little  distilled  water,  and  the  rinsings 
added  to  the  filter.  The  latter  is  dried  for  a short 
time  at  100°  G.,  and  then  transferred  to  the  same 
pair  of  tubes  in  which  it  was  previously  weighed, 
and  a second  time  dried  at  120°  to  130°  C.  until 
the  weight  is  constant ; this  weight,  minus  that  of  the 
dried  empty  filter  and  weighing  tubes,  gives  us  the 
total  weight  of  the  suspended  matter  dried  at  120° 
to  130°  C.  Finally,  the  filter  is  incinerated  in  a 
platinum  crucible,  when  the  weight  of  the  ash.  less 
that  of  the  filter  ash,  gives  the  weight  of  mineral 
suspended  matter  in  the  quantity  of  water  taken. 

Chlorine  as  Chlorides. — Add  to  50  c.c.  of  the  sample 
contained  in  a small  flask,  two  or  three  drops  of  a 
strong  solution  of  pure  potassic  chromate,  and  then 
add  gradually,  from  a narrow  burette,  a standard 
solution  containing  2-3944  grams,  of  pure  recrystal- 
lized argentic  nitrate  per  litre,  until  the  red  colour 
produced,  as  each  drop  is  added,  ceases  to  disappear 
on  shaking,  and  the  whole  solution  has  a very  faint 
red  tint.  As  1 c.c.  of  the  above  standard  solution 
corresponds  to  0-0005  gram,  of  chlorine,  the  number 
of  c.c.  of  the  standard  solution  used  will,  when  .50 
c.c.  of  water  are  used  for  the  experiment,  indicate  the 
number  of  parts  of  chlorine  present  in  100,000  parts 
of  the  water.  Accuracy  may  be  increased  if  neces- 
sary by  adding,  at  the  conclusion  of  the  experiment, 
a trace  of  a soluble  chloride  to  destroy  the  red 
colour,  and  using  this  flask  as  a standard  of  com- 
parison in  making  a second  experiment.  As  both 
flasks  w-ill  exhibit  about  the  same  quantity  of  pre- 
cipitate and  the  same  yellowish  hue,  the  smallest 
tinge  of  red  can  be  readily  detected.  It  is  necessary 
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tliat  the  liquid  to  be  examined  should  not  be  acid 
unless  with  carbonic  acid,  nor  more  than  slightly 
alkaline,  and  it  must  be  colourless  or  nearly  so.  If 
this  is  not  the  case  add  lime  water  free  from  chlorine 
until  slightly  alkaline,  saturate  with  carbonic  anhy- 
dride, boil  and  filter.  This  is  in  most  cases  successful; 
but  if  not,  evaporate  the  alkaline  liquid  to  dryness, 
ignite  gently  to  destroy  organic  matter,  extract 
with  water,  filter  and  estimate  the  chlorine  in  the 
solution. 

Chlorides  are  occasionally  derived  from  the  rocks 
over  and  through  which  the  water  passes,  but  more 
generally  from  animal  excreta.  Human  urine  con- 
tains about  500  parts  of  chlorine  per  100,000.  Un- 
polluted waters  generally  contain  less  than  1 part; 
shallow  well  water,  all  proportions  up  to  60  parts,  or 
even  more;  average  town  sewage  about  11  parts. 
Filtration  or  other  methods  of  purification  have 
seldom  any  action  on  the  quantity  of  chlorides 
present.  Subject  to  the  consideration  of  the  nature 
of  the  rocks  from  which  the  water  comes,  and 
proximity  to  the  sea  or  other  source  of  chlorine,  a 
water  containing  more  than  3 or  4 parts  of  chlorine 
should  be  regarded  as  suspicious. 

Hardness. — The  process  introduced  by  Dr.  Clark 
of  Aberdeen  is  tmiversally  employed  for  the  esti- 
mation of  hardness.  It  consists  in  observing  the 
quantity  of  a solution  of  soap  of  known  strength 
which  is  required  to  produce  a permanent  lather 
after  violent  shaking  in  a bottle  with  a measured 
volume  of  water.  The  soap  solution  originally  used 
was  made  by  dissolving  white  curd  soap  in  proof 
spirit;  but  as  this  soap  is  not  very  soluble  it 
does  not  form  a very  satisfactory  solution,  and  one 
of  neutral  potash  soap  is  much  more  convenient. 
It  is  made  by  scraping  lead  plaster  (Emplast.  Plumbi 
of  the  druggist)  so  as  to  obtain  it  in  a moderately 
finely  divided  state,  and  mixing  it  in  a mortar  with 
dry  potassic  carbonate  in  the  proportion  of  150 
parts  of  the  former  to  40  parts  of  the  latter.  When 
mixed  add  some  methylated  spirit,  and  rub  well  in 
the  mortar  until  a smooth  mixture  is  obtained  of 
about  the  consistency  of  thick  cream.  After  stand- 
ing for  several  hours,  filter  and  wash  the  insoluble 
matter  with  methylated  spirit.  A very  strong 
alcoholic  solution  of  neutral  potassic  soap  is  thus 
obtained,  which  must  be  diluted  with  a mixture  of 
1 volume  of  distilled  water  and  2 volumes  of  methy- 
lated spirit,  reckoning  the  strong  soap  solution  as 
spirit,  until  exactly  14’25  c.c.  correspond  to  50  c.c. 
of  the  standard  solution  of  calcic  chloride  presently 
to  be  described.  It  is  best  to  make  it  somewhat  too 
strong  at  first,  and  after  ascertaining  its  strength 
dilute  it  to  the  required  extent.  When  nearly  of 
the  right  strength,  but  still  rather  too  strong,  it 
sliould  be  allowed  to  stand  for  twenty-four  hours; 
then,  if  not  perfectly  clear,  filtered ; and  then  accu- 
rately adjusted  to  the  required  strength.  In  estimat- 
ing the  strength  of  the  solution,  the  process  and 
apparatus  employed  in  estimating  the  hardness  of 
waters  should  be  rigidly  adhered  to. 

The  standard  calcic  chloride  solution  is  made  by 
dissolving  0'2  gram,  of  pure  crystallized  calcite  in 
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dilute  hydric  chloride  in  a platinum  dish,  and 
evaporating  to  dryness,  taking  care  to  avoid  loss  by 
spirting.  To  remove  all  free  hydric  chloride,  water 
is  several  times  added,  and  the  evaporation  to  dry- 
ness repeated.  The  residue  is  then  dissolved  in 
distilled  water,  and  made  up  to  1 litre. 

The  estimation  of  hardness  is  made  thus : — 50  c.c. 
of  the  water  are  shaken  violently  for  some  few 
seconds  in  a well-stoppered  glass  bottle  of  about 
250  c.c.  capacity,  and  then  the  air  is  renewed  in  the 
bottle  by  means  of  suction  through  a glass  tube,  in 
order  to  remove  any  carbonic  anhydride  which  may 
have  been  set  free.  Add  then  from  a burette  the 
standard  soap  solution,  using  1 c.c.  at  a time,  and 
shaking  after  each  addition,  until,  when  the  bottle  is 
after  shaking  placed  at  rest  on  its  side,  a thin  but 
continuous  lather  extends  over  the  whole  surface  for 
five  minutes.  Towards  the  end  of  the  operation 
less  than  1 c.c.  should  be  added  at  a time,  but  never 
more  than  that  quantity.  If  more  than  16  c.c.  are 
required,  another  experiment  should  be  made  with 
a less  quantity  of  the  water,  the  same  volume  of 
50  c.c.  being  made  up  by  recently  boiled  distilled 
water.  If  much  magnesium  is  present  the  lather 
exhibits  a peculiar  curdy  appearance,  and  in  such 
cases  water  should  be  added  if  necessary,  so  that  not 
more  than  7 c.c.  of  soap  solution  are  used. 

The  quantity  of  soap  solution  required  to  give  a 
permanent  lather  with  50  c.c.  of  the  water  being 
thus  ascertained,  the  hardness  expressed  in  parts  of 
calcic  carbonate  (CaCOg)  per  100,000  may  be  taken 
from  the  following  table  V.  on  page  981,  which  has 
been  calculated  from  Clark’s  original  table  given  in 
the  foot-note.* 

Hardness  of  water  is  said  to  be  of.  two  kinds, 
temporary  and  permanent.  The  former  is  that  due  to 
the  presence  of  calcic  and  magnesic  carbonates 
held  in  solution  by  carbonic  acid,  and  is  termed 
temporary,  because  by  long-continued  boiling  the 
carbonic  acid  is  expelled  and  the  carbonates  pre- 
cipitated. 


• clabk’s  table  of  hardness. 


Degree  of 
Hardness. 

Bfeasnres 
of  Soap 
Solution. 

Difference 
for  the  next 
Degree  of 
Hardness. 

Degree  of 
Hardness. 

Measures 
of  Soap 
Solution. 

Difference 
for  the  next 
Degree  of 
Haiduesa. 

0 

1-4 

1-8 

9 

19-4 

1-9 

1 

3-2 

2-2 

10 

21-3 

1-8 

2 

5-4 

2-2 

11 

231 

1-8 

3 

7-6 

20 

12 

24-9 

1-8 

4 

9-6 

2-0 

13 

26-7 

1-8 

5 

11-6 

2-0 

14 

28-5 

1-8 

6 

13-6 

2-0 

15 

30-3 

1-7 

7 

15-6 

1-9 

16 

32-0 

— 

8 

17-5 

1-9 

— 

— 

— 

This  table  may  be  used  if  it  is  desired  to  express  results  in 
graius  per  gallon.  Each  “ degree  ” ol  hardness  corresponds 
to  1 grain  of  calcic  carbonate  (CaCOs)  jier  imperial  gallon 
(70.000  grains)  of  water.  Each  “ measure  ” equals  10  grains 
I of  distilled  water.  The  soap  solution  described  is  the  text  is 
of  exactly  the  same  strength  as  that  employed  by  Dr.  Clark, 
and  may  therefore  be  used  with  either  table.  When  the 
number  of  the  grain  “ measures  ” of  soap  solution  does  not 
correspond  exactly  with  any  of  the  above  degrees,  the  frac- 
tion of  a degree  must  be  calculated  from  the  difference  given 
in  the  third  column. 
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Chester,  Water  supply  of.  May  19,  > 
1873, ) 

16-84 

-219 

•043 

— 

— 

•043 

— 

2-00 

50 

5-7 

10-7 

Turbid. 

Machynlleth,  Stream  near,  Oct.  1877, 

2 60 

-110 

•009 

— 

— 

•009 

— 

•73 

— 

— 

•95 

Clear. 

Bournemouth,  Water  supply  of,  V 
March  11,  1873, ) 

5-92 

-282 

•039 

— 

— 

■039 

— 

2-35 

— 

1-8 

1-8 

Clear. 

Saltaire,  Water  supjily  of,  Jan.  26, 1 
‘ 1874 J 

12-36 

-189 

•027 

— 

— 

•027 

— 

1-30 

— 

7-3 

7-3 

Slightly  turbid. 

Glasgow,  Loch  Katrine  service,  > 

3-10 

-215 

•021 

•005 

•026 

•53 

1-2 

j Light  brown, 

Jan.  15,  1878, J 

slightly  turbid. 

SURFACE  WATER  FROM  CULTIVATED 

DISTRICTS. 

Taunton,  Water  sup.  of,  Sept.  4,  1873, 
Barnstaple,  “ Oct.  1,  1872, 

8-58 

-254 

•035 

•001 

•183 

•219 

1,520 

1-50 

— 

2-6 

2-6 

Slightly  turbid. 

9-94 

•126 

•018 

— 

•098 

•116 

660 

1-.55 

— 

5-9 

5-9 

Clear. 

Wigan,  “ May  10, 1874, 

22-38 

•294 

•070 

•003 

■079 

•151 

490 

1-90 

1-7 

13-5 

15-2 

Slightly  turbid. 

Granton,  “ Mar.  24, 1873, 

39-88 

•216 

•053 

•002 

•269 

•324 

2,390 

3-40 

14-9 

12-6 

27-5 

Clear. 

Basingstoke,  River  Loddon  at,  Feb.,  I 
1877, / 

31-50 

•180 

•027 

•002 

•454 

•483 

4,240 

1-36 

18-6 

4-1 

22-7 

Turbid. 

SHALLOW  WELLS. 

Liskeard,  Dean  well.  Sept.  23,  1873, 

15-84 

•063 

•024 

— 

■591 

•615 

5,590 

3-50 

— 

7-7 

7.7 

Clear. 

Birmingham,  Court  in  Stamforthl 

Street,  Sept.  18,  1873, j 

Birmingham,  Court  in  Watery  1 
Lane,  March  20,  1876, j 

194-80 

•454 

•186 

•014 

6-437 

6-635 

64,170 

37-50 

26-3 

66-6 

92-9 

Slightly  turbid. 

351-60 

— 

very 

large. 

1-500 

23-100 

— 

243,030 

41-13 

— 

— 

— 

Clear. 

Deal,  Pump  in  Market  Place,  Aug.  1 
28,  1873, i 

146-00 

•241 

•034 

1-700 

6-345 

7-779 

77,130 

19-20 

33-0 

34-3 

67-3 

/ Clear.  Slight 
(.  saline  taste. 

London,  Pump  at  St.  Martin’s  Ch.,  \ 
Charing  Cross,  June  4,  1872,...  j" 

96-.50 

•159 

049 

— 

4-911 

4-960 

48,790 

10-50 

21-6 

21-2 

42-8 

Clear. 

Guildford,  Water  supply  ot,  Oct.  1 
4,  1873 f 

28-58 

•060 

•017 

— 

•413 

•430 

3,810 

1-80 

14-5 

7-0 

21-5 

Clear. 

Peterborough,  Town  pump,  Junei 
11,  1873 j 

213-80 

•321 

•113 

— 

7-768 

7-881 

77,360 

22-10 

27-3 

64-3 

91-6 

/ Clear.  Slight 
f saline  taste. 

Tottenham,  Shallow  well  at.  Sept.  ) 
21,  1877, j 

91-44 

•310 

•077 

— 

3-074 

3151 

30,420 

5-30 

7-0 

30-7 

37-7 

DEEP  WELLS. 

Woodlesford,  near  Leeds,  Aug.  1877, 

77-80 

-142 

•024 

•009 



•031 



15-00 

•9 

— 

•9 

Turbid,  360  feet. 

Ashby  de  la  Zouch,  Prior  Park,  1877, 

44-20 

•059 

•012 



•448 

•460 

4,160 

6-15 

5-8 

22-7 

28-5 

Slightlyturb.,42ft. 

Maidenhead,  Brewery,  May,  1876,.. 

41 -36! -056 

•015 

•012 

•866 

•891 

8,440 

2 ‘JO 

20-3 

9-7 

30-0 

Clear. 

Broadstairs,  New  supply,  Oct.  1876, 

47-32 

•073 

•012 



•627 

•639 

5,950 

7-05 

22  1 

6-5 

28-6 

Turbid. 

Maldon  (Essex),  Water  supply  of,  ( 
Jan.  3,  1877 J 

119-00 

•148 

•029 

•110 

— 

•120 

590 

35-80 

2-5 

1-4 

3-9 

f Slightly  turbid, 
1 237  feet. 

SPRINGS. 

Chewton  Mendip,  head  spring  of) 
River  Chew,  Feb.  19,  1877, . . . . j 

28-00 

■063 

•014 

•002 

•169 

•185 

1,390 

89 

17-6 

4-2 

21-8 

( A few  suspended 
\ particles. 

Woodlesford,  near  Leeds,  1877,.... 

98-72 

•294 

•111 

•002 

•846 

•959 

8,160 

-0-50 

10-8 

41-4 

52-2 

Slightly  turbid  — 

LONDON  WATER  SUPPLY— Average 

lead  in  solution. 

of  monthly  analyses  during  nine 
years,  1868-76. 

27-80 

*203 

•033 

•non? 

•208 

•241 

1-75 

20-5 

27-80 

•129 

•023 

•01)05 

•198 

•222 

1,683 

1-78 

21-0 



From  deep  wells  in  the  chalk, 

40-88 

■047 

•012 

•6602 

•419 

•431 

3i875 

2-42 

— 

— 

28-1 

— 

BIRMINGHAM  WATER  SUPPLY. 

Average  of  monthly  analyses  dur- 1 
ing  1876, J 

25-13 

•266 

•063 

•002 

•230 

•295 

1,990 

1-71 

6-3 

10-2 

16-5 

— 

GLASGOW  WATER  SUPPLY— From 

Loch  Katrine. 

Average  of  monthly  analyses  from\ 

2-96 

•186 

■Oil 

•004 

■016 

0-67 

0-95 

March,  1877,  to  Feb.  1878, j 

Norwegian  Block  Ice,  fr.  Wear  Ice '( 

•37 

•029 

•005 

■005 

•009 

■05 

Clftar- 

Wharf,  Sunderland,  April,  1877,  j 

AVERAGE  COMPOSITION  OP  UN- 

POLLUTED  WATER. 

Kain  water,  39  samples, 

2-95 

•070 

•015 

•029 

•003 

•042 

42 

•22 



•3 

upland  surface  water,  195  samples,.. 

9-67 

•322 

•032 

•002 

•009 

•043 

1-13 

1-5 

4-3 

5-4 

Deep  well  water,  157  samples, 

43-78 

-061 

•018 

•012 

•495 

•523 

4,730 

5-11 

15-8 

9-2 

25  0 

_ 

Spring  water,  198  samples, 

28-20 

•056 

•013 

■001 

■383 

•397 

3,520 

2-49 

no 

7-5 

18-5 

— 

Sea  water,  23  samples, 

3898-7 

■278 

•165 

■006 

•033 

•203 

60 

1975-6 

48-9 

748-0j796-9 

■ 

WATER. — Permanent  Hardness.  Self-i'Uuification. 
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TABLE  V. — TABLE  OP  HARDNESS,  50  C.C.  OF  WATER  DSED. 


(3 

e 

S 

B ts 

l§ 

3 

a 

o 

I-* 

5i 

a 

I'’ 

Rj 

a 

c 

^ ti 

h 

S<i 

1 

8i 

S ti 

S d 

a d 
a. 

1 

% 

CQ 

c 

1 

3 

u 

s 

i 

CO 

6 

07 

•00  1 

3-8 

4-‘29 

6-9 

8-71 

10-0 

13-31 

131 

18-17 

•8 

•16 

•9 

•43 

7-0 

•86 

•1 

•46 

•2 

•33 

•9 

•32  ' 

40 

•57 

■1 

9-00 

•2 

•61 

•3 

•49 

1-0 

•48 

•1 

•71 

•2 

•14 

•3 

•76 

•4 

•65 

•1 

•63 

•2 

•86 

•3 

•29 

•4 

•91 

•5 

•81 

•2 

•79 

•3 

500 

•4 

•43 

-5 

14-06 

•6 

•97 

•3 

•95 

•4 

•14 

•5 

•57 

•6 

•21 

•7 

19-13 

•4 

1-11 

•5 

•29 

•6 

•71 

•7 

•37 

•8 

•29 

•5 

•27  i 

•6 

•43 

•7 

•86 

•8 

•52 

•9 

•44 

•6 

•43 

•7 

•57 

•8 

10-00 

•9 

•68 

140 

•60 

•7 

•56 

•8 

•71 

•9 

•15 

11-0 

•84 

•1 

•76 

•8 

•69  1 

.9 

•86 

8-0 

•30 

•1 

15-00 

•2 

•92 

•9 

•82 

50 

6-00 

•1 

•45 

•2 

•16 

•3 

20-08 

2-0 

•95 

•1 

•14 

•2 

•60 

•3 

•32 

•4 

•24 

•1 

2-08 

•2 

•29 

• 9 

•75 

•4 

•48 

•5 

•40 

•2 

•21  ' 

•3 

•43 

•4 

•90 

•5 

•63 

•6 

•56 

•3 

•34 

•4 

•57 

•5 

11-05 

•6 

•79 

•7 

•71 

•4 

•47 

•5 

•71 

•6 

-20 

•7 

•95 

•8 

•87 

•5 

•60 

•6 

•86 

•7 

•35 

•8 

1611 

•9 

21-03 

•6 

•73  ' 

•7 

7-00 

•8 

•50 

•9 

•27 

15-0 

•19 

•7 

•86 

•8 

•14 

•9 

•65 

12-0 

•43 

•1 

•35 

•8 

•99 

•9 

•29 

9 0 

•80 

•1 

•59 

•2 

•51 

■9 

3-12 

60 

•43 

•1 

•95 

•2 

•75 

•3 

•68 

3-0 

•25 

•1 

•57 

•2 

12  11 

•3 

•90 

•4 

•85 

•1 

•38 

•2 

•71 

•3 

•26 

•4 

17-06 

•5 

22-02 

•2 

•51 

•3 

•86 

•4 

•41 

•5 

•22 

•6 

•18 

•3 

•64 

•4 

8-00 

•5 

•56 

•6 

•38 

•7 

•35 

•4 

•77 

•5 

•14 

•6 

•71 

•7 

•54 

•8 

•52 

•5 

•90 

•6 

•29 

•7 

•86 

•8 

•70 

•9 

•69 

•6 

4-03 

•7 

•43 

•8 

13-01 

•9 

•86 

16-0 

•86 

•7 

•16 

•8 

•57 

•9 

•16 

13  0 

18-02 

— 

— 

Permanent  hardness  is  that  due  to  the  presence  of 
sulphates,  chlorides,  &c.,  which  cannot  be  so  precipi- 
tated. To  estimate  permanent  hardness,  boil  about 
160  C.C.  in  a small  flask  for  half  an  hour,  and  then 
make  up  to  the  original  volume  with  recently  boiled 
distilled  water,  filter  when  cold  through  a dry  filter, 
and  determine  the  hardness  as  before  described.  This 
permanent  hardness,  deducted  from  the  “ total  hard- 
ness,” gives  the  amount  of  “temporary  hardness.” 
During  the  boiling  the  steam  should  be  allowed  to 


escape  freely,  otherwise  carbonic  anhydride  will  be 
retained  and  the  whole  of  the  carbonate  of  lime 
not  precipitated.  It  is  less  trouble  to  make  up 
the  flask  and  water  always  to  the  same  weight,  say, 
200  grams.,  both  before  and  after  boiling,  than  to 
measure  the  quantity  used. 

The  hardness  of  water  varies  according  to  the 
extent  of  its  pollution  with  animal  matter  (since 
animal  refuse  contains  a large  proportion  of  lime), 
and  according  to  the  strata  over  or  through  which 
it  passes.  Igneous  rocks  yield  the  softest  water,  the 
average  hardness  of  water  from  tliem  being  abbut 
2-4  parts ; and  chalk  and  dolomite  the  hardest,  with 
an  average  in  the  latter  of  about  41  parts.  Shallow 
well  waters  are  generally  extremely  hard,  nearly 
200  parts  having  been  observed. 

The  Alleged  Self-Purification  of  Polluted 
Rivers. — Since  so  many  of  our  streams  are  used  both 
as  sources  of  water  supply  and  as  means  for  removal 
of  sewage,  the  consideration  whether  polluting  mat- 
ter introduced  into  them  is  or  is  not  destroyed  by 
oxidation  or  other  purifying  actions  occurring  in 
running  water  is  of  the  highest  importance. 

Running  water  has  from  time  immemorial  been 
popularly  considered  to  be  necessarily  pure ; and 
more  recently  it  has  been  frequently  asserted,  with 
more  or  less  emphasis,  but  without  any  attempt  at 
proof,  that  if  ordinary  London  sewage  be  mixed 
with  “ twenty  times  its  bulk  of  the  ordinary  river 
water,  and  flows  a dozen  miles  or  so,  there  is  not  a 
particle  of  that  sewage  to  be  discovered  by  any 
chemical  processes.” 

Several  opportunities  for  the  examination  of  this 
question  occurred  during  the  investigations  of  the 
late  Royal  Commission  on  the  pollution  of  rivers; 
and  the  results  obtained  all  demonstrated,  by  quan- 
titative proofs  which  have  never  been  called  in 
question,  the  fallacy  of  the  assertion  just  stated. 
Of  these  investigations  we  will  briefly  mention  two, 
illustrated  by  the  following  analyses : — 


RESULTS  OF  ANALVSIS  EXPRESSED  IN  PARTS  PER  100,000. 


Pescription. 


Kiver  Irwell  at  Throstlenest  Weir,  May  13,  1869, 

“ at  junction  with  Mersey,  “ 

“ at  Throstlenest  Weir,  June  11,  1869,.. 

“ at  junction  with  Mersey,  “ 

River  Thames,  half  mile  below  junction  with  the! 

Rennet,  May  31,  1873, f 

River  Thames,  just  above  Shiplake  Paper  Mill,) 
May  31,  1873, / 


Total  Solid 
Mattel'# 

Organic  Carbon. 

Organic 

Niti'ogea. 

Ammonia. 

Nitrogen  as 
Nitrates  and 
Nitrites. 

Total  Combined 
Nitrogen. 

Chlorine. 

Suspended  Matters. 

Temperature  of 
Water,  0. 

Mineral. 

Organic. 

is 

3 

H 

39-1 

2-156 

•238 

•140 

_ 

•353 

4-9 

1-18 

1 86 

3-04 

12-2 

430 

2-374 

•210 

•250 



•416 

6-4 

1-88 

2-40 

4-28 

13-3 

63-5 

2-134 

•239 

•375 



•548 

13-0 

2-66 

2-72 

5-38 

17-8 

61-5 

1-502 

•241 

•413 

— 

•581 

12-9 

2-28 

1-88 

4-16 

17-8 

28-86 

•261 

•071 

•007 

•167 

•244 

1-70 

•42 

•06 

•48 

16-7 

28-42 

•245 

•068 

•007 

•155 

•229 

1-70 

•14 

•10 

•24 

16-7 

The  Irwell  after  passing  Manchester  falls  over  a 
weir  at  Throstlenest,  and  then  runs  eleven  miles  to 
its  junction  with  the  Mersey  without  further  material 
jiollutiou,  and  with  the  addition  of  but  very  unim- 
portant unpolluted  affluents,  passing  on  its  way, 
moreover,  six  weirs  with  a total  height  of  34^  feet, 
by  which  means  it  is  abundantly  aerated.  Consider- 
ing that,  owing  to  the  differences  in  the  velocity  of 


different  parts  of  the  current  in  the  same  transverse 
section,  it  is  impossible  to  follow  precisely  the 
same  volume  of  water  during  its  passage  down  the 
stream,  these  numbers  are  sufficiently  conclusive  in 
the  case  of  this  highly  polluted  stream.  At  a nearly 
average  temperature  and  with  abundant  aeration, 
the  change  in  the  organic  matter  produced  by  a run 
of  eleven  miles  was,  in  the  first  case,  a reduction  of 
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WATER. — Dissemination  of  Disease. 


the  organic  nitrogen  by  11-8  per  cent.,  the  organic 
carbon  being  slightly  higher;  and  in  the  second 
case,  a reduction  in  the  organic  carbon  of  29’6  per 
cent.,  the  organic  nitrogen  being  practically  un- 
affected. 

The  Thames  was  selected  as  an  instance  of  a river 
which  was  polluted  in  a much  smaller  degree  than 
the  IrweU,  and  the  experiments  were  made  when 
aquatic  vegetation  was  very  active  in  its  bed.  After 
receiving  the  waters  of  the  Kennet,  the  Thames 
flows  for  about  four  miles  to  Shiplake  Mill  without 
rec^ving  any  other  afiiuent  or  pollution  of  import- 
ance. The  samples  were  taken  on  a bright  sunny 
day  in  May,  and  as  the  water  of  the  Kennet  flows 
for  some  distance  at  one  side  of  the  main  stream 
without  thoroughly  mingling  with  it,  the  upper 
sample  was  taken  by  instalments  in  crossing  the 
river  in  a boat  about  a quarter  of  a mile  below  the 
junction  of  the  Kennet.  About  two  miles  below 
this  point  the  river  passes  the  weir  and  rapids 
at  Sonning,  and  is  there  thoroughly  aerated  and 
mixed.  The  interval  between  the  taking  of  the  two 
samples  was  approximately  equal  to  the  time  occupied 
by  the  stream  in  passing  between  the  two  places. 
It  will  be  seen  that  very  little  change  has  taken 
place ; the  organic  carbon  has  been  reduced  by  about 
6 per  cent.,  and  the  organic  nitrogen  by  about  4. 
If  the  reduction  continued  at  this  rate  night  and 
day,  in  sunshine  and  gloom,  it  would  require  a flow 
of  about  seventy  miles  to  remove  the  organic  matter 
in  the  Thames  after  its  junction  with  the  Kennet. 

Subsequent  experiments  in  the  laboratory  con- 
firmed these  results,  and  led  to  the  conclusion  that 
there  is  no  river  in  England  long  enough  to  purify 
sewage  in  this  way. 

It  will  be  seen  that  although  the  dissolved  impuri- 
ties are  thus  persistent,  the  amount  of  suspended 
matter  is  very  considerably  diminished  during  the 
flow  of  a river.  This,  however,  is  not  removed,  but 
deposited  in  the  bed  of  the  river,  and  during  floods 
may  be  again  stirred  up,  or  during  hot  weather,  as 
in  the  case  of  the  Irwell,  enter  into  active  putre- 
faction. 

Dissemination  of  Disease  by  Potable  Water. — 
It  can  no  longer  be  doubted  that  many  diseases  are 
spread  by  means  of  living  germs  which,  introduced 
into  the  animal  organization,  multiply  and  produce 
the  specific  disorder  characteristic  of  a disease  of  the 
so-called  zymotic  class  (from  “I  ferment”). 

Although  the  truth  of  this  opinion  has  not  yet  been 
experimentally  demonstrated  in  all  cases,  yet  the 
experiments  of  M.  Chauveau  in  1868,  confirmed 
by  those  of  Dr.  Burdon-Sanderson,  proved  that 
the  specific  poison  of  many  of  these  diseases  is  not 
in  solution,  but  in  suspension  in  the  liquid  virus.  It 
was  found  that  when  the  virus  of  vaccine  matter — 
small-pox,  sheep-pox,  or  glanders — was  filtered,  or 
allowed  to  stand  for  a long  time  to  deposit 
suspended  matter,  the  filtrate  or  decanted  liquor 
was  still  powerfully  infectious.  When  submitted 
to  diffusion  in  distilled  water,  the  soluble  matters 
were  removed  in  the  water  and  were  found  to 
be  powerless  for  inoculation,  while  the  liquid  con- 


taining the  suspended  matter,  but  free  from  the 
soluble  matters  of  the  virus,  was  as  powerfully  in- 
fectious as  before.  In  vaccinating  with  very  dilute 
lymph  it  is  evident  that  sometimes  the  liquid  intro- 
duced into  the  system  might  not  contain  a single 
germ  and  would  therefore  be  abortive;  but  if  only 
one  germ  was  successfully  introduced,  its  indefinite 
multiplication  would  make  it  as  effective  in  produc- 
ing the  disease  as  a larger  number  of  germs.  If,  on 
the  other  hand,  the  poison  were  in  the  solution,  then 
dilution  should  reduce  the  virulence  of  the  disease 
caused  by  inoculation.  Experiment  abundantly 
proved  that  dilution  of  the  virus  diminished  the 
proportion  of  success-ful  inoculations,  but  did  not 
affect  the  intensity  of  the  disease  in  those  cases 
which  were  successful.  More  recently  the  experi- 
ments of  Cohn  and  Koch  have  shown  that  splenic 
fever  in  animals,  and  malignant  carbuncle  in  man, 
are  produced  by  a peculiar  species  of  bacterium,  the 
Bacilivs  anthracis;  and  Dr.  Bcrdon-Sanderson  has 
shown  that  in  twenty-four  hours  a single  bacillus 
multiplies  by  bisection  into  17,000,000  of  separate 
bacilli. 

It  is  true  that  a large  proportion  of  those  who 
are  exposed  to  the  infection  of  zymotic  poisons 
yet  escape  disease.  The  circumstances  are  not 
favourable  to  the  development  of  the  germs,  or  the 
constitution  of  the  subject  is  such  as  enables  him  to 
resist  its  influence.  Nevertheless  an  overwhelming 
weight  of  well-attested  evidence  points  to  the  con- 
clusion that  disease  is  conveyed  from  one  individual 
to  another,  that  water  carriage  is  very  favourable  to 
this  transference,  and  that  the  water  supply  of  towns 
and  villages  is  of  such  a nature,  and  so  connected 
with  the  disposal  of  sewage  matters,  as  to  greatly 
facilitate  it  It  is  well  ascertained  that  the  infec- 
tious poison  of  such  diseases  as  cholera  and  typhoid 
fever  resides  in  the  intestinal  discharges;  and  it  is  a 
common,  almo.st  universal,  practice  to  throw  sewage 
containing  human  excreta  into  streams  or  cesspools, 
and  to  take  drinking  water  from  the  same  streams  or 
from  wells  in  the  immediate  vicinity  of  the  cesspools. 
Thus  a large  proportion  of  the  population  is  daily 
exposed  to  risk  of  infection  from  typhoidal,  and 
periodically  to  that  from  choleraic  discharges.  Evi- 
dence that  cholera  and  typhoid  fever  are  dissemi- 
nated by  water  carriage  might  be  adduced  to  an 
enormous  extent ; but  we  will  here  briefly  mention 
only  a few  instances  which,  from  the  circumstances 
under  which  they  occurred,  and  the  completeness 
with  which  they  were  investigated,  afford  most 
cogent  proof. 

Dissemination  of  Cholera  hy  Water. — The  Epidemic 
in  St.  James',  Westminster,  in  1854. — On  the  morn- 
ing of  Friday,  September  1st,  1854,  cholera  broke 
out  in  this  district  with  terrible  violence,  the  centre 
of  the  pestilence  appearing  to  be  between  Broad 
Street  and  Silver  Street.  Out  of  an  estimated  popu- 
lation in  Broad  Street  of  860  persons,  ninety  died, 
besides  twenty-five  others  who  worked  there,  but 
died  in  other  parts  of  London.  A certain  well-defined 
area,  which  was  afterwards  called  the  “ cholera 
area,”  contained  about  14,000  inhabitants  in  825 
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houses,  and  in  this  area  618  fatal  cases  occurred 
in  313  houses.  The  cause  of  this  frightful  mortality 
was  ascertained  to  be  the  water  from  a pump  in 
Broad  Street,  at  about  the  centre  of  the  above  area. 
It  was  found  that  a house  drain  ran  within  2 feet  8 
inches  of  this  well,  at  a height  of  about  9 feet  above 
the  water  line ; and  about  seventy-eight  hours  before 
the  outburst  a child  was  fabilly  attacked  with  chol- 
eraic diarrhoea,  and  its  dejections  were  thrown  into 
a choked  and  full  cesspool  communicating  with 
this  drain.  A subsequent  investigation  showed  that 
sixty-one  out  of  seventy-three  persons  who  died  dur- 
ing the  first  two  days  had  been  accustomed  to  drink 
the  water  of  this  well  either  constantly  or  occasion- 
ally ; that  in  a factory  employing  200  people,  where 
the  water  was  drunk  daily,  eighteen  people  died, 
while,  at  a neighbouring  brewery,  the  seventy  men 
employed  did  not  drink  this  water,  and  escaped 
cholera ; that  in  many  individual  cases  it  was  found 
that  the  drinking  of  the  water  was  followed  by 
cholera — in  one  case,  a lady  who  had  removed  to 
Hampstead,  was  so  accustomed  to  the  water  that 
she  had  it  sent  to  her,  and  died  in  consequence, 
together  with  her  niece ; that  at  any  point  decidedly 
nearer  to  another  pump,  the  mortality  from  cholera 
as  a rule  ceased,  and  that  out  of  forty-eight  apparent 
exceptions  to  this  rule,  in  which  cases  deaths  had 
taken  place  nearer  to  another  pump,  many  were 
found  to  be  those  of  persons  who  had  a preference 
for  the  more  distant  Broad  Street  water;  that  in 
one  street  of  fourteen  houses  the  only  four  which 
escaped  without  a death  were  those  in  which  the 
water  was  never  drunk;  that  with  but  a single  excep- 
tion the  water  was  used  for  drinking  purposes  only, 
and  was  used  cold. 

Epidemic  at  Theydon  Bois,  Essex,  in  1865 — This 
case  was  investigated  by  J.  Netten  Radcliffe  on 
behalf  of  the  Privy  Council.  The  head  of  the 
family  in  which  it  occurred,  and  his  wife,  after 
a fortnight’s  absence  from  home,  returned  from 
Weymouth  by  way  of  Southampton,  cholera  having 
appeared  in  the  latter  town  eight  days  before.  The 
day  after  their  return  the  wife  was  seized  with 
diarrhoea,  and  the  husband  also  suffered  in  a less 
degree.  Both  used  a water  closet,  between  the 
soil  pipe  of  which  and  the  well  supplying  the  house 
with  drinking  water,  there  was  afterwards  found  to 
be  free  communication.  This  water  was  used  for 
drinking  for  fully  five  days,  and  out  of  twelve  cases 
nine  ended  fatally.  Only  one  person  escaped  with- 
out any  indisposition. 

Dissemination  of  Typhoid  Fever  by  Drinking  Water. 
— Millhank  Prison,  London.  — Up  to  the  10th  of 
August,  1854,  this  prison  had  been  supplied  with 
water  pumped  from  the  river  Thames  as  it  passed 
the  prison,  and  purified  by  filtration.  For  many 
years  the  place  had  been  extremely  unhealthy;  epi- 
dc  nics  of  typhoid  fever,  diarrhoea,  and  dysentery 
were  of  frequent  occurrence.  In  the  ten  years  from 
1845  to  1854  there  were  fifty-seven  deaths  recorded 
as  from  typhoid,  and  the  three  epidemics  of  cholera  in 
1833,  1849,  and  1853-55  were  very  fatal.  On  August 
10,  1854,  a new  supply  of  water  from  the  Artesian  i 


well  in  Trafalgar  Square  was  introduced  in  place  of 
that  from  the  Thames,  and  at  once  a marked  change 
took  place.  It  was  in  the  midst  of  the  cholera 
epidemic,  and  six  days  afterwards  that  disease  sud- 
denly ceased  in  the  prison.  The  prisoners  entirely 
escaped  the  cholera  epidemic  of  1866,  and  in  the 
eighteen  years  from  1854  to  1872  (the  date  of  the 
report  from  which  these  facts  are  taken)  only  three 
deaths  occurred  from  typhoid  fever,  one  in  each 
of  the  years  1855,  1860,  and  1865,  the  last  being 
that  of  a convict  who  had  the  disease  at  the  time  of 
his  admission.  In  the  twelve  years  from  1843  to 
1854  the  total  annual  death  rate  was  33  per  1000, 
while  in  the  sixteen  years  from  1855  to  1870  it  was 
only  twelve  per  1000. 

Epidemic  at  Cowbridge,  South  Wales.  — In  Nov- 
ember, 1853,  two  public  balls  were  held  at  the 
chief  hotel  in  Cowbridge,  at  which  about  140 
persons  were  present  from  the  surrounding  district, 
and  also  from  Gloucester,  Somerset,  and  other 
distant  counties.  A few  days  afterwards  an  out- 
burst of  typhoid  fever  occurred  amongst  the  visitors, 
and  altogether  about  forty  or  fifty  suffered  from 
it,  eight  of  whom  died.  Tliese  cases,  scattered  over 
so  large  an  area,  had  one  fact  in  common — the 
patient  had  been  at  the  Cowbridge  balls.  On  subse- 
quent investigation  by  Dr.  W.  BuDD,  F.R.S.  (from 
whose  work  on  “typhoid  fever”  these  facts  are 
taken),  it  was  found  that  just  previous  to  the  balls 
a gentleman  staying  in  the  hotel  had  been  laid  up 
with  typhoid  feyer,  and  had  left  a day  or  so  before 
the  balls,  not  yet  fully  convalescent.  The  diarrhoeal 
discharges  from  the  patient  had  been  thrown  into  a 
cesspool  and  drain,  which  were  so  near  the  well 
supplying  the  hotel  with  water  that,  under  the 
conditions  of  soil  and  locality,  percolation  from  one 
to  the  other  was  almost  inevitable.  This  defect  has 
since  been  remedied;  but  at  the  time  of  the  balls  in 
question,  the  water  of  the  well  thus  dangerously 
situated  was  used  for  the  preparation  of  various 
beverages,  such  as  lemonade,  freely  consumed  by 
the  visitors. 

As  was  previously  stated,  illustrations  such  as 
these  might  be  multiplied  to  a very  large  extent; 
but  those  which  have  been  thus  briefly  recounted 
are  so  well  established  and  ascertained,  that  it  is 
not  necessary  to  adduce  further  evidence  to  prove 
that  the  use  of  water  for  dietetic  purposes,  to  which 
excreta  have  had  access,  is  fraught  with  the  gravest 
possible  risk  to  health  and  even  to  life. 

On  the  Influence  of  Hardness  of  Water  upon  Health. 
— Much  discussion  has  occurred  among  medical  men 
and  others  whether  hard  or  soft  water  is  better  for 
health.  Hard  water  has  been  charged  with  the  pro- 
duction of  goitre,  calculus,  and  urinary,  dyspeptic, 
and  other  diseases.  On  the  other  hand  it  has  been 
asserted,  that  the  lime  salts  thus  introduced  into  the 
system  are  necessary  to  health  and  due  development, 
and  that  those  who  drink  soft  water  are  deficient  in 
stature  and  strength.  The  difficulty  of  obtaining 
statistical  evidence  on  this  question  is  manifestly 
very  great,  .as  the  difference  which  might  exist 
1 between  the  rates  of  mortality  of  t . o towns,  having 


W ATER.— Softening. 


984 


water  supplies  differing  in  hardness,  would  be  marked 
by  greater  differences  arising  from  varjdng  conditions 
of  drainage,  ventilation,  density  of  population,  &c. 
A large  number  of  towns  of  all  kinds  scattered  over 
Great  Britain  were  tabulated  according  to  the  hard- 
ness of  their  water  supplies.  It  was  found  that  of 
twenty-six  towns,  each  with  an  average  population 
of  73,000,  and  supplied  with  water  having  less  than 
5 parts  of  hardness  per  100,000  parts,  the  average 
annual  mortality  was  29'1  per  1000 ; of  twenty-five 
towns,  with  an  average  population  of  ^,000,  and  a 
water  of  from  5 to  10  parts  of  hardness,  it  was  28'3; 
and  of  sixty  towns,  with  an  average  population  of 
45,000,  with  water  exceeding  10  parts  of  hardness, 
it  was  24‘3.  This  would  indicate  that  hard  water 
was  most  wholesome,  while  moderately  hard  and 
soft  waters  were  comparatively  unwholesome. 

But  all  weight  is  taken  from  this  conclusion,  by 
the  fact  that  of  the  sixty  hard  water  towns  thirty 
possessed  the  water  closet  system,  while  of  the  other 
fifty-one  only  six  were  so  arranged,  the  pestiferous 
midden  system  being  prevalent.  Moreover,  the 
latter  had  a population,  on  an  average,  nearly  twice 
as  large  as  the  former,  and  therefore  probably  of 
greater  density. 

When  the  towns  are  classified  according  to  their 
position,  somewhat  different  results  are  obtained. 
Thus : of  five  seaport  towns,  with  an  average  popu- 
lation of  163,000  supplied  with  soft  water,  the 
annual  mortality  per  1000  was  29'4 ; of  three,  with 
an  average  population  of  226,000  supplied  with 
moderately  hard  water,  the  rate  was  32T  ; and  of 
six  such  towns,  with  an  average  population  of  116,000 
supplied  with  hard  water,  it  was  25T.  This  would 
indicate  that  moderately  hard  water  was  most  un- 
wholesome, which  is  absurd.  The  differences  in  the 
rate  of  mortality  depend,  doubtless,  on  other  causes, 
such  as  density  of  population  and  nature  of  sanitary 
arrangements.  In  a similar  way,  taking  inland 
manufacturing  towns  by  themselves,  soft  water 
would  appear  most  unwholesome,  and  hard  water 
best;  and  from  inland  non-manufacturing  towns, 
that  moderately  hard  water  was  worst,  and  hard 
water  best.  A better  prospect  of  success  is  presented 
by  an  examination  of  our  health  resorts.  Here, 
from  the  absence  of  manufacturing  operations,  and 
the  manifest  interest  of  the  authorities  to  obtain 
and  preserve  a thoroughly  healthy  condition,  many 
causes  which  disturbed  the  previous  comparisons 
are  absent. 
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Nature  of  Water. 

Number 

of 

Districts. 

Average 
Population 
iu  1871. 

Mortality  per  1000 
per  annum  for 
the  decade 
1801-70. 

Soft, 

5 

48,430 

19-5 

Moderately  hard, 

3 

33,480 

19-2 

Hard 

12 

53,170 

20-4 

This  would  tend  to  show  that  the  hardness  of  water 
has  little  or  no  influence  on  health,  and  indeed  the 
rate  of  mortality  of  the  individual  towns  in  the  same 
hardness  division  varies  more  than  the  average  rates 


of  the  three  divisions  shown  above.  While,  there- 
fore, waters  of  excessive  hardness  may  possibly  be 
injurious,  it  appears  that,  apart  from  these,  waters 
of  all  degrees  of  hardness  are  equally  wholesome 
if  otherwise  equally  free  from  deleterious  organic 
matters. 

The  Softening  of  Hard  Water. — Hard  water  is 
unfit  for  washing,  and  for  nearly  all  manufacturing 
purposes,  but  it  may  be  softened  by  four  different 
processes,  viz.:  — by  distillation,  by  the  action  of 
carbonate  of  soda,  by  boiling,  and  by  the  addition 
of  lime. 

By  Distillation.  — This  method  is  chiefly,  if  not 
solely,  used  for  the  preparation  of  fresh  from  salt 
water,  for  the  supply  of  ships  at  sea.  It  is  costly, 
but  is  the  only  process  applicable  under  the  circum- 
stances. By  it  aU  fixed  or  non-volatile  matters  are 
entirely  separated,  as  are  also  necessarily  all  organized 
bodies,  so  that  such  water  may  be  used  with  absolute 
immunity  from  risk  of  infection,  a fact  of  no  small 
importance  in  unhealthy  localities.  When  freshly 
prepared  it  has  a vapid  and  unpleasant  flavour,  due 
partly  to  deficient  aeration  and  partly  to  the  presence 
of  traces  of  volatile  organic  substances ; both  of 
these  objections  are  removed  by  filtration  through 
animal  charcoah 

By  the  Action  of  Carbonate  of  —Carbonate  of 
soda  decomposes  the  bicai-bonate  and  sulphate  of  lime 
and  magnesia,  to  the  presence  of  which  the  hardness 
of  water  is  almost  exclusively  due,  forming  soluble 
bicarbonate  and  sulphate  of  soda,  and  insoluble 
carbonates  of  lime  and  magnesia.  This  action  takes 
place  slowly  in  the  cold,  and  rapidly  at  a higher 
temperature.  As  the  soda  salts  have  an  unpleasant 
taste,  water  thus  softened  cannot  be  used  for  drinking 
purposes.  This  method  is  commonly  in  use  by 
laundresses,  who  thus  avoid  waste  of  soap.  The 
first  action  of  soap  on  hard  water  is  to  soften  it,  the 
soap  taking  the  place  of  the  carbonate  of  soda  before 
mentioned ; and  it  is  only  when  this  softening  is 
complete  that  the  detergent  action  of  the  soap  can 
commence.  Soap  thus  used  is  much  more  costly 
than  carbonate  of  soda,  a larger  quantity  being 
required  ; and  its  price  being  also  much  higher,  the 
relative  cost  is  about  as  16  to  1. 

By  Boiling. — This  method  only  applies  to  that 
part  of  the  hardness  of  a water  which  is  due  to  the 
presence  of  bicarbonates  of  lime,  magnesia,  and  iron, 
but  is  not  applicable  to  that  arising  from  sulphates. 
When  such  water  is  boiled  the  bicarbonates  are 
gradually  decomposed,  the  insoluble  carbonates 
being  precipitated  and  carbonic  acid  expelled  with 
the  steam.  Ebullition  for  about  half  an  hour  is 
sufficient.  It  is  expensive,  the  cost  not  being  much 
less  than  that  of  softening  by  soap ; and  it  is  trouble- 
some, since  the  vessel  in  which  the  boiling  is  con- 
ducted becomes  coated  with  a hard  lining  of  carbonate 
of  lime  which  is  not  easily  detached,  but,  if  allowed 
to  accumulate,  becomes  a source  of  danger  to  the 
vessel  in  which  it  occurs.  This  process  does  not 
prevent  the  use  of  the  water  for  drinking  purposes. 

By  the  Addition  oj  Lime. — This  process  is  applicable 
to  the  same  kind  of  water  as  the  preceding,  and  to 
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the  same  extent.  Instead  of  removing  the  carbonic 
acid  by  boiling,  it  is  rendered  insoluble  by  the  addi- 
tion of  lime,  forming  with  the  latter  insoluble  car- 
bonate of  lime,  which  is  precipitated  together  with 
the  carbonate  of  lime  or  magnesia  resulting,  as 
in  the  preceding  process,  from  the  decomposition 
of  the  soluble  bicarbonate.  Thus,  while  the  bicar- 
bonates are  removed,  nothing  is  added  to  the  water, 
and  it  is  suitable  for  all  purposes.  This  method 
was  devised  by  the  late  Dr.  Clark,  Professor  of 
Chemistry  in  the  University  of  Aberdeen,  and  pub- 
lished by  him  about  the  year  1841. 

To  apply  it  on  a small  scale,  about  1 oz.  of  quick- 
lime is  required  to  be  added  to  each  700  gallons  for 
each  part  of  temporary  hardness  in  100,000  parts  of 
water.  The  quicklime  is  slaked  in  a pailful  of  water, 
well  stirred  to  form  milk  of  lime,  and  then  poured 
into  the  cistern,  which  should  already  contain  at 
least  50  gallons  of  the  water  to  be  softened.  Any 
coarse  particles  from  the  lime  may  be  left  in  the 
pail.  Fill  the  pail  again  with  water,  and  stir  and 
pour  this  also  into  the  cistern.  Then  add  the 
remainder  of  the  700  gallons.  If  the  running  of 
the  water  does  not  thoroughly  stir  up  and  uniformly 
mix  the  contents  of  the  cistern,  this  must  be  done 
by  means  of  a wooden  or  iron  paddle.  The  water 
will  appear  very  milky,  and  should  be  left  at  rest  to 
deposit  the  precipitate.  In  about  three  hours  it  will 
be  fit  for  washing,  and  in  about  twelve  hours  for 
drinking. 

This  process  is  now  in  use  on  a large  scale  in 
numerous  places,  being  applied  to  the  entire  water 
supply  of  several  towns.  In  such  cases  clear  lime 
water  is  used  in  place  of  milk  of  lime,  and  thorough 
mixture  is  attained  by  running  the  hard  water  and 
the  lime  water  into  depositing  tanks  simultaneously 
in  streams  suitably  proportioned.  The  time  re- 
quired for  subsidence  is  reduced  by  the  use  of 
telescopic  discharge  pipes,  by  means  of  which  the 
clear  water  is  constantly  taken  from  the  surface, 
the  overflow  pipe  being  lowered  as  the  water  runs 
off.  The  quantity  of  lime  water  employed  is  con- 
trolled by  occasionally  testing  in  a porcelain  cup 
with  a solution  of  nitrate  of  silver.  If  the  lime  be 
in  excess,  a browu  colour  is  produced;  but  when 
the  proper  proportion  only  is  present,  a very  faint 
yellow  is  seen  on  adding  the  nitrate  of  silver.  The 
cost  of  softening  by  lime  is  very  small;  1,000,000 
gallons  of  water,  with  a temporary  hardness  of  20 
parts  per  100,000,  could  be  softened  at  a cost  for 
lime  and  labour  of  about  23s.  The  carbonate 
deposited  for  the  most  part  carries  down  with  it 
a large  part  of  tlie  organic  colouring  matter  in  the 
water,  so  that  after  subsidence  the  clear  water 
generally  exhibits,  when  seen  in  a large  bulk,  a 
magnificent  blue  tint,  a very  important  improvement 
being  thus  produced  in  the  character  of  the  water, 
as  is  shown  in  the  accompanying  table.  The 
result  in  the  case  of  the  1'hanies  water  would 
probably  have  been  still  better,  had  not  the  softened 
w<".ter  been  necessarily  exposed  in  a cistern  on  the 
roof  of  a house  to  a London  atmosphere  for  twenty- 
four  hours. 

VOL.  II. 


Description. 

Total 

Solid 

l^latters. 

Organic 

Carbon. 

Organic 

Nitrogen. 

Hardness. 

Caterham  water  supply. 

before  softeniiig,  Febru- 
ary 14,  1873 

27-68 

-028 

•009 

21-2 

Ditto,  after  softening,  .... 
Thames  water,  supplied  liy 
Grand  Junction  Co.,  be- 

8-80 

-015 

•003 

4-4 

fore  softening,  average  of 
9experiments  m 1870-71, 

27  85 

•161 

•026 

20-8 

Ditto,  after  softening,  . . . 
Lea  water,  supplied  by  New 

12-85 

-122 

•022 

5-1 

River  Co.,  February  14, 
1871, 

30-60 

-135 

•018 

■22-4 

Ditto,  after  softening,  .... 

13-76 

•100 

Oil 

6-0 

The  system  is  now  in  active  operation,  on  the 
large  scale,  at  the  Chiltern  Hills  Water  Works,  at 
Caterham,  at  Canterbury,  and  at  Busliey. 

On  the  Filtration  of  Water.— The  most  obvious 
result  of  the  filtration  of  water  is  the  removal  of 
suspended  matter,  so  that  a turbid  water  becomes 
bright  and  clear.  Its  efficiency  in  this  respect  depends 
chiefly  on  the  closeness  of  texture  of  the  filtering  i 
medium,  i.e.,  the  smaller  the  interstices  through 
which  the  water  has  to  pass  the  more  efficient  will  , 
be  the  purification.  Very  finely  divided  suspended  j 
matter,  such  as  clay,  requires  a very  fine  filter,  and 
also  that  the  passage  of  the  water  should  be  slow. 
The  efficiency  of  a filter  is  often  judged  solely 
by  its  clarifying  action,  and  when  the  water  is 
passed  rapidly  through  a thin  filtering  medium,  j 
e.g.,  a paper  filter,  there  is  probably  little  if  any 
other  result.  When,  however,  the  stratum  of 
filtering  material  is  of  considerable  thickness,  and 
the  rate  of  filtration  slow,  an  important  reduction 
in  the  quantity  of  organic  matter  present  in  solu- 
tion may  be  effected  in  addition  to  the  removal  of 
suspended  matter.  The  organic  matter  is  oxidised 
by  the  oxygen  dissolved  in  the  water,  supplemented 
perhaps  in  some  cases  by  oxygen  supplied  by  the 
nitrates  present.  It  is  desirable,  therefore,  that 
the  water  to  be  filtered  should  be  well  aerated,  and, 
if  practicable,  that  the  filter  itself  should  from  time 
to  time  also  be  aerated.  The  importance  of  this 
was  seen  in  some  experiments  made  on  the  fil- 
tration of  sewage  through  various  materials.  The 
sewage  itself  probably  contained  no  oxygen  in  solu- 
tion, and  certainly  did  not  contain  sufficient  for  the 
destruction  of  the  organic  matter  in  solution.  It  | 
was  found  that  when  it  was  passed  unintermittently  ! 
through  a thick  sand  filter,  at  first  considerable 
oxidation  took  place,  but  this  soon  ceased,  and  the  j 
filter  speedily  became  choked;  but  when  the  sewage  ] 
was  supplied  intermittently,  so  that  the  filter  was 
well  aerated  after  each  charge,  the  action  could  be 
continued  indefinitely  if  the  amount  of  organic 
matter  in  each  charge  was  not  too  great  for  the 
amount  of  atmospheric  oxygen  introduced  at  each 
interval.  When  the  charge  was  increased  beyond 
this,  the  purification  ceased,  and  the  filter  speedily 
became  choked.  If  the  quantity  of  oxygen  is  suffi- 
cient, the  degree  of  purification  will  depend  on  the 
nature  of  the  filtering  medium,  its  state  of  division, 
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and  the  length  of  time  during  which  the  water  is  in  In  the  following  table  are  shown  the  results  of  filtra- 
contact  with  it.  tion  through  sand,  animal  charcoal,  and  spongy  iron : — 


EESOLTS  OP  ANALTSIS  EXPRESSED  IN  PARTS  PER  100,000. 


4 

•9 

Hardness. 

1 

0 

1 

5 n 

otal  Combixii 
Nitrogen. 

Description. 

^ i 
® 5 

11 

Organic 

Nitrogen, 

Ammonls 

C ^ V 

III 

« i 

si 

II 

Chlorine. 

t 

Pi 

§ 

a 

i 

a 

Total. 

Bemarke. 

O 

H 

Ck 

New  Kiver  Company’s  water  at  Stoke  I 
Newington,  before  filtration, J 

31-98 

-350 

00 

o 

•004 

•310 

•397 

2-810 

1-70 

16-4 

6-6 

230 

Turbid. 

After  filtration  through  sand, 

30-16 

-246 

•042 

— 

•310 

•3.52 

2-780 

1-65 

16-4 

6-6 

23-0 

Clear. 

Grand  Junction  Company’s  water  be-  > 

fore  filtration, J 

After  filtration  through  fresh  animaH 

24-60 

-129 

•023 

— 

•188 

•211 

1-560 

1-60 

— 

— 

19-4 

— 

19-40 

•029 

•007 

•013 

•194 

•212 

1-730 

1-60 

— 

— 

15-2 

— 

Grand  Junction  Company’s  water  be-1 
fore  filtration ) 

28-36 

•380 

•074 

•001 

•265 

•340 

2-340 

1-65 

— 



18-0 

— 

After  filtration  through  spongy  iron,... 

14-70 

•038 

•012 

•010 

•128 

•148 

1 040 

1-70 

— 

— 

8-1 

— 

The  filtration  of  water  through  sand,  as  usually 
applied  for  town  supplies,  is  for  the  most  part 
primarily  directed  to  the  removal  of  mechanically 
suspended  particles ; but  it  usually  has  also  at  least 
a slight  effect  in  removing  organic  matter.  In  the 
example  given  above  of  the  New  River  Company’s 
water,  nearly  30  per  cent,  of  the  organic  carbon  and 
one-half  of  the  organic  nitrogen  were  removed.  That 
company  filters  the  water  at  a very  slow  rate  through 
filter  beds  of  considerable  thickness;  in  some  other 
cases,  where  a greater  velocity  is  adopted,  the  im- 
provement is  much  less. 

Filtration  through  animal  charcoal  is  more  ener- 
getic. In  the  example  given  above  the  filter  used 
was  a small  domestic  one,  through  which  the 
whole  of  the  water  supplying  a family  of  nine 
persons  was  passed.  In  this  case  the  organic  carbon 
was  reduced  to  about  one-fourth,  and  the  organic 
nitrogen  to  about  one-third  of  the  original  propor- 
tion, and  the  mineral  matter  was  also  considerably 
reduced.  This  last  action  ceases  after  a week  or  so, 
but  the  removal  of  organic  matter  continues  in  a 
diminishing  ratio  for  some  months.  If  the  filter  is 
much  used,  the  filtering  material  should  be  renewed 
every  three  mouths,  or  more  frequently  if  an  impure 
water  is  used ; otherwise  small  worm-like  organisms 
are  developed  in  the  charcoal  and  pass  out  with 
the  filtered  water. 

The  action  of  spongy  iron,  obtained  by  reducing 
haematite  by  carbon  at  the  lowest  practicable  tem- 
perature, so  that  the  metallic  iron  may  remain  in 
a finely  dividtid  state,  is  still  more  energetic  and 
persistent.  The  numbers  given  in  the  above  table 
indicate  a very  great  improvement ; the  total  solid 
matters  being  reduced  to  about  one-half,  the  organic 
carbon  to  one-tenth,  the  organic  nitrogen  to  less 
than  one-sixth,  and  the  hardness  to  less  than  one- 
half.  This  continued  for  upwards  of  twelve  months, 
and  exhibited  no  signs  of  exhaustion.  This  form 
of  filter  was  introduced  by  Professor  Gustav 
Bischof,  who  has  shown  that  all  putrefactive  germs 
and  organisms  are  destroyed  by  passage  through  a 
spongy  iron  filter. 

Although  such  good  results  can  be  obtained  by 


the  use  of  domestic  filters,  it  is  only  when  great  care 
is  exercised.  If  the  filtering  material  is  not  renewed 
when  required,  and  the  filter  properly  protected 
from  impurities,  water  is  often  actually  injured  by 
passing  through  a dirty  filter.  It  is  better  to  use 
the  water  of  the  ordinary  town  supply,  taken  direct 
from  the  main,  or  from  a cistern  properly  protected 
and  periodically  cleaned,  than  to  pass  it  through  a 
neglected  filter.  In  this  respect  the  spongy  iron 
filters  possess  the  advantage  that,  when  exhausted, 
they  no  longer  allow  the  water  to  pass  through 
them. 

WINE. — Vin,  French;  wein,  German. — A spirituous 
liquid  prepared  from  the  juice  of  grapes  by  fer- 
mentation. Grapes  are  the  fruit  of  many  varieties 
of  vines,  of  which  about  600  are  cultivated,  while 
a number,  not  amounting  to  100,  are  known  to 
occur  as  wild  plants  indigenous  to  various  countries. 
It  is  probable  that  the  vines  cultivated  in  various 
localities  to  which  they  are  best  adapted,  are 
derived  from  vines  which  were  indigenous  to  that 
locality.  Not  all  grapes  are  eatable,  and  not  all 
grapes  yield  good  wine.  Thus,  an  American  wild 
vine  produces  small  acid  black  grapes  which  cause 
a burning  sensation  and  a swelling  of  the  lips  in 
persons  partaking  of  them,  from  the  presence  in 
the  husk  of  an  acid  substance.  Grapes  which 
are  good  for  wine -making  are  frequently  not 
suitable  for  eating,  and  the  best  grapes  for  eating 
give  inferior  or  bad  wine. 

Mineral  Constituents  of  the  Vine. — The  ash  of  the 
vine  consists  of  a part  which  is  soluble  in  water, 
and  of  another  which  is  insoluble.  The  soluble 
part  comprises  the  alkali  metals,  potassium  and 
sodium,  combined  with  carbonic  acid,  sulphuric 
acid,  and  chlorine  ; while  the  insoluble  part  con- 
tains calcium,  magnesium,  iron,  and  manganese, 
combined  with  carbonic,  phosphoric,  and  silicic  acid. 
The  proportions  in  the  ash  of  the  vine  of  alkalies 
to  earths  are  about  equal ; and  again,  the  united 
weight  of  these  bases  is  about  equal  to  the  weiglit 
of  the  half  of  the  entire  ash.  Different  vines  yield 
different  proportions  of  ash ; but  vines  of  the  same 
kind,  in  full  development  and  at  the  same  period  of 
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vegetation,  yield  very  similar  proportions  of  ash. 
The  ripe  woody  canes  of  one  year’s  growth  contain 
from  one -fourth  to  one -fifth  of  their  weight  of 
moisture,  or  25  to  20  per  cent.,  and  from  2'2  to  4‘2 
per  cent,  of  ash.  The  leaves  yield  the  greatest 
amount  of  ash,  and  the  old  wood  and  the  ripe 
grapes  the  smallest.  The  les.s  mineral  matter  any 
part  contains,  the  greater  is  in  that  ash  the  pro- 
portion of  soluble  salts.  The  leaves  and  wood  are 
rich  in  potassium  salts,  while  the  bark  contains 
much  calcium  carbonate.  The  pith  and  stones 
(seeds)  are  rich  in  calcic  phosphate.  The  ash  of 
the  canes,  of  the  murk,  and  of  a litre  of  wine,  from 
one  and  the  same  vine,  have  yielded  the  following 
quantities  of  ingredients : — 


ElemenU  contained 
in  the  Aah. 

Ash  of  Canes 
in  per  cents. 

Ash  of  Murk 
in  per  cents. 

Ash  of  1 litre 
of  Wine  in 
grams. 

Potash, 

180 

36-9 

0-842 

Soda 

0 2 

0-4 

— 

Lime, 

27-3 

10  7 

0-092 

Magnesia, 

6-1 

2-2 

0-172 

Ferric  and  aluminic  oxide. 

3-8 

3-4 

— 

Phosphoric  acid, 

10-4 

10-7 

0-412 

Sulphuric  acid, 

1-6 

5-4 

0 096 

Chlorine, 

0-1 

0-4 

traces. 

Carbonic  acid 

20  3 

12-4 

0-2.i0 

Sand  and  little  silica, , . . 

10-9 

15-3 

0 006 

Loss, 

1-3 

2-2 

— 

Totals 

100-0 

100-0 

1-870 

In  the  same  case  the  canes  gave  2*44  per  cent,  of 
had  given  1’870  gram,  of  ash,  or  0-19  per  cent.; 
ash,  and  the  murk,  air-dry,  6’65 ; 1 litre  of  wine 
the  density  of  the  wine  being  about  0-960.  It  is 
therefore  evident  that  the  ash  of  the  canes  contains 
less  potash  and  more  lime  than  that  of  the  murk, 
and  that  the  proportion  of  potash  to  lime  is  highest 
in  the  a«h  of  the  wine.  Thus  we  have  per  cent,  of 
potash  contained  in  ash  of  canes  18  0,  murk  36-9, 
wdne  45-0 ; per  cent,  of  lime  contained  in  ash  of 
canes  27-3,  murk  10-7,  wine  4-9.  But  the  relations 
of  magnesia  in  those  parts  are  different  from  those 
of  potiish  and  lime,  for  the  percentage  of  magnesia  in 
ash  of  canes  is  6-1,  murk  2-2,  wine  9-2.  The  wine 
yields  a very  small  percentage  of  ash  compared  with 
the  other  parts,  and  in  consequence  its  percentage 
of  alkalies  is  smaller  than  that  of  any  other  part  of 
the  vine ; but  as  it  has  lost  much  mineral  matter 
during  fermentation,  the  quantity  of  its  ash  is  not 
the  measure  of  the  quantity  of  mineral  matter 
removed  by  it  from  the  soil : for  this  estimation 
the  grapes  or  murk  and  juice  combined  before 
fermentation  have  to  be  examined.  Grape-bunches 
contain  about  4 per  cent,  of  stalks,  22  per  cent,  of 
husks,  seeds,  and  insoluble  matter,  and  74  per  cent, 
of  juice.  In  100  parts  of  buncli  there  are  2-194 
parts  of  ash,  of  which  about  T431  is  in  the  stalks, 
0-5  in  the  murk,  and  0-263  in  the  filtered  juice.  ' 
These  relations  vary  -with  the  years  and  the  varie-  I 
ties  of  grapes ; but  the  proportion  of  the  ash  in 
the  several  parts  is  least  changeable.  The  ash  of 
must  contains  from  62  to  72  per  cent,  of  potash, 
oda  0-3  to  2-6,  lime  3-3  to  5-2,  magnesia  8-2  to  4-7, 
erric  oxide  0-09  to  0-72,  manganic  oxide  0-09  to 


0-82,  sulpl.'uric  acid  3-6  to  5-5,  chlorine  0-47  to  1-10, 
silica  1-1  to  2-1,  phosphoric  acid  14-0  to  17-0  per 
cent.  There  is  no  particular  difference  between 
the  ash  of  unripe  and  ripe  grapes. 

Organic  Ingredients  and  Chemical  Development  of 
the  Vine. — The  seed  of  the  vine  contains  lignine, 
starch,  tannic  acid,  fatty  oil,  several  phosphorized 
and  albuminous  substances,  and  the  mineral  salts 
already  referred  to,  in  which  phosphoric  acid  and 
potash  predominate.  From  these  the  young  plant 
is  at  first  supplied,  until  it  begins  to  take  up  nourish- 
ment by  the  roots  from  the  soil,  and  by  the  leaves 
from  the  air.  The  assimilated  matters  are  inorganic; 
namely,  carbonic  acid,  ammonia,  and  water,  and  the 
mineral  salts  already  described.  The  specific  pro- 
cess of  vegetable  growth  under  the  influence  of 
light  and  heat  eliminates  oxygen  from  the  carbonic 
acid,  and  combines  w-ith  the  more  carbonized  pro- 
ducts the  elements  of  water.  This  product,  oxalic 
acid,  combines  -with  some  of  the  bases ; then  by  the 
combination  of  two  of  its  particles  and  the  substi- 
tution of  some  oxygen  by  hydrogen,  malic  acid,  the 
acid  also  contained  in  apples,  is  formed.  This  malic 
acid,  by  a slight  addition  of  oxygen,  is  easily  trans- 
formed into  tartaric  acid.  Tartaric  acid,  again,  by 
the  union  of  three  of  its  particles,  and  the  addition  of 
hydrogen  from  decomposed  water,  may  easily  be  trans- 
formed into  grape-sugar,  or  similar  carbohydrates, 
cellulose,  cane  sugar,  gum,  and  starch.  The  nitro- 
genized  ingredients  of  the  vine  are  derived  from 
ammonia  by  substitution  of  its  hydrogen  by  more 
complicated  radicals  — niethyle,  for  example ; tri- 
methylamine  exists  in  wine.  On  entering  into 
combination  with  complicated  carbonized  matters 
the  ammonia  loses  much  of  its  character  as  an  alkali, 
and  produces  a series  of  alkaloids,  which  then  by 
further  development  and  combination  produce  the 
albuminous  and  phosphorized  substances. 

The  sap  rises  in  the  canes  at  the  beginning  of 
spring,  and  when  flowing  from  cut  surfaces,  is 
termed  tears,  and  the  process  of  its  flowing,  weeping 
of  the  -vine.  One  litre  of  sap  leaves  about  2-5  grams, 
residue,  of  which  1-9  are  organic,  with  tartaric  acid, 
gum,  and  starch ; the  inorganic,  0-6  gram.,  contain 
lime,  potash,  a trace  of  phosphoric  acid,  and  some 
ammonia.  The  rising  of  the  sap  takes  place  with 
great  force,  which  has  been  measured  by  various 
observers  and  found  to  equal  the  pressure  of  a 
column  of  water  21  feet,  or  of  a column  of  mercury 
22  inches  in  height. 

The  young  shoots  of  the  vine  contain  acid  tartrate 
of  potash  in  much  larger  quantity  than  the  sap  ; 
cellulose  in  constantly  increasing  qu.antity,  and  the 
mineral  constituents,  already  mentioned,  are  de- 
posited within  their  structure  and  that  of  the  leaves. 
In  the  expressed  juice  of  entire  bi-aiwhes  there  are 
found  vegetable  fibrine,  which  is  deposited  with  the 
chlorophyll  as  a green  precipitate;  t'egetable  albumen, 
which  is  precipitated  by  boiling ; tannin,  recognized 
by  its  reaction  with  ferric  salts  and  gelatine ; acid 
tartrates  potash  and  lime,  which  can  be  obtained 
by  evaporation  and  crystallization  ; starch,  gum,  and 
mineral  salts.  The  part  remaining  insoluble  consists 
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mainly  of  liynine  or  cellulose;  of  this  substance  all 
wood,  old  and  young,  is  co-i  posed.  In  the  cell- 
cavities  of  the  wood  there  is  deposited  in  autumn 
a quantity  of  starch.  The  tendrils  contain  malates 
and  tartrates,  little  tannin,  and  have  a taste  of  unripe 
fruit. 

The  grapes  contain  in  their  unripe  state  malates 
and  tartrates,  mainly  of  potassium,  which  vary  in 
proportion,  according  to  the  period  of  development. 
Before  the  appearance  of  any  sugar  malates  prevail ; 
when  the  grapes  become  sugary  tartrates  prevail, 
which  in  the  fully  ripe  grapes  maintain  their  pre- 
ponderance. The  grapes  then  also  contain  fibrine, 
albumen,  gum,  pectin,  tannin,  and  in  largest  quan- 
tity the  sugar  peculiar  to  fruit;  the  tannin  is  not 
in  solution  in  the  juice,  but  deposited  in  the  husk 
and  seed,  and  requires  maceration  for  its  extraction. 
The  husk  of  the  blue  and  black  grapes  contains  the 
blue  colouring  matter  also  deposited  in  the  insoluble 
state  along  with  the  tannin,  and  extractable  only  by 
alcohol  and  acid,  or  wine.  The  stalks  contain  starch 
during  summer,  but  lose  it  towards  autumn;  and 
when  the  grapes  are  ripe  they  contain  tannin.  The 
amount  of  acid  in  the  grapes  increases  during 
their  growth,  and  decreases  again  during  ripen- 
ing. When  the  juice  from  grapes  of  various  periods 
of  growth  simply  is  considered,  without  reference  to 
the  number  and  weight  of  the  berries,  it  is  observed 
to  become  steadily  less  and  less  acid,  the  decrease 
being,  between  extremes,  from  35  pro  milk  in  the 
middle  of  August  to  7 pro  milk  at  the  end  of  the 
vegetative  period  in  the  first  days  of  November. 
This  change  is  completed  before  the  middle  of  Sep- 
tember in  the  grapes  growing  in  southern  climates. 

Relation  oj  acid  and  sugar  in  grapes  during  ripen- 
ing.— The  percentage  of  free  acid  present  in  grape 
juice  diminishes  with  the  increasing  ripeness  of  the 
grape,  while  the  percentage  of  sugar  increases  at 
the  same  time  considerably.  As  the  weight  of  the 
fruit  augments  considerably  during  the  process  of 
growth,  the  total  amount  of  free  acid  present  in 
the  ripe  grape  may  be  actually  greater  than  in  the 
unripe  fruit,  and  yet  its  proportion  per  cent,  be  con- 
siderably diminished.  The  acid  may  increase  during 
ripening  absolutely,  but  is  necessarily  diminished 
relatively  to  the  proportion  of  other  ingredients 
which  are  formed  massively  during  ripening,  par- 
ticularly sugar.  Therefore  the  proportions  of  acid 
in  unripe  and  ripe  grapes  affords  no  evidence  regard- 
ing the  question  whether  or  not  during  the  progress 
of  ripening  acid  is  transformed  into  sugar.  In  some 
French  black  grapes  peculiar  processes  of  ripening  are 
observed — one,  which  is  peculiar  to  the  grape  which 
is  not  yet  black,  consisting  in  an  augmentation  of 
sugar ; the  other,  a process  mostly  accomplished  in 
the  black  grape,  consisting  in  a diminution  of 
acidity. 

Vintage  and  Vinification. — The  grapes  should 
be  gathered  when  they  are  ripe.  In  many  parts  of  the 
south  of  Europe  it  is  considered  that  the  grapes  are 
ripe  when  they  have  attained  their  greatest  volume, 
and  they  are  then  vintaged.  In  some  of  the  most 
celebrated  vineyards  for  the  production  of  white 


wine  the  grapes  are  allowed  to  hang  until  they  attain 
the  maximum  of  sweetness  and  maturity,  and  are 
commencing  to  decay  or  pass  into  the  state  of 
sweet-rot  (Sauterne ; Rhincgau  ; Vouvray).  In  this 
manner  highly  flavoured  or  sweet  wines  are  pro- 
duced, the  latter  owing  their  sweetness  mainly  or  in 
part  to  the  presence  of  unfermentable  inosite,  the 
sugar  peculiar  to  brain  and  muscles.  In  dry  and 
hot  climates  the  grapes  are  also  allowed  in  part  or 
whole  to  passulate,  i.e.,  to  be  transformed  into  raisins 
while  hanging  on  the  vine ; and  with  the  aid  of 
these  sweet,  thick,  syrupy  wines  are  made,  either 
mixed  with  alcohol,  as  the  Malaga,  or  not  mixed 
with  alcohol,  like  Tokay  and  Rota.  The  red  or 
black  grapes  are  vintaged  at  certain  stages  of 
maturity,  which  are  known  to  produce  a certain 
amount  and  kind  of  red  colour  in  the  wine;  this  is 
shortly  after  the  stage  of  greatest  volume,  and  before 
that  of  beginning  passulation.  The  latter  process 
destroys  the  blue  colouring  matter,  so  that — e.g.,  in 
Rota  Tent,  entirely  made  from  black  grapes — no 
red  colour  is  distinguishable.  In  the  Champagne  the 
black  grapes  of  the  pineau  are  gathered  at  the  time 
of  their  greatest  volume,  because  when  a little  over- 
ripe they  yield  a slightly  coloured  juice  (partridge 
eye),  which  is  objected  to  by  traders. 

Modes  of  Vintage. — The  most  common  mode  of 
vintage  consists  in  cutting  off  all  the  grapes  and 
carrying  them  to  the  press.  The  bunches  should  be 
cleaned  from  impurities,  unripe  and  putrid  berries. 
The  white  grapes  are  in  most  countries  pressed 
without  previous  separation  of  the  stalks ; they  are 
also  but  rarely  fermented  together  with  stalks  and 
husks,  e.g.,  in  Portugal.  The  black  grapes  are  mostly 
fermented  with  husks  and  stalks,  as  in  Portugal, 
Spain,  south  of  France,  Gironde,  and  Burgundy; 
in  some  parts  only,  and  always  exceptionally,  the 
stalks  are  removed  from  the  grapes  by  hand  or 
machines  (French,  egrappage'). 

Mashing  and  Crushing. — The  grapes  are  most 
commonly  crushed  by  being  trodden  by  men ; in  other 
parts  they  are  crushed  by  machines  (grape-mills), 
consisting  of  grooved  wooden  rollers  working  against 
each  other.  In  the  preparation  of  Champagne  the 
grapes  are  not  crushed  in  detail  previous  to  their 
being  put  into  the  press,  and  the  only  crushing  which 
they  receive  is  by  the  press  itself.  It  is  for  this 
reason  that  the  presses  in  the  Champagne  are  the 
most  powerful  of  any  known.  The  presses  are  of 
two  kinds — screw-presses  and  beam-presses.  The 
varieties  of  screw-presses  are  so  numerous  that  an 
enumeration  of  them  and  a description  of  their  dif- 
ferences becomes  impracticable.  In  the  beam-presses 
the  power  is  produced  by  weights  attached  to  the  end 
of  a long  beam  acting  as  a lever ; but  with  them  also 
the  weights  at  the  end  of  the  beam  are  mostly  lifted, 
and  therefore  made  active  by  screws  passing  through 
the  free  end  of  the  beams  (Alto  Douro). 

Fermentation. — White  wine  is  generally  fermented 
in  barrels,  with  the  ordinary  bunghole  at  the  top 
open  for  the  escape  of  the  carbonic  acid  gas.  But 
valuable  red  wines  are  fermented  in  vats,  i.e.,  conical 
wooden  casks,  open  at  the  top.  This  is  a mechanical 


WINE. — Plastering.  Alcohol.  989 

necessity,  owin"  to  the  complications  introduce! 

wine  than  the  tartrate,  such  plastered  wine  has 

into  the  preparation  of  red  wine  by  the  bulk  of  the 

always  a peculiar  mineral  taste,  and  not  rarely,  and 

husks,  and  the  necessity  for  stirring.  Port  wine 

particularly  in  delicate  persons,  acts  as  a purgative. 

(Alto  Douro)  is  fermented  in  low  receptacles  of 

and  on  continued  use  deranges  the  action  of  the 

stone  or  masonry  (lagareii),  in  which  the  grapes  are 

heart.  The  grounds  of  this  practice  of  plastering 

also  trodden,  and  after  fermenbition  pressed.  The 

must  and  wine  cannot  be  learned  even  by  inquiry 

common  red  wines  of  the  south  of  France  and  centre 

in  the  localities  where  it  is  employed;  it  seems  to 

of  Spain  are  fermented  in  cisterns  of  masonry  lined 

be  a mere  traditional  empiricism. 

with  plaster  of  Paris,  which  alters  the  wines  in  a 

Alcohol. — The  general  chemistry  of  alcohol  is 

definite  manner,  to  be  considered  below.  When 

described  in  the  article  relating  to  that  substance. 

the  wine  has  completed  its  fermentation  and  become 

We  here  confine  ourselves  to  the  consideration  of 

clear,  the  yeast  and  impurity  are  deposited  in  the 

alcohol  as  far  as  it  affects  the  nature  and  effects  of 

bottom  of  the  cask.  From  this  deposit  the  wine  is 

wine,  and  the  estimation  of  its  quantity  by  methods 

separ.ited  by  decantation,  a process  termed  racking. 

specially  applicable  to  wine. 

'I'his  is  repeated  from  time  to  time,  but  is  rarely 

Distillation. — The  quantity  of  wine  used  for  the 

by  itself  sufficient  to  make  the  wine  quite  clear. 

experiment  should  amount  to  from  200  to  300  c.c. 

'I'he  wines  are  therefore  clarified  (fined)  by  various 

It  may  be  weighed,  in  which  case  the  experiment 

means.  Delicate  white  wines  are  mostly  fined  with 

becomes  independent  of  temperature  ; or  it  may  be 

isinglass,  which  is  softened  in  water  or  wine,  and 

measured,  when  the  temperature  of  the  sample  has 

then  stirred  up  (roused)  with  the  wine  to  he  fined. 

to  be  ascertained.  The  weighed  or  measured  quan- 

Brandied  white  wines,  such  as  sherry,  are  mostly 

tity  of  wine  is  poured  into  a flask  or  retort,  rendered 

fined  with  white  of  egg,  and  the  coarse  varieties 

slightly  alkaline  by  caustic  soda,  mixed  with  a small 

with  skimmed  milk.  Spanish  earth,  so-called,  and 

quantity  of  tannin  to  prevent  frothing,  and  then 

other  varieties  of  clay,  including  Chinese,  are  also 

carefully  distilled  by  driving  the  alcoholic  vapour 

used  to  fine  wines.  In  all  these  cases  a precipitate 

into  a condenser  by  means  of  heat.  It  is  well  to 

is  produced,  which  envelopes  and  drags  down  the 

distil  from  one-half  to  two-thirds  of  the  liquid  in 

fine  particles  which  of  themselves  have  not  sufficient 

the  flask.  Strong  and  heavy,  i.e.,  sugary  wines. 

gravity  to  sink  in  the  liquid. 

may  advantageously  be  diluted  with  water  before 

Petiot's  Process  of  making  sugar-water  wives. — The 

distillation.  As  soon  as  the  necessary  quantity  is 

husks  of  grapes  freed  from  their  primary  juice  will 

distilled,  the  distillate  is  mixed  with  so  much  water 

• 

cause  fermentation  in  sugar  solution,  and  produce  a 

as  may  be  required  to  raise  it  to  the  exact  weight  or 

fermented  liquid  uot  unlike  wine. 

measure  of  the  wine  originally  taken  for  distillation. 

Gall’s  Process  of  improving  acid  wines. — In  cold 

The  mixture  must  be  well  agitated  to  effect  com- 

climates  and  years  the  grapes  sometimes  remain 

plete  homogeneity.  Its  specific  gravity  is  next  taken. 

acid,  and  the  wine  resulting  from  them  would  be 

This  may  be  done  by  means  of  the  hydrometer,  or 

undrinkable  if  not  freed  from  its  acid  in  some 

by  means  of  the  specific  gravity  bottle  and  balance. 

manner:  this  used  to  be  effected  with  chalk.  Gall, 

The  specific  gravity  bottle  should  contain  from  20  to 

however,  introduced  into  the  wine  cellars  of  the 

60  c.c.  The  temperature  of  its  contents  has  to  be 

Moselle  the  practice  by  which  home-made  wines 

carefully  noted.  It  is  convenient  so  to  manage  the 

are  commonly  made  in  England,  namely,  diluting 

experiment  that  the  fluid  has  the  temperature  of 

the  acid  fruit-juice  with  water,  and  then  adding 

15°"5  C.,  for  which  most  alcohol  tables  are  con- 

sufficient  sugar  to  yield  a desirable  amount  of  alcohol 

structed ; and  in  case  it  should  be  either  higher  or 

after  fermentation.  These  processes  of  Petiot  and 

lower,  to  cool  it  down  or  raise  it  up  to  the  desired 

Gall  are  used  for  increasing  the  quantity  of  cheap 

point.  For  variations  of  temperature,  which  are  not 

beverage,  even  from  grapes  from  which  wines  could 

far  removed  from  the  standard  calculated,  correc- 

not  be  obtained  fit  for  commerce  or  transport.  In 

tions  may  be  applied  without  much  trouble.  The 

the  process  of  Gall,  or  in  the  processes  of  making 

amount  of  such  correction  for  each  degree  Centi- 

British  fruit-wines,  the  mixture  of  fruit-juice,  water 

grade  varies  considerably  with  the  strength  of  the 

and  sugar  should  be  so  made  that  it  contains  five 

spirit,  and  though  very  slightly,  with  the  glass  of 

pro  mille  of  acid  expressed  as  tartaric,  and  20  per 

which  the  specific  gravity  bottle  is  made.  In  cases 

cent,  of  sugar. 

where  the  temperature  differs  only  a few  degrees 

Plastering  of  Must  and  Wine. — In  the  south  of 

either  way  from  the  mean,  this  correction  can  be 

France,  in  the  departments  bordering  upon  the 

applied  with  sufficient  accuracy  by  means  of  the 

Mediterranean,  and  in  Spain,  plaster  of  Paris  is 

formula — 

dusted  over  the  grapes,  added  to  the  grape-juice. 

T>  — D'  _L  / n-ooeiA  j_  1 \ 

or  even  placed  into  the  barrels  with  the  ready-made 

wine;  in  these  parts,  also,  wines,  particularly  red 

D is  the  required  density  at  15°’5,  D'  the  density 

wines,  are  fermented  in  cisterns  of  masonry  covered 

observed,  and  d the  difference  between  and 

inside  with  a layer  of  plaster  of  Paris.  The  gypsum 

the  temperature  at  which  D'  was  taken.  If  this 

decomposes  the  tartrate  of  potassium  present  in  the 

was  below  15°-5  the  — sign  is  used ; if  above,  the  4- 

juice,  insoluble  tartrate  of  calcium  being  formed. 

sign ; 0-00014  is  the  correction  per  degree  Centi- 

and  sulphate  of  potassium  going  into  solution.  .\s 
the  sulphate  of  potassium  is  much  more  soluble  in 

1— D 

grade  with  distilled  water ; the  fraction  — — ^ gives 
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approximately  the  additional  correction  for  a spirit 
of  the  observed  specific  gravity  D'. 

For  D thus  calculated  the  corresponding  alcoholic 
strength  may  be  found  in  the  proper  tables ; and 
this  strength,  as  regards  the  wine,  may  be  expressed 
essentially  in  three  different  ways : — first,  in  per 
cent,  by  volume  in  volume  of  wine ; secondly,  in 
per  cent,  by  weight  in  weight  of  wine  ; and  thirdly, 
in  per  cent,  by  weight  in  volume  of  wine.  The 
alcoholic  strength  of  the  distillate  will  sometimes 
directly  represent  the  strength  of  the  wine,  accord- 
ing to  one  or  other  of  the  above  ways  of  expressing 
it ; sometimes  an  additional  calculation  is  necessary 
before  the  desired  result  is  obtained. 

In  case  the  wine  and  distillate  have  been  measured,  and 
we  require — 

1.  Per  cent,  by  volume  in  volume  of  wine,  then  the 
alcoholic  strength  of  the  distillate,  as  given  by  the 
tables,  showing  per  cent,  by  volume,  will  at  once 
give  the  desired  result;  the  strength  of  distillate  and 
wine  as  thus  expressed  being  identical. 

2.  Per  cent,  by  weight  in  weight  of  wine,  then  the 
alcoholic  strength  of  the  distillate,  according  to 
the  table  giving  per  cent,  by  weight,  is  multiplied 
by  the  specific  gravity  of  this  distillate  and  divided  by 
the  specific  gravity  of  the  wine. 

3.  Per  cent,  by  weight  in  volume  of  wine.  The  per- 
centage by  weight  of  the  distillate  is  multiplied  by 
the  specific  gravity  of  such  distillate. 

In  case  the  wine  and  distillate  have  been  weighed,  and 
we  require — 

1.  Per  cent,  by  volume  in  volume  of  wine,  then  the 
percentage  by  volume  of  the  distillate  is  multiplied 
by  the  specific  gravity  of  the  wine,  and  divided  by 
the  specific  gravity  of  the  distillate. 

2.  Per  cent,  by  weight  in  weight  of  wine.  These  are 
at  once  given  by  the  percentage  by  weight  of  the 
distillate. 

3.  Per  cent,  by  weight  in  volume  o;  nine.  The  per- 
centage by  weight  of  the  distillate  is  multiplied  by 
the  specific  gravity  of  the  wine. 

In  case  the  wine  has  been  measured  and  the  distillate 
weighed,  the  percentage  by  weight  of  the  distillate 
will  give  at  once  per  cent,  by  weight  in  volume  of 
wine. 

The  method  of  expressing  the  alcoholic  strength 
of  a wine  in  per  cent,  by  weight  in  volume  is  the 
one  most  commonly  adopted  in  scientific  works  on 
the  subject,  and  seems  preferable  to  every  other. 
If  in  this  case  the  decimal  point  is  moved  one  figure 
to  the  right,  the  number  of  grammes  of  alcohol 
contained  in  1 litre  of  wine  is  obtained;  and  if 
this  latter  figure  is  further  multiplied  by  seven,  the 
number  of  grammes  of  absolute  alcohol  in  1 gallon 
(six  bottles)  of  wine  is  given. 

The  English  Excise  Office  has  adopted  a method 
of  giving  the  alcoholic  strength  of  wines  or  spirits 
differing  from  all  the  foregoing,  viz.,  in  volume  per 
cent,  of  proof  spirit,  indicated  as  degrees  by  Syke’s 
hydrometer.  These  are  indicated  directly  by  the 
specific  gravity  of  the  distillate,  taken  by  balance  or 
hydrometer,  in  case  both  wine  and  distillate  have 
been  measured-  By  an  Act  of  Parliament  which 


was  passed  in  the  fifty-sixth  year  of  the  reign  of 
GEORCfE  III.,  chapter  160,  in  the  year  1816,  it  is 
enacted  that  the  standard  of  all  spirits  upon  which 
the  Excise  shall  levy  taxes  is  to  be  a mixture  of 
alcohol  and  water  which  shall  weigh  12,  while  the 
same  volume  of  distilled  water  shall  weigh  13,  all  at 
a temperature  of  51°  Fahr. ; or  in  the  words  of  the 
Act,  “And  whereas,  since  the  passing  of  the  said 
Acts,  an  hydrometer,  called  Syke’s  hydrometer,  has 
with  great  care  been  completed,  and  has,  by  proper 
experiments  made  for  that  purpose,  been  ascertained 
to  denote  as  proof  spirit  that  (mixture  of  spirit  and 
water)  which  at  the  temperature  of  51  degrees  by 
Fahrenheit’s  thermometer  weighs  exactly  parts  of 
an  equal  measure  of  distilled  water,”  &c. 

The  standard  of  proof  spirit  no  doubt  was  originally 
obtained  from  the  average  strength  of  brandy  distilled 
from  wine  by  a simple  still.  Before  science  was 
applied  to  the  estimation  of  the  strength  of  such 
spirit,  it  used  to  be  tested  in  the  following  manner : — 
Some  gunpowder  was  put  into  a saucer,  and  some 
of  the  spirit  to  be  tested  was  poured  over  it ; then 
the  spirit  was  set  fire  to  and  burned,  and  at  the 
conclusion  of  the  combustion  it  was  observed  whether 
or  not  and  to  what  extent  the  gunpowder  also  took 
fire.  The  spirit  was  called  “proof”  if  it  was 
sufficiently  concentrated  to  cause  the  gunpowder  to 
burn ; but  if  the  spirit  contained  so  much  water  that 
at  the  end  of  the  combustion  the  gunpowder  was 
wet,  then  it  did  not  burn,  and  was  not  “ proof.”  It 
is  to  be  hoped  that  in  the  progress  of  time  Great 
Britain  will  abandon  this  standard  of  proof  spirit, 
and  adopt  the  one  now  used  amongst  all  continental 
nations,  namely,  the  standard  of  absolute  alcohol. 

Determination,  of  the  Alcohol  by  Indirect  Means. — 
The  method  of  Tabakie,  which  was  after  him  much 
used  and  recommended  by  Balling  and  Mulder,  is 
based  upon  the  fact  that  the  presence  of  a certain 
amount  of  alcohol  in  a mixture  will  depress  its 
specific  gravity  below  what  it  would  be  if  the  alcohol 
contained  in  it  were  replaced  by  an  equal  proportion 
of  water,  and  this  depression  will  always  be  effected 
whether  the  mixture  consists  of  water  and  alcohol 
only,  or  contains  other  substances  in  solution  at  the 
same  time.  If  then,  knowing  the  specific  gravity  of 
such  a mixture,  we  expel  the  alcohol  and  replace  it 
by  water,  and  again  take  the  specific  gravity,  we  may 
calculate  the  specific  gravity  of  a spirit  containing 
the  same  percentage  of  alcohol  as  the  mixture  with 
the  help  of  the  equation  D'  : D = 1000  : X.,  where 
D'  is  the  specific  gravity  of  the  mixture  deprived  of 
alcohol,  D the  specific  gravity  of  the  mixture  with 
the  alcohol  in  it.  The  experiment  is  best  performed 
by  Tabarie’s  original  process  of  measuring  the  wine, 
and  bringing  the  evaporated  wine  to  the  same 
measure  by  the  addition  of  water.  Balling  deter- 
mines the  difference  by  bringing  the  evaporated 
wine  to  the  same  weight  as  the  wine  taken,  by  the 
addition  of  water. 

Alcohol  Estimations  Based  upon  the  Boiling  Points  of 
Alcoholic  Mixture. — These  estimations  are  carried  out 
by  special  instruments,  termed  ebullioscopes ; amongst 
these  the  instruments  constructed  by  Brossard, 
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PoHL,  Vidal,  Ure,  Conatz,  and  Crockford,  are 
best  known.  They  are,  however,  not  very  certain  in 
their  action,  and  liable  to  give  misleading  results. 

Alcohol  Estimation  Based  upon  the  Vapour  Tension 
of  Alcoholic  Liquids.  Geisler's  Vaporimeter. — The 

: action  of  this  instrument  is  based  upon  the  circum- 

stance, that  the  tension  of  the  vapour  of  a mixture 
of  pure  alcohol  and  water  at  the  temperature  of  100° 
rises  with  the  alcoholic  strength.  Applied  to  wine, 
the  vaporimeter  indicates  quantities  of  alcohol  which 
are  sometimes  above,  sometimes  below,  those  found 
by  distillation. 

i Alcohol  Estimation  Based  upon  the  Expansibility  of 

Alcoholic  Mixture  by  Heat. — SiLBERMANN  has  applied 
i this  principle  to  an  instrument  termed  the  dilatometer. 
i With  wines  which  are  not  too  strong,  and  do  not 
contain  more  than  5 per  cent,  of  extractives,  this 
method  gives  tolerably  accurate  results;  to  strong 
wines,  with  much  solid  matter,  it  is  inapplicable. 

Acet- Aldehyde. — The  presence  of  aldehyde  in  wine 
is  a decided  mark  of  unsoundness ; it  is  easily  de- 
tected by  its  peculiar  smell  and  flavour.  If  such  a 
wine  be  neutralized  by  an  alkali,  and  submitted  to 
distillation  through  a well -cooled  condenser,  the 
aldehyde  may  be  readily  detected  in  the  first  por- 
tion of  the  distillate  by  its  smell,  flavour,  its  reducing 
action  upon  silver  salts,  and  by  its  easy  conversion 
1 into  acetic  acid. 

j Vinous  Acids. — The  acids  hitherto  distinctly 

1 recognized  as  present  in  wine  are  of  two  kinds, 
namely,  those  originally  present  in  the  grape,  as 
j tartaric,  malic,  and  tannic ; and  those  produced 
during  fermentation,  as  acetic,  forn)ic,  succinic,  car- 
i bonic,  and  traces  of  the  higher  members  of  the  fatty 
acid  series,  as  propionic,  butyric,  and  particularly 
j oenanthic  acid. 

I Tartaric  Acid  (C^HgOg). — Tartaric  acid  occurs  in 

wine  in  two  varieties,  namely,  as  dextro  - tartaric 
acid,  and  as  racemic  acid ; levo-tartaric  acid  as  such 
does  not  occur  in  wine.  Most  of  the  acid  is  com- 
bined, as  acid  potassium  salt,  so  called  tartar 
(KH,C^H^Og).  Plastered  wines,  such  as  sherries, 
contain  no  tartaric  acid,  but  sulphuric  instead.  The 
acid  tartaric  ether  (C2Hg,II,C^H^Og)  also  occurs 
in  wine. 

Malic  Add  (C^HgOg)  occurs  in  must  and  wine 
free  and  in  combination.  Like  tartaric,  it  is  di- 
basic, forming  two  classes  of  salts  and  ethers,  acid 
and  neutral.  As  its  lime-salt  is  soluble  in  water,  it 
is  not  removed  to  any  very  great  extent  from 
grape-juice  by  the  process  of  plastering. 

Sucdnic  Add  (C^HgO^)  is  produced  during  the 
fermentation  of  grape-sugar,  to  the  extent  of  about 
a half  per  cent,  of  the  quantity  of  sugar  decom- 
posed. It  is  therefore  always  found  in  small  quan- 
tity in  wine.  It  may  be  extracted  from  the  residue 
of  wine  by  a mixture  of  1 part  of  absolute  alcohol 
and  2^  parts  of  ether;  from  the  condensed  extract 
the  succinic  acid,  after  neutralization,  may  be  pre- 
cipitated as  ferric  salt;  or  after  neutralization  with 
lime-water,  as  calcium  salt  by  a mixture  of  ether 
and  alcohol.  One  litre  of  wine  contains  from  1 to 
1'5  gram,  of  succinic  acid. 

Acetic  Add,  CgH^Og,  is  found  in  all  wine  in 
small  quantity,  varying  between  0’5  and  1'5  per 
thousand.  Must,  after  partial  fermentation,  con- 
tains many  of  the  elements  favourable  to  the  pro- 
duction of  vinegar  by  the  oxidation  of  alcohoL 
Where  the  must  ferments  in  open  vats  it  exposes 
a large  surface  to  the  atmosphere,  which  is  further 
increased  by  the  thick  froth  covering  it,  or  as  is 
often  the  case  with  red  wines,  by  the  skins  and 
stalks  of  the  grapes  which  float  on  the  top.  The 
formation  of  vinegar  by  the  oxidation  of  alcohol  is 
prevented  by  fermentation  in  closed  vats ; or  the 
effect  of  such  formation  of  vinegar  in  the  husks  of 
red  wine  is  obviated  by  the  removal  of  that  part  of 
the  top  {chapeau,  in  French,)  which  smells  of  vine- 
gar. A second  source  of  acetic  acid  in  wine,  and 
one  which  appears  to  be  much  more  dangerous 
than  the  oxidation  of  alcohol,  is  the  slow  fermen- 
tation of  malic  acid  (and,  perhaps,  of  tartaric  acid 
also),  under  the  influence  or  in  the  presence  of  an 
organized  ferment,  which,  when  present  in  the  myco- 
dermatous  state,  produces  the  condition  of  wine 
known  as  ropiness  or  viscosity.  Under  these  cir- 
cumstances, malic  acid  may,  perhaps,  split  up  accord- 
ing to  the  formula — 

Malio  Add.  Snccinio  Acid.  Acetic  Add. 

3(C4H605)  = 2(04Hg04)  + C2H4O2  + 2(COj)  + H3O. 

By  this  process  there  is  just  sufficient  acetic  acid 
formed  to  spoil  the  wine ; the  only  certain  means 
of  preventing  this  danger  is  the  heating  of  the  wine, 
as  recommended  by  Pasteur. 

The  volatile  acid  of  wine  is  almost  entirely  com- 
posed of  acetic  acid,  as  can  be  proved  by  combining 
the  di.stillate  from  wine  with  baryta,  and  determining 
the  atomic  weight  of  the  product.  German  wines 
contain  the  minimum  of  acetic  acid,  from  0'36  per 
thousand  to  1-78  per  thousand.  Greek  wines  con- 
tain the  maximum  amongst  wines  met  with  in 
trade,  namely,  between  1-53  and  3‘63  per  thousand. 

Besides  acetic,  small  traces  of  formic  acid  (CHgOg) 
are  sometimes  found  in  wine.  The  distillate,  after 
neutralization  and  evaporation,  is  tested  in  the 
manner  usual  for  formic  acid,  by  nitrate  of  silver, 
or  mercurous  nitrate  and  heating. 

The  acids  higher  than  acetic  can  only  be  obtained 
from  large  quantities  of  wine,  by  subjecting  the 
united  volatile  acids  to  a process  of  fractional  liber- 
ation and  distillation  ; the  first  fraction  contains  the 
higher  acids,  the  middle  portions  the  acetic,  the  last 
portion  the  formic. 

CEnanthic  Acid,  CJ4H2QO3,  was  discovered  by  Lie- 
big and  Pelouze  in  the  ether  to  which  wine  owes 
its  characteristic  vinous  smell.  It  is  obtained  by 
boiling  oenanthic  ether  with  a solution  of  caustic 
potash,  whereby  alcohol  is  driven  off  and  oenanthate 
of  potassium  is  produced.  When  all  the  alcohol 
has  been  expelled  by  boiling  the  solution  is  acidified 
with  dilute  sulphuric  acid,  the  oil  which  separates  is 
washed  thoroughly  with  hot  water,  and  finally  dried 
in  vacuo  over  oil  of  vitriol.  The  pure  concentrated 
acid  thus  obtained  constitutes  a soft,  white  solid, 
which  melts  at  a little  over  13°  C.,  into  a tasteless. 
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inodorous  oil,  soluble  in  alcohol  and  ether,  but 
insoluble  in  water.  It  has  a feeble  acid  reaction, 
and  is  readily  soluble  in  caustic  alkalies  and  alkaline 
carbonates,  with  formation  of  the  salts  of  these 
bases.  The  acid  is  dibasic,  and  forms  two  kinds 
of  salts,  acid  and  neutral.  When  distilled  by  itself 
it  breaks  up  into  water  and  cenanthic  anhydride, 
^14^’^24^2  i latter  boils  at  260°,  but  decomposes 
in  part,  so  that  the  boiling-point  rises  to  293° ; the 
distillate  becomes  solid  at  31°  C. 

Estimation  of  the  Quantity  of  Acids  in  Wine. — ^The 
volatile  acids  may  be  conveniently  estimated  as  acetic 
acid;  the  fixed  acids  may  be  estimated  as  if  they 
were  malic  and  tartaric  only.  The  total  saturating 
power  is  determined  in  20  c.c.  of  wine  by  a standard 
solution  of  caustic  soda  of  decinormal  strength, 
logwood  tincture  being  used  as  the  indicator. 
Another  20  c.c.  are  then  evaporated  to  dryness  and 
heated  for  half  an  hour,  until  all  volatile  acid  has 
been  driven  off,  and  the  loss  of  water  is  restored. 
In  this  fluid  the  amount  of  fixed  acid  is  now 
estimated ; it  represents  the  total  free  fixed  acid  of 
the  wine,  and  the  difference  between  this  and  the 
first  estimation  gives  the  total  volatile  acids  present, 
as  measured  by  their  neutralizing  power.  The  free 
volatile  acid  cannot  be  determined  by  distillation,  as 
it  does  not  completely  pass  over. 

In  good  sound  wines  the  total  amount  of  free 
acid  ranges  from  0'3  to  0"7  per  cent. ; wines  with 
more  than  the  latter  amount  of  free  acid  are  neither 
pleasant  nor  wholesome.  Of  the  total  acidity  not 
more  than  about  0'15  per  cent,  should  be  due  to 
volatile  acid. 

Estimation  of  Tartaric  Acid  and  Bitartrate  of  Potash 
in  Wine. — The  bitartrate  of  potash  is  slightly  soluble 
in  water,  and  insoluble  in  strong  alcohol  or  a mixture 
of  alcohol  and  ether.  Upon  this  insolubility  the 
methods  for  the  estimation  of  tartaric  acid  and  bitar- 
trate have  been  based.  According  to  Berthelot, 
20  c.c.  of  wine  are  mixed  in  a stoppered  bottle  with 
100  c.c.  of  a mixture  of  equal  volumes  of  alcohol 
and  ether ; to  another  20  c.c.  of  the  wine  a quantity 
of  potash  (sufficient  to  neutralize  about  one-fifth  of 
the  free  acid  of  the  wine)  is  added,  together  with 
100  C.C.  of  the  ether  and  alcohol  mixture.  Both 
bottles  are  then  set  aside  for  three  days  in  a cool 
place ; at  the  end  of  this  time  almost  all  the  bitar- 
trate of  potash  present  in  both  bottles  will  have 
been  deposited,  sometimes  in  defined  crystals.  These 
precipitates  are  then  collected  on  filters,  washed  with 
alcohol  ether  introduced  with  the  paper  into  a flask 
each,  and  dissolved  in  distilled  water,  if  necessary 
with  the  aid  of  heat.  The  free  acid  present  in  these 
solutions  is  then  estimated  by  a decinormal  solution 
of  soda,  with  logwood  as  indicator. 

The  ether -alcohol  retains  only  0'004  gram,  of 
bitartrate  in  solution ; these  have  to  be  added  to 
the  quantities  found.  With  this  correction,  the 
precipitate  from  the  first  20  c.c,  represents  the 
bitartrate  present  in  the  wine ; the  precipitate  from 
the  second  20  c.c.  contains  the  whole  amount  of 
tartaric  acid  present.  In  order  to  obtain  the  per- 
centage of  bitartrate  and  of  tartaric  acid  in  the  wine. 
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multiply  the  number  of  c.c.  of  decinormal  soda 
required  to  neutralize  the  precipitates,  plus  the 
necessary  correction  of  0'21  c.c.  for  the  bitartrate 
remaining  in  solution,  by  0'094  and  0'075  respectively. 
The  method  of  Nessler  is  similar  to,  but  less 
accurate  than  the  one  described. 

In  the  majority  of  wines  all  the  tartaric  is  present 
as  bitartrate ; that  is  to  say,  there  is  a sufficient 
amount  of  potash  present  to  enable  the  whole  of 
the  tartaric  acid  to  be  precipitated  in  this  form  by 
ether-alcohol.  The  wines,  in  fact,  frequently  repre- 
sent a solution  of  bitartrate,  saturated  at  the  lowest 
temperature  to  which  the  wine  may  have  been 
exposed. 

All  pure  natural  wine  contains  more  or  less  of 
tartaric  acid,  and  the  quantity  is  probably  the  higher 
the  riper  were  the  grapes  from  which  it  was 
produced.  There  is  not,  however,  any  apparent 
connection  between  the  amount  of  tartaric  acid 
present  and  the  quality  of  the  wine.  On  the  other 
hand,  strongly  fortified  wines  contain  little  or  no 
tartaric  acid,  and  this  acid  is  almost  entirely  absent 
from  all  wines  during  the  production  of  which 
plaster  of  Paris  has  been  employed. 

The  amount  of  tartaric  acid  in  wine  is  only  a 
fraction  of  the  entire  amount  of  free  fixed  acid 
present  in  it;  the  greater  part  of  the  free  fixed  acid 
consists  of  malic  acid.  This  can  be  determined  by 
adding  to,  say  50  c.c.  of  wine,  limewater  as  long  as 
a precipitate  is  produced ; this  being  filtered  off,  the 
filtrate  is  evaporated  to  25  c.c.,  and  mixed  with  much 
absolute  alcohol.  IMalate  and  sulphate  of  calcium 
are  precipitated,  collected,  dried,  and  w’eighed.  The 
sulphate  of  calcium  is  then  estimated  and  deducted 
from  the  total,  leaving  the  malate  of  calcium.  The 
other  organic  acids  contained  in  wine  cannot  at 
present  be  estimated  quantitatively  with  any  degree 
of  exactness. 

Vinous  Ethers. — By  far  the  greater  part  of  the 
volatile  ethers  found  in  wine  is  aceto-ethylic  ether, 
€2113(02115)02,  which  being  volatile,  and  possessing 
a very  decided  smell,  doubtless  contributes  much  to 
the  general  flavour  of  the  wine ; but  neither  the 
characteristic  wine-flavour  nor  the  peculiar  bouquet 
of  wines  is  due  to  it.  In  wine  the  ether  is  formed 
by  the  action  of  acetic  acid  on  alcohol,  perhaps 
facilitated  by  the  presence  of  other  acids,  but  kept 
within  certain  limits  by  the  presence  of  water.  As 
the  formation  of  a compound  ether  under  the.se 
conditions  takes  place  gradually,  the  amount  of  it 
present  at  a given  time  is,  to  a certain  extent,  a 
measure  of  the  age  of  the  wine.  Besides  acetic 
ether  minute  quantities  of  ethyl-compounds  of  the 
higher  acids  of  the  fatty  series  are  present  in  wine, 
and  contribute  to  its  flavour. 

(Etianthic  Ether,  C^gllggOg.  Towards  the  end 
of  the  distillation  of  wine  (or  wine-yeast)  an  oily 
liquid  passes  over  in  small  quantity,  40,000  parts 
of  wine  yielding  about  1 part  of  the  oil.  This  oil 
is  cenanthic  ether  mixed  with  a variable  proportion 
of  acid.  To  obtain  the  pure  ether  this  crude  oil  is 
again  distilled,  and  the  first  quarter  coming  over 
is  separated.  This  is  agitated  and  heated  with  a 
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solution  of  sodic  carbonate  to  remove  the  free  acid. 
The  separated  ether  is  dried  over  lumps  of  calcic 
chloride,  by  which  the  last  traces  of  moisture  and 
alcohol  are  removed.  The  ether  is  a colourless  oily 
liquid,  with  an  overpowering  vinous  smell,  and  a 
sharp  disagreeable  taste.  It  has  spec.  gr.  = 0‘862, 
vapour  density  = 10-508,  and  boils  between  225°  and 
230°  C.  It  is  very  soluble  in  ether,  alcohol,  or  even 
very  dilute  spirit,  but  almost  insoluble  in  water. 
The  fixed  caustic  alkalies  readily  decompose  it  into 
alcohol  and  oenanthic  acid  already  described  above. 
To  the  presence  of  this  oenanthic  ether  is  due  the 
characteristic  vinous  smell  which  distinguishes  all 
kinds  of  wine  from  every  other  fermented  liquid. 
The  flavour  or  bouquet,  however,  by  which  the  wines 
of  different  vineyards  and  vines  are  distinguishable 
from  each  other,  is  produced  by  substances  of  a 
different  nature. 

Tartaric  Ether,  C4H5(C2Hg)Og,  is  also  met  with 
in  wine.  It  behaves  like  an  acid. 

By  the  influence  upon  each  other  of  the  alcohols 
and  acids  present  in  wine  a considerable  number  of 
compound  ethers  may  be  produced.  For  supposing 
five  alcohols  and  five  acids  to  be  present  they  might 
produce  twenty -five  compound  ethers,  some  or  all 
of  which  might  contribute  their  share  to  the  flavour, 
such  flavour  altering  as  one  or  the  other  ether 
predominated.  All  these  ethers  occur  in  wine  in 
extremely  minute  quantity  only,  and  almost  entirely 
elude  ordinary  analysis.  However,  in  the  manufac- 
ture of  brandy  enormous  quantities  of  wine  are 
distilled,  and  a considerable  amount  of  so-called 
/ousel-oil  obtained,  in  which  a number  of  the  above- 
named  volatile  acids  and  ethers,  as  well  as  several 
different  alcohols,  have  been  detected. 

Estimation  of  the  Quantity  of  Ether  in  Wine. — ^The 
process  is  based  upon  the  fact  that  there  are  two 
classes  of  compound  ethers  present  in  wine — one 
class  being  volatile,  and  having  for  its  type  acetic 
ether;  the  other  being  fixed,  and  having  tartaric 
ether  as  its  type.  If  a wine  is  carefully  distilled 
the  volatile  ether  will  pass  over  into  the  distillate, 
while  the  fixed  ether  will  remain  with  the  matter  in 
the  retort. 

The  ether  in  the  distillate  may  be  estimated  as 
follows:  — The  distillate  is  put  into  a flask  and  a 
quantity  of  decinoriual  soda  solution  added.  The 
flask  is  stopped  by  a caoutchouc  stopper,  and  then 
heated  for  some  time,  not  exceeding  six  hours.  The 
amount  of  alkali  which  has  been  neutralized  is  then 
ascertained. 

The  ether  in  the  residue  is  decomposed  by  boiling 
with  an  alkali ; the  alcohol  set  at  liberty  is  distilled 
over  and  estimated. 

Thus,  the  amount  of  volatile  ether  is  calculated 
from  the  equivalent  of  acid  which  it  yields  by 
decomposition,  while  the  amount  of  fixed  ether  is 
calculated  from  the  equivalent  of  alcohol  which  it 
yields  by  decomposition.  Such  small  amounts  of 
alcohol  are  best  estimated  as  acetic  acid,  into  which 
they  are  transformed  by  oxidation  with  bichromate 
and  sulphuric  acid. 

Theory  of  the  Limitation  of  Ethers  in  Wine. — Ac- 
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cording  to  Berthelot  the  amount  of  ethers  found 
in  any  mixture  of  alcohols  and  acids  is,  after  a 
certain  time,  a constant  quantity,  independent  of 
the  nature  of  the  alcohols  and  acids  present,  but 
a function  only  of  their  relative  amount.  He 
gives  the  following  formula  for  calculating  the 
amount  of  alcohol  contained  in  the  compound  ether 
of  1 litre  of  a mixture  of  acids,  alcohols,  and  water, 
such  as  wine  essentially  is  when  etherification  is 
complete.  Let  A be  the  percentage  by  weight  of 
alcohol  in  the  mixture;  a be  the  amount  of  alcohol 
equivalent  to  the  total  free  acid  contained  in  1 litre 
wine,  on  the  assumption  of  its  being  acetic  acid  (46 
alcohol  equivalent  to  60  acetic  acid);  y the  propor- 
tion per  cent,  of  a present  as  compound  ether  in  1 
litre  wine,  when  the  alcoholic  strength  of  the  wine 
is  A ; and  lastly,  x be  the  amount  of  alcohol  present 
in  the  compound  ether  of  1 litre  of  wine.  Then — 

y = l-l7  A + 2-8 

a = y X a 
100 

In  general,  the  results  of  analysis  bear  out  the 
results  of  calculations  according  to  this  formula. 
Wines,  however,  which  have  not  reached  the  state 
of  equilibrium,  e.y.,  young  wines,  or  wines  which 
have  been  recently  mixed  with  spirit,  do  of  course 
not  answer  to  it  on  analysis.  We  may  thus,  by  the 
estimation  of  the  ethers,  judge  of  the  age  and 
genuineness  of  wines.  Wines  less  than  four  years 
old  will  contain  less  ether  than  required  by  the 
formula;  after  four,  and  at  six  years,  they  will 
reach  the  maximum  of  etherification.  If  the  wine 
be  mixed  with  spirit,  etherification  will  begin  afresh, 
and  again  reach  a maximum  after  a number  of  years. 
On  the  other  hand,  a wine  prepared  artificially,  with 
addition  of  ether,  will  probably  at  once  show  a 
maximum,  if  not  excess  of  ethers,  and  will  then, 
instead  of  increasing  in  richness,  remain  stationary, 
or  show  a diminution  of  the  ether  with  increasing  age. 

The  proportion  between  the  volatile  and  fixed 
ethers  present  in  wines  bears  no  relation  to  the 
amounts  of  volatile  and  fixed  acids  present.  All 
the  fixed  acids  are  present  already  in  the  grape- juice, 
and  their  etherification  can  therefore  begin  as  soon 
as  alcohol  begins  to  be  formed  during  fermentation, 
and  continue  simultaneously  with  its  production. 
Moreover,  the  amount  of  fixed  acids  is  greatest  at 
the  beginning  of  the  fermentation,  decreasing  as  the 
amount  of  alcohol  increases,  on  account  of  the  lesser 
solubility  of  acid  tartrate  of  potassium  in  alcoholic 
liquids.  It  may  therefore  be  concluded  that  the 
amount  of  fixed  ethers  formed  in  a given  time  is 
greatest  in  quite  young,  or  even  still  fermenting 
wine. 

The  volatile  acids,  on  the  other  hand,  are  all 
formed  during  or  after  fermentation.  If,  therefore, 
fermentation  has  taken  place  under  circumstances 
unfavourable  to  the  production  of  volatile  acids, 
little  or  no  volatile  acid  will  be  present  at  first,  but 
the  amount  will  increase  gradually  with  the  age  of 
the  wine,  or  suddenly  with  the  occurrence  of  such 
accidents  as  viscosity.  In  such  a wine,  therefore, 
the  production  of  fixed  ethers  begins  before  that  of 
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the  volatile  ethers.  But  the  continually  increasing 
amount  of  volatile  acids,  aided  by  their  greater 
tendency  to  etherification,  and  the  gradual  decrease 
in  the  amount  of  fixed  acid,  soon  reverses  the  condi- 
tion, and  causes  the  volatile  ethers  to  preponderate. 

Smell,  Bouqmt,  Aroma,  ^c.,  of  Wme. — The  odor- 
iferous substances  which  are  more  or  less  common 
to  all  wines,  viz.,  the  compound  ethers,  have  already 
been  considered  above  ; but  those  which  are  charac- 
teristic of  particular  kinds  of  wine  are  as  yet  little 
studied  chemically,  no  doubt  because  for  their 
isolation  very  large  quantities  of  material  would  be 
required.  They  may  be  divided  into  two  classes  : 
viz.,  such  as  are  already  present  in  the  grape  and 
are  unaltered  during  fermentation,  such  as  the 
flavour  of  the  muscatel  grape ; and  secondly,  such 
as  are  formed  during  and  after  fermentation,  partly 
out  of  substances  already  present  in  the  grape, 
partly  from  matters  formed  during  or  after  fermen- 
tation. The  flrst  class  are  found  in  what  are  termed 
aromatic  wines,  the  second  in  bouqueted  wines.  The 
substances  characterizing  aromatic  wines  belong 
probably  to  the  essential  oils.  The  substances 
yielding  the  bouquet  are  not  known  at  all;  they 
can  be  obtained  as  tinctures ; some  of  them  can  be 
produced  from  other  natural  products,  particularly 
flowers.  Thus  the  flowers  of  elder  give  a tincture 
which,  when  cautiously  added  to  wine,  produces  the 
flavour  of  muscatel.  This  tincture  is  the  common 
ingredient  of  Moselle  wines ; the  tincture  of  the 
flowers  of  the  vine  itself  produces  a kind  of  Rhine- 
wine  bouquet. 

Berthelot  endeavoured  to  extract  some  of  the 
odorant  substances  by  ether,  from  several  litres  of 
wine  previously  neutrahzed.  The  isolated  ether, 
after  evaporation  at  a low  temperature,  leaves  a 
residue,  being  less  than  a thousandth  part  of  the 
wine,  possessing  the  characteristic  bouquet  and 
flavour  of  the  wine.  It  is  very  liable  to  change, 
losing  its  odour  at  40°  C.,  or  by  exposure  to  air. 

Sugar. — The  sugar  contained  in  grapes  is  probably 
a mixture  in  molecular  proportion  of  two  different 
kinds  of  sugar,  viz.,  fruit  sugar  and  grape  sugar — in 
fact,  the  same  mixture  as  that  produced  by  the 
action  of  acids  on  cane  sugar,  termed  invert  sugar. 
Cane  sugar  is  never  found  in  grapes ; it  is,  however, 
sometimes  added  to  must  or  to  wine  in  large 
quantities — for  example,  to  Champagne.  In  either 
case  it  is  very  soon  changed  into  invert  sugar,  so 
that  after  the  lapse  of  a few  weeks  only,  cane  sugar 
is  no  longer  found  in  the  wine  to  which  it  had  been 
added. 

During  the  fermentation  of  the  must  the  fruit  and 
grape  sugar  are  decomposed,  chiefly  into  alcohol 
and  carbonic  acid.  Both  sugars  are  not,  however, 
decomposed  in  equal  quantities,  so  that  at  the  end 
of  the  fermentation  generally  more  fruit  than  grape 
sugar  is  left.  The  sugar  which  remains  perma- 
nently in  the  wine  consists  mainly  of  fruit  sugar, 
with  only  a small  admixture  of  grape  sugar.  In  a 
few  varieties  of  wine  the  permanent  sugar  consists 
entirely  or  partly  of  inosite.  The  proportion  between 
grape  and  fruit  sugar  in  wine  varies  with  the  kind 


of  wine,  and  the  condition  of  fermentation  under 
which  it  has  been  produced.  Although  most 
frequently  the  fruit  sugar  remains  in  excess,  some- 
times the  grape  sugar  is  left  in  greatest  quantity; 
and  under  certain  rare  conditions  grape  sugar  only 
remains  behind,  while  all  fruit  sugar  is  decomposed. 
The  sugar,  whether  fruit  or  grape  sugar,  thus  left 
undecomposed  at  the  end  of  fermentation  in  pure 
natural  wines,  rarely  amounts  to  more  than  0*5 
per  cent.,  being  generally  much  less.  Even  this 
small  quantity  is  found  in  young  wines  only,  and 
disappears  as  the  wine  becomes  aged.  In  fortified 
wines,  to  which  alcohol  is  added  to  prevent  secondary 
fermentation,  and  concentrated  must  or  the  must 
from  passulated  grapes  preserved  with  alcohol 
(Spanish  “dulce,”  Portuguese  “jeropiga”),  or  which 
are  themselves  made  from  raisins,  whether  like  Tokay 
with  must  only,  and  without  alcohol,  or  like  Tintilla 
de  Rota,  with  boiled  must  but  without  alcohol 
(arrope),  or  like  the  liqueur  wines  with  alcohol  only, 
the  sugar  ranges  from  2 or  3 per  cent,  to  upwards 
of  20  per  cent. 

As  the  various  kinds  of  sugar  and  their  chemical 
properties  are  described  at  full  length  in  other  parts 
of  this  work,  it  is  not  necessary  to  enter  upon 
them  in  this  article.  We  shall  therefore  consider 
only  the  special  preparation  to  which  it  is  necessary 
to  subject  wines  for  detecting  or  estimating  quanti- 
tatively the  sugar  which  may  be  contained  in  them. 

Chemically,  the  sugar  is  best  detected  and  estimated 
by  Fehling’s  method.  Before  this  can  be  applied 
the  wine  must  be  subjected  to  some  treatment  which 
shall  remove  not  only  colour,  but  also  some  sub- 
stances which,  though  not  being  sugar,  yet  also 
reduce  an  alkaline  copper  solution.  Light  white 
wines  are  for  that  purpose  shaken  with  animal 
charcoal.  Dark  coloured  wines,  however,  and  wines 
containing  more  than  2 per  cent,  of  solid  matter, 
must  be  diluted.  Wines  with  between  2 and  4 per 
cent,  of  solid  matter  should  be  diluted  with  from  two 
to  five  times  their  bulk  of  water;  while  wines  con- 
taining upwards  of  4 per  cent,  are  diluted  so  as  to 
yield  a mixture  containing  about  a half  per  cent,  of 
residue  (ascertained  by  Tabarie’s  method).  The 
wines  are  decolorized  and  purified  by  lead  acetate 
solution,  made  by  dissolving  1 part  of  sugar  of  lead 
in  10  parts  of  distilled  water.  Thus,  to  100  c.c.  of 
light  white  wines,  20  c.c.  of  the  lead  solution  are 
added,  and  the  mixture,  after  being  well  stirred,  is 
allowed  to  stand  a short  time  and  is  then  filtered. 
The  clear  filtrate  is  next  shaken  up  with  some  animal 
charcoal,  and  again  filtered ; this  second  filtrate  will 
be  found  generally  perfectly  colourless.  Of  wine  of 
the  second  category  50  c.c.  are  mixed  with  10  c.c. 
of  lead  acetate  solution,  and  this  mixture  is  then 
diluted  with  water  so  as  to  form  from  100  c.c.  to 
300  c.c.  of  solution ; this  is  then  filtered,  shaken 
with  animal  charcoal,  and  again  filtered.  Of  the 
third  class  of  wines  only  30  c.c.  need  be  taken,  5 c.c. 
of  lead  acetate  added,  and  then  water,  so  as  to  yield 
a mixture  giving  about  50  c.c.  of  solution  for  each 
per  cent,  of  residue  in  the  original  wine.  Filtration 
and  charcoal  treatment  follow  as  before.  In  practice 


WINE. — Glycerine.  Colouring  Matters. 


995 


it  is  convenient  to  measure  the  wine  with  a pipette, 
and  pour  it  into  a glass  - stoppered  flask  of  the 
required  capacity,  marked  on  the  neck.  The  acetate 
of  lead  is  added  to  the  wine,  and  the  flask  is  filled 
up  to  the  mark  with  distilled  water.  The  clear 
filtrate  thus  obtained  is  now  fit  for  charcoal  treat- 
ment or  for  testing.  It  is  sometimes  recommended 
to  render  the  wine  alkaline  with  lime  water  before 
adding  the  acetate ; but  this  should  be  avoided, 
inasmuch  as  in  alkaline  solutions  grape  sugar  is 
precipitated  to  some  extent  by  plumbic  acetate,  and 
therefore  lost  to  the  subsequent  copper  test.  To 
the  decolorized  solution  the  alkaline  copper  solution 
is  applied  in  the  usual  manner. 

The  Optical  Examination  of  Wine  for  Sugar  is  con- 
ducted as  follows : — To  100  c.c.  of  wine  20  c.c.  of 
the  solution  of  plumbic  acetate  are  added;  the 
mixture  is  well  shaken,  and  after  standing  a short 
time,  filtered.  The  filtrate  is  shaken  with  a little 
animal  charcoal,  and  again  filtered.  The  colourless 
and  bright  liquid  is  filled  into  the  tube  of  the 
saccharometer,  and  the  rotation  determined.  Nearly 
all  wines  turn  the  plane  of  polarized  light  to  the  left. 
The  same  filtrate,  after  suitable  dilution  as  before 
described,  is  used  for  the  chemical  test. 

Wine  contains  a mixture  of  fruit  and  grape  sugar 
(not  being  invert  sugar),  and  the  amoi.ut  of  circular 
polarization  shown  by  such  a mixture  depends  upon 
the  proportion  in  which  these  sugars  stand  to  each 
otlier.  As  one  part  of  grape  sugar  turns  about  as 
much  to  the  right  as  half  a part  of  fruit  sugar  turns 
to  the  left,  a mixture  of  these  two  in  this  proportion 
would  thus  show  no  polarization  at  all ; the  mixture 
would  turn  to  the  left  if  more  fruit  sugar  were 
present,  to  the. right  in  presence  of  more  grape  sugar. 
But  whatever  be  the  proportion  between  them,  one- 
half  part  of  fruit  sugar  will  always  neutralize  the 
optical  effect  of  one  part  of  grape  sugar,  and  only 
the  excess  of  either  will  have  a free  optical  effect. 
If  the  proportion  between  the  fruit  and  grape  sugar 
present  in  wine  were  always  the  same,  it  would  be 
possible  to  fix  a relation  between  the  amount  of 
circular  polarization  shown  and  the  quantity  of  sugar 
present,  and  a single  optical  observation  would 
enable  us  to  estimate  that  quantity.  If,  on  the  other 
hand,  the  proportion  between  fruit  and  grape  sugar 
were  variable,  the  optical  test  alone  would  be 
valueless  as  an  indicator  of  quantity.  Chemically, 
however,  these  two  varieties  of  sugar  act  alike,  and 
whatever  therefore  be  the  proportion  in  which  the 
two  are  present,  the  sum  of  their  quantity  can  be 
estimated  chemically ; and  this,  coupled  with  the 
optical  test,  enables  us  to  calculate  the  proportion 
of  fruit  and  grape  sugar  present  in  any  mixture.  In 
pure  natural  wines  from  the  Rhine  and  the  Gironde 
there  is  about  1 per  cent  of  sugar  found  chemically, 
which,  by  the  combination  of  the  optical  with  the 
chemical,  is  shown  to  consist  of  about  3 parts  of 
fruit  sugar  and  1 part  of  grape  sugar.  Fine  Madeira, 
fifty  years  in  bottle,  showed  very  nearly  the  same 
quantities.  High  class  Port  wines  also  exhibit  these 
proportions. 

In  low  class  wines  the  fruit  sugiir  diminishes 


relatively  to  the  grape  sugar.  Thus,  cheap  Port 
contained  1-971  per  cent,  sugar,  and  in  this  1 part 
of  grape — upon  1-35  parts  of  fruit  sugar.  Marsala 
contained  4-329  per  cent,  of  sugar,  and  in  this  upon 
1 part  of  grape — 0-84  part  of  fruit  sugar.  Cheap 
sherry  contained  4-617  per  cent,  of  sugar,  and  in 
this  upon  1 part  of  grape — 0-81  part  of  fruit  sugar. 
Elbe  sherry  (being  Greek  wine,  mixed  at  Hamburg 
with  must  syrup  and  corn  brandy)  contained  6-512 
per  cent,  of  sugar,  in  which  1 part  of  grape  sugar 
was  accompanied  by  0-73  of  fruit  sugar. 

Exceptions  to  this  rule  are  met  with  in  very  old 
high  class  wine,  in  which  also  the  fruit  sugar  sinks 
below  the  proportion  observed  in  natural  wines,  but 
never  so  low  as  in  the  case  just  quoted.  Thus,  a 
fifty  year  old  high  class  sherry  contained  2-110  per 
cent,  sugar,  and  in  this  upon  1 part  of  grape — 1-26 
parts  of  fruit  sugar. 

If  the  proportion  of  fruit  sugar  sink  to  about  half 
that  of  grape  sugar  the  wine  shows  no  polarization 
at  all,  for  the  left-handed  polarization  of  the  fruit 
sugar  is  then  just  neutralized  by  the  right-handed 
one  of  the  grape  sugar.  This  condition  was  found 
to  exist  in  a sample  of  natural  Port,  in  which 
chemical  tests  showed  the  presence  of  0-177  per  cent, 
sugar,  while  not  a trace  of  polarization  was  per- 
ceptible when  examined  in  Jellett’s  saccharometer. 
AVhen  the  proportion  of  the  fruit  sugar  sinks  still 
lower,  the  wine  begins  to  turn  to  the  right ; in  such 
a case  it  is  frequently  assumed  that  grape  sugar  had 
been  added  to  the  wine.  But  this  is  not  necessarily 
the  case,  as  under  certain  rare  conditions  of  natural 
fermentation  fruit  sugar  chiefly  is  destroyed,  grape 
sugar,  on  the  contrary,  preserved ; so  that  the  pre- 
valence of  grape  sugar  in  wine  must  not  necessarily 
be  taken  as  indicating  adulteration  with  artificial 
sugar,  although  it  indicates  in  most  cases  that 
must  syrup  has  been  added  to  the  wine. 

The  sugar  contained  in  Champagne  is  chiefly 
invert  sugar,  formed  by  the  action  of  the  acids  in 
the  wine  on  the  cane  sugar  added  in  the  liqueur. 

Glycerine,  CgHgOg,  is  always  present  in  wine  in 
the  proportion  of  about  one-fourteenth  part  of  the 
alcohol,  and  therefore  exercises  a considerable  influ- 
ence upon  the  taste.  It  is  formed  from  sugar  during 
fermentation,  100  parts  of  cane  sugar  or  105-26  parts 
of  grape  sugar  yielding  3-64  parts  of  glycerine.  It 
may  be  extracted  from  wine  by  the  following  process 
of  Pasteur  : — Half  a htre  of  wine  is  shaken  with  40 
grams,  of  animal  charcoal,  and  after  standing  for 
twenty-four  hours,  filtered.  The  charcoal  is  well 
washed  with  cold  water,  and  filtrate  and  washings 
are  evaporated  on  a water  bath  to  200  c.c.  At  this 
point  they  are  neutralized  with  hydrate  of  lime,  and 
then  evaporated  to  dryness.  The  residue  is  treated, 
in  the  evaporating  dish,  with  a mixture  of  2 parts 
of  ether  and  1 part  of  alcohol.  The  ethereal  solu- 
tion is  evaporated  on  a water  bath,  and  finally  dried 
in  vacuo  over  oil  of  vitriol ; the  residue,  consisting 
mainly  of  glycerine,  is  then  weighed.  It  contains, 
however,  variable  quantities  of  fruit  sugar,  and  other 
extractive  matters. 

Colouring  Matters. — Many  varieties  of  young 
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wines  are  almost  colourless,  such  as  Champagne  and 
Moselle ; others,  particularly  older  ones,  are  purely 
yellow,  such  as  Sauternes.  Older  white  wines,  so- 
called,  present  all  varieties  of  shade  of  yellowish, 
up  to  dark -brown.  These  colorations  are  pro- 
duced by  the  oxidising  effect  of  the  air  upon  the 
so-called  extractives  and  the  tannic  acid,  which 
latter  is  extracted  by  the  juice  or  wine  from  the 
husks,  kernels,  and  stalks.  The  wine  during  fer- 
mentation and  repose  in  the  cask  also  extracts 
tannin  from  the  oak.  During  ripening  all  white 
wines,  so-called,  become  of  a darker  colour,  and  in 
many  cases  shed  a brown  deposit,  the  fully  oxidised 
extractive  matter  and  tannin,  which  are  incapable 
of  remaining  in  solution.  Colour  is,  therefore,  a 
necessary  result  of  age  in  nearly  all  white  wines; 
and  therefore  colour  is  frequently  imparted  to  young 
wines,  for  the  purpose  of  giving  them  the  appear- 
ance of  age,  by  caramel  or  burnt  sugar,  and  by  must 
boiled  down  to  a brown  syrup.  Sometimes  the 
entire  must  is  boiled  down  to  a syrup  (arrope),  as 
in  the  case  of  the  Tintilla  de  Rota ; sometimes  only 
a portion  of  the  must  is  concentrated  and  added  to 
the  crude  must,  to  increase  its  specific  gravity,  its 
colour,  and  its  temperature,  as  is  not  rarely  done 
in  the  white- wine  districts  of  Portugal.  The  tints 
of  all  kinds  of  red  wine,  whether  they  are  slightly 
rose  - coloured  or  almost  black  and  impenetrable 
to  light,  are  produced  by  peculiar  colouring  mat- 
ters deposited  originally  either  in  the  pulp  or  in 
the  husk  of  the  grapes.  An  example  of  the  soluble 
colouring  matters  contained  in  solution  in  the  pulp 
of  grapes  is  yielded  by  a variety  of  vine,  called  the 
“ teinturier  ” or  dyer,  which  is  extensively  grown  in 
France  and  Spain  for  the  production  of  black  wines 
fit  for  colouring  others.  This  soluble  colouring 
matter  is  similar  to  that  contained  in  elderberries  or 
black  currants.  The  colouring  matters,  which  give 
their  tints  to  the  wines  of  Burgundy,  the  Medoc, 
and  a few  other  districts  of  France,  and  to  the  wines 
of  the  Alto  Douro  are,  in  the  grape,  deposited  in  the 
husk,  and  are  not  soluble  in  the  unfermented  juice  ; 
they  are  extracted  by  the  made  wine  only,  and  all 
red  wine  has  for  this  reason  to  be  fermented  with 
the  husks. 

The  colouring  matter  of  red  wine  can  be  precipi- 
tated by  lead  acetate ; the  washed  precipitate  is 
decomposed  by  hydrothion  and  extracted  with  alco- 
hol and  some  acetic  acid.  The  pale  red  solution  on 
evaporation  becomes  red  at  first,  then  violet,  and 
next  blue ; when  dry  the  pigment  is  bluish  black,  like 
black  lead ; it  is  insoluble  in  alcohol,  water,  ether, 
chloroform,  carbon  disulphide,  and  oil  of  turpentine, 
but  soluble  in  alcohol  acidified  with  acetic  or  tar- 
taric acid.  Alkalies  colour  it  green,  and  by  short 
contact  change  it  so  that  the  restoration  of  the  acid 
reaction  of  the  solvent  fails  to  restore  the  red  or 
violet  colour.  The  elementary  composition  of  the 
colouring  matters  from  juice  has  not  yet  been 
ascertained.  That  from  husks  of  the  gamay  (Macon) 
vine  was  found  by  Glenard  to  have  the  composition 
represented  by  the  formula  CjoHggOjQ ; the  red  j 
colouring  matter  of  the  carignane  and  grenache  j 


(Roussillon)  vines  was  found  by  Gautier  to  be 
CjiHgoOio  and  CggHggOjg  respectively.  Roussillon 
wine  also  contains  a blue  colouring  matter,  repre- 
sented by  the  formula  CggHggFeNgOgg,  being  three 
times  the  formula  Cgj^HggOjg  + FeNg;  this  is  said 
to  be  a ferrous  salt  of  a nitrogenized  red  colouring 
matter.  From  this  it  appears  that  red  wines  owe 
a part  of  their  tonic  qualities  to  a ferruginous 
ingredient. 

The  colour  of  wine  is  determined  by  the  amount 
of  the  blue-colouring  matter  present,  and  the  quan- 
tity of  free  acid  which  acts  upon  it.  The  more  free 
acid  is  present  the  more  red  will  the  wine  appear, 
and  with  the  decrease  of  the  acidity  the  colour  will 
approach  towards  the  violet. 

The  crust  which  Port  wane  forms  in  bottles  con- 
tains oxidised  tannin  in  an  insoluble  state,  colouring 
matter  in  an  insoluble  state,  and  potassic  tartrate. 
The  changed  tannin  and  colouring  matter  are  pro- 
bably in  combination  with  each  other. 

Wines  are  sometimes  coloured  artificially  by  the 
colouring  matters  of  other  kinds  of  fruit.  The  most 
commonly  used  are  elderberries ; next  in  favour  are 
black  cherries;  bilberries  are  used  more  rarely.  But 
the  staple  red  wines  of  trade,  such  as  Medocs,  Alto 
Douros,  Spanish  reds,  contain  naturally  enough  or 
more  than  enough  of  colouring  matter,  and  what  is 
frequently  said  about  their  adulteration  with  some 
kinds  of  abominations,  such  as  logwood,  cochineal, 
fuchsine,  &c.,  is  either  mere  romance,  or  founded 
upon  occurrences  of  such  rarity  as  to  be  unde- 
serving of  further  consideration. 

Ammonia. — Small  quantities  of  ammonia  are  either 
present  in  the  grape -juice,  or  are  formed  during 
fermentation  out  of  the  albuminous  substances. 
The  greater  part  of  this  ammonia  is  precipitated 
during  the  progress  of  fermentation  as  ammonio- 
phosphate  of  magnesia.  In  some  wines  the  ammonia 
is  accompanied  by  minute  traces  of  trimethylamine. 

Albumen. — Grape  juice  contains  a large  amount 
of  albuminous  matters,  which  are  partly  deposited 
spontaneously,  as  fibrine  is  from  blood,  or  remain 
in  solution  and  are  partly  absorbed  by  the  fungi 
which  develop  in  the  course  of  fermentation.  The 
albumen  which  remains  in  solution  in  the  fermented 
wine  renders  the  wine  liable  to  secondary  fermenta- 
tions and  so-called  diseases,  as  long  as  it  contains 
any  considerable  number  of  the  germs  which  produce 
these  conditions  during  their  further  development. 
The  effect  of  albumen  in  the  wine  is  counteracted  by 
the  presence  of  tannin  ; red  wines  may  therefore  be 
fined  with  white  of  egg  without  damage,  while  white 
natural  wines  require  isinglass  for  fining;  strong 
brandied  wines  may  also  be  fined  with  white  of  egg, 
e.g.,  sherries.  Natural  wines  containing  excess  of 
albumen  may  be  corrected  by  being  heated,  according 
to  Pasteur,  or  by  receiving  a certain  amount  of 
tannin ; tincture  of  catechu  is  frequently  used  for 
this  purpose,  particularly  in  the  case  of  Champagne. 

Albumen  is  detected  in  wine  by  the  addition  of 
strong  chlorine  water;  a precipitate  thereby  pro- 
duced is  albumen,  probably  in  a chlorinated  state. 
Older  wines  give  no  longer  a precipitate  with  chlorine 
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water ; in  this  case  ferrocyanide  of  potassium  and 
acetic  acid  may  yet  produce  one.  If  neither  heat 
nor  these  reagents  produce  deposits,  the  wine  may 
be  considered  to  be  almost  free  from  albumen. 

Tannin. — The  juice  of  grapes  is  perfectly  free  from 
tannin ; but  skins,  seeds,  and  stalks  contain  consider- 
able quantities  of  this  astringent  principle,  and 
yield  it  to  the  wine  which  is  fermented  with  them. 
The  tannin  of  wine  is  not  identical  with  any  of  the 
known  tannins  of  other  plants,  but  peculiar,  and  on 
being  boiled  with  dilute  sulphuric  acid  yields  sugar 
and  an  acid  which  is  not  gallic  acid.  The  tannin  of 
white  wine  is  sometimes  derived  from  the  oaken 
casks  in  which  the  wine  is  kept.  Its  presence  may 
be  detected  by  the  inky  coloration  produced  by 
the  addition  of  fetric  chloride  and  potassic  acetate ; 
it  may  also  be  precipitated  by  a solution  of  gelatine. 
Tannin  reduces  copper  salts  in  alkaline  solution. 

Extractives. — These  consist  of  nitrogenous  matters, 
being  acids  and  alkaloids ; they  contribute  greatly  to 
the  body  and  fulness  of  taste  of  the  wine.  Their 
exact  nature  and  composition  have  not  yet  been 
determined. 

Ash. — When  wine  is  evaporated  and  the  residue 
burnt,  the  mineral  constituents  remain  behind  in 
the  form  of  ash.  This  consists  chiefly  of  potas- 
sic carbonate,  chloride,  sulphate  and  pho.sphate, 
sodic  chloride,  calcic  phosphate  and  carbonate,  with 
traces  of  magnesia,  iron,  silica,  and  sometimes  of 
alumina  and  manganese.  Potassic  and  calcic  car- 
bonates are  not,  as  such,  contained  in  the  wine,  but 
are  produced  by  the  combustion  of  the  tartrate  or 
malate  of  potassium  and  calcium.  From  the  ash  of 
pure  natural  wines  carbonates  and  clilorides  are 
scarcely  ever  absent.  Sometimes,  however,  if  the 
wine  has  been  subjected  to  much  sulphuring,  it  may 
contain  an  excess  of  sulphuric  acid,  which,  during 
the  evaporation  and  incineration,  drives  out  all  the 
volatile  acids;  the  ash  in  such  a case  consists  ex- 
clusively of  sulphates  and  phosphates.  The  ash  of 
wine  made  from  must  to  which  plaster  of  Paris  had 
been  added,  or  which  had  itself  been  digested  with 
plaster  of  Paris,  scarcely  ever  contains  carbonates, 
and  is  very  frequently  free  from  chlorides,  on 
account  of  its  containing  an  excess  of  sulphuric 
acid  formed  by  double  decomposition  from  the  calcic 
sulphate  and  potassic  bitartrate. 

Estimation  of  Ash. — The  method  is  the  same  as  that 
used  for  the  estimation  of  ash  in  organic  substances 
generally.  Great  heat  must  be  avoided,  in  order  to 
prevent  fusion  of  the  salts  and  inclosure  of  carbon. 
The  amount  and  nature  of  the  ash  left  by  a wine  is 
a very  valuable  means  for  judging  of  its  genuineness, 
as  is  partly  evident  from  the  foregoing  paragraph ; 
and  its  examination  should  therefore  never  be 
neglected. 

Analysis  of  Ash. — niis  is  performed  by  the  ordinary 
methods  in  use.  When  chlorides  are  not  found  in 
the  ash,  and  in  all  cases  in  which  the  ash  contains 
excess  of  sulphate,  the  chlorine  has  to  be  determined 
in  the  wine,  and  the  difference  in  the  amounts  noted. 
It  is  perhaps  preferable  to  do  this  in  all  cases  what- 
soever, as  the  tartaric  and  malic  acid  of  wine  expel 
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some  hydrochloric  acid  already  during  evaporation, 
so  that  the  amount  of  chlorine  found  in  the  ash  is 
never  the  entire  quantity  which  was  present  in  the 
wine  itself.  In  the  majority  of  cases  the  sulphuric 
acid  found  in  the  ash  is  the  total  quantity  present  in 
the  wine  ; this  is  always  the  case  if  the  ash  contains 
either  carbonates  or  chlorides.  Sometimes,  however, 
there  is  more  sulphuric  acid  in  the  wine  than  can  be 
neutralized  by  the  bases  present,  and  in  such  a case 
part  of  it  is  lost  during  ignition ; the  ash  in  such 
instances  is  free  from  carbonates  and  chlorides.  This 
is  sometimes  the  case  with  wines  which  have  been 
impregnated  with  sulphurous  acid  only;  more  fre- 
quently, however,  this  excess  of  sulphuric  acid  comes 
into  the  wine  through  the  practice  of  adding  plaster 
of  Paris  to  the  must,  as  is  done  with  all  sherries,  and 
superadding  sulphurous  acid  thereto,  as  is  done  with 
the  commoner  sorts  of  sherries.  In  these  cases  it  is 
necessary  to  estimate  the  sulphuric  acid  in  the  wine 
itself. 

The  amount  of  ash  varies  considerably  in  different 
classes  of  wines ; in  pure  natural  wines  it  amounts 
generally  to  from  0T5  to  0’30  per  cent. ; in  wines 
which  have  been  plastered  the  ash  rises  to  0'5  per  cent, 
and  upwards ; and  in  all  those  in  which  the  excessive 
acidity  has  been  neutralized  by  an  alkali  or  by  chalk, 
the  ash  may  rise  considerably  above  this  amount. 

Total  Solid  Constituents. — ^The  solid  constituents 
may  be  estimated  by  evaporating  a little  wine  to 
dryness,  &c.  The  residue  should  be  dried  at  110° 
to  115°,  until  it  ceases  to  lose  weight  when  kept  for 
two  or  three  hours  at  that  temperature.  During 
this  process  the  residue  always  suffers  some  change, 
and  does  not,  therefore,  represent  the  whole  of  the 
constituents.  The  solids  in  wine  are  therefore  pre- 
ferably estimated  as  a part  of  Tabarie’s  method 
of  estimating  alcohol,  already  described.  In  thus 
estimating  the  total  solid  constituents  of  a wine 
by  the  specific  gravity  of  the  dealcoholized  wine, 
it  is  necessary  to  subtract  from  the  percentage 
of  extract  thus  estimated  the  percentage  of  ash 
found  in  the  same  wine ; or  if  the  amount  of  extract 
without  the  ash  is  required,  twice  the  percentage  of 
ash  has  to  be  subtracted  from  the  percentage  found, 
according  to  the  specific  gravity.  In  wines  contain- 
ing but  little  ash,  this  correction  (based  upon  the 
greater  density  of  the  solution  of  the  mineral  con- 
stituents, which  is  about  double  that  of  sugar  and 
extractives)  is  not  very  important ; but  in  wines  in 
which  the  ash  is  from  0-3  to  0-5  a serious  error  would 
be  committed  by  omitting  the  correction. 

Programme  of  an  Analysis  of  Wine. — All  the  appa- 
ratus and  chemical  reagents  known  to  be  required 
being  ready  and  in  good  order — 

1.  Heat  the  water-baths  to  boiling,  put  on  two 
platinum  and  two  porcelain  crucibles,  one  evaporat- 
ing dish  of  400  c.c.  and  one  of  150  c.c.  capacity. 

2.  Take  two  bottles  of  the  wine  to  be  analyzed, 
mix  in  a large  bottle,  shake  to  expel  carbonic  acid, 
hike  temperature,  bring  temperature  to  15°‘5,  or  to 
that  of  the  workroom ; for  it  is  not  advisable  to 
work  with  the  wine  at  a temperature  below  that  of 
the  room. 
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3.  Measure  with  pipette  20  c.c.  wine  into  each  of 
the  following  vessels: — Two  porcelain  and  two 
platinum  crucibles ; three  beakers  (Nos.  1,  2,  and  3), 
and  two  wide-mouthed  stoppered  bottles  (a  and  b). 
These  quantities  are  to  serve  for  the  estimation  of 
the  fixed  acid,  total  residue,  ash  (two),  total  acid, 
chlorine,  sulphuric  acid,  bitartrate  of  potassium,  total 
tartaric  acid. 

4.  Measure  with  flasks  100  c.c.  and  250  c.c.  into 
the  fore  - mentioned  evaporating  dishes  on  water- 
bath  (de-alcoholized  wine  and  fixed  ether). 

5.  Measure  250  c.c.  wine  into  still,  add  tannin  and 
potash,  heat  and  collect  distillate  (alcoholic  strength). 

6.  While  distillation,  &c.,  is  going  on  take  specific 
gravity  of  wine,  estimate  total  acidity  (beaker  No.  1), 
take  beaker  No.  2 and  No.  3,  precipitate  chlorine  and 
sulphuric  acid,  set  aside ; precipitate  tartar  and 
total  tartaric  acid  in  bottles  (a  and  b),  set  aside. 

7.  When  distillation  is  finished,  make  up  distillate 
to  250  C.C.,  at  original  temperature  of  wine ; clean 
out  still,  and  set  250  c.c.  fresh  wine  distilling,  with- 
out any  addition  (volatile  ethers);  take  specific 
gravity  of  first  distillate. 

8.  When  the  contents  of  the  four  crucibles  have 
been  heated  suflBciently  long  on  water-bath,  place 
one  of  the  porcelain  crucibles  into  air-bath,  heated 
to  110°,  till  weight  remains  constant  (total  dry 
residue);  estimate  acidity  of  the  residue  in  another 
of  the  porcelain  crucibles  (fixed  acids);  heat  the 
two  platinum  crucibles  to  dull  red  heat  over  Argand 
burner  or  in  muffle,  till  ash  is  white ; weigh  ash  in 
one  crucible,  and  use  it  for  estimating  alkalinity  for 
determining  the  portion  insoluble  in  water,  and  the 
phosphoric  acid  in  this  insoluble  portion ; the  ash  in 
the  other  crucible,  which  need  not  for  this  purpose 
be  burnt  perfectly,  use  for  estimating  total  phos- 
phoric acid. 

9.  When  the  100  c.c.  in  small  dish  have  evaporated 
to  about  40  C.C.,  transfer  to  100  c.c.  flask,  cool  and 
fill  up  to  100  c.c.  with  distilled  water  at  original 
temperature ; take  specific  gravity  of  this  de-alco- 
holized  wine  (used  for  calculating  total  residue  and 
alcoholic  strength). 

10.  When  250  c.c.  in  large  dish  are  evaporated  to 
about  40  c.c.  transfer  to  small  still,  render  alkaline, 
&c.  (fixed  ethers). 

11.  Take  100  c.c.  wine,  add  10  to  20  c.c.  acetate 
of  lead  solution  according  to  colour,  shake  and 
filter  through  dry  filter,  shake  up  with  animal  char- 
coal, filter ; estimate  amount  of  circular  polarization 
in  this  filtrate  (with  very  sweet  wines  less  than  100 
c.c.  may  be  taken). 

12.  Dilute  filtrate  (11)  to  the  necessary  extent, 
and  estimate  sugar  in  filtrate  by  copper  test. 

13.  After  twenty -four  hours’  standing  collect 
precipitates  of  chloride  of  silver  and  sulphate  of 
barium  from  beakers  2 and  3 ; wash,  dry,  ignite, 
and  weigh  (total  chlorine  and  sulphuric  acid). 

14.  After  forty-eight  hours’  standing  collect  pre- 
cipitates in  bottles  (a  and  b),  wash  with  ether  alcohol, 
and  estimate  acidity  with  decinormal  soda  (bitar- 
trate of  potassium  and  total  tartaric  acid). 

ZINC — Spelter.  Zink,  German.  Atomic  weight. 


65'2 : Symbol,  Zn.  Zinc  ores  were  known  from  a 
very  early  date  by  the  Greeks  and  Romans,  who 
used  them  to  produce  brass  and  bronze.  It  was 
first  mentioned  as  a metal  by  Paracelsus  about 
1530,  and  was  noticed  as  a waste  product  in  the 
smelting  of  copper  in  the  17th  century.  Lcehneyss 
says  (1617)  : — “ When  the  people  are  employed  in 
melting,  there  is  found  under  the  furnace,  in  the 
crevices  of  the  walls,  a metal  which  is  called  zinc 
or  cnunterfeht.  This  metal  has  a great  resemblance 
to  tin,  but  it  is  harder,  and  less  malleable.  It  is  not 
much  valued,  and  the  work-people  collect  it  only 
when  they  are  promised  drink-money.”  Beckmann 
Kenkell  is  accounted  to  have  been  the  first  who 
procured  zinc  directly  from  calamine  (zinc  carbonate), 
in  1741.  Von  Swab  obtained  it  by  distillation  of 
calamine  in  1742.  In  1743  a zinc  factory  was  estab- 
lished at  Bristol  (Watson,  Chem.  Essays').  At  this 
time  most  of  the  zinc  used  in  Europe  was  imported 
from  India  and  China ; but  the  manufacture  in 
Europe,  principally  at  Silesia,  continued  to  grow  till, 
in  1820,  the  exports  to  India  from  England  almost 
balanced  the  total  imports.  Zinc  is  also  manufac- 
tured in  Belgium,  Poland,  and  Missouri,  U.S. 

The  metal  is  extensively  used  in  brass-founding, 
for  coating  or  galvanizing  iron,  for  making  zinc-white, 
and  various  other  purposes. 

The  most  important  ores  of  zinc  are  Red  oxide 
or  Spartalile  (ZnO,  contaminated  with  manganese 
oxides).  Zinc  blende  (zinc  sulphide,  ZnS),  Calamine 
(zinc  carbonate,  ZnCOg),  and  Silicious  calamine  or 
Zinc-glance  (zinc  silicate,  Zn.2Si0^,H20),  and  Smith- 
sonite  (anhydrous  silicate  Zn.^SiO^). 

Zinc  is  of  a bluish-white  colour.  When  polished 
it  has  a high  metallic  lustre ; it  is  brittle,  and  has 
a crystalline  fracture  at  ordinary  temperatures ; 
but  when  heated  to  between  100°-150  C.,  it  be- 
comes malleable,  and  can  be  drawn  into  wire  or 
rolled  into  sheets.  At  210°  C.  it  again  becomes 
brittle,  and  can  then  be  crushed  to  powder.  When 
rubbed,  zinc  emits  a peculiar  odour.  The  specific 
gravity  of  cast  zinc  is  6'862,  but  is  increased  by 
forging  to  7‘21.  It  melts  at  412°  C.,  and  boils 
at  1040°  C.  (Deville  and  Troost).  Zinc  vola- 
tilizes at  a red  heat,  the  vapour  taking  fire  and 
burning  in  the  air  with  an  intensely  luminous 
bluish  - white  flame,  producing  zinc  oxide,  which 
condenses  in  voluminous  flocculent  masses.  At  a 
red  heat  zinc  decomposes  water ; the  same  action  is 
produced  at  ordinary  temperatures,  under  the  influ- 
ence of  dilute  acids,  and  if  the  zinc  be  impure, 
with  considerable  energy.  Pure  zinc  dissolves  very 
slowly  in  acids ; but  if  touched  by  any  less  positive 
metal  or  body  than  itself  a galvanic  couple  is  formed, 
and  its  solution  is  rapidly  effected.  In  water  or 
moist  air  zinc  is  quickly  covered  with  a grey  film 
of  oxide,  which,  from  its  insolubility,  protects  the 
metal  from  any  further  attack.  Hence  the  advan- 
tage of  coating  iron  with  zinc.  Zinc  is  unoxidised 
by  dry  air.  In  caustic  alkalies  it  dissolves  with 
evolution  of  hydrogen,  forming  zincates  of  the 
metals,  thus : — 

Zn  + 2KHO  = KjZnOa  + 2H. 
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Zinc  is  a diatomic  metal.  The  alloys  which  it 
forms  with  other  metals  have  nearly  all  a tendency 
to  be  hard  and  brittle.  (See  Copper  Alloys). 

Metallurgy. — Tin  ores,  employed  at  Bristol  and 
Birmingham,  are  obtained  from  the  Mendip  Hills 
and  from  Flintshire  ; those  at  Sheffield  from  Alston 
Moor,  Cumberland,  and  from  Derbyshire.  Blende 
is  also  obtained  from  Cornwall,  and  is  distilled  after 
roasting  to  drive  off  the  sulphur.  The  ore  is  broken 
up  into  fragments  about  the  size  of  a pigeon’s  egg, 


and  roasted  at  a red  heat  in  reverberatory  furnaces, 
after  which  it  is  mixed  with  its  own  bulk  of  coal 
and  ground  under  a pair  of  etlge  rollers ; or,  the 
blende  having  been  roasted  likewise,  a charge  is  com- 
pounded of  1 part  blende,  1 part  calamine,  and  2 parts 
anthracite  The  mixture  is  placed  in  crucibles  4 
feet  high,  inclosed  in  a conical  brickwork  chimney, 
similar  to  that  of  a glass  furnace  or  pottery  kiln. 
A number  of  openings  are  constructed  in  the  cupola, 
corresponding  to  the  pots  in  the  furnace,  in  order 


to  charge  the  crucibles.  Each  crucible  has  a central  ! 
iron  pipe,  proceeding  from  near  the  top  through 
the  bottom,  to  a water  cistern  6 or  7 feet  below 
the  hearth  of  the  furnace.  To  charge  the  crucibles 
they  are  heated  to  redness  in  a reyerberatory  fur- 
nace, and  are  then  placed  in  the  smelting  chamber 
and  the  mixure  of  ore  and  coal  introduced;  the 
outlet  at  the  bottom  of  the  crucible  being  closed 
by  a plug  of  wood.  The  fire  is  then  urged  till 
the  zinc  vapour  ignites,  upon  which  well-luted 
covers  are  placed  on  the  several  pots;  the  pipes 
are  inserted  in  their  bottoms,  and  the  distillation 
allowed  to  proceed ; the  temperature  being  brought 
to  a high  white  heat.  The  metal  is  condensed  in 


the  iron  pipes  and  runs  into  the  cistern  below. 
This  process  is  to  a great  extent  replaced  by  the 
Belgian  and  Silesian  methods. 

Belgian  Process. — The  selected  ore  is  calcined  either 
in  a reverberatory  furnace  or  in  a conical  kiln.  The 
roasted  ore  is  then  ground,  mixed  with  charcoal  or 
fine  coal  in  the  proportion  of  1680  lbs.  of  roasted 
ore  (calamine  or  blende)  and  840  lbs.  of  coal  dust, 
this  being  the  charge  for  a furnace.  The  mixture  is 
slightly  damped  and  introduced  into  cylindrical  fire- 
clay retorts,  closed  at  the  ends  which  are  inserted  into 
the  furnace  and  open  at  the  other  (y,  g,  Figs.  1 and  2) 
by  means  of  a semi-cylindrical  scoop.  To  each  open 
end  is  fitted  a conical  pipe  of  sheet  iron,  and  this  in 
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turn  has  appended  to  it  a beak  of  the  same  material 
but  much  smaller.  The  retorts  are  placed  in  the 
furnace  shown  in  section  in  Figs.  1 and  2,  the  latter 
in  the  line  A B of  the  former.  The  stack  consists  of 
four  distinct  furnaces,  each  in  the  form  of  a semi- 
cylindrical  chamber,  8 feet  8 inches  from  the  highest 
point  of  the  arched  roof  to  the  floor,  the  back  of  the 
chamber  being  constructed  so  as  to  recede  slightly 
from  the  bottom  or  floor  upwards,  as  shown  by  b d, 
in  Fig.  2,  and  the  front,  a c,  being  left  open  for  the 
convenience  of  introducing  the  retorts.  The  fire  is 
shown  at  F,  the  combustible  gases  and  other  pro- 
ducts passing  upwards  through  four  apertures  in 
the  grate,  shown  at  e e e,  and  thence  by  a double 
flue,  G G,  finding  an  exit  overhead  into  the  chimney, 
c.  The  latter  forms  one  massive  construction,  em- 
bracing the  four  outlets,  each  closed  by  a damper. 
In  each  of  the  chamber  furnaces  forty-two  retorts, 
g g,  are  heated ; these  being  placed  in  rows  one 
above  the  other,  as  shown  in  the  drawing,  the 
posterior  end  resting  upon  a ledge  made  for  the 
purpose  in  the  masonry  or  brickwork.  In  the  front 
the  distilling  cylinders  are  supported  by  plates  of 
cast-iron,  so  fixed  at  each  side  of  the  face  of  the 
furnace  as  to  allow  the  cylinders  to  slope  down- 
wards from  tlie  back  to  the  front. 

The  furnace  is  brought  to  a bright  red  heat,  and 
the  retorts  which  have  been  heated  in  a reverbera- 
tory furnace  are  then  fixed  in  their  places.  The 
charge  is  filled  in  by  slow  degrees  for  a period  of 
three  or  four  days,  or  until  the  furnace  is  found 
to  be  in  working  condition.  When  the  zinc  vapour 
is  evolved  and  inflames  at  the  mouths  of  the  retorts, 
the  condensing  tubes  are  fitted  on  and  the  distillation 
commences.  From  time  to  time  the  beaks  of  the 
retorts  are  removed,  and  the  fluid  zinc  is  raked  into 
ladles  and  cast  into  ingots.  The  oxide  is  returned 
to  the  furnace  with  the  next  charge. 

The  bottom  range  of  retorts  is  seldom  filled  in  this 
country  on  account  of  their  liability  to  be  broken. 

Silesian  Process. — The  ore  and  powdered  coal  are 
distilled  in  muffles  made  of  fire-clay  and  broken 
muffles — baked  and  annealed  after  the  fashion  of 
glass  pots.  These  are  set  in  rows  in  a furnace  pro- 
vided with  suitable  openings.  The  front  of  the 
muffle  has  two  apertures.  The  lower  one  serves  to 
remove  the  residues  after  each  distillation ; the 
upper  has  a hollow  clay  arm  fitted  to  it,  bent  at 
right  angles,  and  open  at  the  bottom  as  well  as  at 
the  top,  and  also  a small  door  at  the  top  of  the 
bend  through  which  the  muffle  can  be  charged. 
From  six  to  ten  muffles  are  set  in  a row.  The  fuel 
in  the  older  works  is  coal,  but  all  the  new  works 
are  provided  with  Siemens’  gas  furnace. 

Galvanizing. — The  process  of  coating  iron  with 


zinc,  known  under  the  inappropriate  title  of  “gal- 
vanizing,” was  discovered  by  Melouin  in  1742.  Of 
late  years  iron  coated  with  zinc  has  come  largely  into 
use  as  a roofing  material,  for  making  spouts,  gutters, 
buckets,  and  in  fact  for  all  the  purposes  for  which  sheet 
iron  can  be  used.  Melouin’s  process  is  followed  with 
a few  modifications  even  at  the  present  day.  The 
iron  is  cleansed  by  immersion  for  a few  minutes  in 
an  acid  bath,  composed  of  oil  of  vitriol  and  water,  or 
of  hydrochloric  acid  and  water,  or  of  equal  volumes 
of  the  two  acids  and  water;  it  is  then  scrubbed  with 
sand,  washed  with  water,  and  dipped  in  a concen- 
trated solution  of  ammonium  chloride,  taken  out,  and 
subsequently  introduced  into  a bath  of  melted  zinc, 
covered  with  fat  or  rosin,  to  prevent  oxidation,  and 
stirred  in  it  till  the  zinc  alloys  with  its  surface.  Of 
late  years  a few  lbs.  of  tin  have  been  added  to  the 
zinc  to  improve  the  appearance  of  the  plates. 

H.  W.  Crawfurd  in  1837  patented  a process 
of  coating  iron  with  zinc,  the  chief  characteristic 
of  which  is  covering  the  zinc  bath  with  a thick 
layer  of  sal-ammoniac.  Thick  pieces  of  iron  are 
heated  before  immersion,  to  avoid  cooling  the  zinc. 
Nails,  &c.,  are  cleaned  with  hydrochloric  acid,  dried 
in  a reverberatory  furnace,  and  plunged  in  the  zinc 
bath  for  one  minute.  When  fished  out  with  a 
skimmer  they  are  generally  soldered  together,  and 
are  separated  by  heating  to  redness  with  charcoal, 
and  then  shaking  till  cold. 

Wire  is  galvanized  by  reeling  it  through  a zinc 
bath  covered  with  a layer  of  ammonium  chloride. 

Mallet  prepared  his  iron  for  galvanizing  by  dip- 
ping it  in  a saturated  solution  of  zinc  chloride  and 
ammonium  sulphate,  after  which  he  treated  it  with 
a hot  amalgam  consisting  of  1 part  of  mercury  with 
6|  of  zinc ; 1 pound  of  sodium  being  added  to  each* 
ton  of  the  amalgam. 

In  Morewood  and  Rodger’^  process  the  iron  is 
first  tinned,  and  then  immersed  in  a zinc  bath 
covered  with  sal-ammoniac,  to  which  some  earth 
has  been  added  to  prevent  its  too  rapid  volatilization. 

A large  wooden  bath  is  filled  with  a dilute  solu- 
tion of  tin  chloride,  in  the  proportion  of  2 quarts  of 
saturated  solution  to  300  gallons  of  water.  Over 
the  bottom  of  the  bath  is  strewn  a thin  layer  of 
granulated  zinc ; upon  this  rests  a cleaned  iron  plate, 
then  another  layer  of  zinc,  and  again  a plate  of 
iron,  and  so  on  till  the  bath  is  full.  The  zinc  and 
iron  form  a voltaic  couple,  which  in  two  hours 
precipitates  the  tin  upon  the  iron  in  a dull  uniform 
coat.  The  plates  are  transferred  to  the  zinc  bath 
while  still  wet,  and  are  passed  through  it  by  means 
of  iron  rollers. 

Zinc  White,  Zinc  Oxide,  Zinc,  Carbonate, 
and  their  hydrates — see  Pigments. 
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Ceruse,  801. 

Devitrified  glass,  7. 

A 

Chance’s  flatting  and  annealing  kilns  for 

Diamond,  imitation,  45. 

glass,  32. 

Distilled  perfumes,  643. 

Acids,  action  of,  on  glass,  10. 

Charcoal  for  gunpowder,  134-138. 

Drying  oil,  469. 

Acrolein.  476. 

Chemical  constitution  of  glass,  6. 

Dualine,  441. 

Aichemy  and  alchemists,  S6. 

" examination  of  gold  ores,  71. 

Dynamical  theory  of  heat,  160. 

Alloys,  gold,  94. 

" or  white  bottle-glass,  20. 

Dynamite,  436. 

Almond  oil,  462. 

“ properties  of  glass,  9. 

“ blasting  with,  438. 

“ soap,  647. 

Chloride  of  silver,  762. 

•*  detonators  for,  436. 

Alumina  in  glass,  11, 

Chondrin,  48,  60. 

**  electrical  machine  for  firing,  437. 

Aluminium  oxalate,  499. 

Chrome  iron  ore,  699. 

**  examples  of  blasting  with,  439. 

.Amalgamation  of  gold  ores,  82. 

“ " oxide  of  chromium  in,  700. 

firing  of,  437. 

Amalgam,  native,  739. 

Chromium  oxalate,  498. 

“ invention  of,  436.  , 

Amethyst,  imitation,  46. 

Cinnabar,  400. 

" manufacture,  436. 

Ammonia  powder,  441. 

Citrate  of  magnesia,  granular  effervescent. 

“ No.  2, 441. 

Ammonium  oxalate,  499. 

350. 

" salts  as  manure,  867. 

Cocoa-nut  oil,  463. 

E 

Analyses  of  Bohemian  glass,  20. 

Cod-liver  oil,  478. 

“ of  gelatin,  49. 

Cod  sounds,  53. 

Effects  of  moist  air  on  glass,  9. 

“ of  green  bottle-glass,  20. 

Coinage,  histoiy  of,  96. 

Elastic  thread,  204. 

" of  white  bottle-glass,  20. 

Coining,  adjusting  fillets.  100. 

Electrum,  420. 

Ancient  glass,  analyses  o^  4« 

" annealing  blanks,  101. 

Emerald,  imitation,  46. 

Animal  fats,  477. 

“ cutting  out  blanks,  100. 

English  crown-glass,  29. 

“ perfumes,  649. 

" die-stamping,  102. 

Epsom  salts,  351.  | 

Annealing  and  dattening  furnace,  glass,  31. 

“ edge-rolling  or  maiking,  101. 

Esparto  grass,  616. 

“ of  glass,  7, 17. 

” weighing  individual  coins,  102. 

Essence  of  lavender,  646. 

" ovens.  17. 

Coins,  manufacture  of,  98. 

Essential  oils,  643. 

Apatite,  Norwegian,  370. 

Collodion,  132. 

Etymology  of  glass,  1. 

Argentiferous  galena,  7^. 

manufacture  of,  132. 

Exhaustion  of  land,  361. 

Argenite,  736. 

“ uses  of,  133. 

Experiments  on  glass  devitrification,  8. 

Arquerite,  789. 

Colonia  powder,  441. 

Explosive  force  of  various  compounds,  443. 

Arsenic  in  glass,  11. 

Coloured  flint-glass,  45. 

•Asbestos,  362. 

“ glass,  44. 

F 

Assaying  gold,  114-123. 

Colza  oil,  467. 

Auriferousdeposits,  method  of  examining,  64. 

Common  salt  as  a manure,  378. 

Farm  crops,  360. 

“ adulterations  of,  412. 

" exports,  360. 

B 

" manufacture  of,  411. 

“ -yard  manure,  364. 

*'  medical  action  of,  418. 

Faults  in  glass,  13. 

Barilla,  219. 

" native,  411. 

Fining  glass,  13. 

Barium  oxalate,  498. 

properties  of,  412. 

“ plate-glass,  83. 

Bark  mill,  826. 

Comparative  fusibility  of  glasses,  5. 

Fish  oils,  478. 

Baryta  in  glass,  11. 

Composition  of  flint-glass,  24. 

“ testing,  484. 

Beecli  oil,  462. 

glass,  1,  3. 

Flashing  and  casing  glass,  46. 

Beet-root  sugar  manufacture,  894. 

“ native  gold,  68. 

Flattening  furnace,  glass,  31. 

Ben  oil,  462. 

" plate-glass,  22. 

Flesh  and  fish  as  manures,  368. 

Bicarbonate  of  soda,  884. 

^ pots  for  glass^meltiog,  19. 

Flint-glass,  23. 

Bismuth  oxalate,  499. 

" window-glass,  21. 

“ coloured,  46. 

Bitartrate  of  potash,  947. 

Compounds  of  gold,  109. 

“ lenses,  26. 

Blood  as  manure,  868. 

Constituents  of  plants,  358. 

Flower  fanning,  547. 

Blue  glass,  44. 

Continental  glass  furnaces^  16. 

" perfumes,  647. 

Bohemian  glass,  20# 

Copperas,  277. 

Fluxes  for  glass  painting,  47. 

Bologna  phial.  6. 

Copper  oxalate,  499. 

Foreign  crown-glass,  20. 

Bone  and  bone  ash  as  manures,  368. 

Coprolites,  371. 

Freezing  machines,  193-198. 

Bordeaux  phospliate,  371. 

Corrosive  sublimate,  413. 

Fulminating  mercury,  415. 

Bottle-glass,  analyses  of,  6. 

^ “ manafacture  of,  413. 

Furnaces  for  glass,  14. 

**  green,  19. 

“ " properties  of,  414. 

“ for  hardening  glass,  88-43. 

Bottle-making,  28. 

Cotton-seed  oil.  468. 

Brazilian  isinglass,  62. 

Court  plaster,  63. 

O 

Brimstone,  914. 

Cream  of  tartar,  947. 

Brittleness  of  glass,  6. 

Croton  oil,  468. 

Galena,  280. 

Bromide  of  ammonium,  230. 

Crown-glass,  29. 

Gallo-tannic  acid,  316. 

**  potassium,  230. 

“ manufacture  of,  29. 

“ decompositions  of,  317. 

Bromyrite,  or  bromide  of  sliver,  789 

Crucible  for  melting  glass,  18. 

" preparation  of,  81& 

" steel,  854. 

“ properties  of,  316. 

0 

Crystals  of  gold,  67. 

Gelatin.  See  Glue. 

Cullet,  11. 

Gelatin,  48. 

Cacao  oil,  462. 

CupellatioD  of  gold,  90. 

*'  action  of  alcohol  and  acids  on,  48 

Cadmium  oxalate,  498. 

“ the  assay  piece,  118- 

“ action  of  alkalies  on,  48. 

Calcium  oxalates,  497. 

Currying,  845. 

. action  of  tannic  acids  on,  49. 

California,  discovery  of  gold  In,  60. 

Cutting  and  polishing  flint-glass,  36. 

" analyses  of,  49. 

Calomel,  410. 

Cyanides  of  iron,  278. 

“ chondrin,  60. 

Caoutchudc.  See  I ndla-rubber. 

Cylinder  or  sheet-glass,  30. 

" from  bones  and  ivory,  60. 

Caoutchouc  of  oil,  470. 

" from  hides,  60. 

Casing  glass.  46. 

D 

" preparation  of,  49. 

Casting  plate-glass,  34. 

“ properties  of,  48. 

Castor  oil,  467. 

De  la  Bastle’s  hardened  glass,  36. 

German  silver,  420. 

1 “ cold-drawn,  468. 

Dentifrices,  647. 

Glass— 1-48. 

" extraction  of,  467. 

Description  of  furnaces  for  hardening  glass, 

Glass,  analyses  of  ancient  and  modem,  6. 

Caustic  potash.  673. 

88-43. 

**  annealing  of,  7. 

" sods,  836. 

Devitrification  of  glass,  8. 

- annealing  ovens,  17. 
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Glass,  Bohemian,  20. 

Gold,  fineness  of  coins,  129. 

Gunpowder,  pressure  of  fired,  142, 143. 

“ bottles,  making  of,  28, 

fulminating,  110. 

“ proof,  149. 

“ brittleness  of.  6. 

fusion,  88. 

properties  of,  149. 

“ casting  plate,  34. 

“ Chance’s  flatting  and  annealing 

H 

gilding,  105-108. 

“ proportion  of  the  ingredients, 

historical  notice  of,  56. 

139. 

kilns,  32. 

it 

hydraulic  mining  in  California,  78. 

“ propulsive  effect  of,  141. 

**  chemical  constitution  of.  5. 

it 

importation  of  bullion,  98. 

“ qualities  of  good,  140. 

“ chemical  properties  of,  9. 

in  Australia,  62. 

“ size  and  density  of  grains,  144. 

“ coloured,  44. 

jewellers’,  103. 

Gutta-percha — 150-160. 

“ coloured  flint,  45. 

** 

leaf,  104. 

Gutta-percha,  action  of  acids  on,  152. 

" comparative  fusibility  of,  5. 

Longmaid’s  smelting  process,  90. 

adulterations  of.  159. 

“ composition  of,  1,  3. 

machinesfor  concentratingtallings,86. 

“ bleaching  of,  158. 

•*  cutting  and  polishing  flint,  36. 

malleability  and  ductility,  55. 

**  botanical  origin  of,  150. 

‘‘  cylinder  or  sheet,  30. 

manufacture  of  coins,  98. 

“ chemical  characteristics,  1.52. 

“ De  la  Bastie’s  hardened,  36-44. 

mechanical  preparation  of  ores,  75. 

**  chemical  composition  of,  153. 

**  devitrified,  7. 

medical  properties  of,  123. 

“ coating  telegraph  wires,  157. 

“ Enplish  crown,  29. 

melting  of  ingots,  98. 

“ cutting,  shaping,  and  mould- 

“ fining,  13. 

metallurgical  operations,  88. 

ing,  156. 

• dividing  into  ribands  and 

**  flashing  and  casing,  46. 

mining  in  Brazil,  80. 

“ flint,  23. 

mining  in  Hungary  and  the  Ural,  80. 

bands,  155. 

“ fluxes  for  painting,  47. 

4( 

mining  on  the  Pacific  coast,  62. 
oxides,  sulphide,  chlorides,  ter- 
chloride,  109. 

**  extraction  and  inspissation  of 

“ foreign  crown,  20. 
“ -gall,  13. 

ft 

the  juice,  151. 

“ historical  notice  of,  151. 

“ green  bottle,  19. 

ft 

pan,  76. 

**  manufacture  of,  154. 

“ grinding  and  mixing  materials,  12. 

it 

parting  by  cementation,  94. 

^ physical  characteristics,  152. 

“ grinding  and  polishing  sheet,  33. 
“ historical  account  of,  2. 

tt 

parting  by  fusion  with  sulphide  of 
antimony,  94. 

**  purification  of  crude,  153. 

“ rolling  into  sheets,  155. 

“ -house  and  furnaces,  14. 

it 

parting  by  fusion  with  sulphur,  93. 

statistics,  160. 

“ imperfect  fluidity  of,  6. 

tt 

parting  by  nitric  acid,  93. 

“ substitutes  for,  159. 

“ manufacture  of.  10. 

ft 

partinL'  by  sulpluiric  acid,  92. 

“ tubing,  156. 

“ melting  and  fining  flint,  35. 

it 

physiological  effects,  123. 

**  uses  of  purified,  153. 

*'  melting  and  fining  plate,  33. 

“ 

placer  diggings  in  California,  61. 

**  various  compounds  of,  158. 

“ melting  materials,  12. 

produce  of,  in  Britain,  57. 

vulcanization  of,  158. 

“ optical,  26. 

“ oxidising  materials,  11. 

<( 

produce  of,  in  Transylvania,  58. 
product  of  the  Kussian  gold  mines,  58. 

Gypsum  as  a manure,  377. 

“ painting,  46. 
“ plate.  21. 

ti 

puddling  tub  and  tom,  77. 
pure,  pi  eparation  of,  68. 

H 

“ pots  for  melting,  18. 

ti 

pure,  properties  of,  70. 

Hardened  glass  a modified  Rupert’s  drop,  44. 

“ raw  materials  of,  10. 

pure,  specific  gravity  of,  70. 

H ardening  glass,  De  la  Bastie’ s method  of,  37. 

“ soluble.  See  Soap  and  Sodium  Silicate. 

tt 

purple  of  Cassius,  110. 

Heat— 166-187. 

“ specific  gravity  of,  8. 

quantity  in  the  Roman  empire,  124. 

Heat,  Andrews’  experiments,  171. 

“ squaring,  grinding,  and  polishing 

quartz  veins,  61. 

“ calorific  intensity  of  fuel,  166. 

plate,  35. 

reagents,  71. 

" combination  of,  163. 

tools,  27. 

tt 

refining  of  brittle,  94. 

**  combination  of  acids  and  gases.  170. 

“ tube-drawing,  28. 

rolling  of  ingots,  99. 

combination  of  acids  with  water,  170. 

“ white  bottle  or  chemical,  20. 

n 

separation  from  arsenical  pyrites,  87. 

" combination  of  alcohols  with  bases, 172. 

“ window,  21. 

ti 

sluice,  78. 

“ combination  of  cyanogen  with  chlo- 

windows,  introduction  of,  2. 

tt 

sodium  amalgam,  84. 

rine,  168. 

“ working  operations,  27. 

n 

sources  of,  56,  57,  59. 
smelting  of  ores.  88. 

combinations  of  bromine  and  iodine. 

Glauber’s  salts,  795. 

tt 

168. 

Glde — 48-53. 

ft 

smelting  with  iron  pyrites,  89. 

combustion,  165. 

Glue,  drying  of,  51. 

ti 

specific  gravity,  65. 

“ combustion  of  compounds,  164. 

“ from  bones,  51. 

it 

spectrum  of,  111. 

“ combustions  in  chlorine  gas,  168. 

**  isinglass,  52 

ft 

stamp  mill,  75. 

compressibility  of  liquids,  183. 

“ preparation  of,  50. 

tt 

statistics,  123. 

“ developed  or  absorbed  in  change  of 

“ properfies  of,  51. 

substances  mistaken  for,  65. 

physical  structure,  162. 

Glycerates,  54. 

table  of  current  coins,  97. 

“ disengaged  during  metallic  substitu- 

Glyceric  acid,  54. 

It 

tests  for,  72. 

tions,  172. 

“ evolved  during  decomposition,  161. 

“ preparation  and  properties,  54. 

tt 

tests  for  metals  associated  with,  72. 

Glyckrin— 53,  54. 

tt 

washing,  76,  81. 

freezing  water  on  a red-hot  plate,  184. 

Glycerin,  discovery  of,  53. 

yield  of  the  principal  gold  fields,  125. 

“ indirect  methods  of  estimating  cabr- 

“ Nitro-.  See  Explosives  and  Nitro- 

Guano,  365. 

itic  equivalents,  169. 

glycerin. 

Gums.  See  Varnish. 

kinetic  theory  of  gases,  186. 

**  See  Candle  and  Soap. 

Gum-resin9.  ^ee  Varnish. 

“ latent,  179-181. 

“ preparation  of,  54. 

Gun-cotton— 126-133. 

of  combination,  160. 

**  properties  of,  53. 

Gold — 55-126. 

Gold,  alloys,  94. 

**  alloys,  valuation  of,  95. 

**  amalgamation  of  ores,  81. 

“ amalgamation  pans, 
annual  produce.  126. 
application  of  amalgamation  to  poor 
ores,  87. 

**  application  of  the  reagents,  74. 

“ artiiicia],  108. 

assaying,  114-122. 

“ bearing  strata  of  Victoria,  63, 

“ beating,  103. 

**  characters  of  native,  65. 

“ chemical  examination  of  ores,  71. 

Gun-cotton,  Abel’s  pulping  operation,  130. 

“ application  to  artillery,  131. 

**  chemical  composition  of,  127. 

“ collodion,  132. 

“ compared  with  gunpowder,  132. 

“ explosion  of  wet,  131. 

“ history  ot,  126. 

investigation  of  by  committee 
of  British  Association,  128. 

" manufacture  of,  128. 

^ process  of  manufacture  and 

machinery  of  Bx’entice  & Co., 
129. 

•*  products  of  explosion,  130. 

“ properties  of,  130. 

Von  Lenk’s  experiments,  128. 

phlogiston  theory,  167, 

**  solution  of  metals  in  nitric  acid,  170, 
specific,  173-179. 

**  states  of  matter,  182-167. 
theories  of,  160. 
theory  of  combustion,  167. 
thermal  changes  accompanying  solu- 
tion, 169. 

thermal  changes  attending  combus- 
tions in  oxygen,  162. 

Thomsen  and  Berthelot’s  experi- 
ments, 172. 

Hemp-seed  oil,  469. 

Hercules  powder,  441. 

Hides  and  skins,  327. 

“ whence  obtained,  828. 

“ coinage,  history,  96. 

Gunpowder -133-150. 

Historical  account  of  glass,  2. 

“ coloured,  103. 

Gunpowder,  analysis  of,  149. 

“ " gold,  55. 

“ composition  of  native,  68,  69. 

compounds  of,  109. 

**  concentration  of  tailings,  84. 

**  construction  of  cupels,  91. 

**  cradle,  77. 

" crushing  ores,  76. 

“ crystals  of,  67. 

" cupellation,  90. 
cyanides,  110. 

“ deposits,  method  of  examining,  64. 

**  deposits,  origin  and  position  of,  63. 

“ description  of  aurifeious  locality,  60. 

“ discovery  of,  in  Calitomia,  60. 

**  distillation  of  the  amalgam,  86. 

estimationsof  oresand  alloys,  111-114. 
“ exported  from  different  countries,  125. 
" extraction  by  Calvert’s  chlorination 
process,  88. 

**  charcoal  for,  134. 

“ charcoal  for  testing,  136-1C8. 

“ density  of.  147. 

**  drying,  149. 

“ gas  produced  by  explosion  of, 141. 

**  glazing  of.  148. 

**  graining  of,  146. 

“ granulating  of,  148. 

“ historical  account  of,  133. 

" incorporating  mill,  146. 

**  incorporation  of  the  ingredi- 

ents. 145 

“ inflammability  of,  140. 

manufacture  of,  145. 

“ manufacture  of  at  Waltham 

Abbey,  145. 

**  materials,  134. 

" mixing  the  ingredients,  145. 

Horsley’s  powder.  441. 

Hydrated  oxide  of  sodium,  835. 

Hydraulic  gold  mining,  78. 

Hydrochloric  acid,  796. 

Hydrocyanic  Acid— 187-1S9. 

Hydrocyanic  acid,  chemical  properties,  187. 
“ detection  of,  188. 

" discovery  of,  187. 

“ manufacture  of,  188. 

“ medical  properties,  188. 

“ whence  produced,  187. 

Hyposulphate  of  soda  from  tank  waste,  843. 
Hyposulphuric  acid.  929. 
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Ice,  Gorrie’s  refrigerator,  193. 

Iron,  blast  furnace  slags,  260. 

Lead,  detection  of,  in  water,  309. 

**  importation  of  into  Britain,  189. 
“ Kirk’s  air  engine,  194. 

**  blast  furnace  temperature,  261. 

**  for  glass-making,  11,  25. 

**  blast  furnace  twyers,  251. 

" German  cupelling  furnace,  299. 

“ production  of  cold,  189. 

“ blast  furnace  twyers,  Lloyd’s  patent, 

glass,  23. 

**  Heece’s  freezing  machine,  195,  196. 

251. 

glass,  analyses  of,  5. 

“ relative  efficacy  of  refrigerating  agents, 

**  blast  furnace  twyers,  number  of,  252. 

**  historical  notice,  279. 

193. 

blast  furnace  twyers,  size  of,  252. 

“ iron-reduction  process,  289. 

“ Siebe’s  machine,  197. 

“ blast  furnace  waste  gases,  composition 

“ Koch’s  desilverizing  apparatus,  296. 

“ table  of  frigorific  mixtures,  189. 

of,  260. 

“ metallurgy,  281. 

“ Tait’s  apparatus,  194. 

**  blast  furnaces,  collecting  gas  from,  264. 

“ ores,  280. 

“ ores,  distribution  of,  281. 

**  theory  of  cooling  machines,  190, 191. 

blast  furnaces,  dimensions  and  makes 

" working  of  refrigerating  machines,  192. 

of,  257. 

“ ores,  produce  of,  in  Great  Britain,  281. 

Ichtbyocolla,  48. 

“ blast  furnaces,  fume  from,  263. 

" blast  furnaces,  drying  and  blowing  in, 

oxalate,  499. 

" oxychloride  of,  Pattinson’s,  306. 

illustrations  of  glass-furnaces,  14-17. 

Imperfect  fluidity  of  glass,  6. 

266. 

“ Parke’s  desilverizing  process,  294. 

Incense.  542. 

" blast  furnaces,  raising  materials,  265. 

“ Pattinsonizing  by  steam,  293. 

INDIA-EUBBEB— 198-211. 

blast  furnaces,  slagging  arrangements, 

" physical  properties  of,  279. 

India-ruhber,  chemical  oonstitution,  201. 

266. 

**  Pilze  furnace,  290. 

**  coagulating  the  juice,  200. 

blast  furnaces,  theory  of  action  of,  257. 
” blowing  engine,  250. 

*'  poisoning,  308. 

coating  telegraph  wires,  207. 

“ Kaschette  furnace,  290. 

compounds  of,  209. 

“ brown  ore,  246. 

red,  307. 

“ red,  manufacture  of,  308. 

" dental  rubber,  209. 

**  cannons  cast  in  England,  in  1543,  237. 

**  elastic  thread,  204,  205. 

“ carbonates,  246. 

“ refining  of,  291. 

**  historical  notice,  19e. 

**  carbon  deposition,  257. 

“ removal  of  antimony,  297. 

“ localities  whence  imported, 

" charging  barrows,  253. 

combinations  with  other  elements,  239. 

“ removal  of  zinc  from,  295. 

198. 

“ separation  of  copper  by  liquation,  296. 

“ manufacture  of,  202. 

cyanides  of,  278. 

“ Danks’  invention,  239. 

“ separation  of  zinc  by  Koch's  process, 

manufacture  of  waterproof 

29& 

materials,  206. 

“ determinations  of,  275,  276. 

*■  slieet,  manufacture  of,  300. 

**  methods  of  collecting,  199. 

discovery  of  puddling  by  Cort,  238. 

shot,  manufacture  of,  300. 

" patents  respecting,  210. 

“ exports  from  United  Kingdom.  274. 

“ slag  hearth,  287. 

“ physical  and  chemical  pro- 

**  first  use  of  coal  to  make  iron,  238. 

“ slag  heartli,  Spanish,  288. 

perties  of,  200. 

historical  account  of,  237. 

“ smelting,  282-289. 

“ plants  productive  of,  198. 

“ hot  blast,  253. 

**  smoke,  condensation  of,  290. 

" preparation  of  sheet,  203. 

“ hot  blast,  stoves,  254. 

“ solubility  of,  in  water,  309. 

“ purification  of  crude  material , 

“ in  glass,  11. 

*'  tests  for,  280. 

202. 

magnetite,  or  magnetic  ore,  243. 

“ white,  301. 

“ recovery  of  scraps  of  vulcan- 

malleable  castings,  263. 

white,  analyses  of,  304. 

izcd,  209. 

malleable,  Lancashire  hearth  process, 

“ white,  composition  of,  303. 

“ sponge,  207. 

264. 

white,  mauufHCture  of,  301. 

“ substitutes  for,  209. 

“ malleable  refinery,  265. 

“ white,  processes  of  manufacture,  804. 

“ tubing,  206. 

meteoric,  236. 

Leather— 310-346. 

**  vulcanite,  208. 

“ modes  of  extracting,  from  its  ores,  246. 

Leather,  active  principle  of  tanning  ma- 

" vulcanization,  207. 

“ ores  of,  243. 

terials,  316. 

Ikk— 211-216. 

oxalates,  499. 

“ analyses  of  tanning  materials,  324. 

Ink,  blue,  214. 

“ plate  and  bar,  manufacture  of,  271. 

appearance  of  good,  342. 

" chrome,  213. 

“ price  during  twenty  tliree  years,  274. 

“ application  of  chemistry  to  tan- 

“ coloured  writing,  214. 

“ production  of  malleable  from  cast,  263 

ning,  311. 

“ copying,  212,  213. 

“ puddled,  subsequent  treatment  of,  270. 

barks,  318,  319. 

gold  and  silver.  215. 

puddling,  266-2b9. 

bloom,  340. 

green,  216. 

“ red  hematite,  243. 

“ chamois,  344. 

" indelible,  213. 

rolling  mills,  272. 

currying,  345. 

Indian  or  Chinese,  215. 

“ rolling  mills,  different  arrangements 

“ cutis,  or  true  skin,  312. 

**  marking,  215. 

of,  273. 

“ exports  of,  from  Britain,  311. 

“ powders,  214. 

salts  of,  277,  278. 
spiegeleisen,  262. 

*•  extracts.  319, 320.  ' 

printing,  211. 

“ fancy,  343. 

“ purple,  214. 

**  statistics  of,  274. 

" fruits,  321,  322. 

“ red,  214. 

**  utilization  of  gases,  239* 

gallic  acid,  316. 

“ vanadium  indelible,  213. 

Iridium,  671. 

gallo-taniiic  acid,  316. 

“ writing,  211. 

Isinglass,  52. 

galls,  320. 

“ writing,  properties  of  good,  212. 

" Brazilian,  62. 

“ hides  and  skins,  327-330. 

" writing,  recipes  for,  212.  ■ 

Hudson’s  Hay,  53. 

“ historical  account  of,  311. 

yellow,  215. 

“ leaf  and  book,  62. 

“ leaves,  321. 

Iodine — 216-236. 

“ Manilla,  63. 

“ machinery  for  grinding  tanning 

Iodine,  bromide  of  potassium  and  ammo- 

**  Russian,  62. 

materials,  325. 

nium,  230. 

“ burning  kelp  and  varec,  222. 

“ uses  of,  63. 

“ Morocco,  313. 

" origin  of  tanning,  310. 

**  collecting  kelp,  221. 

**  combinations,  227-231. 

K 

preparatory  processes,  330. 

“ Reimer’s  experiments  on  skin,  313. 

**  constituents  of  sea-weed  ash,  223. 

Kainit,  687. 

” removing  the  hair  from  the  skin. 

**  detection  of.  235. 

“ as  a manure,  378. 

313. 

" detection  of,  in  sea  water,  236. 

Kelp,  219. 

“ roan,  343. 

“ discovery  of,  216. 

“ burning,  222. 

“ rolling  machines,  342. 

estimations  of,  231-234. 

“ composition  of,  223. 

“ roots,  319. 

**  from  sea-weed.  218. 

“ lixiviation  of,  223. 

Russian,  343. 

“ improvements  suggested  in  the 

“ manufacture  of  iodine  from,  224. 

“ skiver,  343. 

manufacture.  226. 

**  modes  of  collecting,  221. 

“ striking  and  rolling,  341. 

**  lixiviation  of  kelp.  223. 

Kilns  for  annealing  glass,  18. 

" tamarix  galls,  321. 

manufacture  of,  219. 

Koch’s  lead  desilverizing  pi'ocess,  298. 

“ tanning,  313. 

**  manufacture  of,  fr<»m  kelp,  224. 

K upper-nickel,  416. 

“ tanning  hides,  330. 

manufacture,  statistics  of,  220. 
**  medical  prep.arations  of,  236. 

“ analysis  of,  419. 

*•  tanning  materials,  313. 

**  tawed  or  white,  344. 

properties  ot.  216. 
**  sources  of  217. 

L 

" testing  of  tanning  materials, 323-25. 

■ the  skin,  312. 

" treatment  of  mother  liquors,  225. 

Lard  oil,  477. 

" turret  drying,  341. 

lodyrite,  or  iodide  of  silver,  738. 

Laurel  oil,  463. 

wet  salted  hides,  330. 

Iron— 236-278. 

Lead— 279-310. 

Lenses,  flint  and  crown-glass,  26. 

Iron,  analyses  of  aluminous  ores,  258. 

Lead,  American  ore  hearth,  286. 

Lime.  See  Cement. 

**  analyses  ol  blast  furnace  slags,  259. 

“ analyses  of  market,  300. 

Lime  as  a manure,  378. 

**  analyses  of  brown  hematite,  2^. 

“ analysis  of,  3i)9. 

**  for  glass-making,  11. 

**  analyses  of  carbonates,  245. 

**  arsenate  of,  281. 

Linseed  oil,  469. 

**  analyses  of  magnetic  ore.  244. 

assay,  281. 

“ adulterations,  484. 

**  analyses  of  manganiferous  ores,  262. 

**  assay,  for  silver,  282. 

“ Binks’  process  of  boiling,  476. 

**  analyses  of  pig,  259. 

“ Castilian  furnace.  288. 

'•  boiled,  470. 

**  analyses  of  puddled,  269. 

" chemical  properties  ol,  279. 

" boiling  by  steam,  472-475. 

**  analyses  of  red  hematite,  214. 

“ Clausthsl  furnace.  289. 

driers,  472. 

auHlyses  of  spiegeleisen,  .kc.,  259. 

“ CouSron  blast  furnace,  290. 

" process  of  boiling,  471. 

^ analysis  of  meteoric,  236. 

“ cupellation  of,  298. 

“ properties  of,  469. 

analysis  of  ores,  metliod  for,  275. 

“ desilverizing  by  Koch’s  process,  297. 

“ reasons  for  boiling,  471. 

blast  furnace,  249. 

“ desilverizing  by  zinc,  294. 

” refined,  470. 

**  blast  furnace,  heat  development  in, 260. 

“ desilverizing  process,  Pattinson’s,  292. 

" uses  of,  469. 
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Litharge,  308. 

Mannre,  potassium  salts,  378. 

Nitric  acid,  estimation  of,  426, 

Litbo£mteur,  441. 

principles  of  manuring,  379. 

“ formation,  422. 

**  root  experiments,  886. 

" historical  notice,  421. 

M 

**  sampling,  390. 

“ impurities  in,  425. 

“ sea-weed,  364. 

• known  to  the  ancient  Egyptians, 

MacMue  for  grinding  and  mixing  glass 

**  soot,  367. 

422. 

materialAf  12. 

“ Spanish  phosphorite,  871. 

* Lunge’s  method  of  estimating, 

Magnesia,  349. 

**  superphosphate,  369 

426. 

“ granular  effervescent  citrate  of,  850. 

“ superphosphate,  manufacture  ofi 

• manufacture  of,  428. 

M AQNESIOM — 346-352. 

373-377. 

**  nitre  cake,  429. 

Magnesium,  alloys  of,  347. 

“ turnip  experiments,  387. 

^ properties  of,  424. 

**  as  a source  of  light,  347* 

“ wheat  experiments,  380. 

“ specific  gravity  of  dilate,  427. 

“ asbestos.  352. 

“ wood  ash,  378. 

" tests  for,  425. 

" carbonate.  350. 

“ woollen  refuse,  367. 

“ uses  of,  424. 

“ citrate,  350. 

Meadow  hay,  composition  of,  358. 

Nitrogen  in  rain,  362. 

“ discovery  of,  346. 

Meerschaum,  352. 

Nitbo-olyceeine — 429-448. 

**  manufacture  of,  348. 

Melting  and  fining  of  plate-glass,  33. 

Nitro-glycerine,  accidents  from,  436. 

**  meerschaum,  352. 

“ “ flint-glass,  36. 

application,  434. 

oxalates.  498. 

Melting  glass  materials,  12. 

blasting  with,  444. 

**  oxide,  349. 

Mercurous  oxalates,  499. 

“ chemical  composition  of, 

“ preparation  of,  346. 

M EECURY — 397-415. 

430. 

“ properties  of,  346. 

Mercury,  aludel  furnace,  402. 

“ compared  with  other  ex- 

“ purification  of^  349. 

**  amalgamation  of  gold  ores  with,  81. 

plosives,  443 

“ sources  of,  347. 

amalgams,  399. 

^ conditions  of  explosion,  434. 

“ steatite.  352. 

**  assay  of  ores,  401. 

“ dangers  in  using,  446. 

**  sulphate.  351. 

" calomel,  410-413. 

detection  as  poison,  448. 

" sulphate,  manufacture  of,  351, 

**  chlorides  of,  410. 

“ discovery  of,  429. 

352. 

“ cinnabar,  400. 

**  dynamite,  436. 

Manoanese — 352-358. 

“ compounds  of.  407. 

" explosive  force,  442. 

Manganese,  acetate  of,  357 

**  corrosive  sublimate,  413. 

**  fuses  for,  436. 

**  alloys  of,  354. 

" distilling  apparatus  at  Idria,  403. 

**  gelatinized,  440. 

“ chloride  of,  367. 

“ fluidity  of,  397. 

**  influence  on  substances 

“ colours  from,  367. 

“ historical  notice  of,  397. 

mixed  with  it,  445. 

“ history  of,  35S. 

“ Idria  * flamofen,*  403. 

“ kieselguhr,  436. 

“ ores  of,  355. 

“ mercurammonium  chloride,  414. 

“ lithofracteur,  441. 

“ oxalates,  498. 

" mercuric  chloride,  413. 

''  manufacture  of,  430-433. 

**  oxides  of,  364. 

mercuric  fulminate,  415. 

“ mixture  with  metbylic  al- 

“ physiological  effects  of,  858. 

“ mercuric  oxide,  407. 

cohol,  436. 

“ preparation  of,  353. 

“ mercuric  sulphide,  40S. 

“ Nobels  directions  for  ap- 

**  properties  of,  353. 

''  mercuro-diammonium  chloride, 414 

plying,  434. 

quantitative  estimation  of,  857. 

" mercurous  chloride,  410. 

“ physiological  effects  of^ 433. 

“ recovery  of,  357. 

mercurous  sulphide,  408. 

“ properties  of,  433. 

" sulphate  of.  357. 

“ mines  of  America,  401. 

“ theory  of  local  detonation, 

tests  for,  355. 

mines  of  Europe,  400. 

446. 

“ uses  of,  356. 

“ ores  of,  399. 

Nutmeg  oil,  464. 

Manilla  isinglass,  53. 

” oxides  of,  407. 

Materials  for  glass-making,  10. 

“ physiological  effects,  407. 

O 

Matter,  states  of,  182-187. 

“ preparation  of,  397. 

Manufacture  of  glass,  10. 

" properties  of,  398. 

Odoriferous  gums,  642. 

Manure — 358-397. 

“ purification  of.  398,  406. 

Oil— 448-484. 

Manure,  American  phosphates,  372. 

" reduction  of  ores  at  Almaden,  402. 

Oil,  acrolein,  476. 

“ ammonium  salts,  367. 

**  reduction  of  ores  at  Deux  Pouts, 

“ adulteration  of,  479. 

" analysis  of  farm-yard,  364. 

405. 

“ almond,  462. 

“ animal  exports  of  a farm,  362. 

“ reduction  of  ores  at  Idria,  403. 

**  animal  fats,  449, 477. 

" apatite,  370. 

“ reduction  of  ores  at  Lansberg,  405. 

" beech.  462. 

“ barley  experiments,  381. 

“ reduction  of  ores  on  the  large 

•'  ben,  462. 

“ bean  experiments,  385. 

scale,  401. 

" bitter  almond,  462. 

“ beet  sugar  experiments,  388. 

sulphides  of,  408. 

boiled  linseed,  470. 

“ blood,  368. 

vermilion,  ^8-410. 

“ cacao,  462. 

“ bone,  368. 

Meteoric  iron,  236. 

“ carbon  in  fixed,  448. 

“ bone  ash,  369. 

Methyl  and  ethyl  oxalates,  499. 

“ castor,  467. 

Bordeaux  phosphate,  371. 

Minium,  307. 

“ characters  of  drying,  451. 

chemical  analysis  of,  390. 

Modem  glass,  analyses  of,  4,  5. 

cocoa-nut,  463. 

“ chemical  composition  of  feeding 

Molybdenum — 415,  416. 

" cod  liver,  478. 

stufifs,  363. 

Molybdenum  blue,  415. 

“ colza,  467. 

“ clover  experiments,  386. 

**  oxides  of,  415. 

cotton-seed,  468. 

“ common  salt,  378. 

“ sulphide,  416. 

croton,  468. 

constituents  of  plants,  358. 

Monochloride  of  silver,  738. 

" density  of,  449. 

coprolites,  371. 

Morphine,  morphia,  489. 

division  into  two  classes,  448. 

**  crop  residues,  389. 

“ **  manufacture  of,  490. 

“ essential.  See  Perfumery. 

**  determination  of  ammonia,  392. 

Morro  Velho  gold  mine,  69. 

estimation  of  oil  seeds,  448. 

'*  determination  of  nitric  acid,  392. 

Mustard  oil,  464. 

extraction  from  seeds,  452. 

**  determination  ot  nitrogen,  391. 

••  fish.  478. 

“ determination  of  phosphoric  acid, 

N 

“ fluidity,  comparative,  449. 

393-396. 

hemp-seed,  469. 

“ determination  of  potash,  396. 

Nassau  phosphate,  371. 

“ hydraulic  seed  presses,  468, 469. 

**  exhaustion  of  land.  361. 

Native  gold,  characters  of,  66. 

" lard,  477. 

“ experiments  on  cereals,  383. 

Neat’s  foot  oil,  477. 

“ laurel,  463. 

farm  crops,  weight  and  composi- 

Nickel— 416-421. 

“ linseed,  469. 

tlon  of  ordinary,  360. 

Nickel,  alloys  of,  420. 

" linseed  oil  mill,  460. 

**  farm  exports,  360. 

“ analysis  of,  418. 

mustard,  464. 

**  farm-yard,  364. 

analysis  of  kupfer-nickel,  419. 

“ neat’s  foot,  477. 

“ fish,  368. 

“ cast  plates,  418. 

" nutmeg,  464. 

“ flesh,  368. 

“ chloride  of,  421. 

“ of  sulphur,  931. 

“ from  feeding  stufifs,  363. 

“ electro-deposition  of,  420. 

" of  vitriol  from  copperas,  932. 

**  guano,  365. 

•*  horbachite,  417. 

olive,  464. 

“ gypsum,  377. 

“ kupfer-nickel,  416. 

palm,  466. 

“ imports  to  a farm,  362. 

“ manufacture  01,418. 

" porpoise,  478. 

“ kainit,  378. 

ores  of,  417. 

poppy,  477. 

“ lime,  chalk,  and  marl,  378. 

**  oxides  of,  421. 

**  properties  of,  449. 

“ losses  during  a four-course  rota- 

**  properties  of,  416. 

purification  of  seed,  461. 

tion,  361. 

" silicates,  417. 

**  rape,  466. 

**  Kassau  phosphate,  371, 

sources  of,  416. 

screw  seed  press,  457. 

“ nitrate  of  sodium,  366. 

**  sulphate  ot,  421. 

**  seal,  478. 

• nitrogen  derived  from  the  atmos- 

“ sulphide  of,  417, 421. 

**  seed-crushing  rollers,  454. 

phere,  363. 

Nitrate  of  soda,  analysis  of  crude,  428. 

**  seed-grinding.  455. 

“ nitrogen  in  rain,  362. 

formation  of,  428. 

" seed-heating  kettles,  458. 

“ oat  experiments,  382. 

**  imports  of,  428. 

seed  presses,  453. 

**  pasture  experiments,  384. 

Nitrate  of  sodium  as  manure,  366. 

“ shark.  479, 

“ phosphatic  guano,  372. 

Nitric  Acid— 421-429. 

“ sources  of,  448. 

" plant  food,  359. 

Nitric  acid,  anhydride,  423. 

“ specific  gravity,  450. 
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oil,  Bperm,  479. 

Paper  fibre,  micrographic  and  chemical 

Perfitmery,  rondeletia,  548. 

" spontaneous  combustion  of,  461. 

study  of,  640. 

** 

sachet  powders,  543. 

**  Stamper  press,  457. 

“ finishing,  539. 

** 

scented  soaps,  546. 

" tables  of  reactions,  480-482 

“ first  paper-mill  in  England,  613. 

•• 

sweet  brier,  5^. 
tooth  powders,  547. 

" tallow,  477. 

from  bamboo,  533. 

U 

ted,  467. 

“ history  of,  614. 

M 

tonquin  musk  soap,  547. 

“ testing,  480. 

“ imports  and  exports,  641. 

Peroxide  of  silver,  752. 

“ vegetable  drying,  462, 467. 

leaves,  514. 

Petboleum — 551-694. 

**  vegetable  non-drying,  451,  462. 

“ machine,  history  of  the,  536-637. 

Petroleum,  Abel’s  apparatns  for  testing,  .579. 

* walnut,  477. 

“ manufacture  of,  516. 

a 

act  for  the  safe  keeping  of,  677. 

“ whale,  479. 

**  manufacture  by  hand,  534. 

.( 

action  of  acids  upon,  673. 

Olive  oil,  464. 

**'  manufacture  in  Japan,  534. 

Action  of  various  reagents  upon, 

“ adulterations,  466,  483. 

materials,  515. 

673. 

“ manufacture,  465. 

mill  and  card  board,  540. 

analyses  of  ernde,  561. 

Opium — 484-491. 

“ papyrus,  614. 

•t 

aniline  from  Canadian,  578. 

Opium,  constituents  of,  489. 

“ parchment,  511. 

u 

as  fuel,  575. 

“ Egyptian,  4S9. 

“ preparation  of  rags,  517-622. 

as  fuel,  inferior  to  coal,  677. 

^ estimation  of,  491. 

" pulp  from  materials  other  than  rags. 

as  fuel  in  steamers,  576. 

**  history  of,  484. 

629. 

« 

benzine,  569. 

**  Indian,  484. 

“ rags,  616. 

H 

boring  tools,  figs,  of,  658. 

**  Indian,  adulterations  of,  486. 

“ sizes  of.  541. 

ti 

bye-productsof,varioususes,577. 

“ Indian,  analysis  of  fresh,  488. 

**  sizing,  538. 

it 

chemical  composition  of,  570. 

'*  Indian,  appearance  of  good,  486. 

**  sizing  with  gelatin.  528. 

U 

class  characteristics,  551. 

“ Indian,  collection  of,  485. 

“ sizing  with  resin,  628. 

** 

commerce  in,  680. 

“ Indian,  cultivation  of,  486. 

**  statistics  of,  542. 

U 

comparison  with  other  light- 

**  Indian,  manufacture  of,  487* 

“ Straw,  517,  529. 

givers,  674. 

“ Indian,  pnssewah,  488. 

“ straw  cutting,  530. 

«i 

crude  oil.  560. 

“ meconic  acid,  490. 

straw  washing,  530. 

4# 

early  history  of,  551. 

^ morphine,  morphia,  489. 

“ supply  of  materials,  517. 

Enniskillen  wells,  account  of^ 

“ papaverine,  490. 

“ transparent,  540. 

559. 

**  Persian,  489. 

“ treatment  of  waste,  631. 

*9 

expansion  of,  562. 

“ table  of  alkaloids,  489. 

varieties  of,  641. 

**  vegetable  parchment,  514. 

** 

flashing  point  of,  570. 

« Turkey,  488. 

** 

gas  from,  575. 

Optical  glass,  26. 

■'  washing  engines,  622. 

geographical  distribution,  652. 

Organic  carbon  and  nitrogen  In  water,  963. 

“ water-mark,  539. 

geological  distribution  of,  655. 

Osmium,  670. 

" waterproofing,  540. 

illuminating  power  of,  674. 

Otto  of  rose  soap,  547. 

“ weighting  pulp,  528. 

t4 

indications  o(  556. 

Oxalic  Acid- 491-506. 

“ wood,  516. 

** 

instrument  for  testing,  679. 

Oxalic  Acid,  aluminium  oxalate,  499. 

**  wood  pulping,  531-633. 

mineral  lubricating  oil,  670. 

**  composition  of,  492. 

ParafiSn.  See  Petroleum. 

mineral  sperm  oil,  569. 

**  constitution  of,  492. 

“ action  of  reagents  on,  584. 

naphtha  in,  570. 

**  detection,  604. 

Addiewell  works,  581. 

native  naphtha,  551. 

“ estimations,  605. 

American  shale  retorts,  586. 

** 

North  American  oil  regions,  664. 

•*  historical  notice  of,  491. 

" coal-oll  industry,  581. 

** 

paraffin,  580. 

“ manufacture,  600-^4. 

" coke  from  shale  oil,  591. 

products  of,  668. 

" occurrence  of,  492. 

" comparison  of  Welsh  and  Scotch 

products,  percentage  ol^  669. 

• oxalates,  496-499. 

methods  of  distillation,  687. 

•* 

qualities  of  crude,  660. 

physiological  effects,  494. 

• comparison  of  yield  of  crude  oil  by 

rate  of  well-sinking,  569. 

" preparation  of,  493. 

vertical  and  horizontal  retorts, 

(i 

refining  of.  663-667. 

price  of.  604. 

688. 

rhigolene,  669. 

" properties,  494. 

“ decolorizatlon  bv  fuller’s  earth  and 

** 

testing  of,  578. 

" reactions  of,  495. 

artificial  silicates,  594. 

<( 

Warren’s  analyses,  572. 

“ specific  gravity  of,  494. 

“ discovery  of,  581. 

U 

well-boring,  6M. 

“ uses.  604. 

" distillation  of  shale  by  steam,  589. 

PhosphOBUs— 695-603. 

Oxidising  materials,  for  glass.  11. 

*'  first  working  of,  681. 

Phosphorus,  amorphons  forms  of,  600. 

OxTOEN— 506-608. 

Oxygen,  cost  of  manufacture,  507. 
■■  discovery  of,  606. 

'*  Forderd's  patent,  593. 

from  peat,  682. 

“ Hodge’s  patent,  594. 

black,  600. 

constituents  of  bone  ash,  696. 

M 

decomposition  of  bone  ash,  696. 

“ manufacture  of,  607. 

**  Letcbford  & Nation's  patent,  593. 

** 

discovery  of,  595. 

“ preparation  of,  606. 

^ Wanklyn’s  process  of  manufao- 

**  manufacture,  684. 

" ozokerit,  582. 

** 

distillation  of  phosphate  of 
lime,  697. 

ture,  608. 

" properties  of,  583. 

distribution  of,  595. 

Ozone — 608-518. 

purification  of,  593. 

from  bones,  595. 

Ozone,  action  on  alcohol,  613. 

**  refining  of  the  oils,  691. 

from  nrine,  595. 

**  action  on  explosives,  512. 
**  Andrews’ apparatus,  511. 

” retorts  at  Straiten,  586. 

liquid,  600. 

'*  retorts  for  distilling  shale,  686 

** 

lucifer  matches,  602. 

“ as  an  oxidising  agent,  512. 

**  separation  of  brown  scales  o^  592. 

U 

moulding,  699. 

” bleaching  properties  of,  512. 

shale  products,  590. 

U 

preparation  of  bone  ash,  596. 

characteristics  of,  608. 

" specific  gravity  of,  683. 

properties  of,  600. 

“ constitution  of,  609. 

“ uses  of,  694. 

<( 

purification  by  distillation, 699. 

“ discovery  of,  608. 

" Waterloo  works.  New  South 

** 

purification  of|  698. 

’’  experiments  on,  509. 

Wales,  582. 

** 

red,  601. 

" preparation  of,  610. 

" works  at  Leeswood,  581. 

retorts,  698. 

“ preparation  by  electrolysis,  611. 

“ yield  of,  from  coal,  shale,  &c.,  683. 

safety  matches,  603. 

" presence  in  the  atmosphere,  513. 

Parke's  lead  desilverizing  process,  294. 

(t 

wax  matches,  ^3. 

“ properties,  611. 

Parting  of  gold,  93. 

n 

white,  600. 

reactions  of,  510. 

Pattinson’s  lead  desilverizing  process,  292. 

Photog  R A PHY — 603-643. 

" oxychloride  of  lead,  306. 

Photography,  actinism,  603. 

p 

Pkevumebt— 642-561. 

albumen  negative  process 

Perfumery,  almond  soap,  547. 

upon  glass,  623. 

Painting  glass,  46. 

**  animal  perfumes,  649,  660. 

alkaline  development,  621 

Palladium,  670. 

dentifrices,  547. 

U 

Applied  to  engraving,  607. 

Palmitin,  466. 

“ derivation  of,  542. 

it 

calotype,  Class  I.,  624, 625. 

Palm  oil,  466. 

“ bleaching,  766. 

**  distilled  perfumes.  543. 

dt 

calotype,  Class  ll.,  626. 

" esprit  de  rose,  616. 

it 

calotype  or  paper  processes, 

Papee— 613-642. 

**  essence  of  lavender,  546. 

624. 

Paper,  beating  engines,  626. 

“ beating  or  refining  pulp,  625. 

“ essential  oils,  643. 

M 

camera  lenses,  609. 

**  extraction  from  flowers,  647. 

A 

camera-obscura,  608. 

“ bleaching  rag  pulp,  624. 

" extrait  d’amhre,  551. 

<4 

chromo-photographs,  607. 

" bleaching  with  bichromate  of  potash. 

“ flower  farming,  648, 549. 

It 

collodio-bromide  dry  process, 

626. 

“ flower  perfumes,  647. 

618. 

" colouring  pnlp,  528,  629. 

" frangipanni,  548. 

H 

collodion  processes,  613. 

“ Cowper's  pulper,  627. 

“ hydrocarbons  of  essential  oils. 

M 

collotype  printing,  636. 

**  cutting  machine,  537. 

645. 

44 

composition  of  sun’s  rays,  603. 

" cyliuder  paper  machine,  689. 

" incense,  642. 

tk 

Constant’s  dry  plates,  619. 

” derivation  of  the  name,  618. 

list  of  essential  oils,  644. 

it 

Cooper’s  coilodio  - bromide 

“ draining  rag  pulp,  624. 

“ odoriferous  gums,  542. 

dry  method,  618. 
Daguerre’s  discoveries,  605. 

“ drying,  639. 

" otto  of  rose  soap.  647. 

t* 

**  engine  sizing,  527. 

" physical  properties  of  essential 

44 

Daguerreotype  process,  611. 

" esparto  grass,  616. 

oils,  543. 

**  ribbon  of  Bruges,  542. 

• 

Dallmeyer’s  advice  to  photo- 

**  esparto  pulp,  preparation  of,  531* 

grapiiers,  610. 
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Photography,  Dallmeyer’s  improved  lenses, 

Pigments,  zincate  of  copper.  6'i7. 

Pottery,  Queen’s  ware,  708. 

610. 

“ zinc  white,  Griffith’s  new,  647. 

“ Samian  ware,  706. 

** 

dry  collodion  process,  617, 

**  zinc  white,  zinc  oxide,  645^47. 

Staffordshire  potteries,  708. 

enamels,  photo,  640,  641. 

Plate-glass,  21,  33. 

“ stoneware,  707,  722. 

engraving,  photographic,  634. 

“ composition  of,  22. 

“ Stoneware,  mixture,  722. 

enlargements,  639. 

PHTINUM— 664-671. 

^ stoneware,  smearing,  723. 

enlarging  camera,  640. 

Platinum,  associated  metals,  670. 

“ terra-cotta,  710. 

fluxing  tiie  image,  64*2. 

“ chief  sources,  664. 

" W edgwood  j asper  wares,  722. 

Fox  Talbot’s  experiments, 606. 

**  Deville  & Debray’s  furnaces,  668. 

Preparation  of  gelatin,  49. 

heliotype  printing,  636-638. 

“ iridium,  671. 

“ glycerin,  54. 

history  of,  604. 

“ metallm-gy  of,  666. 

Propenyl  alcohol,  53. 

identity  of  Niepce  and  Da- 

“ methods  of  analysis,  664. 

Properties  of  fiint-glaSB,  23* 

guerre’s  discoveries,  <06. 

“ ores,  analyses  o^  665. 

Prussic  acid,  187. 

instantaneous  pictures,  622. 

“ osmium,  670. 

Psilomelane,  336. 

later  improvements,  606. 

“ palladium,  670. 

Pui-ple  of  Cassius,  110. 

Manners  Gordon’s  gum  pro- 

“ preparation  of,  665. 

Pyrargyrite,  738. 

cess,  618. 

“ pure,  properties  of,  666. 

Pyroxylin,  126. 

Manson  and  Swan’s  alkaline 

“ refining  furnace,  669. 

development,  622. 

“ rhodium,  670. 

Q 

micro-photography.  623. 

“ ruthenium,  670. 

negative  collodion  process. 

“ spongy,  properties  of,  666. 

Quantitative  estimation  of  gold  ores  and 

614.^16. 

tests  for,  74. 

alloys,  111. 

« 

Nicdphore  Niepce.  604. 

“ welding,  667 

Quicksilver,  397. 

orthoscopic  lens,  609. 

Polishing  plate-glass,  35. 

Qcinine — 727-730. 

“ 

packing  dry  plates,  620. 

“ sheet-glass,  33. 

Quinine,  acid  sulphate  of,  729. 

papyrographv,  634. 

Polybasite,  738. 

cinchona  barks,  728. 

Petzval’s  portrait  lens,  610. 

Poppy  oil,  477. 

" collection,  727. 

photo-galvanography,  635. 

Porpoise  oil,  478. 

“ introduction  into  India.  728. 

photo-lithography,  631. 

Potash  for  glass-making,  10. 

“ manufacture  of  729,  730. 

** 

phoio-lithographic  paper,  632. 

“ melting  glass,  18. 

“ native  habitat,  727. 

photo-zincography,  631. 

Potassium — 671-705. 

“ preparation  of,  728. 

photo-zincosraohic  nrintiner. 

Potassium,  acid  sulphate  of,  687. 

principal  species,  727* 

633. 

“ analyse.,  of  carbonate  of,  677, 679. 

“ properties  of,  729. 

pigment  or  carbon  printing. 

“ analysis  of  hydrate  of,  673. 

629-631. 

“ bicarbonate  of,  682,  6^. 

B 

<4 

positive  collodion  process, 617. 

" bichromate,  699,  700. 

practice  of,  611. 

bitartrate  of,  701,  702. 

Bags,  516. 

preparation  of  zinc  plates,633. 

carbonate  of,  675-^2. 

“ boiling,  520. 

principle  of  camera  obscura. 

“ chlorate  of,  693-695, 

“ cutting,  518. 

608. 

“ chloride  of,  683-685. 

“ dusting,  519. 

•C 

printing  processes,  626-629. 

**  chromate  of,  701. 

**  machines  for  boiling,  621. 

recovery  of  waste  silver  and 

“ cyanide  of,  699. 

“ preparation  of,  for  paper-making,  617. 

gold,  642. 

“ detection  and  estimation,  703. 

" sorting,  518. 

M 

Stuart  Wortley’s  experi- 

“ distribution  of,  671. 

*•  thrashing,  618. 

ments,  621. 

“ ferricyanide  of,  698. 

" washing  engines,  624. 

theory  of  collodion  processes, 

“ ferrocyanide,  696,  697. 

*•  willowing,  619. 

623. 

“ hydrate  of,  673, 674. 

Bape  oil,  466. 

view-lens,  609. 

**  . isolation  of,  671. 

“ purification  of,  467. 

U 

Woodbury  type,  635. 

“ nitrate  of,  688-693. 

“ testing,  483. 

Pigments 

— 643-6ii3. 

“ oxides,  673. 

Baw  materials  for  glass-making,  10. 

Pigments,  adulterations  of  white  lead.  644. 

“ preparation  of,  672. 

Red  glass,  44. 

tfl 

analyses  of  white  lead.  644. 

“ properties  of,  672. 

Bed  lead,  307. 

U 

antimony  vermilion,  650. 

“ properties  of  hydrate  of,  674 

Refrigerating  machines,  192. 

Antwerp  blue,  662. 

**  silicate  of,  695. 

Regenerative  furnace  for  glass-making,  16. 

n 

artificial  ultramarine,  660. 

“ sources  of,  671. 

BesiNS.  See  Varnish. 

«< 

aureolin,  656. 

**  sulphate,  686,  687. 

Bhodinm,  670. 

baryta  white,  648. 

“ uses  in  agriculture,  702. 

Bochelle  salts,  947. 

basic  sulphate  of  copper.  668. 

POTTEEY — 7U5-727. 

Ruby,  imitation,  45. 

blue.  660. 

Pottery,  basalt  or  black  Egyptian  biscuit, 

Rupert’s  drops,  6. 

browns  and  blacks,  662,  663. 

723. 

Russian  isinglass,  52. 

«( 

carmine,  652.  See  Cochineal. 

calcareous  clays,  714. 

Ruthenium,  670. 

chromate  of  baryta,  655. 

“ Delft  ware,  707. 

chromate  of  lime,  655. 

“ earthenware,  723. 

s 

M 

chromate  of  zinc,  ^5. 

earthenware,  bat  printing,  726. 

n 

chromates  of  lead,  665. 

**  earthenware,  firing,  725. 

Sachet  powders,  543. 

«i 

chrome  greens,  659. 

**  earthenware,  glaze,  725. 

Salt — 730-735. 

4t 

chrome  yellows,  654. 

" earthenware,  mixtures,  724. 

Salt  brines,  analyses  of,  731. 

*4 

colcothar,  650. 

**  earthenware,  printing,  726. 

" brines,  evaporation  of,  732-734. 

K 

copper  blues.  662. 

“ earthenware,  the  mass,  724. 

“ from  sea  water,  734. 

U 

English  rouge,  650. 

“ earthenware,  throwing,  725. 

“ from  sea  water,  analyses  of,  736. 

U 

general  description  of,  643. 

“ earthenware,  underglaze,  printing, 

” properties  of,  730. 

green,  656-658. 

and  overglaze  colours  for,  726. 

“ rock,  731. 

** 

green  lakes,  660. 

'•  English,  708. 

“ rock,  description  of  deposits,  781. 

** 

indigo,  662. 

“ Fayence,  707. 

springs  or  wells,  731. 

•* 

indigo  carmine,  662. 

“ fireproof  clays,  712. 

Sandiver,  13. 

44 

iodide  of  lead,  656. 

**  historical  account  of,  705* 

Sapphire,  imitation,  45. 

** 

kermes  mineral,  650. 

“ inlaid  tiles,  710. 

Seal  oil,  478. 

H 

lakes,  650-652. 

Italian,  706. 

Sea-weed  as  manure,  365. 

** 

madder  carmine,  653. 

jasper  ware,  709, 

Sebastin,  441. 

«4 

massicot,  656. 

**  Josiah  Wedgwood,  708. 

Semi-crystallized  glass,  7. 

** 

mineral  or  arsenic  yellow,  656. 

**  Lambeth  stoneware,  709. 

Seranine,  441. 

U 

mixed  greens,  659. 

“ Luca  della  Robbia,  706. 

Shark  oil.  479. 

it 

native  ultramarine,  660. 

“ Parian  or  Ceramic  statuary,  721. 

Sheet-glass,  30. 

« 

orpiment,  656. 

“ porcelain,  710. 

“ grinding  and  polishing,  83. 

u 

Prussian  blue,  662. 

“ porcelain,  composition,  710,  716. 

Siemens’  furnace  for  glass-making,  16. 

red, 648. 

“ porcelain,  English  tender,  714. 

“ pot  for  melting  glass,  18. 

«4 

redchromateoflead.  SeeChrome 

porcelain,  firing,  718. 

Silica  for  glass-making,  10. 

yellow. 

**  porcelain,  finishing  processes,  718. 

SiLVKB— 735-764. 

A 

red  lead,  649. 

**  porcelain,  forming  or  moulding,717. 

Silver,  alloys  of,  754. 

red  ochre.  See  Yellow  ochre. 

“ porcelain,  French  tender,  715. 

“ alloys,  valuation  of,  767. 

M 

rose  pink,  653. 

“ porcelain,  gilding,  720. 

“ amalgamation,  740. 

Spanish  white,  648. 

" porcelain,  glazes,  715. 

“ amalgamation  in  Spain,  745. 

stannate  of  copper,  657. 

” porcelain,  lustred  ware,  721. 

“ amalgamation  of  copper  matte,  760. 

U 

Turner  yellow,  &c.,  656. 

**  porcelain,  painting,  719. 

**  analysis  of  the  ore,  743. 

« 

verdigris,  657. 

" porcelain,  preparation  of  material, 

“ assaying,  767. 

ft 

veridian,  659. 

716. 

“ blowpipe  assay,  763. 

ti 

vermilion,  648, 649. 

“ porcelain,  saggers,  719. 

“ chemical  combinations,  762. 

white  lead,  644. 

" porcelain,  tender,  714. 

“ chemical  properties,  7^. 

whiting,  648. 

•*  porcelain,  the  glaze,  716,  719. 

^ combinations  of,  752. 

** 

yellow  colours,  653, 

**  porcelain,  true  china,  715. 

" cupellation,  760,  768* 

u 

yellow  ochi-es,  653. 

“ properties  of  clay,  711. 

“ dioxide,  762. 
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Silirer.  distilUng  the  amalgam,  745. 

Soda,  reactions  in  the  ball  furnace,  814. 

Sugar,  diffusion  process  ro7. 

•< 

dry  assay,  757. 

recovery  of  sulphur  from  tank  waste, 

estimation  of.  890. 

estimation  of.  766. 

843. 

estimation  of  a3h,  891. 

•* 

historical  notice,  735. 

** 

refined  alkali,  832. 

“ estimation  of  glu-xise,  891. 

hot  process  of  amalgamation,  743. 

revolving  bail  furnace,  811. 

“ estimation  of  watnr,  Ml. 

humid  methods  of  assay,  760. 

salting-down,  825. 
Shanks’  vats,  821. 
sodium  sulpliate,  788. 

“ liquoring,  912. 

tt 

liquation,  750. 

“ loaf,  911. 

» 

metallurgy  of.  740. 

mill,  904. 
moulding,  914. 

u 

Mexican  or  Patio  process,  740. 

strength  of  ash,  830. 

** 

mines,  736. 

sulphate  of,  for  commercial  purposes, 

“ production  and  consumption  of^  914. 

*• 

ores,  737. 

794. 

“ properties,  887. 

oxalate,  499. 

** 

sulphate  roasters,  790. 

refining,  907. 

pure  refined,  739. 

tank  liquor,  824. 

" special  cleaning  processes,  913. 

“ 

ruby,  738. 

tank  waste,  823. 

" i;tearo,  911. 

salts,  753. 

utilization  of  black  ash  waste,  844. 

“ strength  of  liquors,  893. 

** 

Saxon  process  of  amalgamation,  744. 

utilization  of  tank  waste,  843. 

“ vacuum  pau.  909. 

scorification.  768. 

white  ash,  829. 

valuation  from  analysis,  892. 

“ 

silvering,  75.6,  756. 

** 

working  black  ash,  805. 

strontium  oxalates,  497. 

smelting,  748. 

Sodium— 847-849. 

SuLPiiuE— 914-931. 

solder,  755. 

Sodium  hydrate,  835. 

Sulphur,  calcarone  process,  919. 

“ combinations  of,  926-931. 

sources  of,  735. 

manufacture  of,  848. 

spectrum  of,  755. 

‘ properties  of,  849. 

" compounds  of,  917. 

standard,  7^. 

Soluble  glass.  See  Soap  and  Sodium  Suloates. 

“ cost  of  the  ore,  921. 

statistics,  764. 

Soot  as  manure,  367. 
Sources  of  gold,  55. 

« determination  of,  in  sulphnrons 

stove  amalgamation,  743. 

earths,  924. 

vitreous  sulphide  ot,  738. 
volumetric  methods  of  assay,  760. 

Spanish  phosphorite,  371. 

direct  extraction  of,  from  iron 

(4 

Specific  cavity  of  glass,  8. 

pyrites  and  other  sulphides,  924. 

a 

Washoe  process,  746. 

“ gold,  65. 

distillation  in  earthen  pots,  918. 

u 

wet  methods  for  extraction,  750. 

Spectrum  of  gold,  111. 

“ distillation  in  iron  retorts,  921. 

Smalt,  11. 

Sperm  oil,  479. 

“ distillation  of  pyrites,  926. 

Soap 

-764-716. 

testing,  483. 

“ Durand’s  kiln,  921. 

Soap,  alkalies,  767. 

" analysis,  784-786. 

Sponge,  india-rubber,  207. 
Squaring  plate-glass,  35. 

“ extraction,  920. 

“ extraction  of,  by  bisnlphide  of 

U 

boiling,  771-773. 

Stannous  oxalate,  499. 

carbon,  924. 

it 

cocoa-nut  oil,  778. 

Steatite,  soapstone,  352. 

“ extraction  of,  from  alkali  waste, 926. 

“ extraction  of,  from  sulphurous 

u 

curd,  775. 

Steel — 850-886. 

cutting,  774. 

Steel,  accumulator,  866. 

earths,  918. 

framing,  774. 

“ 

analyses,  878. 

" kilns,  919. 

“ liquation  by  means  of  steam,  922. 

hard  and  soft,  769. 

** 

analysis  of  Bessemer,  869. 

hard  from  soft,  783. 

Bessemer  apparatus,  8^. 

“ liquation  in  iron  cylinders,  918. 

historical  notice  of.  765. 

** 

Bessemer  convertors,  864. 

**  liquation  in  kilns,  919. 

making  the  lyes.  767. 

Bessemer  process,  85^874. 

“ melting  in  pans,  918. 

manufacture,  770. 

(Jarinthian  process,  M2. 

“ mining,  917. 

u 

marbled,  777. 

** 

casting  ladles,  866. 

“ native,  915. 

<t 

marine,  778. 

cementation  process,  852. 

“ occurrence,  915. 

it 

Marseilles,  781. 

chemical  analysis,  862. 

“ occarringinsedimentaryrocks,916. 

materials  used,  765, 766. 

** 

chemistry  of  the  Bessemer  process,867. 

“ properties,  915. 

u 

mottled,  777. 

chromium,  881. 

“ refining  of  crude.  925 

of  commerce,  769. 

classification  of  Creuzot,  882. 
composition  and  properties  of  phos- 

roasting  in  heaps  and  kilns,  925. 

*• 

palm-oil,  766. 

** 

“ solfataras,  915. 

palm  oil  bleaching,  766. 

phoric,  880. 

“ uses  of,  918. 

properties  of,  769. 

copper,  881. 

Sulphuric  Acid— 931-945. 

“ 

quantity  of,  obtained  from  3 lbs.  of 

Creuzot,  classification  of,  882, 

Sulphuric  acid,  analyses  of  Spanish  and 

oil,  766. 

crucible,  854 
crucible  furnaces,  856. 

Belgian  pyrites,  936. 

** 

rosin  used  in  producing,  767. 

**  anhydrous,  931. 

“ 

saponification,  768. 

cupola,  863. 

“ burners,  9M. 

silicated,  779. 

essential  parts  of  a Bessemer  plant,863. 

**  chamber  reactions,  940. 

“ 

soda  soft,  783. 

experiments  on,  884. 

'*  chambers,  936. 

** 

soft.  781,  782. 

gases  evolved  from  the  Bessemer 

“ concentration  of,  941. 

“ 

testing  the  lye,  768. 

convertor,  868-872. 

**  concentrating  pans,  941. 

toilet,  783. 

heat  generated,  873. 

**  from  copperas,  932. 

** 

value  of  different  kinds,  786. 

history  of,  850. 

**  from  pyrites,  933. 

white,  775. 

hydraulic  pumps,  866. 

“ fuming,  932. 

‘‘ 

yellow,  776. 

ingot  cranes,  865. 

“ Gay  - Lussac’s  absorbing 

Soda 

-787-847. 

manganese,  879. 

column,  938. 

Soda 

alkalinietrical  table,  831. 

mechanical  properties  of,  881-886. 

• Glover’s  towers,  938. 

“ 

analyses  of  black  ash,  817. 
analyses  of  hydrochloric  acid,  802. 

methods  of  cond  ucting  the  open-hearth 

**  nitric  acid,  937. 

process,  875. 

**  Nordhauseu,  932. 

U 

analyses  of  sulphate  of,  794. 

moulds,  8^. 

“ platinum  still,  944. 

** 

analyses  of  tank  liquor,  824. 

open-hearth  process,  874. 

^ pumps,  939. 

" rectified  oil  of  vitriol,  942. 

“ 

ash,  787. 

oxygen,  880. 

bicarbonate  of,  834. 

phosphorus,  879. 

“ rectifying  retorts,  942. 

black  ash  balls,  8o9. 

physical  properties  of  combination  of 

specific  gravity,  946. 

black  ash  boiling  dotrn  pans,  807 

iron  with  other  elements,  877. 

“ sulphur  kiln,  9M. 

•* 

black  ash  iuriiaces,  806. 

present  mode  of  conducting  the  Bes- 

**  towers,  937. 

black  ash  process,  802-828. 

semer  process,  866. 

Superphosphate,  369. 

** 

carbonating  furnace,  828. 

silicon,  878. 

manufacture  of,  373-377. 

ti 

caustic,  835-841. 

caustic  from  red  liquors,  842. 

solid  material  ejected  from  the  con- 
vertor, 872. 

Syrian  garnet,  imitation,  45. 

it 

composition  of  black  ash,  817. 

spectrum  of  Bessemer  flame,  872» 

T 

u 

composition  of  tank  wsste,  824. 

sulphur,  879. 

u 

continuous  tests  for  hydrochloric  acid, 

tungsten,  881. 

Tallow  oil,  477. 

**  testing,  483. 

797. 

Stephanite,  738. 

** 

cost  of  production,  847. 

Strass,  44. 

Tannic  acids,  action  of,  on  gelatin,  49. 

** 

crystals,  833. 

Straw  for  paper,  517. 

Tanning  hides,  330. 

“ beating,  331. 

decomposing  pan,  789. 

Subchloride  of  silver,  752. 

for  glass-making,  10. 

Substances  mistaken  for  gold,  65. 

" Bede’s  process,  336. 

** 

Glauber’s  salts,  795. 

Hargreaves’  and  Robinson’s  process, 

S uo  A B— 886-914. 

“ Cox’s  process,  M7. 

Sugar,  analysis  and  valuation  of,  889. 

“ depilation  and  raising,  330, 832, 

794. 

“ analysis  of  canes,  901. 

**  depilatories,  332-335. 

**  Evans’  machine,  337. 

** 

history,  787. 

beet-root,  manufacture,  894-899. 

" 

hydiochloric  acid,  796. 

boiling  down,  906. 

“ fleshing,  331. 

“ 

hydrochloric  acid  towers,  799. 

boiling  to  grain,  911. 

“ Hamer’s  patent,  338. 

** 

hypoBuIphatc  of,  from  tank  waste,  84.3. 
Jones’  mechanical  lurnace,  793. 

cane,  899. 

**  preliminary  treatment,  336. 

cane  mills,  902. 

“ preparing  hides  for  the  tan  plts,336. 

lixiviation  of  black  ash,  818- 

centrifugals,  912. 

**  processes  for  expediting,  338. 

loss  of,  in  Leblanc’s  process,  831. 

clarification  of  cane.  904. 

**  spent  woozes,  340. 

manufacture  of  sulphate  of,  788. 

condensing  water,  910. 

“ tile  drying,  341. 

mechanical  master,  793. 

crvstal-making,  912. 

" ■ the  handlers,  339. 

mixing  black  ash,  ^3. 
properties  of  hydrochloric  acid,  800. 

curing,  906. 

“ the  layers,  340. 

defecatiou  of  cane,  903. 

* Tremlett  & Wilson's  plan,  339. 
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Tanning  materials,  active  principle  of,  316. 

Vermilion,  Idria  method  of  making,  409. 

Wine— 986-998. 

“ analyses  of,  324. 

“ native,  or  cinnabar,  40S. 

Wine,  acet-aldehyde,  991. 

" barcrometer,  323. 

**  manufacture  of,  408. 

“ albumen,  996. 

" list  of,  314, 816. 

“ properties  of,  410. 

“ alcohol,  989. 

“ machinery  for  grinding. 

Vinous  acids  in  wine,  991. 

" alcohol  estimations,  990, 991. 

325. 

“ ethers  in  wine,  992. 

“ ammonia,  996. 

*•  testing  of,  323-325. 

Vitreous  sulphide  of  silver,  738. 

“ analysis,  997,  998. 

“ Wilson’s  universal  dis- 

Vitriol,  green,  278. 

“ analysis  of  ash,  997. 

integrator,  327. 

Vitriolic  acid,  931. 

“ ash,  997. 

Tartabio  Acid— 945-947 

Vulcanite,  preparation  of.  208. 

“ colouring  matters,  995. 

Tartaric  acid,  bitartrate  of  potash,  947. 

V ulcanization  of  india-rubber,  207. 

" determination  of  the  alcohol,  990, 

“ cream  of  tartar,  947. 

distillation,  989. 

“ manufacture,  946. 

W 

“ estimation  of  acids,  992. 

“ potassium  acid  tartrate,  947. 

estimation  of  ash,  ^7. 

'*  Jtochelle  salts,  947. 

Wad,  366. 

“ estimation  of  ether,  993. 

“ tartar  emetic,  947. 

Walnut  oil,  477. 

“ extractives,  997. 

Teel  oil,  467. 

Water— 959-986. 

fermentation,  988. 

Telegraph  cables,  coating  with  gntta-percha. 

Water,  ammonia,  974. 

“ Gall’s  process  of  improving  add,  989. 

157. 

“ analysis,  963-967. 

" glycerin,  995. 

" wires,  coating  with  india-rabber. 

“ chemical  properties,  962. 

" limitation  of  ethers,  993. 

207. 

“ chlorine  as  chlorides,  978. 

“ mashing  and  crushing,  988. 

Tests  for  copper,  73. 

“ Clark's  table  of  hardness,  979. 

" mineral  constituents  of  the  vine,  986. 

“ silver,  73. 

determination  of  organic  car^n  and 

" modes  of  vintage.  988. 

“ platinum,  74. 

nitrogen,  965. 

" optical  examination  of,  for  sugar,  995. 

Thlosnlphnrlc  acid,  929. 

" ■ determination  of  total  solid  matters, 

“ organic  Ingredients  and  chemical  de- 

Tik— 947-954. 

966. 

velopment  of  the  vine,  987. 

Tin,  buddies,  951. 

“ dressing  the  ore,  949. 

" dissemination  of  diseases,  982, 983. 

“ Petlot’s  process  of  making  sugar- 

expansion  of,  by  heat,  960. 

water,  989. 

“ history,  947. 

" filtration,  985. 

" plastering,  989. 

" jigging,  951. 

-plates  or  sheet  tin,  958. 

hardness,  979-981. 

**  relation  of  acid  and  sugar  in  grapes 

“ history,  959. 

during  ripening,  988. 

“ refining,  953. 

" influence  of  hardness  of,  on  health. 

smell,  bouquet,  aroma,  &c.,  994. 

" smelting  furnace,  952. 

983. 

“ solid  constituents,  997. 

" tinfoil,  953. 

" nitrates  and  nitrites,  976,  976. 

“ sugar,  994. 

" trommels,  951. 

" organic  carbon  and  nitrogen,965-973. 

“ tannin,  997. 

" uses,  953. 

" physical  properties.  960, 96i. 

“ vinous  acids,  991. 

Tools  for  glass-making,  27. 

“ -proof  materials,  206. 

**  vinous  ethers,  992. 

Transmutation  of  metals,  66. 

“ properties,  959. 

" vintage  and  vinification,  983. 

Trl-nitro-ccllulose,  127. 

“ results  of  analysis,  981. 

Wood  for  paper,  616. 

Tube-drawing,  28. 

*'  running,  981. 

Woollen  refuse  as  manure,  367. 

" sampling,  964. 

Working  operations  of  glass-making,  27, 

U 

“ self-purification  of  polluted  rivers. 

981. 

Y 

UtTRAUABnrE.  See  Pigments. 

" sewage,  967. 

Yield  of  paraffin  from  coal,  shale,  583. 

Use  of  diamond  for  splitting  glass,  81, 

“ sewage  analysis,  973. 

Use  of  glass  among  the  ancients,  2. 

“ sewage  contamination,  977. 

Yellow  glass,  44. 

**  softening  of  hard  water,  984. 

“ soap,  776. 

V 

“ suspended  matters,  978. 

“ table  of  illustrative  analysis,  980. 

Z 

Varnish — 954-969. 

" tables  for  analysing,  972. 

Zinc— 998-1000. 

Varnish,  gums,  954. 

“ tension  of  aqueous  vapour,  961. 

znanufactnre,  956-859. 

“ total  combined  nitrogen,  OT7. 

Zinc  alloys.  See  Copper  Alloys, 

“ recipes,  967. 

“ weight,  970. 

Belgian  process,  999. 

“ Violette’s  method  of  manufacture. 

Whale  oil,  479. 

“ colour  of,  998 

967. 

White  lead,  301. 

“ galvanizing.  1000. 

Vegetable  parchment,  51A 

“ analyses  of,  304. 

“ history,  998. 

Venetian  mirrors,  3. 

“ manufacture  of,  301-804. 

“ hydrates.  See  Pigmenta 

Vermilion,  408. 

“ process  of  manufacture,  304,305. 

“ metallurgy,  999. 

“ adulterations  of,  410. 

White  potash  glass,  analyses  of,  6. 

**  oxalates,  498. 

*•  Chinese,  409. 

“ soda  glass,  analyses  of,  6. 

" Silesian  process,  1000. 

" Dutch  method  of  making,  409. 

Window-glass,  21. 

**  white,  zinc  oxide,  <&c.  See  Pigments. 
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